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PREFACE

“he il strmulus to the deselopment of
he Fust Wiscansin Conference on Work and
he Heart came from a growing realizauon
y several members of the faculty of the
darqueste Unsersity School of Medicine
hat current hnowledge concerning the 1n-
luence of work, evercise, and stress upon the
weart ss nadequate, confused, and contra-
lictory Although this fact 15 probably most
learly demonstrated in the heanng room
vhere 1n medical legal affairs one may hear
smdely dnergent expert medical opimons,
Aten wmsupporsed by relable scientfic eva-
lence, this is a much broader problem that
1ffects all people at all ages, both those with
weart disease and those with nommal hearts
Chis matter toncerns not onfy athletes and
persons occuped in strenuous physical work,
»ut housewsies, children at play, and ewen
ndvaduals performing work usually classed
as Jight or sedentary but associated with con-
tderable emational stress or tension

In order to meet the need for more mfor-
maton mn this field a conference was pro-
posed at which experts in the area of work

and the heart would tahe up basic, funda-
mental conuderations, brmging out the cur-
rent level of our knowledge, pomnting out the
deficiencies m our information, and indicat-
ing the direction for future research and
it « was
formed mhich furmished 1mvaluable gudance
m the development of the meeting, the selec-
ttan of the conferees, and the chowe of
subject matter The Marquette Unnersity
Medical School and the Wisconsin Heart
Assoqiation agreed to supporst the conference
Jomdly and she sponsenship of the Amencan
Heart Association, the Nauonal Health In-
stitute, and the Industnal Health Council of
the Amencan Medical Association was read-
sty fortheoming,
The Conference conusted of fne panels
dealing with separate aspects of the problems
of the effect of work upon the cardsovascular

system These were basic physiology, climical
physiok hols worh il X
and workmen’s compensauon The wwide

range from basie scientific problems to broad
social appheations was planned dehiberately

il



xviil
so that all aspects of the field would be con-
sidered Each panel was made up of ten to
fourteen participants, each of whom had ex-
tenstve experience in his field Moderators
and recorders directed the deliberations of
cach panel To give breadth to the Confer-
ence, participants from Canada, England,
Sweden, Finland, and Germany were invited
Each participant made one or more formal
presentations, each of which was followed by
extended discussion The Conference was
planned to allow time sufficient for almost
limi The d of cach
panel prepared a summary that was pre-
sented at a final combined meeting of all the
panels Incorporated in these summaries
were the accomphishments of the panel meet-
ings and the major features of the discussions
that occurred The manuscripts of the formal
presentations and the summaries of the
moderators constitute the transactions pub-
hshed here We have also published the dis-
cussion that followed the presentation of the
final summaries, for this occurred on the one
occasion when all the participants i the
Conference met 1 a common scientific
program
The questions confronting the Conference
were almost limitless 1 number Many of
these were presented to the moderators and
as the Conf e was bemg
planned Some of them will be indicated
here, as they were at the opening session, in-
asmuch as 1t was problems such as these that
onginally instigated the meeting Does phys-
1cal or emotional stress take 1ts toll of the
arculation and does it lead to an earlier
onset of degenerative heart disease? Is the
effect of work only evanescent and without
permanent influence upon the heart® If
heart disease 1s present, will effort or emotion
aggravate the disorder, either acutely or over
a period of time? If heart disease is present,
15 1t possible that restriction of activity mny
have an adverse effect, both

1 di
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the functional capacity of the normal or drs-
cased heart and determining what the indi-
vidual can do before he is assigned specific
work? Do we have satisfactory techniques for
measuring the demands made by specific
jobs upon the heart? Work classification units
have been established in many centers in the
United States to aid in the rchabilitation and
employment of patients with heart disease.
At this Conference a large group of investi-
gators working in these units was brought to-
gether for the first time These workers were
ashed whether the salvage of patients in such
units made worthwhile their expenditure of
time and funds, Had they learned techniques
or developed procedures that could be ap-
plied elsewhere in medicine and in the study
and care of heart disease® Are workmen’s
compensation laws as currently administered
mn the Unted States adequate in the field of
heart disease or are there deficiencies in their
apphcation? Have some states developed new
procedures that have proved successful and
worthy of broad application? Is it true that
workmen’s compensation insurance has be-
come a form of health insurance in some
states and may this militate against the per-
son with heart disease who seeks employ-
ment?

The conferees who participated in this
meeting came {rom the laboratory, clinic,
worhshop, and courts of law The manuscripts
presented here represent their answers to
many of the questions such as those already
outhned, with which they were confronted
To mention only a few, it will be seen that
in the panel on basic physiology there were
reports of sigmificant observations of the
chemical and physical phenomena associated
with contraction and relaxation of the myo-
cardium as 1t does its work In the panel on
chnical physiology there were reports con-
cernmg the influence of environment upon
the work load of the circulation, !he effects
of very athletic ion upon

and psychologically?” How does the hcart
do its work? Are there ways of modifying
work loads or performing worh so that the
demands upon the heart are lessened? Do we
have satisfactory techmques for measuring

the heart, and the demands of ordinary fac-
tory employment In the panel on pathology
there was an extensive interchange of ideas
concerning the mechanisms causing coronary
thrombosis and the demands made upon the
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heart by stresses outside ordinaty employ-
ment were evaluated. In the panel on work
classification the gratifying resuits of careful
evaluation of cardiac patients prior to ther
return to work were yeported and the fact
that patients with heart disease can work
with safety was prosed In the panel on
workmen's compensation there was a broad
analysts of the current status of ]aws and
proced 1 thes feld, it fev
garding medical testimony were made and
new approaches to problems m thes field that
have been developed 1m some states were
described.

As the Conference progressed it soon be.
came clear that the answers to many of our
questions are not forthcoming at this time
In some instances the techniques have not
bccn de\sloped with which to strike at the

bl The deter
of the m:mncr m which the heart does s
work falls into this category In some e
stances there has been a fon of defini-

*x

those who developed the meeting feel it
served @ most worthwhile purpose Active
workers in seseral related fields were brought
together for debberation, an exchange of
1deas, and mutual stimufation There resulted
an inventory and evaluation of the present
status of the field and the many unwhed
problesus it presents It s hoped that the
Conference will act as a stone dropped wto
2 quiet poot and that the resultant ripple wilt
spread widely mnte many laboratories, clinics.
hosputals, rehabilitation units, mdustnes, and
cotrts, bringmg out the studies and observa-
tions urgently meeded te sohe our problems
in the field of work and the heart

The edtors wish to achnowledge the
grants from Wisconun industries that made
it possible to bring foreign partcipants to
this meeting Generous sums were recened
from the Western Printing and Lathograph-
ing Company, the Master Lock Corpora.
uon, the Allen Bradley Corporation, the Falh

Globe-Union Inc, and Lake-

tons and app hes The of
physical fitness and of the functional capacity
of the heart appear to fall into this category.
In some fields there has been lack of base
wformation regarding the cawse and course
of the disease process Acute coronary thzom
bosis and rdiaf are
of this problem, as it will be scen that :he,
pane} on patholegy was unable to gne final
answers to some of the most perunent prob-
lems regarding the relation of stress to ar-
terioselerotic hieart disease In some areas
work has been too recent to yield conclusive
answers even though mportant knowledge
may have been developed Studses in the
field of work clamfication reported at the
Conference sHustrate this

Although  this Conference closed  with
many of the original quesnons unanswered
and an abundant yield of new questions,

nde Lab Inc The publcation of
these transactions was made possible by grant
No H-3143 from the National Institutes of
Health. The editors are particularly wndebted
to Miss Many Ferns and Mrs Mary Beth
Paape for their secretamal services and to
Miss Mary Dougherty, Secretary of the Ml
wavhee Academy of Medicine, who assisted
m the ion of the & grapl Dr
Homward L. Correlf of the Marquette Um-
\exsxt) Medical School faculty was of great

m the di that
developed at the final session of the Confer-
ence Mrs Eunice Stevens of Paul B Hoeber,
Inc bas been most helpiul and cooperatne
throughout the compiation of the manu-
scripts and their preparation for pubhication

Francis F Rosensaum, mp
Editorn-Chief



INTRODUCTION

E. Cowles Andrus

The occasion for calling such 2 meeting as
the First Wisconsin Conference on Work and
the Heart 1s the recogmtion of a problem
whose dimensions are too big to be tgnored
and the conviction that something, indeed, a
great deal, can be done about 1t Certainly no
conference could be arranged under more
favorable auspices The sponsoring agencies,
the Marquette University School of Medicine,
the Wisconsin Heart Association, the Ameri-
can Heart Association, the National Heart
Insutute, and the Industrial Health Council
of the Amenican Medical Association include
a wide variety of experience in this field and

ing with heart disease Diseases of the heart
and arculation cause the loss of about 150
million man days of work each year and an
annual economic loss of two and a half bil-
tion dollars, The federal tax on this amount
at ordinary rates would be nearly 300 mllion
dollars Men and women at the peak of their
shill and productivity are lost to industry, to
therr families, and to the nation. Moreoser,
1f present trends persist and means of therapy
continue to mprove the number of those
who survive though afflicted will certainly not
diminish

I have been asked to express a keynote for

P the mterest of tk
of lay and professional persons

The concern of the public and of the med-
1cal profession has quite und dably been
aroused by the startlng annual mortality due
to cardiovascular disease in this country—
810,200 deaths in 1955, of whom 232,000
were under the so-called retirement age of
65 Only shightly more tardily have we awal.-
ened to the fact that a far larger segment of
the population, approximately 10,000,000
persons (1 out of every 16), is currently liv-

this conf In constdering what I might
say, my mind turned back to some remarhs
made by Sir James Mackenzie in 1921 re-
fernng to hus carly experience in medical
practice in the 1880's and concerning the
heart and another sort of labor?

There are few subjects in medicine of which
an accurate knowledge 15 more urgently required
than that of a woman’s fitness for child-beanng
That a great stram s thrown upon the maternal
heart during pregnancy and labour is well known
It is a matter of expentence, too, that the preg-
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nant state may throw more work on the heart
than it ¢an bear, with the result that the mother's
life 15 lost, or her health irrepacably impaired
The child, too, often dies, These disastrous hap-
penings surround a natural process with dread
and mystery, for the dread 1s aggravated by the
fact that the source of danger is not clearly
realized As a result all sorts of signs are Jooked
upon with suspicion—signs innocent as well as
signs grave Needless to say, this obscurity does 2
great deal of harm, Many women are subjected
to unnecessary alarms and restrictions when preg-
nant, others have ta suppress the natural desire
of motherhood; while connubial relations are
often disturbed by warnings and hints of dangers
which may never anse

This unsatisfactory state of affairs 15 entirely
dependent on a defect in medical knowledge
which it is quite posuble to remedy That the
matter is not worse 15 in a measure due to the
fact that the vast majonty of women, esp

xxl

ohtainable by a test of functional capacity, He
helieved that he had gained knowledge entitling
him to make a prognosis without the labour of
determining how far the patient’s activities were
already curtarled,

Today no thoughtful person would deny
the usefulness of the stethoscope or of the
even more refined instruments which the
physician has at his disposal to discover and
to measure abnormalities of the heart and
circulation, but Machenne’s insistence upon
the importance of functional capacity is as
pertinent today as it was when he wrote these
words Moreover, I venture the opinion that
no device has yet been designed which is
umformly more valuable in estimating the
patient’s capacity to do a job than his own
description of his sensations or symptoms

btained by an unh 1 and careful nter~

women of the working-clasces, never have their
hearts examuned Were they systematically exam-
ined, abnormal signs would be discovered in
many nstances, the significance of these signs
would not be understood, grave doubts would be
aroused Thus, many who have passed unscathed
through the pregnant state would have been un-
necessarily frightened and alarmed . Before
the discovery of auscultation and the use of the
stethoscope, about 100 years ago, expenenced
physicians esumated the state of the heart by jts
manifest functional efficiency. There 13 no
doubt 1n my mind that the line pursued by those
physicians was sounder than that which has been
followed since the introduction of mechantcal
devices The coming of the stethoscope was the
begmming of 2 method in cliical research whick
has greatly hampered the practice of medicine,
in that the introduction of mechanical methods
has lead to confusion as to the kind of knowledge
which these methods are capable of affording

. . One unfortunate consequence of thts con-
centration upon the new method, honever, was
to give it a preponderating importance m the
examination of the heart, and to muimize the
value of the study of other phenomena, with the
result that unjustified conclusions were drawn
from mere modifications of the sounds Ths, as
has been indicated, was an error inherent m the
view taken, at that time, of the passibilities of
the new strument The physician who detected
an abnormal sign supposed that m detecting it he
had obtamed wnformation of sort hitherto only

view

In a very real sense, concern for the worh-
ing patient with cardiac disease has been at
the center of the Cardiac Clinic movement in
this country As will be pointed out elsewhere
in this conference, this began with the organ-
rzation by Dr H V Guile of an evenmg
Cardiac Clinic at Bellevue Hospital in New
York City in 1911 Ths enterprise and m-
terest extended to what has Jater become the
New York Heart Association and the Ameri-
can Heart Association Since the reorganiza-
tion of the American Heart Association after
World War 11, actnities on behalf of the
cardiac in industry hase grown rapudly and
fruitfully Much has been done and much
more endeayored to provide a useful estimate
of the fitness of those afflicted with cardiac
disease in order to pernut their return to
work without accelerating circulatory failure
Behind this there is a continuing effort
directed at the control of the primary disease,
the prevention of recurrent disease or break-
down, and the treatment and rchahilitation
of those in whom cardiovaccular disease has
produced disability.

This conference is in reality a collective
exercise in prognosis, bringing together those
expericnced m basic or chnical physiology or
pathology, and in the current techniques of
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measuring functional capacity and, no less
important, those famihar with the problems
of workmen's compensation and with the
impediments in our present laws and policies
of nsurance as they affect 2 disabled patient
attempting to return to gainful occupation
To predict the content of our discussions
here during the next three days or to forccast
the conclusions that will emerge would be to
composc a summary before the book is writ-
ten, However, one can assume with assurance
that we shall learn from each other, both re-
garding what is known and what 1s not
known, and that we shall return to our lab-
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oratories or clinics or offices impressed anew
with the challenge of this problem of putting
the person with heart disease to work, Your
presence here attests your interest and your
optimism,

“Rejoice also in tribulation; hnowing that
tribulation worketh patience; and patience,
experience; and experience, hope:” Romans
53,4
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CHAPTER ﬂ THERMODYNAMICS OF MUSCLE

Robert IW. Ramsey

In respect to thermodynamic analyses of
muscular contractions, one Tught arbitranly
dride physiologists into two broad groups
One group endeavors to determme the fun-
damental properties and thermodynamic cy-
cles of the muscle machine by studymng mod-
els which m varying degrees have some re-
semblance to the lising muscle machine
This group includes so many distinguished
mvestigators that 1t would be mvidious to
mention any without meluding all, this tash
I will leave to Dr H H Weber, who s of
this group and is participating in this Con-
ference Basically, the hope of this latter
group is to begin with the elemental building
blocks and reactions and gradually determine
the intermediate steps that lead to a com-
plete understanding of the final complex
living muscle machine
The second group of physiologists study
the behavior of living muscle All this group
are well aware that their investigations wall
not provide the ultimate explanation of the
L of muscle but feel
that the gap between the model experiments
and the living machine is 5o great that m the

mtermm a rough thermodynamic analysss 15
justified, if for no other reason than as a
guide to future experiments

Ths latter approach has a very ancient
history n contrast to the relatively recent
model approach As early as the seventeenth
century, Borelll proposed that a muscle at
rest rght be likened to an extended spring,
which upon contraction expended 1ts energy
n doing work and that during relaxation this
energy was restored This clearly is a thermo-
dynamic cycle, though this terminology did
not come mto use until the nineteenth cen-
tury You will recall that A V' Hill received
the Nobel Prize for demonstratmg this cycle,
based upon his measurements of the iso-
metric length-tension dragram and the heat
Iiberated during muscular contractions The
Ley features of this cycle at the time were
that, in contraction, the muscle hiberated all
the energy stored during relaxation, so that
this energy had to appear as external work or
as heat m overcoming viscosity

The first major assault on the Hill cycle
stemmed from Fenn’s' expersments done in
Hill’s laboratory, on the energy balance m

3
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isotonic contractions Fenn showed clearly
that when an 1solated muscle is allowed to
do external work, an extra amount of energy
1s hberated during contraction exactly equal
to the work done From these experiments,
Fenn argued that energy for contraction is
supplied from chemical stores during the
contraction phase itself This cycle may be
called an active contraction—passive relaxa-
tion cycle
While maintaining that his ¢ycle was cor-
rect, Hill? was led to the conclusion that
most of the energy expended by a runner
runmng at constant velocity was wasted as
heat in overcoming the viscosity of his mus-
cles This was rather soon shown to be fal-
lactous by Fenn,® who demonstrated that if
one added up all the work done i running
in accelerating and decelerating the limbs,
raising and lowering the center of grawty,
overcoming wind resistance and ground re-
actance, that the total work done left very
little energy to be used in overcoming vis-
cosity Later Fenn and Marsh* showed on
1solated muscle that the force-veloaty refa-
tion of muscle was not linear (as it shoutd be
on a Newtoman basis of viscosity) but ap-
pro<imately exponential
With this demonstration, Hill* began a
thorough investigation of force-velocity and
energy balance studtes of isotonic contraction
with greatly tmproved myothermic tech-
niques In a series of beautiful papers Hill
confirmed Fenn's' carher observations and
succeeded 1n hinking the force-velocity data
with the heat data in the form of an em-
pmncal equation now called Hill’s character-
stie equation Hill thus adopted completely
Fenn’s point of view, namely, that energy is
supplied as needed from chemical stores dur-
ing contraction and that relaxation is purely
passive
During this period, Mrs Ramsey and I°
were studying the behavior of single muscle
fibers 1n Fenn's laboratory Gradually we dis-
covered a number of phenomena, some of
which had been noted by others before work-
ing on whole muscle, but whose results were
not generally accepted, which threw some
doubt on the Fenn-Hill hypothesis The orig-
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inal papers would have to be consulted for
the details but some of the phenomena we
noted that are inconsistent with the Fenn-
Hill hypothesis are:

1 A single muscle fiber actively and vig-
orously relaxes The mechanism of this active
relaxation may be open to question but the
phenomenon is not. We believe we have ade-
quate evidence to show that this active re-
laxation is not due to sarcolemmal forces.

2. We were never able to fatigue a single
muscle fiber in the sense of a diminished con-
tractile response, “fatigue” was simply a fail-
ure of the excitatory mechanism whether
stimulated directly or indircctly through its
nerve

3 The length-tension developed diagram
(tetanic) is virtually snvariant with temper-
ature ?

Tahen at face value, these three phenomena
are inconsistent with the Fenn-Hill hypothe-
s1s but consistent with Hill's earlier hypothe-
s15, provided the heat he formerly identified
as frictional loss 15 now recognized as his
shortening heat Encouraged by Drs Harry
Blair and Fenn, I re-examined the cycle that
presupposed that energy was prexiously stored
in the contractile machinery, released during
contraction, and restored from chemical stores
during refaxation The two chief hurdles that
had to be surmounted were the old one of the
Fenn effect and a new one that had not been
recognized before, namely, that if this cycle
were correct, the force-velocity relation neces-
sanily had to be related to the length-tension
dagram The onginal analysis® would have
to be consulted for details, but it will be
sufficient here to note that it adequately, if
empirically, accounted for the energetics of
muscle contraction for all lengths equal to or
less than rest length Further, purely on the
basts of energetics, this cycle predicted that
if a muscle shortened more than a third of its
rest length, it would have insufficient energy
actively to relax Since we had previously
found that when a single muscle fiber shortens
more than a third of its Jength, active re-
Jaxation 1s abolished, I felt that this con-
stituted rather strong evidence in support of
this cycle In general, in applying antithetic
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cycles ta phenomena where all the details
cannot be specified, the fest that can be
d d is that 2 icular cycle is
adequate. If, honever, of two antithetic ¢ycles,
failure occurs in one part of the eycle, it will
in general Jead to opposite phenomena so
that the failure of active relaxation occurring
where postutated, lends strong support to the
eyele

Buchthat® and later Pohsar'® approached
the thermodynamic analysis of muscle cop-
traction from the viewpoint of reaction rate
prnciples in which they assumed that the
ultumate contractle unit existed in a long
{L) or short (8) state and that the state
of the contracted muscle could be yepre-
sented by the statistical distribution of num-
bers of umits gowg from long to short or
short 1o long at any given mnstant Both of
these papers were very stimulaong but their
chief defect, as ¥ see it, is an inndequate ac-
counting for the Fenn effect Both have the
dwtinet werit, howeser, of offering a baws
for specutation about the behavior of muscle
at lengths greater than rest Jength

Stimulated by these latier papers and by
an ohservation of Witkie, T re-imvestigated
the cycle I had prevsously shown to be ade-
guate, using reaction rate principles and
dravwing an analogy between the behavior of
muscle and the polymenzation of some high
polymaers This analysis!? provided a more
elegant demonstration of the adequacy of the
cycle and wrroduced the concept that the
series elastic element might well be due to
the 1solation of reactive groups dunmng short-
TNy

While T hate chosen to present this i a
very personal way, I do not wisk you to
caryy away the mmpression that I firmly be.
heve 1 the acine relaxaton cyele as the
final answer, for I do not I do believe that
with the evidence at hand tt is the more
hkely one and certamly that it s adequate
Also, the imphait assuraption that the energy
released by a muscle i dernved from internal
energy changes rather than entropy changes
may be partly, but certamly not wholly,
wrong

If the above were all that was known

Paea W

s

about sheletal muscle, we could afferd to be
somewhat complacent about our thenmody-
namic knowledge, for m other fields an
equnalent body of data has enabled great
evtension of hnowledee by thermodynamic
reasoning Qur complacency 15 completely
shattered if we consider the phenomena of
muscle at lengths above rest length and
muscle fibers m the delta state For the latter
se hnowe three facts: that active relaation is
abohished, (etanie tension is half the normal
fiber at cquivalent lengihs, and that the rate
of desefapment of tension s stow

Many mntriguing questions temain to be
answered about the delta state To name two,
s the Fenn cffect abolished i the delta state?
My guess 15 that it s Can a muscle m the
delta state accumulate an oxygen debt or
does 1t behme The heart muscle, which can
accumulate only a very small ovygen debt?

When a resting muscle 1s stretched beyond
its resting length sts resting metabohsm is
greatly inereased!® and sts saaface pH shifss
in the direction of alkalinity > When stmu-
lated at such an extended lengtih, 1t develops
tension stowly and to a lesser degrec than at
rest length. From single muscle fiber studies
we hnow that the refractory penod increases
with stretch but that the basic nme constant
of the reembrane vemains onchanged This
Iatter probably means thar the capaaty per
unit area of the membrane wereases, but that
the resistance diminishes in proportton In
turn this would necessitate o speeding up of
the metabalic pump to keep the membrane
charged to jts normal state, and the shift of
PH toward alkabnity would be the mecha-
nism by which the snereased oxygen con-
sumption was brought about, since the oxida-
tive enzymes would be poised mare on the
ovidative side

It has long been bnown that the cost of
doing negatwe work, that 1, boddy move-
ments that imolve stretching 2 muscle white
1t s contracting, s tsuch less than the cost
of domg poutive wosh, but only recently has
1t been realized how great the diference may
ke For exaraple, Abbott*® found that the cost
of doing negatrve work could be as much as
six times smaller than doing posithe work
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Does stretching a contracted muscle reverse
the machine or 15 it merely a decrease in the
number of fibers contracting® Some of Fenn's!
and Hill's® heat measurcments suggest the
former may be the case
These facts are put forward merely to
place in perspective how little is our hnowl-
edge of the most thoroughly studted tissue in
physiology. isolated skeletal muscle When
we consider the function of skeletal muscle in
voluntary movements in the body, for prac-
trcal purposes three quarters of the propertics
that appear important mn isolated tissue are
rendered unimportant, because of the ability
of the central nervous system to dole out
excitation to more motor umts or at a greater
or lesser frequency, or to hick 1n an antag-
onist at the proper moment It would be
foolish to claim that the properties of 1solated
muscle play no role 1n voluntary behavior, for
they do, but as an example of what I mean,
the force-veloaity curve of a human forearm
to me 1s chuefly an expression of the mnerva-
tion pattern of that indwvidual, not the force-
relocity relation of the solated biceps, though
this will be the himiting relation, particularly
when motivation is extreme
In this respect the heart 1s very different
While uts rate of beating and the force it
exerts in contraction may be modified by
many factors, 1f we consider any one beat at
the mstant the heart starts contracting the
resultant pressure and solume changes are
solely dependent on the contractile power of
the whole tissue itself Thus, there s every
reason to expect that the establshment of a
basic thermodynamic cycle for 1solated heart
tissue will have more i i licati
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After all, if it had not been for the hind-
ness of nature, who gave us the frog sar-
torious muscle, T would wager our hnowledge
of the energy balance of sheletal muscle
would be where our knowledge of the energy
balance of heart muscle 15 today.
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CHAPTER 2 MOVEMENTS AND CONTRACTILE PROTEINS OF

MUSCLES AND CELLS

Hans H. Weber

ATP REQUIREMENT AND RESYNTHESIS

Nowadays we know that the energy set free
by foodstuffs serves the sole purpose of form-
ing and restoring ATP (adenosine triphos-
phate). This was one of the extraordmary
discoveries that biochemists made durmg the
first half of our century The energy stored
m the ATP 1s needed for the work done by
our tissues In order to liberate this energy
the ATP must be split

Our problem 15 to imestigate how the
cnergy yielded by the ATP sphtting is used
to produce the movements of muscles and
cells It 1s difficult to obtain the answer for
the ATP content of cells and muscles 1s very
low. It is sufficient for only 20 to 30 single
twitches of the skeletal muscles and is, there-
fore, scarcely sufficient for a tetanus of one
second’s duratton Nevertheless, our muscles
are able to exert tetamc contractions of a
much longer duration This 1s because dur-
ing muscular work the ATP 1s restored almost
as rapidly as it is broken down The chemical
and energetic means employed in this res-

toration process originate from the inter-
mediary metabolism of our foodstuffs and in
addition from certan special substances, such
as the dufferent phosphagens, which contain
energy-rich phosphate bonds

The simul of ATP requirement
and ATP resynthesis means two important
things. (1) A decrease in the ATP level
seldom reveals an increased ATP breahdown,
e g, such as occurs in connection with mus
cular work, (2) The various reactions that
lead to resynthesizing ATP occur concur-
rently with, and immediately after, the ATP
breakdown,

If we now consider, moreovcr, that a few
thousandths of a second before the contrac
tion process proper, the electrical and chem-
1cal processes of excitation occur on the
muscular membranes, it seems almost m-
possible that we should be able to detect from
this wealth of almost simultaneous eents the
very process by which the chemical energy is
comerted into mechanical energy We are
therefore not surprised that for 20 yeass it
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has been undecided whether the energy set
free by the splitting of ATP is transferred
directly or indirectly to the mechanically
active protein

ISOLATION OF CONTRACTILE PROTEINS

In the main, therefore, a new approach
has been made recently toward investigating
animal motility, Research has attempted to
isolate from all Linds of hving cells and
tissues the protemn structures that are respon-
sible for mothty, with the purpose of retamn-
ing them in such a state that they could func-
tion as if they were alive. This has been
achieved in three different ways, either

hanical. fi 1. or ch 1

1. By mechanical isolation, muscle fibrils
of a thichness of 1 p can be obtaned from all
cross-striated muscles * These myofibrils rep-
resent the contractile apparatus of the striated
muscle fibers free from other protemns

2. A funcuonal isolation signifies that the
active protein structures remain in the non-
muscular cell? as well as m the muscle fiber*
The cell membranes, however, are destroyed
n a smtable manner, and at the same time
all bol b soluble enzyme:
10ms, and so on, are extracted

3 A chemical 1solation 1s performed by
extracting and punfying the contractile pro-
temns from muscles and nonmuscular cells
The contractile proteins are subsequently
precipttated in physiological salt solutions
mto fine protein threads The protem mol-
ecules are then algned in parallel, corre-
sponding to the alignment that they onginally
had 1n the muscle fibers Since all these prep-
arations are dead and do not contain any
autolytic enzymes, they can be stored m jce-
boxes for months

If the nght metabolic substance is added
to the preparations, they exhubit the very

and } that
these structural protesns exhibited during Ife
In spite of the fact that these preparations
are if fi lihe

fibrils are isolated mechanically, (2) fiber
models or cell models when a functional
isolation by cytolysis has taken place, and
(3) thread models when threads are pre-
pared from chemically isolated proteins

BEHAVIOR OF CONTRACTILE PROTEINS

All types of muscle models, ie, fibril
models, fiber models, and thread models
shorten, when they are in neutral solutions of
physiologic 1onic strength in the presence of
magnesium, as soon as ATP or another
nucleoside triphosphate is added The same
applies to models that are prepared from ex-
panded amoeboid cells. On adding ATP they
each pull 1n their pseudopodia and contract
into a ball-like shape (Fig. 2-1) Models
prepared from cells that were mn the telo-
phase stage of mutosis contract the cell equa-
tor until the halves are connected by just a
thin thread (Fig 2-2). For all these models
the optimal ATP concentration 1s identical
and corresponds rather well to the physiologic
concentration of ATP In all models both
ATP-sphtting and ATP-induced contraction
are wnhibited by the same poisons, for m-
stance, by mersalyl or Ba Suramin **¢78
Neither of these latter poisons, however, com-
pletely inactvates the majority of the other
ATP-splitting enzymes contamed 1 tissues ®
The ! the depend,
on temperature, and certain other qualitres

Fio 2.1 Gontracton of cell models (amnion

lwing structures, they are designated models
and characterized according to the procedure
of preparation’ (1) fibrtl models when myo-

ibroblasts) by 2 X 10°M ATP at pH 70, ronic

strength 014 #, T=237°C  28-day-extraction
(Left) Without ATP (Right) 12 min after the
addition of ATP (Hoffmann-Berling*)
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Fio 2-2, Gytohnesis of the telophase
model (subcutis fibroblast) by 2.5 X 10°M
ATP at pH 74, ionic strength 012 «;
T =22°C ; 2-h-extraction. (Above} With-

characteristic of contraction, are also identi-
cal for both muscle models and the cell
models described *1°

The chemically purified contracule pro-
teins of muscles and single cells are identical
n all qualities studied so far.? Floccules pre-
cipitated from the purified contractile protein
of sarcoma cells contract in the same way as
actomyosn floccules (Fig 2-3) or as the
entire cell model prepared from sarcoma
cells The solubility of actomyosin, the con-
tractile protein of ha, d ds both

out ATP (Below) 12 mn after the add
tion of ATP (Hoffmann-Berling’).

on 1onic strength and on ATP concentration
in the same way as does the solubihity of the
contractile cell protein of sarcoma cells. Both
proteins immediately split the added ATP
and show an identical dependence on the
pH, if magnesium is present. Both proteins
no longer split 1f mersalyl in the same low
concentration (~10-M) is added #%67%°
On addition of ATP solutions both hands of
proteins show 1n solutions the same rc\exslblle
decrease 1 viscosity (Fig. 2-4) Therefore it
8 ble to assume that the cause of the

Fie 23 Shrnking of gel particles precipitated from the solution of purified contractile proteln
prepared from sarcoma cells {Left) Without ATP. (Right) 45 min after the adduion of 5 X 10"M
ATP, the half on the nght figure shows the increase in the density of the particles T = 22°Ci
pH = 6.9; 10nic strength = 008 &, (Hoffmann-Berling’).
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Tic 24 Comparison between the changes in
viscouty of an actomyosin solution from rabbit
musculature and of a solution of the contractile
protein from sarcoma cells on the addiron of
ATP. Ordinata: speaific \iscosity 1 percentage
of the initial viscosity Abscissa  trme in pun-
utes (Left) Actomyosin solution, redrawn ac-
cording to Kuschinshy and Turba * (Right}
Solution of sarcomaz protein, redrawn accord-
g to Hoffmann-Berlng* 10 °M MgCl, pH ~
7, fonic strength ~ 06 &, T = 20°C, ATP on
the left 2 X 107M, on the nght 1 X 10 \L

lowering in viscosity 1s Iikewise identical for
both proteins This means that the cell pro-
tein Iike actomyosin 1s 2 dissociable complex
of two proteins

The only difference is that the ATP 15 split
by the contractile cell proten about 200
times more slowly than by the protem of
sheletal muscles (Table 2-1) but the con-
teaction of both the celt modet and the heng
protozoon is simlarly a few hundred times

gfemt
Mersalyl
saly
20 ©
B
0
8 B
2
&
o
o 0 20 30 mm

Fiz 2.5 Relavation of a contracted film, pre-
pared from extracted fibroblasts, produced by
the addition of mersalyl, tension produced by
ATP, dropped to sero by the addition of ZX
10°M meraly), T =22°C, pH =68, ionic
steength = 008 » (Hofimann-Berhng *)
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slower than the contraction of the livtng
sheletal muscle and its models

If ATP 1s present but not spfit by the con-
tractle structures,® ® cell models as well as all
kinds of muscle models relav In these ex-
penments 1t does not matter whether the
sphtting 1s inhubsted by a reversible pajsoning,
for instance, by mersalyl (Hg-salicyl-allyla-
mde-sodium acetate) (Fig 2-5) or by a
phystological factor,”® which 15 found m the
graniles of the muscle (Fig 2-6) X the
ATPase activity of the contractile structures
is inhubited, the models relax, i spite of the
fact that the other cellular and muscular

Taete 21 RATE oF ATP SeLrtring AN
Amount oF Covrractier Proremy
(According to H Hoffmann-Berling®)

Prepored 1 moles P g, contractile pratemn
from Mg proten X min 100 mg tisiue
Skeletal
muscle 0 35 ~10
Yostuda-
sarcomsa 0 003 ~ 2

ATPases remain active (Fig 2-7) This ob-
servatron mahes it evtdent that not ATP
sphtting 1n general but ATP sphtting m-
duced only by the contractile structure pro-
duces contraction On the other hand, upon
the complete removal of ATP cells and
muscle models become rigid ® This 1s simmlar
to the behaviour of the intact muscle, which
passes into ngor mortis when its ATP con-
tent 15 destroyed by autalysis.

Hence, ATP reacts with the contractile
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Splitting in% of the

uniphibited spiitting
+
100 ——— e e ——— %,
+
. -
&0
AN
\ '
50, \\ \
40 \ \
Y
20 \.\‘\ \
o
000! 000 oot 00é O0r a2 04 1

% protein
Fic 2-6 Binding of relaxing factor to muscle granules Dependence of ATPase actiwity of fibnls
on the protem concentration (1) of the extract contaming granules prepared from muscle, (2)
of the granules isolated from the extract, (3) of the cxtract after the removal of the granules
Ordinata ATP splitung by fibnls as percentage of normal splitting Abscissa  concentration of
the tested protein 1n percentage, 1omic strength ~ 014 u, pH = 7, ~4 X 10 M ATP (Portzchl”)

protein 1n two different ways: (1) If it 15 interactions ATP reacts with the contractile
spht by these protems, it produces contrac-  protems directly Even for the ATP splitting
won, (2) 1f it is not split by them, but bound  no special enzyme is interposed

to them, it induces relaxation and renders Hence, by means of the so-called model
the otherwise rigrd structures plastic This hnique 1t 15 well blished that on the
applies to the above mentioned cell move- one hand, with ATP and a few related
ments and to every hind of muscle In these nucleoside triphosphates and, on the other,

02 ext,
€ N ract‘,,uclpi
3] T EmTa e Who!
= 04 "~~-..°_Cfli modefs
o microsomes inthalt
£ —r s
=
= conircell. prot.
2 5 10 15 -4 20
[Mersa(yl] x10° M

d from cell models

Fio. 27 Mersalyl sensitwity of ccll models and isolated fractions prepare
= 68; tonic strength

Ordinata ATP splitting 1 moles per mg proten X minute T = 22°C, pH
=008 », 10°M ATP. (Hoffmann-Beslng*)
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with the inhibiting factor for ATP sphitting
found in the sarcosomes, the contractile pro-
teins in cvery stage of phylogenetic develop-
ment are able to contract or relax

A SPECIFIC REACTION

Tt is very unlikely that the contractile pro-
teins would not make use of the capacity to
react in the way described during hfe It be-
comes still more unlikely when we constder
the extraordinary specifity of these reactions:
no solated contractile structure contracts, if
any other substance of the intermediary
metabolism is added instead of ATP or re-
lated nucleoside triphosphates And, vice
versa, ATP nduces no other protein struc-
ture, neither a natural nor an artificial one,
to contract except the contractile structures
of cells and muscles

All details of the contraction in vivo are
qualitatively quite identical and quantitatively
almost identical with those of the model con-

Tanie 22 Active MaxsaL Tenston (kg /em 5

Kind of muscle Fiber model  Luting
Skeletal muscle
Rabbit 4 5
Frog 3 2
Smooth muscle
Anodonta adducter
yeltow 5 4
white 2
o, ot (ongusdinal
muscle} 06 07
traction ® An i of the 1

00 l 3a

¢ ¢ (erggpertgtsuref‘gf:)

Fio 2.8. Dependence of tension on tempera-
ture™ Curve 1 tetamzed daphragm (rat,
Hajdu} Curve la fiber model (rabbit, A
Weber). Curve 16  actomyosin thread (rabbi,
Portzehl); both in 3 X 10°M ATP Curve 2z
fiber model (smooth muscle, Anodonta, G Ul-
brecht and M Ulbreche) 1 25 X 10°M ATP
Curve 2b  actomyostn thread (smooth muscle,
Anodonta; Dorr and Portzehl) 1n 15 X 10°M
ATP. Curve 3 tetanized frog muscle (A V
Hill}) Curve 3a muscle in thawing contraction
(frog, Hajdu)

isometric tension developed by the Jongitu-
dmnal musculature of the cow rectum The
maximum tension developed by models and
muscles is equal not only at room tempera-
ture but at all temperatures down to 0° C,

Tthotet

the depend on b ¢ 15
extremely different for cold-blooded and
warm-blooded animals (Fig 2-8) Under

T i\
agreement can be obtatned from the film,
“Movements of extracted cells and muscle
fibnils {models) nduced by adenosine tn-
phosphate (ATP).”* The quantitative agree-
ment has been ascertained by comparing
muscles and muscle models. All muscle mod-
els develop 1sometncally the same maximum
tension as the Jtving muscle from which the
model concerned has been prepared (Table
2.2). This s the case, even though the
maximum tension of the living skeletal muscle
of the rabbit is ten times as great as the

isotonic conditions muscles and models shorten
by 75 to 85 per cent of their standard length 10
However, the hving skeletal muscle shortens
to such an extent only when 1t passes mto a
special state, 1¢, into Ramsey’s A state

Not only are the degree of maximum ten-
sion and the extent of maxumum shortening
developed by muscles and models and therr
dependence on temperature 1dentical, but so
are most of the characteristic details of con-
traction, such as Hill’s quick-release phenom-
enon, which exhbits the following peculi-
arity. If a muscle or a model in 1sometric



striated smooth
muscle
frog
holothurig
vi Lo
trving o giu e
tibre rabbrt cow rectum
mode!
FEN.
o Adse e k.
thread
model rabbit anodonta
T @ Tsmn

Fic 2-9 Tension after quick release, Release
10 per cent of relatne length TFrog muscle
(Gasser and Hull); body wall muscle of holo-
thuna (Hall), fiber model prepared from rabbit
(A Weber), fiber madel prepared from cow
rectum (G Ulbrecht and M Ulbrecht), thread
prepared from a solution of rablut actomyosin
(Portzehl), thread prepared from a solution of
Anodonta actomyosm (Dorr and Portrehl}

contraction 1s allowed to shorten freely by 5
to 10 per cent, the tension falls to zero at the
moment of shortening and nises again, shortly
afterwards, to the equilibrium tension of the
new length (Fig 2-9) This phenomenon
has been observed nowhere else except dur-
ing the contraction of the Ining muscle and
during that of muscle models During the
shortening of both the living muscles and the
models birefringence decreases, the amount
of decrease being the same for fiber models
and Ining muscles 2 As a final example I
want to mention that the proportion of the
total energy transformed dunng the contrac-
tion phase into mechanical worh by either
the living muscles or their models 1s identical
or practically so **

We are prompted to conclude from all
these findings that the ATP mechanism 15
identical in muscles and models and that it
was provided by Nature even in the develop-
mental stage of the Protozoa

BASIC PHYSIOLOGY
OTHER MECHANISMS OF MOVEMENT

Protozoa are endowed with further mech-
anisms of moyement, During the anaphase of
mitosis the spindle body or “Stemmboerper”
clongates and pushes the two sets of chromo-
somes apart 1o the poles of the division spin-
die. The same occurs as soon as ATP in a
physiologic salt solution and in a physiologic
concentration is added to a cell model that
has been prepared from a cell n the carly
anaphase (Fig. 2-10) However, this effect
of ATP 1s due to a different mechanism, for
the action of ATP in producing this effect is
not mhibited by mersalyl poisoning® The
same effect can also be produced by pyro-
phosphate, though less effectively.’ It may be
mentioned that the ATP cannot be replaced
by pyrophosphate to produce muscle contrac-
tions or the musclelike hind of cell contrac-
tions

Still, there is another type of contraction
and another type of elongation exhibited by
organelles of certain cells Nerther can ‘bt
produced by ATP but can be produced in-
stead by calcum (Ca) joms, Models pre-
pared from stalks of Vorticella contract 3¢
tively, developing substantial tension, if Ca

Fio 210 Chromosome sets of a cell model
obtained from extracted subcutts fibroblasts mot-
ing apart durmng the anaphase of mitosts Jonic
strength = 022 , pH = 7,4; T = 22'C (dboze)
Before addimg ATP. (Below) 10 minutes
after the addion of ATP (Hoffmann-Ber-
ng').
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sons are added (Fig. 2-11}, whereas additon
of ATP causes relaxation Isolated trichocysts
of Paramenia clongate to veny fine necdles
a flash af. in the absence of ATP, Ca is
added, wherexs m the presence of AT this
Ca-nduced elongation is inhibited ™ Nature,
1t seerns, 1s stll making experiments wuth the
organelles of the Protoroa concerned with
movement Far the muscles, however, the
organs of moverent of the Metazoa, Noture
has continued to use only her best discovery,
the ATP.mduced contraction eycle

SLIDING OF FILAMENTS
VERSUS ELASTICITY

It s important to haow how the ATP
sphtting induees the ATP contraction of cells

ke i
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Fr. -1t Ca-nduced contracton of an ATP.
free model from the stafk of Voricelia grar:hs
The dark hine mside the stalk s the
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T 2.12 Diagram of two sarcomeres (J Han-

son and H E Huxley™), smphfied A = actin

LM = Lomyosin  {Abose) Stretchrd  (Belon)
Lontrarted

and muscles We know now from the excel-
tent v estigations of 2 group of English re-
search workers'' ™ how the mechancal co-
operation of actin and L-myosin i the fibnt
takes place It 15 shown by both electron
rucrographs and x-ray diagrams taken of
the fibri! dunng rest and contraction as well
as by chemweal research and interference
cuctographs™?* that the lled I-band
of the fibrl 15 bwlt up of actn filaments
afigned m paraliel. which on one side are
attached to the Z duc, and on the other
shghtly everlap the filaments lying 1 the so-
called A-band The lawter 15 filled mamb
with filaments of L-myosm oriented m paral-
lel among the wterstces of which the over-
lapping porton of the achin filaments s
found (Fig 2-12) Dunng contraction the
actn and L.myosn filaments shift i such a
way that the actin filaments are drawn more
deeply mto the A-band unul the Iband

thread, the hghter horder as the elasuc sheath
{Lejt) Before the addmon of Ca {Afiddle) On
Ca addmwon the contracufe thread has con-
tracted  the sheath it 3 screwbtke shape
{Right) On contraction of the contracute thread
has torn atself apart, the sheath has lengthened
and has pushed the dark fragments apart A
companson betneen the picture to the left and
that on the nght shows the amaunt of shortemng
of the contractile thread (Hoffmann-Beshng™)

has d d This is the i} ] proc-
ss that bnm;s about shortening

1t 1s easy to find a plaustble serses of chem-
wal reactions by means of which the energy
set free by the ATP splitting is used for a
shding movement of the actin filaments
alongside the L-myosin flaments Such a
theory has been put fornard?* I am not
going to duscuss i, because 1 want to confine
myself to facts



CONCLUSIONS

The findings 1 have discussed lead to the
following conclusions:
1. The protein of the structures that pro-
duce every hind of muscular contraction and
many hinds of cellular contraction splits
ATP
2, The conditions leading to ATP splitting
by means of this protein complex are identi-
cal for contractile structures of muscles and
cells
3 On the other hand, the conditions that
render these contracule ATPases active are
different from the conditions that activate
the other ATPases contamed 1n muscles and
cells mersalyl concentrations that poison the
activity of the contracule ATPases of mus-
cles and cells completely and reversibly affect
the other ATPases only shghtly
4 If the ATP sphitting induced by the
contractile structures 1s inhibited, relaxation
ensues from every hind of muscular contrac-
tion and many hinds of cellular contraction
when ATP 1s present
5 1f ATP 15 absent, all muscles and muscle-
like cell structures become rigid
6 Consequently, ATP represents a plas-
ticser for the contractile structures of all
muscles and many hinds of cells, if 1t is bound
without bemng spht, but an agent producing
contraction, if 1t 1s split

7 In the skeletal muscle the contractile
structures do not shorten because the in-
dinidual protemn filaments shorten by means
of the ATP spliting The contractile struc-
tures shorten because the filaments of two
different protemns, the actin and the L-
myosin, shde alongside each other This knowl-
edge means the end of all elastic theories of

) .

1

2 i for the past

hundred years,

8 Smce the principle of interaction be-
tween ATP and the contractile structure 1s
identical for every hind of muscular move-
ment and for many kinds of cell movements,
it must be assumed that not only the shorten-
ing of the skeletal muscle but also the con-
traction of smooth muscles and many kinds
of cell contraction are produced by a sliding

BASIC PHYSIOLOGY

of filaments Morcover, such a mechanism
cnables us to understand why the contractile
structures from the sarcoma cell to the
mammalian muscles are jnvariably composed
of two proteins.

BIBLIOGRAPHY

1 Weerr, H. H, HorFruaxs-Brerune, H,
and Portzrny, H -+ FILM Mosements of
Extracted Cells and Muscle Fibrils (Mod-
els) Produced by Adenosme Triphosphate
{ATP) Hochschulfilm C 685/1954 Institut
f. wisscnschaftlichen Film, Géttingen, 195

22 Horrsann-Berunc, H : Die Wasser-Glyz-
enn-extrahierte Zelle als Modell der Zel-
motiluat, Biochem ¢t Brophys Acta 10628,
1953

2b  Hortvasn-Berung, H, and WemeR,
H H.. Vergleich der Motiltit von Zel-
modelten und Muskelmodellen, Buochim ¢
Drophys Acta 10 629, 1953

3 Vagca, L - Observations on the glycerol-ex-
tracted musculus psoas of the rabbut, Enzy-
mologia 14 196, 1950

4+ Horruann-Berung, H.  Adenosintriphos
phat als Betriebsstoff von Zellbewegungen,
Brochim et Brophys. Acta 14 182, 195¢ X

5  Horruann-Berung, H+ D gheerin
wasserextrahterte Telophasezelle als Modell
der Zytokinese, Biackim et Buophys Aate
15 332, 1954

6a  Weser, H H, and Portzeny, H. Kontrak-
tion, ATP-cyclus und fibrillare Proteine des
Muskels, Ergeb Physiol. biol Chem,
etp Pharmacol 47 369, 1952

6b  Weser, H. H, and Porrzent, H Trans
ference of the muscle energy in the contrac
tion eycle, Progr Biophys and Biophys
Chem 460, 195%

7  Porrzemi, H Gemeinsame Esgenschalten
von Zell- und Muskel kontraknhtat, Bio-
chim et Biophys, Acta 14 195, 195¢

8a. Kuscuinsky, G, and Turss, F: Ueber
die Bedeutung von Sulfhydrylgruppen fur
Prozesse am Aktomiyosin, Naturuisrensc
37 425, 1950,

8b Kuscumnsky, G, and Turea,
den Chemi: von Z d:
des Aktomyosins, Experientia 6+103, 1950 .

9  Horrxann-Berune, H: Das Lontraktile
Fiweiss undifferzierter Zellen, Biockim et
Biophys Acta 19 453, 1956

10. Weser, H H: The lnk between metab-

F.: Ueber
4 n




MOVEMENTS AND COMNTRACTHLE PROTEINS OF MUSCIES AND CELLS

olsm and motrlity of cells and muscles,
Symposia, Soc. Exp. Brol 9 211, 1935,
Kuscumssky, G, and Tuaes, F+ Usber
dic Rolle der SH-Gruppen bei Vorgangen
am Aktormysin, Myosin und Atkin, Brochia
ot Buophys Acta 6426, 1951

Yoarzemy, H  Die Bindung des Lrschlale
fungsfaktors von Marsh an die Mudel
grama, Biockim. et Biophys Acte 26373,
1937

Hasseepacs, W, and Weeer, H H - Der
Emfluss des MB-Fakions auf die Kontral.
tion des Fasermodells, Brockim et Brophss
Acta {1 160, 1933

Wraer, H H  Adenosine tniphosphate and
motilsty of Iving wystems, Havrey Lectures
49 37, 1953-1954.

Urexecnr, G, and Ursereny, M Ver
X hwandighert und der Nutzeflekt
der ATP-Spaltung Wihrend der Kontrak
11on des Tasermodells, Biochun ¢t Biophys
Acta 13 319, 1934

Horrsann-Beruxe, H Der Mechanismus
Eines Neren, ron der Mushelkontraktion
rerschiedenen Kontraksionszsklus, Brochim
et Brophss Aeva 27 247, 1958

Huxizy, A F, and Nmsorroerxs, R
Structural changes in muscle during con-

b

20

21

22

L H

tiaction nteslerence microscopy of Ining
muscle fibres, Nature 173971, 195%
Huwezy, A ¥ Present Lnouledge of the
structure of strizted musele and uts relation
te funcuon, XX Internat’l Phynol. Congr,
p 219 Brussels, 1936 (Abstr, Reviews )
Haxsox, J, and Huwey, 11 E Strucs
tural bases of contraction in stnated muscle,
Sympons, Soc Exp Bl 9228, 1933
Huxtey, H ¥, and Hasson, ] Quantita-
tive studses on the structure of cross-striated
myofibrils imestigauon by wmterference mi.
croscopy, Biockim et Baphys Adcta 23
29, 1957

Huvsox, J, and Hevess, H B Quantua.
e studies on the structure of crovs-stnated
myofibals  mestigations by biochemcsal
techneques, Biochim. ¢ Biophys Actz 23
250, 1957

Hassetsaen, W Eleltronenmickrashop
wche Untersuchungen an Muskelfibnillen bey
totaler und partielles Extraknon des L-Myo-
s, 7 Natwrforsch Bb-49, 1953

Wener, H H  Die molelularen Vorgunge
bes der uenschen Bewegung, Verhand!
deut Qrshop Ges 44 13, 1956 {Beriageieft
d Ztschr | Orthop v BBY



CHAPTER @ HEMODYNAMIC DETERMINANTS OF THE OXYGEN
CONSUMPTION OF THE HEART WITH SPECIAL
REFERENCE TO THE TENSION-TIME INDEX

S. ]. Sarnoff, E. Braunwald, G. H. Welch,
IW.N. Stainsby, R. B. Case, and R. Macruz

This investigation was conducted to acquire
a detailed and precise appreciation of the in-
fluence of each of the various hemodynamic
phenomena, including the tension-time mndex,
on the nonfailing heart’s utilization of oxygen
Ths required a heart preparation permitting

These palpable advantages are partially
offset, however, by several sertous drawbacks
The maximum aortic pressures and outputs
obtained 1m such preparations are well below
those that the heart of the intact animal can
readily attan The progressive deterioration

(1) independent control of these ph
(2) essentially stable and nonfailing per-
formance characteristics of the heart, (3) the
ablity to make determmations of total myo-
cardial oxygen consumption with a ligh
degree of precision

The present understanding of myocardial
function has been made possible to a sub-
stantial extent by study of the classical iso-
lated heart or heart-lung preparations. The
main virtue of these preparations 1s the
ability to impose a degree of control on the
experimental study that has not been readily
achieved in the intact animal,

in the perf istics of these
hearts frequently complicates the interpreta-
tion of sequentially obtained data Even re-
cent workers feel jt advisable to confinc their
observations to a period of 90 minutes
Finally, these hearts exhibit not only de-
pressed Starhng and ventricular function
curves but also show a descending imb which,
it is now known, the nonfaling heart doc.s
not present ! Because of these and other Yimi-
tations it is generally agreed that isolated
hearts are in incipient or overt failure **

An explanation was sought for the Jimted
performance characteristics described above
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w order to devefop a preparation in which
these disadsantages could be overcome while
retaiming  the experimental advantages of
wolation. It was reasoned that isolated hearts
are depred of thewr normal metabolic sup-
port and that thewr perfe )/ i

METHOD
The wolated supported heart {ISH) prep-
aration used in these experiments 15 shown in
Figure 3-1, its stabdity Is shown in Figure
3.2, and evidence concerning its nonfaihng

might be explicable on this bais, ie., the
progressne detenoration of isolated prepara~
tions rmighit be accounted for by the progres-
sne deviaton from nermaley of the blood
supplying these hearts. An attempt was there-
fore made to maintain the biochemical en-
vironment of an wuolated heart preparation at
or pear normal. In order to meayure myocar-
dial oxygen consumption {30} more pres
cisely, 1t was also thought demrable so to
arrange the preparation as to permmt sam-
phng of completely mixed cotonary venous
blood

p wtics shown 1o Figure
3-3. The techniques of measurement em-
ployed have been described in desail else.
where * The preparation consists of an nsolated
dog heart, the left ventricle of which epects
blood through a Starhng resistance and tur-
bine flowmeter into a reservoir from which
bleod returns to the feft atnum through a
second, adjustabl 1 Thes

2 closed cireuit except for the escape of cor-
onary blood flow into the right heart, which
recenes no other blood This completely
mixed toronary ienous blood is ejected
through the pulmonary artery, sts fow

Fig 3-1 Schemuatic diagram of the ISH preporation SR = mrfiled Statling resstance PET
= Potter electroturhmometer DA =z arterial densuometer RES == reservous [.R = water-filled
mflow Starbing resistance DV == venous denmtometer ROT = sotameter 5.0 R = suppott dog
sesenvois § 1 = wpport dog SOL = solenmd vahve elecincafly apersted by mucromitch at top

of reservonr floas
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Fic. 34 4P =aonic presswre (full pulse and mean) AF =goruc flow 7CF = coronary
cutflow €V = toronary venoms Blood oxygen comient demved from the miraexpenmentatly deter-
nuned calibraton of dessitometes AF + T CF = cardiar owput  Ovtflow  sesistance abruptly
towered 2t puint where AP fafls and AF. nses O; consumption at left =232 ¢cc/mmn Or con-
sumptson at nght =130 cc /imn Lag period besween change n coronany flow and change
coranary venous O: content is attnbutable to dead space, eg, blood volume of corunary vemns,
nEbt aimum and wentacle, pulmonary astery, and iflow wbing from pulmonary anery to covetie
of densitometes. Note the promptaess with which the new steady state s achuiered

metered, and delnered to the jugular veins of
a second dog  Brachemically noemal artecial
blood from this support dog is simultaneously
returned to the reservorr system at the same
rate at which it leaves Aortic pressures,
cardiac output, and heart rate are mndepend-
ently contvolled by the appropnate adyusts
ments of the outflow resstance, the inflow
reststance, and an electric pacemaker
The O, and CO, contenty of arterial and
mixed coronary venous blood were de-
1 ally by the techmque of
Van Slyke and Neill. Coronary venous and,
m some experiments, artenal blood satora.
nous wese also continuously recorded with
densitometers* In conjunction with eon-
tinuous coronary flow measurement, it was
possible 1o be certain of the presence of the
equibbrivm state {Fig 3-4) at the time of
sampling, and thus permit the application of

the Fick principle Myocardial QO; was cal-
culated as the product of caronary flow and
the coronary arteriovenous O, difference
Unless otherunse roted, left sentricular min-
ute soth 1 Ailogram meters was calculated
as the product of cardiae output and the
planimetrically imntegrated mean systohie aortic
pressure in em H,0O, obtamed from 100
mm fse¢ pressure tracings

External efficiency® was calenlated as the
ratio of minute work in kilograms to the
product of minute QO. m cubie centumeters
and the comversin factor of 206 The ten-
sion-tme indes (TT 1) per beat in mm Hg
seconds waz obtained from the area under
the systolic portion of the aortic pressure
curve and is equal to the mean systolic pres-
suse times the duration of systole The TTI

* See Duscussion p 31
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per minute is the product of T.T.L per beat
and the heart rate :

The assumption was made that the QO,
of the atria, and of the right ventricle which
ejects only coronary flow, constitutes a rela-
tively small portion of the total QO, and,
more jmportant, that their QO, docs not
change sigmificantly in the course of a run in
which left ventricular activity is varied With
this 1n view, the changes n heart QO. are
attnbuted to changes in left ventricular
activity alone.

The dogs from which the hearts for isola-
tion were obtained weighed from 194 to 340
kg The 1solated hearts weighed from 178 to
352 gm, The left ventricular weights varied
from 100 10 229 gm

BASIC PHYSIOLOGY
RESULTS

The results of 27 attempted experiments,
of which 20 yielded fruitful data, will be

presented in two sections.

Section |

The first group of cxperiments was devoted
to examining the effects on myocardial Q0.
of the independent variation of cardiac out-
put, mean aortic pressure and heart rate.
Figure 3-5 shows the results of a representa-
tne experiment of the type in which (1) left
ventricular work was elevated by raising
aortic pressure while cardiac output and
heart rate were held constant (pressure run)
and (2) left ventricular work was elevated by
increasing cardiac output while mean aortic

ISH #10
PR FR
T T ‘v T T T T T
Ap 200 §
mm
Hg 100 e T T .
(== T oo oy T i J
o] 50
3oF
sv L 30 ¢
cc 20F L
of - 10
0
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ce L /
¢ 10
min I
o
I
ft I
o —— L L v

L
10 20 30 0

10 20

1
30 40 50

LEFT VENTRICULAR MINUTE WORK KGM

Fio 3-5. Contrasting effects on myocardial QO; of mncreasing worh by increasing mean 20rtic

pressure (pressure run = P.R.) and increasing work by ncreasng cardiac output (flow run=F R

Heart rate was held constant at 138/min. throughout A P. = aortic pressure. S V. = stroke volume
Ef. = per cent efficiency Left ventncular work in this expeniment was calculated using meat
aostic pressure
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Fio 3.6A The btase ponel shows the expenmental conditans {cardwe output, aorisc pressure,
heart tate) when cach detesmuation of Q0 was made The height above the base panel of each
espenmental pomnt represents ws QO: The rear panel shows the plot of Ieft ventrcular mmute
work in kilograms agamst myocardul QO The shaded himnes on the rear parel Jabeled with per-
centage figures are {external} iso-efficsency hines The nght-hand panel shows the relanionship between
the Tension-Time Index (TT1) 1w ram Hg seconds and myveardial QOs in cc /oun Three pres-
sure runs at Jow, medwm, and high cardiac outputs Note the neghgible change m exeernal #fficrency
as aortic pressure 15 mereased within any given run
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Tig 3-7 Expeniment which shows an mcrease 1n left ventricular minute work (L VZALI) ace
companied by a decrease 1n myocardral Q0. Note parallelism between myocardial QO: and the
Tension-Trme Index (TT1). AF = aortic flow. T.CF = coronary flow Sum of 4F. and

TCF = cardiac output CV = corona
11 b

d d

ry sinus blood O: content in volumes per cent as deter-

mined by

pressure and heart rate were held constant
(flow run). In the pressure run, the increase
i myocardial QO, paralleled the rise
aortic pressure and external efficiency there-
fore remained unchanged Contranwise,
the flow run the increase in work was ac-
companied by a relatively slight merease m
QO; and a striking increase m external myo-
cardial cfficiency therefore occurred In the
pressure run, a 175 per cent work increase
was accompanied by a 178 per cent increase
on QO,. In the flow run a 696 per cent work
increase was accompanied by only a 53 per
cent ncrease in QO,. It should be further
noted that during the flow run, in which
mean aortic pressure was held constant while
ncreasing strohe volume, a small mcrease in
systolic aortic pressure did occur The incre-
ment 1 myocardial QO, that did occur in
the course of any given flow run was a func-
tion of the associated increment in aortic
systolic pressure This difference in the effects
of pressure and flow on myocardial QO; was
consistently observed m the twelve dogs 1n
which these relationships were examined.
Further data were then obtamed to ascertain

whether the results shown in Figure 3-3 are
hmited to a narrow hemodynamic range of
apply generally to wide ranges of pressures
and flows These results are shown 1n Figures
3-6A, 3-6B, and 3-6C Figure 3-6A shows
representative results from that type of ev
periment in which data from three successive
pressure runs were obtained at each of three
cifferent cardiac output levels It will be
observed that, when aortic pressure alone was
increased, the above-described parallel rela-
tionship between ventricular work and myo-
cardial QO, obtained over the entire rang®
of cardiac outputs examined

Representative results from that type of
experiment m which data from three succes®
sive flow runs were obtained at each of three
differcnt mean aortic pressure levels are
shown in Figure 3-6B It will be noted tll?!
the above-described flel selationsh
between ventricular work and myocardial
QO,, when cardiac output alone is increased,
obtains over the entire range of mean aort'lC
pressures examined. That is, the increase 10
QO0, was small relative to the large increments
in ventricular work which occurred




The influence of heart rate is seen an
Figure 3-6C. With mean aortic pressure held
constant at 120 mm Hg, and heart rate at
120/min, cardsac output was progressively
ngreased from 32 1o 4 O Yiters/min This was
then repeated at heart rates of 160/min and
agam at 200/min It witt be cbsenved that 2
mgher hears rate at any gnen work fesel §s
accompanied by an increased myocardial

QO; and external myocardial efficiency is
thereby decreased.

The above experiments stronghy suggested
that myocardial QO, bears hutle relation 10
the heart’s extesnal work per se, The absence
of such an imerrelationship could he even
more comincingly demonstrated by the type
of experitnent shown in Figure 3.7 Ata con-
stant heart rate feft ventricular minute wark
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Fiz 3-8 Relationships between certasn b and
{same expenment as m Figure 3-68) Ieart rate constant at 150/mum throughout
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t QO; per beat
Data from each

of three fow runs are shown by the solid dots {at the low mean zortic pressure), opent arcles (at
a mediet mean 2ortic pressuse), and trrangles {a¢ a hugh mean aortse pressure)
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Fic 3.9 Pomts A through H show the hemod changes and simut QO increment

m the course of a flow run Note the increase i peak sstolic pressure as cardiac output was i
creased at constant mean aortic pressure Shown on the right is the smaller QOs mcrement that
resulted when the same change in peak systolic pressure was obtained after connecting a resonance
chamber to the aortic lme but, in this instance, without an increase in stroke volume (OBC 1o

OBO) Heart rate constant throughout,

was progressively increased by increasing
cardiac output while lowering aortic pressure
to a lesser extent, The 128 per cent increase
in work was accompanied by a 20 per cent
decrease in QO,

Section 1l

When it became clear that the aortic pres-
sure, or the development of tension by the
heart, was the dommant mfluence in deter-
mining its O, utilization, further analysis and
experimentation was designed for the pur-
pose of exposing more precisely that partic-
ular pressure parameter which most closely
relates 1o O,

It was noted above (Fig 3-5) that, as
mght be anticipated, aortic systolic pressure
rises when stroke volume is increased at any
given mean aortic pressure and heart rate
{flow Tun}, This gave rise to the question of

whether all or any portion of that increment
n QO; that does occur during a flow nun i
attributable to the mcreased systolic tensiot
rather than to the mereased fiber shortening
{stroke volume) that takes place X

It can be seen from Figure 3-8 and Flgures
3.6B and 3-6C that the QO, varied withit
the course of any given flow run in which
mean aorti¢ pressure was held constant. Alfo,
while the mean systolic pressure did s
slightly during the course of a flow yun (F}%
3.8), it likewise did not correlate well witl d‘
the QO; per beat; the QO, per beat change
substantially with only slight changes in mean
systolic pressure It will be furthes obscn.'ed
in Figure 3-8 that the duration of the tcnvslon
state increased within the course of any giver
flow run The product of the mean systolic
pressure and the duration of systole yields the
tension-time index in mm Hg seconds
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{T'T.L}, which is an index of the tatal ten-
sion developed by the myocardium per beat.
Figure 3-B shows 2 good correlation betwcen
the T.T.L and the QO. per beat

However, an equally good correlation be-
tween RO, per beat and peak systolic aostic
pressure {Fig 3-8) was also consistently ob-
served since, in the experiments described
thus far, during the course of a flow run, the
magnitude of the rise i peak aortic systolic
pressure was stmular to the rise of T.T.1
Thus, to ascertain whether the peak pressure
developed or the TTL is the responsible
determinant of the heart’s QO;, two addie

T OF THE HEARY 29

tional differcntiating types of experiments
were performed

The first type consisted of placing a
resonance chamber into the aortic line. This
made it possible to change peak systolic pres-
sure without changing stroke volume, mean
aortic pressure, or heart rate. A typical flow
run (without the resonance chamber) is
shown under 4 through & of Figure 3-9.
With mean aortic pressure and heart rate
held constant, cardizc output was progres-
sively elevated and an increase in peah
systolic pressure occurred. A similar increase
1n peak systolic pressure was then brought
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Fi. 3-10. Two experiments in one dog i which the T.T I was increased by increasing stroke
volume zad thus the duration of systole while decreasing aortic resistance so as to keep peak
systolic pressure constant. Note the rise 1 myocardial QO: and T.T.L . == systolic, ALF = mean
systolic, M = mean, and D. = diastobic aortic pressures,
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about by the resonance chamber without
altering stroke volume and therefore without
the concomitant increase in the duration of
systole (OBC to OBO in Figure 3-9). In the
latter instance a substantially smaller QO;
increment was observed than during the prior
flow run, indicating that the peak systolic
pressure, per se, cannot be considered the
fundamental determinant of QO,

BASIC PHYSIOLOGY

The data presented above in Section I are
also consonant with the observations of this
latter group, as well as with the early obser-
vations of Rohde* who concluded that the
heart’s QO 1s proportional to the product of
ventricular pulse pressure and heart rate. It
15 generally agreed, however, that the iso-
lated heart or heart-lung preparations studied
mn all the above investigations were either in

In the second type of difft expert-
ment, the peak systolic pressure was held con-
stant, or allowed to fall slightly, while stroke
volume was increased, in order to increase
the duration of systole® and thereby increase
the T T.I. The data from two such experi-
ments are shown in Figure 3-10 It will be
observed that whereas peak systolic pressure
was held constant, the T T.] rose as a result
of an increasing stroke volume A rise in QO,
accompanied this observed rise of the T.T'I

The relationship between dial QO,
and the T T.I showed a convincing correla-
tion in 35 of the 37 experiments in the twelve
dogs in which the T'T1 was determined

DISCUSSION

Previous investigators whe have studied
the effect of varymg the h dynamic pa-

incig or varying degrees of overt failure
Since the preparation used in these experi-
ments can be considered essentially nonfail-
ing,* it is now clear that these observations
apply to the nonfailing heart as well Bio-
chemical evidence supporting this position i
present in the experiments of Nachmann-
sohn?? on skeletal muscle wheremn phospho-
creatine  breakdown was observed to be
greater during isometric than during isotonic
contraction  Recently, preliminary obsena-
tions by Wollenberger® suggest that the myo-
cardium also expends phosphate bond en-
ergy chiefly in developing tension rather than

n emptying
The discrepancy between the relative O:
costs of pressure and flow has frequently been
observed in the isolated heart or heart lung
as noted above, as well as in the dog wi!?{ a
! irculation #* However, that in-

rameters on myocardial QO, in isolated heart
or heart-lung preparations of the dog, cat,
tortoise, and frog emphasized various hemo-
dynamic determmants of myocardial QO, It
has been observed that mcreasing the heart
rate increases the QO,, and the above
data confirm this It has also been held that
the energy of contraction is directly related
to end-diastoltc sentricular fiber length with-

& -
crease of myocardial QO; which does occuf
at any mean aortic pressure with an incrcafed
cardiac output may now reasonably be attrib-
uted to the increased total tension (TTI)
resulting from the increased mean systolic
pressure and increased duration of the ften-
sion state This latter view is supported by
the data in Section II The right-hand panels
of Figure 3-6, as well as Figures 3-7, 3-8, and

out regard to the nature of the %

3.10 d the variety of circumstances

P10132 A correlation between QO, and ex-
ternal work was found by some observers'*
but in these investigations there was little or
no separation of the effects of pressure and
flow on the QO, Many have observed that
a given increase in the work of the heart
produced by raising aortic pressure while
maintaining cardiac output constant resulted
in a higher QO than when a similar jncrease
in work was achieved by raising cardiac output
at a CONStant 20Ttic pressure,}4:1514,11,18,19,20

under which observations were made and
indicate that whichever hemodynamic pa-
rameter was varied, the relationship between
TTI and myocardial QO, obtamed 1t
appears, therefore, that, in any gwen func-
tional state of the beating heart, the .7"T L
(mean systolic pressure times duration of
systole) is the pnncipal, 1f not the sole, de-
t of m dial lization. If the
correlations observed above are causal rather
than coincidental, then the above data M3y
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result in the derivation of a more meaningful
relationship between the Oy used by contract.
g heart muscle and the physiologe purpose
for which it is used
At any given filling pressure, the myo-
cardial QO can vary over a substantial range
and will be a function of the TTT devel-
oped during the course of the contracuion ™
It appears, therefore, that the heart’s QO,
15 determined not solely by the filling pres-
sure prior to contraction, but rather by the
events occursing subsequent to the onset of
contraction from any gven filhng pressure
I marked changes in ventricular distensibile
ity do not occur, thus view coutd mmply that
similar considerations apply to the relation-
ship between fiber length and myccardial
QO; The sahdity of this latter position,
however, still awaits satisfactory expenmen
tal demonstration
A varable not found possible to control in
the above described experiments was the rate
of the deselopment of systohe tension while
holding the other samables constant The
bility must be dered, therefore, that
these expeniments are incomplete in that it
has not been determned whether the rate of
development of tension modifies the selation-
ship between Q0 and T T1
The term external efficteney as used herem
relers 10 the rato of external work to QO,
and conforms to the gencral usage of the
term efficiency as apphed to the heart It s
suggested herewith that the term wmternal
effictency vefer to the ratio between the ac
tual total tennon developed by the myo-
carduum and its QO, External effictency 1s
primanly meanmgfu} in terms of the relation-
stap between the heart and the total organ~
ism but is refatively uninformative about the
ies of my di In
contrast, the term miernal efficiency is dc-
signed to expose the i

used as an index of the actual total myo-
cardial fiber tension. The ratio of TTI to
QO, thus provides an internal efficiency
mdex. Any discrepancy between sternal
efficiency and the internal efficiency index
will resolve around the extent to which ven~
tricular radius changes occur and considera-
tons imolving Laplace’s law¥*  therefore
apply, for it is clear from such considerations
that the same intrmventricutar TT 1 will re-
quire a greater myocardial fiber tensfon m 2
targe heart than in a small ene. If it is as-
sumed that the basic relationship is between
the total actual tension deseloped by the
myocardium rather than the reflection thereof
in the obsenved T T 1, then both the low in-
ternal and external efficiency of the greatly
dilated or failing heart can logically be at-
tributed, at least in part, to the interselation-
ship between Laplace's law and the depend-
ence of the heart’s Q0. on its actual total
developed tension For example, if the di-
lated heart is called upon to develop any
ghen intraventricular pressure, the myo-
cardial fiher tension will be greater and its
GO0, will thus also be greater than that of
the small heart producing the sume intra-
ventricular pressure at the same stroke vol-
ume and heart rate In this sense the dilating
heart may be thought of as one with an O,
requirement that approaches or finally could
exceed the limit of the O, available to 1t, es-
peciaily when O, availability is limited by
dusease Tt should be emphasized that sech
considerations are sald only if the assump.
tion of the bhasic relationship between QO;
and actuel total tension developed is a correct
oeng

SUMMARY AND CONCLUSIONS

An wolated heart preparation was desel-
oped that was stable, nonfailing, and retained

between that aspect of the heart’s contraction
which requires O, (total developed tension)
and the amount of O, consumed In the ab-
sence of any ready means of measuring the
actual {otal tennon developed, the area be-
neath the systolic portion of the pressure
curve {TTT in mm Hg seconds) has been

e characteristics tompamble to
the heart of the open chest, anesthetized dog
beeause of continued metabolic support de-
rived from the blood of a second dog This

*For & cylinder, T=P X R where T=wall

* tension, P azantraluminal pressure, R = radun

For further discussion tee Ruhmer® and Burzon
(p 74)
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preparation was employed in an examination
of the hemodynamic determinants of myo-
cardial oxygen consumption (QO:}. Precise
control of cardiac output, aortic pressures,
heart rate, and ventricular filing pressure
was readily obtained
Only under special circumstances was
there any straightforward relationship be-
tween external work and QO. When left
sentricular work was increased by elevating
aortic pressure, while holding cardiac output
and heart rate constant, QO, rose pari passu
with aortic pressure and work, leaving exter-
nal efficiency unchanged In contrast, when
work was increased manyfold by elevating
cardiac output at a constant heart rate and
mean aortic pressure, only a small increase in
QO; occurred, thereby markedly increasing
external efficiency. When external work was
more than doubled by markedly elevating
cardiac output while lowering aortic pressure
to a lesser extent, myocardral QO, actually
diminished When heart rate was increased
while holding cardiac output, mean aortic
pressure, and therefore work constant, QO,
increased, thereby lowenng external efficiency
Tt was further observed that when cardiac
output was increased at a constant mean
aortic pressure and heart rate, the relatively
small increase in QQ, that did occur was
accompanied by an increase in aortic systolic
pressure  This suggested the possibility that
myocardial QO 1s related solely or predomi-
nantly to the development of tension without
regard to the amount of fiber shortening
{stroke volume) that takes place In experi-
ments that were designed to ascertain whether
any particular pressure parameter would con-
sistently correlate with observed changes in
myocardial QO:, the aortic systolic pressure,
mean systolic pressure, mean pressure, and
diastolic pressure and also the total area
under the systolic pressure curve (T T1I.)
were exarmned The QO, correlated only
with the TTI (in 35 out of 37 experi-
ments) regardless of the hemodynamic vari-
ations imposed It was concluded that myo-
cardial QO 1s determuned by the total tension
developed by the myocardium insofar as this
js expressed by the area beneath the systolic

BASIC PHYSIOLOGY

pressure curve and that myocardial 90, de-
pends primarily upon the sequence of exents
after the onsct of contraction rather than on
the filling pressure per se,

The role of Laplace’s law in the interpre-
tation of these data and the possible applca-
tion of this information to the intecpretation
of the low external and internal efficiency of
the failing heart was discussed.
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regulated by an externally applied screw
clamp. Total left ventricular output minus
coronary flow (effective plus regurgitant
flows) was also continuously metered with a

Fig 4-2, Schemanc diagram showing prepara-

uon for produang aortico-left ventnicular
regurgitauon, ncludig check valve and flow-
meter for the recording of regurgitant flow dur-
ing diastole Second flowmeter records total left
ventncular output (minus coronary flow) A
perforated tube placed in the left ventricle
through the left atmal appendage and mtral
valve to supenimpose mutral regurgitation on
metered aortic regurgitation. Effective cardiac
output = total minus regurgitant flow LA = left
atrum, LF = left sentncle, 4 = aorta, BC =
brachiocephalic  artery, LS =left subclavian
artery, CA = caroud arterres Screw clamp on
regurgitant tubing allows control of volume of
regurgitation.

duced, as shown in Figure 4-2, by providing
a pathway from the thoracic aorta to the
prosthests sutured into the left ventricular
apex This was done in elesen dogs werghing
from 195 to 27.0 kg and averaging 24.7 kg
A check vahve permitted reflux from aorta to
left ventricle only during diastole. This re-
gurgitant flow, which will be referred to
hereinafter as aortic regurgitant flow, was
metered by a Potter turbine flowmeter in the
regurgitant pathway, This flow could be

second fl as shown in Figure 4.2 In
order to superimpose mitral regurgitation
upon any given level of aortic regurgitation,
a tygon tube with multiple perforations was
inserted through the mitral valve by way of
the left atrial appendage. This could be with-
drawn and replaced at will Effective cardiac
output (systemic flow) was calculated as the
difference between total aortic and regurg-
tant flows. Total left ventricular strohe worh
n gram-meters was calculated as the product
of total left ventricular output in cubic centi-
meters and mean aortic pressure in centi-
meters H:O divided by heart rate Effective
left ventricular strohe work in gram-meters
was caleulated as the product of effective
systemic flow and mean aortic pressure in
centimeters H.O divided by heart rate The
aortic regurgitant gradient was estimated 35
the difference between mean 2ortic diastolic
: btained by planimetry, and left
ventricular end—diastolic pressure. The se
gurgitation index was calculated as the prof?'
uct of the duration of diastole and the sortic
regurgitant gradient

RESULTS

Mitral Regurgitation

HEMODYNAMIC EFFECTS OF GRADED MITRAL
REGURGITATION The hemodynamic conse:
quences of stepwise increases m mitral re-
gurgitation are shown in Figure 4-3 Regurgh
tant flow was varied from zero to 42} Liters
per minute, & value more than twice the
initial cardiac output present before mutral
regurgitation was induced Surprisingly mO'f“
est changes in effective cardiac output, 20T1C
pressure, and left atrial mean and “Z” point
pressures occurred. Calculated pesipheral re-
sistance rose shghtly. These data are Tepre
sentative of 28 similar experiments in eleven
dogs.

THE EFFECT ON MITRAL REGURGITANT FLOW
OF INCREASED RESISTANCE TO VENTRICULAR
EyECTION, With any given mitral regurgitant
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orifice, a stepwise increase in the resistance
to left sentricular ontflow produced approni-
smately parallel increases in mitral regurgitant
flow with a reciprocal fall of forward Row
The results of one such experiment are shown
in Figure 4~4 and are representative of 23 of
the 26 such experiments performed in eleven
dogs.

THE INFLUENGE OF MITRAL REGURGITATION
ON THE EFFECTIVE LEPT VENTRICULAR FUNC-
Tion curvf  Results representative of the
nine such experiments performed 1n six dogs

are shown in Figure 4.5. In this cxperiment
only a slicht depression of the ventricular
function cune was obseried in the presence
of these substantial mitral regurgitant flows
(2.1 to 24 liters per minute), In one evperi-
ment, in shich a series of ventricular func-
tion curves were obtained with serally in-
creased mitral regurgitant solumes, progres-
sne depressions of the ventricular function
curve occurred,

THE RELATIE INFLUENCE OF MITRAL RE~
GURGITANT FLOW AXO EFFEGTIVE CARDIAG
OUTPUT ON VENTRICULAR FILLING PRESSURE.

wIwy The above data suggested that the filling
T R pressure required to protide any gnen incre-
ment of effective cardiac output exceeded
ey 1 that which was associated suth 2 sunilar m-
crement of mtral regurgitant flow, The re-
ok 4
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effects of increasing i

T.F =1otal flow AMRF, = ventnculoatrial
{mitral) regurgnant flow §F = forward cardiac
output {mnus coronary flow) Other panels
from above downward are mean aortic pressure,
calculated tofal peripheral resistance (T PR ),
and left atntal mean and “Z” pout pressures
(L.4 ). Dog waght = 258 Lg

»

Fic 44 MI Exp 2¢ Points 4 thmugh £
show the effects of mcreasing the resistance to left
ventricular ejection 1 the prescnce of a constant
regurgitant orifice  Aortic resistance was re-
tumed to ongmal level at pomt F Symbole
same 25 m Figure 43 Dog weight = 24.1 kg
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sults of an experiment designed to examine
this hypothesis more cntically are illustrated
in Figure 4-6 By the appropriate adjustments
of aortic resistance, mitral regurgitant ontfice
size, and blood volume, it was possible to de-
crease forward and increase regurgitant flows

iprocally, so as to maintain mean left
atrial, left atrial “Z” point, aortic pressures,
and heart rate constant, or almost so Little
change 1 filing pressure occurred while the
ncrease n mitral regurmtant flow was 37
times the decrease in effectne cardiac output
Total flow doubled These results are repre-
sentatne of seven such experiments i five
dogs.

INFLUENGES THAT MODIFY THE EFFECT OF
MITRAL REGURGITATION ON LEFT ATRIAL PRES-
sure The effect on Jeft atrial “Z” point pres-
sure of progressively ncreasing mtral re-
gurgitant flow was examined at two different
effective cardiac outputs (650 and 1750
¢c /min ) at comparable aortic pressures and

.
Pyai e

o s [ [ 20 25
LA "2 tm Hp0

T 45 MI Lxp 15 Effect on the left ven-
tricular function curve of the presence of mueral
regurgitant flow (MRF) SWLV =effert
left-ventricular stroke work 1n gram meters
AoP =mean aoruc  pressure S 1 =siroke
volume 7 R = heart rate/min LA, “Z" = left
atnal “Z” pomt pressure Dog wetght = 25 4 kg
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heart rates (solid cunves in Figure 4-7).
When effective cardiac output was main-
tainedd at a low level, left atrial pressure was
35 cm./H,0 before mitral regurgitation was
induced; 4.74 liters/min of regurgitation
raised left atrial pressure 4.5 em. H.O. In
contrast, when cffective cardimc output was
maintamned at a higher level and left atrial “2”
point pressure was 10 cm H,O before mitral
regurgitation was induced, 4 09 liters/min of
regurgitation raised left atrial pressure 115
cm H,O It was consistently observed in the
ten compansons of this type performed in
nine dogs that the higher the ventricular fill
ing pressure prior to mitral regurgitation, the
greater was the subsequent elevation of filling
pressure produced by any guen amount of
regurgitation

Figure 4-7 also confirms the data previously
shown 1n Figure 4-6 in that a gwen increase
in total flow produced by increasing effectne
cardiac output (broken lines) required much
greater elevations in filling pressure than did
sumilar increases in total flow produced by
increasing  mitral regurgitant flow  (sohd
lines).

THE EFFECT ON LEFT ATRIAL PRESSURES OF
PHARMACOLOGICALLY ELEVATING THE VEN-
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Fic 47 MI Exp 23 Solrd lines show effect

on left trial “Z” powmt pressure of mncreasing

total flow by mcreasing regurmtant flow (M R F ) wirle holding forward cardiac ourput (SF) con-

stant Trangles shows change ;mn LA “2" pomnt
forward flow was constant at 065 L./min Open
flow when forward fow was held constant at 175

pressures while sncreasmg regurgitant flow when
circles show the effect of increasing regurgitant
ters/nmn Broken lines show the effect on LA

“Z" pomt pressure of increanng total flow by increasmg forward flow while regurgitant flow was
held constant at zero (solid dots) and at 26 hters per minute {open tnangles) Asterisk denotes
value held constant dunng any given ran M AP =mean aortic pressure and H R =range of

heart rates throughout

TRIGULAR FUNGTION CURVE IN THE PRESENCE
OF MITRAL RFGURGITATION Figure 4.8 shows
the results of one espeniment 1 vhich, after
mitrat ion had been p d, 04
mg /hg of mephentermine sulfate (Wya-
mine) was injected intravenously, The ad-
munistration of this agent, which has been
shown to elevate the ventricular function
curve,* was followed by a substantal fall in
mean left atral and “Z” pomnt pressures even
though mtral regurgitant flow increased and
aortic pressure and effective stroke volume
were also elevated

Aorlic Regurgitation

THE HEMODYNAMIG CONSEQUENGES OF
GRADED INCREASES IN THE VOLUME OF AORTIC
REGURGITATION The results of one of four-
teen such experiments i nine dogs are shown

m Figure 4-9. As aortic regurgitant flow
was ncreased, effective cardiac output de-
creased substantially This was abways accom-
panied by a widening of the pulse pressure
and lower diastolic pressure Mean pressure
was usually, but not abways, slightly dimin-
ished Systohe pressure falled to rise in two
of the experiments of this type, one of which
15 shown in Figure 4-9 Calculated total pe-
ripheral resistance rose marhedly Left ven-
tacular end—diastolic pressute rose to high
Jevels while mean left atrial pressure ex-
hibited only a slight elevation Thus in end
duastole, wide discrepancres between left ven-
tricular and left atrial pressures were gener-
ally observed

TIE EFFECT OF AORTIC REGURGITATION ON
THE LEFT VENTRICULAR FUNGTION GURVE,
Ventewcular function curves were obtained by
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Fio. 48 M1 Exp 21 Effects on LA, mean
and “Z" pount pressures, forvard flow, re.
gurguant flow, aortc pressure, stroke swork, and
heart rate following the administeation of 0.4
mg /kg of mephentermine sulfae

Stepwise blood infusion I nine experiments
in seven dogs. After each infusion, observa.
tions were made with and without 5 constant
amount of aortic regurgitant flow by aler-
nately closing and opening the regurgitant
Pathway. Figure 4-104 shows the effective
stroke work plotted against left ventricular
end-diastolic pressure with and withgyt aortic
regurgitation A marled depression of the
effective left ventricular function curve was
observed Figure 4-10B shows the tota] left
ventricular stroke work done at varioys filling

stroke work and that component of the stroke
work expended on the Tegurgitant stroke
volume

HEMODYNAMIC CONSEQUENCES OF CHANG.
ING CARDIAG OUTPUT. Stepwise increases in
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Fic 49 AT Exp 6 Hemodynamtc effects of
graded increases m aornc regurgitant  flow
(ARF) TF =total flon, ESF == effectne
cardiac output, 4 P.=aortic pressure, TPR
= caleulated total Penpheral gesistance, LA =
left atval pressure, L P.E D = Ieft ventriculzr
end-diastolic pressure Dog weight = 265 kg

total cardiac output were brought about by
serial blood infusions in one experiment and
observations made on the parameters shown
in Figure 4.11, It was observed that the
higher the cardiac output the greater was the
ratio between effective and total cardiac out-
Put. An increase in aortic regurgitant flow
did occur, but this was slight even in the
presence of an elevation of aortic pressure
and an accompanying increase in the aortic
regurgitant gradient. The observation that
the increase in aortic regurgitant flow was
only slight may be explained by the finding
that, with the increase in total stroke volume,
the diastolic period shortened? and therefore
aortic regurgitation index (the product of the
aortic regurgitant gradient and the du.ra!l"."
of diastole) yose only slightly. This view is
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Fic 4-11. AL Exp 12 Hemodynamie effects
of increasing cardiac output by blood infuston
(pomts 1 through 6) with a constant  aortic
regurgitant onfice T = total flow, R = aortie
regurgitant flow, E = effective cardiac output
ST =stroke volume, €O = cardiac output,
AP = aortic pressure ESV/TSV = the ratio of
effective to total stroke volume T PR, < cal-
culated  total peripheral  resistance  DUR
DIAST = duration of duastole n mulliseconds
Al grad = aorue regurgitant gradient, RJ =
Aortic regurgitation index H R — heart rate at
167/mun  constant throughout, Dog weight =
220 kg

supported by the parallelsm seen in Figure
4-11 between changes m the calculated re-
gurgitation index and observed changes
regurgitant flow Further, the fall in caleu-
lated total penpheral resistance that accom.
panted the increase in effective cardiac out-
put limited the rise in the aortic regurgiant
gradient and thus the aortic regurgitation
index. It appears, therefore, that the de.
creases in the duration of diastole and pe-
ripheral resistance account for the mereased
ratio between effective and total strohe
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Fio 412 AL Exp. 11 Hemodynamuc effects
of superimposing mitral regurgitatton on .aOY"C
regurgitation N L = no lesion, that is, prior 1o
the induction of aortic regurgitation A I, = after
inducing aortic regurgitation A7 - A 1. = after
mitral regurgitation was supenmposed on the
aortte  regurgitation  T.=total flow* R =
aortic regurgitant flow, and E = effective flow
m  Uters/mmute. LV.ED =left ventnculat
end-diastolic pressure. L.4, = mean left atnal
pressure. 4P = aortic pressure M IV, = effec:
tive minute work m kelogram meters, T P.R =
caleulated total peripheral resistance H.R
heart rate per minute at 133 constant through-
out. Dog weight =250 kg Note the !311 in
munute work paralleling the fall in LV ED
when mitral regurgitation was added

Nune experiments were performed in four
dogs in which the effect on carrculatory dy-
namics of inducing aortic regurgitation were
first observed Matral regurgitation was then
superimposed by means shown in Figure 4-2
The results of two such expeniments are
shown in Figure 4-12, When aortic regurgita-
tion was induced, the previously demon-
strated h dy ic changes occurred When

volume when cardiac output 15 d in
the presence of aortic regurgitation

THE EFFEGTS OF MITRAL REGURGITATION
SUPERIMPOSED ON AORTIC REGURGITATION

ut
*This 15 the sum of effectne cardiac Ou;fdc
and zortic regurgitant flow but does not inc
the unmetered mitral regurgitant flow.
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mitral regurgitation was added, even though
the aortic regurgitant flow was shghtly dimin-
ished, effective carchine output fell further
from its already depressed Jevel Simultane-
ously, Ieft ventricular end-diastolic pressure
felt from 1ts hagh Jesel while mean left atrial
pressure rose, thus duminishing the discrep-
ancy that had been present between them
when the mtral valve was competent When
nutral regurgitation was added, the fall in
left ventricular end-diastolic pressure was ac-
companied, as might be anticipated, by a fall
m the effective strohe worh.

DISCUSSION

The application to discase states in man of
data derived from acute canine experiments
that simulate such states is necessarily limted
This is Jargely because of possible species dif-
ferences and the Jach of the gradual develop-
ment of the lesion, together with whatever

VALVULAR 43

pressure held constant, the ventricle could
eject substantially larger volumes through the
regurgitant pathway than into the aorta
More complete systolic emptying 1s facilitated
not only by the high-pressure gradient be-
tween ventricle and atum but also by the
continuation of regurgitation during proto-
diastole and isometric relaxation as shown by
Wiggers.® It is clear, however, that the pri-
mary compensatory mechanism of more com-
plete systolic emptying is gradually exhausted
when mitral regurgitant stroke volumes in-
crease  Under such circumstances, an in-
crease in end-diastolic ventricular volume
must occur This is indicated not only by the
slight depression of the ventricular function
cunve, which is ahwvays observed, but also by
progressive depression of the ventricular
function curve as mitral regurgitant volumes
are further augmented

It was not anticipated that the mitral re-

compensatory factors may come mnto play
Nevertheless, certain palpable advantages are
obtained from the type of preparation heremn
described 1 which (1) valvular regurgitation
1s effectively produced, (2) the regurgitant
flow 15 directly metered, and (3) vanous

d I Juding the vol-
ume of regurgitant flow, can be independ-
ently controlled A more complete analysis of
the hemod ic effects of ct one of

flows ¢ d would be as gh
as those observed® nor that they would be
associated with such small elevations of left
atrial pressure, since more striking elevations
of this pressure are observed when mitral
valve injury 1s experimentally mduced®’ and
also 1n the naturally occurring disease state 1t
man * Further, if left ventnicular hypertrophy
is associated wath mitral regurgitation, in the
absence of other myocardial disease, it might

the vanables can thereby be obtained

It was of considerable interest to observe
the relatively small changes wn lorward car-
diac output and aortic pressure when matral
regurgitation was induced Further, these
were accompanted by only small changes in
mean left atral and left ventricular fillng
pressures  Total cardiac output increased
markedly, and hitle depression of the effec-
tne ventricular funchion curve occurred at
the levels of mitral regurgitation studied n
Figure 4-3 If ventmeular dustensibihty re-
mained essentially unchanged, then the above
observations can best be explained by postu-
lating more complete systolic emptying when
this degree of mitral regurgitation 15 present
This view Is also supported by the data
shown in Figure 46 in which, with filng

be pated that the volume of regurgita-
tion the ventricle can endure would be
greater than in the absence of such hyper-
trophy

The observation that the effect of any
given regurgitant volume on left atnal pres-
sure is 2 function of the filling pressure prior
to the induction of regurgitation may be
helpful in the interpretation of hemodynamic
findings 1n chnical mitral insufficiency With
the heart operatng on any given left ventric-
ular function curve,* its specific position on
that curve is of importance, as can be seen
in Figure 4.7 That 15, when regurgitant
flows are induced with the preregurgitant fil-
ing pressure initially low, the consequent nise
1 left atnal pressure 1s substantially less than
when the same range of regurgitant flows
were induced with the ventricle higher on its
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ventricular function cunve, ie, with a higher
filling pressure. Further, the particular ven-
tricular function curve on which the heart is
operating will substantally influence the fill-
g pressure at which the ventricle is domng
its effective strohe work. That 1s to say, if
the left ventricle 15, because of discase, op-
erating on a depressed function curve, the
filling pressure and left atrial pressures will
be higher at any ghen stroke work Under
such circumstances, the effect of any given
mutral regurgitant volume will be to elevate
left atrial pressure more than if the ventricu-
lar function curve were not depressed (Fig.
4.8)

The increase of left atrial pressure that
occurs with any given regurgitant stroke vol-
ume will also be a function of that pomnt on
the pressure-volume curve of the left atrium
and pulmonary sascular bed® obtaming at
that ttme If, as recently suggested,’® changes
n pul y vascular d. bility do occur,
such changes may also modify the extent of
the rise 1n left atral pressure

The observation of elevated left ventricular
fillmg pressures 1n patients with pure mtral
insuffictency,’® when viewed 1n the light of
the above data, could be explamed by the
presence of (1) mitral regurgitant flows rela-
tive to cardiac output grossly m excess of
those observed heremn, (2) depressed ventric-
ular function curves due to myocardial dis-
ease, or (3) possibly to changes in ventricular
distensibility secondary to myocard:al hyper-
trophy Haynes ¢t ol ' using the Korner-

BASIC PHYSIOLOGY

gitant flow and the consequent striking eleva-
tion of the “V" wave when resistance 1o
aortic ejection 1s increased has also been ob-
served in patients with mitral regurgitation
when aortic pressure was markedly elevated
by nor-epinephrine infusion. This response
has proved helpful as a diagnostic test for the
presence of even mild degrees of mitral re-
gurgitation which were not otherwise hemo-
dynamically apparent.’

It has been demonstrated recently'® that
the oxygen consumption of the heart is deter-
mmed largely, if not solely, by the tension-
time index (mean aortic systolic pressure
times the duration of systole), and is inde-
pendent of the stroke volume except insofar
as the latter changes the duration of the ten-
sion state developed by the myocardium
Planimetric integration of the systohc pres:
sure curve provided the tenston-time indexin
three of the above experiments in which step
wise 1ncreases in mitral regurgitation were
produced No sigmificant change in the ten
sion-time index occurred These data stronglv
suggest that the oxygen consumption of the
left ventricle is not greatly mereased by larg¢
volumes of mitral regurgitation and may help
to explam the clinical obseriation that
angina pectoris is rare even with severe mitrsl
msufficiency. .

Throughout the course of these exper
ments, acutely produced aortic regurgitatio®
resulted m a hemodynamic pattemn that con
sistently stood in sharp contrast to that pro”
duced by similar or even greater +olumes o
. The olumes of aort

Shillingford method™ for the esti of
mitral regurgitant flow, observed regurgitant
flows averaging 165 per cent of the forward
cardiac output 1 patients with predomimnant
mitral regurgitation i whom left ventricular
end—diastolic pressure were not elevated
Wiggers® d d striking clevati

of the left atnal “V” wase when aortic pres-
sure was increased mn the presence of mutral
regurgitaton The above data confirm the
anticipation that mutral regurgitation is aug-
mented under these circumstances, as was
also found 1n the model studies and aortico~—
left atrial fistula preparation of Rodbard
et al " Such augmentation of mitral regur-

mutral regurgi
regurgitant flow that were observed
experiments do sot appear to be unrealiste
in terms of the clinical counterpart Of'lhﬁ
lesion When in chnical studies on pi\_llﬂﬂ“
with severe aortic insufficiency dye was It
duced into the aorta at or below the fevelof
the diaphragm, it was observed to rcp:urg'l“‘c
retrograde to the mnomnate artery s indi-
cated by jts photometric detection in the ear
promptly after the aortic injection 1 The
studies of clinical aortic regurgitation by the
method of Korner and Shillingford"* would
also appear to be consonant with the abmf
views. With the development of compensatory

in these
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hypertrophy, 1t would be expected that as in
mutral regurguanon Jarger aortic regurgitant
solumes could be tolerated than when the
lesion is acutely induced as in these experi-
ments
Unhike mutral regurgitation, zortie regur-
gitation was accompanied by scvere depres-
ston of the effectne left ventricular function
curse {Fig HIDAB) In contrast to the more
complete systolic empiymng of mitral regurgi-
tation, the increascd total stroke volume of
aortic regurgitation s ejected into the aorta
mn which the pressure 15 hugher than in the
left atrium and progressuely nises as ejection
procecds It appears that the increased stiohe
solume of acrtic remurgitation 13 accom-
panied by an creased end-dastohc volume
The oliserved merease (Figs 49 and 412}
i caleulated perspheral reustance, which
accorplished the fall in elfectne cardac ours
put when aertic regurgiation was acutely
mduced, represents the actinaty of barorecep-
tor regulztion in mamtamng arterwl pres-
sure Without such a constrictor response,
diastolic coronary perfusion pressure would
fall to levels even lower than those that are
mamtained This constrictor response may,
L be o d as ing a pro-
tective effect under these expernmental condi-
ttons Clinscally, uince cardrac output at sest
18 not generally decreased in patients with
mild or moderate aoruc rcqurqnanon. there
1s 1o requsrement for an i iph
sascular resstance Howerer, 1 mxght be
anucspated that, as the seversty of the regur-
quant lession progresses and effective cardiac
output 1s depressed because of the ventrcle’s
wabdiy to {usther compensate, increased
penpheral vascular ressstance may play an
mportant role i the mantenance of arterial
and coronatry perfusion pressures With this
m riew, it Is of mterest that the administsa-
tion of ganghenic blocking agents or spuwral
anesthesta may be hazardous?® in the pauent
with severe aoflic regurgitation
Ample confirmation was obtained m these
esperiments of the chnical obsenation by
Wright ¢t 2/ and Moreow?®® that left ven-
tricular end-diastolic pressure may oeca-
siopally evceed feft atrial pressures in the
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presence of aortie regurgitation. The experi-
ments shown above m Figure $-12, i which
miteal regurgitation was superimposed on
aortic segurgitation, were designed to eluci-
date the possible physiofogical significance of
this interesting phenomenon First, 1t is efear
that a competent mitral valve must close par-
tially or completely well before the onset of
systole, else the Iate diastolic reverse pressure
gradient between ventricle and awium could
not develop Secondly, m the presence of
aortic sequrgitation, compromising the com-
petence of the miteal vale produced a fur-
ther elevation of left atral pressure Ssmul-
the left 1 d-drastoli

pressure fell as shown i Figure 46 This
decrease in left ventricular end-diastolic pres-
sure (and presumably 1o fiber leogth) re
sulted in a further diminution of stroke wark
and cardiac output from already depressed
levels Under such circumstances the mitral
vabe may be thought of not only as a sec.
ondary resistance to requrgtant flow from
the aorta, but also as a means of protecting
the pulmonary sascular bed from elevated
pressures, while permituing the lefr ventncle
to achieve 2 high enough end-diastolic pres-
sure and volume for the discharge of a more
adequate strohe volume than would other~
wise be the case Such considerations apphy,
however, only if the ventrcle 13 on the as.
cending hmb of its ventricular function cune

These data alo suggest that the madvertent
production or increase of mural msufficiency

n the course of mitral cummnsummmv may
hate sub: i fi

1t the presence of aoruc requranation than in
its absence Uricehio and Lakoff** attnbuted
the adverse effects of mitral commussurotomy
m the presence of aortie stenoss and msuffi-
ciency largely to the aortic stesosis, which
they felt was functionally intensified by mitral
commuswarotomy  The zhne data provide
the basis for one posuble alternate inter-
pretation

SUMMARY AND CONCLUSIONS

Experimental techniques were devised in
the anesthetized open.chest dog by means of
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which the regurgitation of blood from left
ventricle to Jeft atrium and from aorta to Jeft
ventricle could be metered and svaried over
wide ranges

Mitral regurgitant flows from zero to three
tunes resting cardiac output were tolcrated
with only slight alterations of cffective car-
diac output, aortic, left atrial, and left ven-
tricular pressures and total peripheral resist-
ance. There was little depression of the ef-
fective left ventricular function curves with
mitral regurgitant flows of approximatcly 2
liters per minute. Any ghen increase in
mitral regurgitant flow required substantially
smaller increments in ventricular filling pres-
sure than did smular increases in effective
cardiac output These observations suggest
that ventricular emptymng is more complete
1n the presence of mitral insufficiency. Further
observations revealed that, with any given
mitral regurgitant orifice, regurgitant flow
was a function of aoruic pressure In other
experuments, left atnal pressures were in-
itially clevated by producing high effective
left ventncular work levels, and these work
levels were held constant during progressively
increased mitral regurgitation Under such
circumstances, mitral regurgitation did pro-
duce substantial increments in mean left
atrial and left ventricular filling pressures
The extent of this rise, resulting from any
gnen degree of mitral regurgitation, was a
function of the mean left atrial and ventric-
ular filling pressures prior to the induction of
mitral regurgitation These observations sug-
gest the mmportance of the relationship be-
tween myocardial contractility and the hemo-
dynamic effects of any given mutral regur-
gitant lesion

< .

p in aortic r
were produced at a constant heart rate until
regurgitant flows in excess of the dog’s rest-
ing stroke volume were observed A substan-
tial decrease in effective stroke volume oc-
curred Total peripheral resistance rose mark-
edly Aortic pulse pressure always widened
The left ventricular function curve was mark-
edly depressed in the presence of aortic re-
gurgutation,

When, at a constant heart rate, aortic

3 SarNorr, S J, and BErGLUND,
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regurgitation was induced in the presence of
a competent mitral valie, left ventricular
end-~duastolic pressure (LVED) roe to
much higher levels than left atrial pressure
(L A.) This difference in LVED.and LA
could be dimmished or almost abolished by
inducing itant mitral insufficency At
such times, however, the fall in LV.ED was
accompanied by a further diminution in
effective strohe volume beyond that which
had been produced by the aortic regurgita-
tion alone.

Thus, m the presence of aortic regurgita-
tion, a competent mitral valve acts in two
ways to protect the circulation First, it lumts
the elevation of left atral and pulmonary
capillary pressures Secondly, it makes pos-
sible the high left ventricular end-duastolc
pressure, as a result of which a more forceful
ventricular contraction occurs, provided l]:lt
ventricle 1 still on the ascending limb of its
ventricular function curve
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CHAPTER 5 CORONARY BLOOD FLOW AND CARDIAC

ENERGETICS

Steven M. Horvath

Although many mestigators have been
actively engaged in studying the coronary
circulation, the precise role and relatne im-
portance of the factors involved in the regu-
lation of the 1olume of blood flowing through
the myocardum are still incompletely under-
stood None of the methods currently avail-
able provides for detailed or even accurate
wformation regarding the coronary system
in normal or diseased states The four major
ewperimental approaches to evaluating the
coronary crculation imvohe studies on
wsolated coronary vessels, on isolated strips of
cardiac muscle, on 1solated or exposed hearts
(in vivo and in wvitro), and on the heart m
the intact state The two latter procedures
are handicapped by, 1 the first instance, the

lication of highly 1 i

I mn-

PF P
strumentation to an 1solated or exposed heart

lung preparations or heart oxygenator systerns
provide for certain techmcal advantages but
only acute processes and changes can
followed Furthermore, one is forced to gem
eralize from the results obtamed, “Sf“m‘"g
that stimuli that act on solated heart in vitr®
must have the same effect on the heart It
situ, where the heart is exposed to these
stimuh not for minutes or hours but for
months or years, However, despite Ihtsel
difficulties it has been possible by 3 careful
synthesis of the accumulated data on r'nﬂ‘"
bohc and hemodynamic factors to obtain f::
insight into the mechanisms concerned ‘:od
the maintenance of adequate coronary bl f
flow to the myocardium under a rariety ©
conditions.* *
The anatomic and dynamic demi‘]s of thle]
coronary circulation hae been fairly we
1 d The pattern of flow of coronan

already placed under derable stress by
the necessity for surgrcal inter ention and the
other by the employment of indirect method-
ology that does not provide for sufficient in-
formation on the entire heart. The heart-
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blood from aorta to right atrium follows the
general pattern of distribution noted in any
other vascular bed The epicardial branches
of the coronary arteries and veins anastomose
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with cach other and also with extracardiac
arteries and vems Arteriovenous shunts are
numerous In addition to these typical pat-
terns, the artenoles, capiiaries, and superfical
vews conneet directly with both ventricular
cavities by doep drainage channels, the arte~
rolumnal, the artertosinusoidal, and Thebe~
san vessels These fatter are apparently not
utbzed to any great extent despue the pres-
ence of fasorable dynamic condions Ap-
provunately 80 per cent of the blood entering
the left coronary artery drans mio the cor~
anary sius, while the remamder enters the
nght atruum from superficial casdac sveins
These vessels also dramn some 80 to 90 per
cent of the nght coronary inflow into the
night atnum The coronarny sinus receives the
rematnder of the right coronary artery flow

DISTRIBUTION PATTERNS

The mass of myocardium supplied by cach
of these vessels i nat constant Schiesinger®
has identified three magor distnt pat-
terns They are roughly classified on the basis
of the myocardial areas supplied predom-
mantly by the major coronary arteries Ap-
proxumately 50 per cent of hearts have right
coronary preponderance. ie, the night cor-
enary artery provides blood to & larger area
of the heart than docs the left coronary
artery Some 17 per cent of heants have k(&
coronary p and the

Ay

reduction in coronary blood flow may result
in angina, electrocardiographic changes in-
dicating coronary insufficiency, and even
acute myocardial necrosis #*

INTERCORONARY ARTERIAL CHANNELS

One of the most important considerations
of the anatomic distnbution of the coronary
vascular bed has 10 do with the presence or
lack of intercoronary arterfal channels It has
been esti d that 1 eal-
lateral anastomoses are present sn some 9 per
cent of all hearts This prophylactic measure
of setting up and even enlargmg anastormoses
between coronary artertes 1 initiated by some
hearts without the sumulus of coronary ecelu-
sion or msufficiency In certam disease entities
these intercoronary collaterals develop far
beyond the degree abserved in normal hearts,
and even approach those obsenved following
corcnary artery occlusion or narrowing
Anetma, vor pulmonate, cardiac hypertrophy,
or salvular disease appear to provide potent
stumah 1o the formatson of new anastomoses
Compensatory rhanges of this type occur
followmg coronary occlusion Following cor-
onary artery occlusion, the ventrcles fibmllate
{ureversible) or, if the hearts survive this
episode  they remain hypodynarme with
limited worl, tolerance and marked cardiac
pam It s assumed that such hears have too
ntile coll 1 devel for the amount

of hearts studied have a batanced distnbution
This relatne distribution sanes with the
species of ammal mvesngated Therefore,
studies on the coronary cteculation m normal
and diseased hearts must take into f

of mfarcted ussue The hearts that sunite
exhibit 3 preat ncrease i ntercoronary
avterial vessels, 1n tenms of number, dameter
and length This mereased collateral flow

may through pr ting nonfunc-

tion these different distributions This has
not atways been done and has lead to some
difficultses in nterpretaton of data pre-
sented by iarious workers Anather factor
that has pot received much attennion 15 the
relationship of the onigin and amual length of
the coronary arteries to the large vessels feav-
g the heart This mumate relanonstap may
resultin a i¢ y OF &ven p con-

uonal colaserals or newly formed channels
This deselopment 1 relatvely slow m con-
trast to the rapid openmng up of anastomnses
following occlusion of carotid or femoral
arteries A number of experimental pro-
cedures dessgned to increase the intercoronary
artesial channels have been reposted Al
these methods tend to sncrease primarly the

striction or hinkmng of these small arteries by
changes 1 volume or position of the aorta
and/or pulmonary artery The consequent

rather than provide for
Among the rel 4

[ hes effecting

this dey clnpmem probably working because

backward ofr

ful
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of the inflammatory reaction they induce, the
following appear to offer the most cffective
approaches sham cardiac operations, ligation
of andjor artemalization of the coronary
sinus, application of extracardiac tissue to
myocardium, production of anemia, and ap-
plication of mechanical and chemical irritants
to the myocardium These interventions ap-
parently provide for a significant degree of
protection against infarctions produced sub-
sequently

These results do not necessanly imply that
application of these techniques will provide
positive benefit to human bemngs having oc-
clusive coronary artery discase Furthermore,
the value and success of these surgical pro-
cedures in improving upon the natural maxi-
mal call I develop foll an in-
farction remains to be deterrined A major
point that needs to be cvaluated in these
cases 15 whether or not the surgical interven-
tion can be mmtiated sufficiently soon after an
infarction or occlusion has occurred to ac-
celerate or the natural p e
wncrease in collateral development It has also
been suggested that these procedures may
have prophylactic value in those individuals
havuing a strong family history of coronary
disease Until techniques can be devised that
will measure the degree of actual or potential
intercoronary arterial connections present 1n
any heart, this would seem to be a rather
premature approach on the basis of existing
hnowledge However, this 15 an area of in-

vestigation that deserves vigorous pursuit
The coronary circulation ewsts simply to
provide the myocardial cells with a supply
of materials to mamntain the level of the
metabolic pool and to provide sufficient oxy-
gen to ensure an energy supply ad to
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tain fuel materials are chosen preferentully
The heart of a diabetic patient, for example,
appears to derive most of jts energy from fat
with a decreased uptake of carbohydrates

OXYGEN SUPPLY AND CONSUMPTION

The major concern of the coronary cireuls-
tion, therefore, seems to be that related tothe
adjustments which ensure adequate oxyges
supplics. These can be provided for either
through alterations in volume of blood flos
and degrees of oxygen extraction or by .ad-
justments of mechanical and biochcm'.lcﬂ
properties of cardiac cells so that a gner
myocardial oxygen uptahe results in greatet
external cardiac work Normally cardise o
sues are extraordinarily efficient exractors of
oxygen from the perfusing blood (Table 5-1),

Taste 5-1 Norwar Varues ror Howd¥
HeArts BASED 0N CATHETERIZATION STUDES

meet all demands There is no reason to an-
ticipate that the metabolic organization, ic,
energy production, of the heart differs in any
large qualitative manner from other tissues,
although there may be differences in degree

Heart rate, per munute 52
Mean artenal pressure, mm. Hg o
Mean pulmonary arterial pressure, mm Hg 0
Total peripheral resistance, dynes/em./sec. 1,2
Pulmonary vascular resistance dynes/em ™/ "
sec
Oxygen uptake, ml /M3/mun ;‘:
Cardiac andex, hters/MY/mm 3
Left ventrcle work, Kg M/MY/mun 28
Right ventricle work Kg M/M?#/min
Oxygen content coronary smus blood, ol 51
per cent
Arterial cy snus Op diff vot .
per cent
Artenal-mixed venous Oy difference, vol per 45
cent T
Coronary blood flow, ml /100 gm LV./mn [0
Coronary MRo, ml /100 gm. L V /min 13
Coronary vascular resistance, umts 07
Body respiratory quotient, un:ts 088
Left ventricle respiratory quoetient, unis
H 23
the coronary arteriovenous oxygen dnﬂ'erenf:r
being approximately 12 vols per Cﬂ‘:mn
even more This Jeaves only a very ®
additional quantity of oxygen ‘hmh}c:}:)thﬁ

that adapt the heart to its particular task
Catheterization studies in both dog and man
bave proved that the heart can use a variety
of foodstuffs for its fuel. There 1s a further

efficiently extracted The extent to Wi : &
extra quantity of oxygen could conml.’““

the total oxygen supply under candmomme
stress is not completely known Under s

jon that in pathologi cer-

diti 1t may be an important factor M
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Taste 5-2  Sowe Represenramve Cnanges 1v
Corovary Fraw avo Oxiorn Exrracton av
Measureb 8 Man®

Gorunary

Hod 0

fow  Extraction
Systemic B P {elevated) It =1
\eute pulmonic or sortic stcnoss | 1
Chromie eardiac fasiure J=5 t
Hyperthyrordam 1 =
Cigarette smoking 1 3
Anertua 1 1
Congestee heart fature 1 1
Coarctation of aorta 1 1
Aortic insufficiency 1 1
Epmephnne t i
Mural valvular disease = h
Hypertenson - -

* Cathetenzanon of the corenary snus and the
use of the mtrous owde techmgue for so determining
blood flow

1 1 wdicates merease

1 = wdicates no change

§ § mdicates decrease

successful adaptaton (Table 5.2} There 1
need to hoow more about this extraction
efficiency, especaally m conditions of natural
maxsmal stress such as exercise 1 both normal
and pathological subjects Kuowledge of the
oevgen content of corenary sinus blood or
the coronary arteniovenous difference is,
herefore, essential Such enables
a differentiatson to be made between dilata-
twon 3 to d bohic re-
quirements by the heart or dilatation ansing
from changes m activity states of smooth
muscle cells in vessel walls or extrasascular
factors operating on the vessels If coronary
flow sncreases and the arteriovenous oxygen
difference decreases, the heart obtamns its
blood flow at least cost When the stress situa-
tion requires greater blood flow and greater
extraction of oxygen, then the heart s closer
to the cntical verge of utslizing neasly alf ats
reserve capncmes

The &conomy of oxygen consmmption by
the ventnicle has not been easy to determune
The banc problem here, as 1 the case of
other muscular tissues, 15 to determine the
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resting oxygen utilization This value is esten-
nal to any calculations of myocardial
efficicney Some recent studies on the oxygen
consumption of asystolic ventricles suggest
that thus value is relatively high, approx
mately half of that utilized by the beating
heart I{ these are confirmed, then caloula-
tions for cardiac efficiency are gomg to be
greatly altered Mechameal sfficiency of the
beart represents the percentage ratio of the
work performed by the heart to the energy
cost {oxygen usage) expressed n energy umits
The usual \alue gnen for efficiency of the
feft ventuscle 15 25 per cent A decrease
efficiency can result from either a dechne in
cardiac work or an increase tn oxygen usage
However, a decreased myocardial efficiency
does not necessarily indicate the presence of
myocardial fagdure It does indicate thae with
uime the effects of mechamcal falure will
become evident In patients with myocardial
falure the fall in mechancal efficiency does
not result froms the increase i energy cost of
heart work alone The decrease 1 work dotie
by the heart alo induces a decrease in
mechanical efficiency

Inherent m any connderation of oxygen
uptahe by myocardual tissue is the question of
the capacity of these cells to acquire an
“ovygen debt™ It has always been assumed
that the heart cannot have an “oxygen debt”
but some pew evidence smphes that this 1
not an mmpossibility 1f these data are sus-
taned, then the basic processes i eardiac
musele will falf more n fine with the current
concepts regarding striated muscle

Reduction in oxygen consumption by the
cardiac tissue is ot synonymous with myo-
cardial anowa Anovia 18 present only if
mean capillary or tissue oxygen partial pres-
sure 18 reduced The sevenity of metabole dis-
turbances depends sumply on the ratio of
oxygen demand by heart muscle and avaidl-
able oxygen supply H both decrease the
effects of metabolic ischeria will be slight or
even absent Excellent examples of this sit-
uation are seen i hypothyrodism, hemor-
thagie hypotension, and during hypothermic
states

In the previous consideration of ovygen
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utilization by the myocardium it 1s obvious
that extraction ratios and volume of flow are
closely interrclated.* Since 1t is not possible
to increase the extraction of oxygen appre-
c1ably, alterations n volume of coronary flow
could be the most effective manner of pro-
viding adequate supples of oxygen. The fac-
tors determming coronary blood flow are in-
completely understood In fact, there are
many questions as to the role of the multi-
tudinous determinants that have been pos-
tulated. In all probability all these factors
affecting coronary blood flow are not direct
determinants but rather act in a complex
integrated fashion Among the more than
twenty determinants which one or more in-
vestigators have implicated as having a direct
relation to the volume of coronary flow only
a few can be considered It 15, a priori, ap-
parent that the effectne perfusion pressure
head and the size or mean bore of the cor-
onary beds must constitute the main factors
in the coronary arculation.® This does not
mean that the absolute level of the aortic
pressure has any direct relationship to the
coronary flow Alserations 1 the diameter
of the coronary vessels are consequent to
passive or active factors The passive mech-
anisms can work from within through a
change in intravascular pressures or from
without to the myocardial wall,
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though the effective perfusion pressure 1
mains unchanged The activity of these mus-
cles is modified by metabolic, hormonal, and
neural factors. Although much has been wnt
ten regarding these mechanisms, their precse
mode and degree of action remains unde-
termined

The apphcation of the accumulated knowk
cdge regarding the coronary circulation t
the intact human and dog heart has not
always been possible, owing to difficulties
transferring open chest and isolated heart
experimental data to an intact organism The
demonstration that the nitrous oxide teck:
nique for determination of cerebral blood
flow could be employed to measure blood
flow in the intact heart was a potent stimuls
to the investigators of cardac physiology and
pathology.®® Although admttedly not a
measure of the total blood flow through the
heart, it does provide a sampling of the ﬂofﬁ
entering the myocardium through both major
coronary arteries It also, perhaps unfortu-
nately, determines primarily the flow through
the Jeft coronary and by inference the bl
coursing through the left ventricular myoc3®
dium This techmique, requiring cathetenza
tion of the coronary sinus, has not only.P"*
vided the cardiologist with many new ideas
but has led to tentative confirmation of the

licabihity of much of the mformation o

the extravascular support, In this respect it
1s mteresting to note that the pendulum has
swung around completely The observations
by Scaramuces,” 1689, that a reduced amount
of blood flows through the coronary vessels
during systole owing to their compression by
the contracting cardiac muscle appears now
to be fairly acceptable This is also in essen-
tial agreement with the observed decrease in
striated muscle blood flow during its con-
tracton. The acuve factor in changing
diameters of coronary vesscls 1s related to the
state of the intrinsic smooth muscles m these
vessels If they relax, the resistance is de-
creased and an increased flow results even

# This may have to be evaluated in respect to
the possibility that under certain pathologic con-
ditions there 15 an increase in the amount of per-
fused nonmuscular tissue

tained by other expertmental approaches It
is not feasible to list all the data or even €O
sider their value to an understanding of the
coronary circulation, but a short list of some
changes occurring 1n the human heart ar¢ o
be found in Table 5-2.

In ths brief review, many of the other f&-
tors that can be considered as determmnan®
of the coronary blood flow have had 1 be
regretfully ignored The influences of the
heart rate, of the cardiac output, of hem*
dynamic factors other than mechanical fac-
tors, of neural, of chemical shifts in the myo-
cardium, and the perfusing blood and of the
multitudinous hormonal agents are not PECes”
sanly mmor, They are sufficiently complet
so that no simple statement of their role can
be given Undoubtedly, the valdity of 2
presious statement, ie, that all these facte™
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work in some co-ordinated integrative fash-
1on, 1s the most precise way of indicating
their contnbution There 1s a bright future
ahead in our understanding of this complex
hanism and the develop of new and
1ngenuous approaches to the functioning of
the intact heart lends support to the belief
that soon the intricacies of the heart, normal
and pathologic, will be revealed 11121814

BIBLIOGRAPHY

1 Grecg, D E, and Samsron, D C, [.
Current research and problems of the coro-
nary arculation, Crreulation 13 916, 1956

2. Gress, D E  Coronary Curculation
Health and Disease. Philadelphia, Lea &
Febuger, 1950

3 ScuiesiNoer, M J: Relation of apatormc
patcern to pathologic conditions of che coro-
nary artenes, Arch Path 30403, 1940

4+ Donatp, D E, and Essex, H E  Camne
septal coronary artery, anatomic and electrn-
cardiographic study, Am [ Phystol 176 143,
1954

5 Coroay, E, Goun, H, and Karran, L

~

53

by Harrer, Avsert. Elements Physiologsae
Corporis Humani, Lausanne, 1778, Vol. 4,
p 459

Goopare, W T, Lusin, M EcHKENIMOFF,
1. E, Harkenscuier, J. H, and Banrern,
W. G, Jr « Coronary smus cathetenization for
studymng coronary bloed flow and myocardial
metabolism, Am, | Physiol 152 340, 1948
Bive, R J. The metabolsm of the heart,
Acta cardiol 10 1, 1955

Bing, R J ¢ Role of the coronary circulation
m shock, dnn New York Acad. Se. 55 367,
1952

Lecur, L, Derazio, V., Taimera, F. N,
Recan, T J, and Henems, H K : Coro-
nary blood flow, myocardial oxygen con-
sumption, and myocardial metabolism n
normal and hyperthyrord human subjects,
Circulation 1490, 1956,

Bargewony, L M, Jr, Eumxe, D, Gon-
rusor, F, Casterrancs, A, Smcer, A, and
Bing, R J Effect of cigarette smoking on
coronary blood flow and myocardial metab-
olism, Crrculation 15 251, 1957

Brng, R J, Hasnonn, M M, Hanbers-
sman, J. G, Powers, § R, Seenceg, F G,
Eckennorr, J E, Goppare, W T, Har-

Coronary attery comps an
for the cause of coronary nsufficiency in
pulmonary hypertension, Trans Am  Coll
Cardwl 793, 1957
6 Karz, A M, Karz, L N, and WnLians,
¥ L Regulation of coronary flow, Am [
Physiol 180 392, 1955
Scaramuect, Diario-MarPeUSE, 1689 Quoted

-

,J H,and Kery, S S Measure-
ment of coronary blood flow, oxygen con-
sumption, and efficiency of left ventricle in
man, Am Heart | 381, 1949

Horvats, S M, Farrann, A, Brarres, C,
and Everneran, A+ Catheterization of the
coronary arteries of wntact dog, Am Heart |
54138, 1957



CHAPTER @ CONTROL OF CARDIAC OUTPUT IN MAN

James V. Warren

During recent years much information has
been obtained regarding the factors influenc-
g cardiac output in man It 1s of interest to
view this development in chronologic per-
spective For a considerably longer period of
time, observations have been accumulating
regarding cardac output in the experimental
animal From these have emerged such im-
portant generalizations as Starhng’s law of
the heart Agamnst this background the recent
observations on mtact man have appeared
These have been made possible to a large de-
gree by the use of the intravascular catheter
and the development of at least two satisfac-
tory methods for determining cardiac output
(application of the direct Fick principle, uti-
lizing ovymen data and the dye njection
methed} In some regards the information
about man has confirmed the earlier findings,
but in other aspects apparent conflicts have
been found At the present time, 1t appears
that we are entering a phase of integration
of these data in an attempt to develop a bet-
ter over-all und ding of the k
affecting cardiac output

rY s

IMPORTANCE OF CARDIAC OUTPUT

Before discussimg the factors influencifs
cardiac output, it might be well to0 consider
the position of this function i the circulaton
hterarchy, What on first thought appears o
be a dominant feature of circulatory a.C""“Y
is, from a more considered point of view, :i

t dary factor 1n regulat
the circulation. It 1s, in effect, the sen!
other physiologic functions The primary “ﬂ,
son for being of the circulation is the feeding
of the various caprllaries in the body with a8
active flow of blood, It is in the capillary 47
the real business of the circulation is ¢ar™
on with various factors, exther local or g%
eral, controlling the amount of flow The
adequate function of such a system, howeseh
is dependent upon a stable pesfusing pre
sure, which brings us to a second level of cor*
trol, namely, that of the arterial blood pres
sure This in turn is predominantly set by e
interaction of the peripheral resistance 2
the cardiac output. One could summarizt:
then, by saymg that the cardiac output ¥

nt of
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adgsied to a ghven sitnanion when (1) the
flow of blood to the ranous puts of the body
15 adh 10 muet fs, and
(2) 1 s adequate lo mamtam the artensal
pressure within the Hnuts defined by the nor.
mal actron of baroreceptors Attention in this
discusston will at nmes be focused on the
second factor, but one must not forget that
supplymg of an adequate blood flow to the
body is undoubtedly the primary function
Enthusiastic analyss of the indndual com-
ponents of the arculation should not fead us
from the basic fact that we arg dealing with
a arcular systemn of tubes without beginming
or end Cardiac output, therefore, in the
nermat indnidual, 15 quantitatnely the same
as pulmonary blood flow or systemic blood
flow There wmay, howerer. be transient in-
equalities m flow For mstance, as one goes
from the honzontal o the vertical posture,
the amount of blood in the pulmonary ar-
cut decreases This would requue  that,
transiently, left heart output be greater than
rght In the apalysis of various experimentat
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to physiologic principles hnown to affect the
cardiac output jn the experimental animal.

FLUID ADMINISTRATION AFTER DEPLEVION

The circulatory state, skock, produced by
depletion of blood sojume, offers an nterest-
sng startng point Here the expenimental evi-
dence indicates, in additon 1o a low blood
solume, a low arterial pressure, a low pres-
sure 1 the nght amum, and a low cardiac
output There 35 general agreement that re-
placement of the lost blood volume by almost
any agent such as whole blood, plasma, or
albumin solutions will rane the cardiac out-
put concomitantly with an mncrease m night
atrral pressure and the mncrease in total blood
svolume The results from vanous laboratories
are pleasantly umform in this regard >*

1f we carry our iofusion of miravenous
flud beyond the replacement of inadequate
blood 1olume and rapidly anfuse the normal
subject, we find ourselies sn a situation shere
the reported observations do not agree In

situations, onte roust be careful to d

whether he is dealing with 2 temporary ad-
justmental circumstance or a more stable
state of longer duration

In the present discussion, rate and stroke
1olume will not always be separated for con-
wderation In many situauons where in-
creased circulatory demands are to be met,
rate and stroke volume will merease hand i
hand In other situations where stroke vol-
ume may increase, secondary reflex altera~
tions i rate may be in the opposite direction,
occurnng as part of the general hemostatic
controf of the circulatsion

Probably the most striking feature of the
observations on cardac output i the mtact
man is that it 1s 2 highly vanable function
Under relatively basal conditions and correct~
ing the output for vanations mn indhidual
body size, we may derive certain averages,
but they have a faitly wide range of varia-
tion % One may many si

some 1S
w a relatively linear fashion were found a3
the blood volume and right atrial pressure
were mereased by the wnfused flnd * In others,
although atrial pressure rose, the results were
erratc® On persenal discusson with authors
wmioled 1 some of these papers, T have
come to the behief that an mfusion of flusd
nto 2 normat subject will produce an m-
crease 1 cardsac output tn perhaps 50 per
cent of subgects, and the output wll dechae
as the effects of the mfunon wear off More
recent studies on elevation of nght heart
pressure by so-called G suit {antigrasity)

compression fatled to elevate cardiac output ®
It is my impression that a direct and ade-
quate correlation with chasiges m atrsal pres-
sure or blood solume cannot be derived

Swudies on nght ventricular end diastohe
pressure gve swnilar results, unfortunately
measurement of lelt atrial pressure has not,

fat m carthae output

where the average level of cardiac output
appears to deviate from these normal va!ucs
Let us select several it

to my knowledge, been studied mn such ex-
penments It may be well to pownt out here
reiated observations on other effects of flmd

from such 2 list and study them with rcspctl

The pressure recarded mn the
superior vena casa, right atrium, nght ven-
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tricle, pulmonary arteries, and so-called pul-
monary capillary pressure all rise in nearly
parallel fashion ™* The evidence indicates
that within considerable hmits the gradient
of pressure from one chamber to another is
not altered The net distending pressure of
the ventricle is changed, however Similar
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stores, in part, atropine responshenes s
terms of cardiac output.

There are obscrvations on the eflctsd
epinephrine and other related drugs, sucha
Tsuprel (Isoproterenol hydrochloride or o
phate), which demonstrate that (hs cardx
output may be increased under the influence
of these ¢ ds.1213 The increase need

alterations in pressure occur upon g
blood, either actually or by pooling 1t periph-
erally with tourniquets. The term “filling
pressure” 1s subject to misinterpretation in
this context In such situations end diastohic
pressure may be elevated, but filling gradient
may not be altered Such considerations must
not be forgotten i any explanation for the
observed cardiac output responses. Let us
turn to other situations before we attempt to
incorporate these findings in a working
hypothesis.

There have been several observations on
the effect of the motionless upright posture
on cardiac output and, in general, there is
agreement that a reduction in cardiac output
of approximately 20 per cent occurs® Be-
cause of tect I problems, nt of
night atnal pressure at this time 1s fraught
with some difficulty, but recent measurements
with the use of a mimature manometer on
the catheter tip indicate that the pressure in
the right atrium is decreased ' Observations
in our laboratory have indicated that the
application of an antigravity (G) suit wall
return the cardiac output to a value similar
to that 1n recumbency ®

EFFECTS OF DRUGS

Observations have been reported from sev-
eral sources on the effect of an increased
heart rate induced by atropine ®1 Relatively
little change in stroke volume occurs. The
cardiac output 15 increased, therefore, 1f ob-
servations are made soon after the drug is
administered. Of recent interest 1 our labo-
ratory are observations on the atropine effect
when a subject is in the upright position.
Here, despite even greater increases in heart
rate, the cardiac output is not increased.
Stroke volume falls considerably, The apph-
cation of an antigravity suit at this time re-

here is usually the result of 2 combined efec
of increased stroke volume with an merst
in heart rate. Postural studes similar to
carried out with atropine, but mz’h Toupreh
show only slight lessened response i thewy
right position when compared wth the
sults in the horizontal position

HYPEREMIA

Some years ago in our laboratony obvema
tions were made on the effect of a Jaige &
of reactive hyperemia ** This was prod“‘m
by placing blood pressure cu(f{s high m:hm
thigh of normal subjects, mﬂ;\.lmgLh m
abose arterial pressure, and studying % i
actions of cardiac output during the 'fc\;;:‘m
utes following a 20-minute pertod of isck® S
Intensive reactive hyperemia develops “rldxav
leg; heart rate, strohe volume, andh :“m
output increase precipitously Rl% it
pressure is either unchanged or falls Ddl
The reaction is similar to that obse;\em
patients with large arteriovenous :m“
which can be opened and closed by ;‘; i
pressure 51 It is striking how rapX oylum
changes in heart rate and stroke
come about

EFFECTS OF EXERCISE
AND OF MALFUNCTION

The cardiac output rises with e{mu?l::m
would appear that this represents nd 's;cussr
tion of many of the effects alread): lc .
The exercising muscle 1, in certain Id gner
an arteriovenous fistula Humoral 3nd p
ous factors are most certainly adde .
relative contribution by ncreased s'lm;\riab
ume and by changes in heart rate is ‘ming
and may, in part, be a reflection of tr e

We have considered essentially nom"‘o“
iations in cardiac output, but it may be
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esest briefly to consider the situation of cer-
ain forms of circulatory malfunction We
ave already considered a form of shock. In
songestive heart failure, observations have
thown that the cardiac output may be low, or
n other situatsons 1t may be relatisely high>*
Fe would appear most logical to state that the
rardsac output is snadequate, 3t does not
nect the demands of the body 1f this itua-
son is acute and severe, such as after a mas-
e myocardial miarction, the shock prcture
«ather than the picture of congestne heart

“ fatlure occurs ¥f the mterference 1s not as

marked and prolonged over a long period of
tume, the secondary phenomena of water
retention, etc, occur and the chnical picture
of congestne heart fatlure results Another
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mechanics of cardiac output, We must, there-
fore, deal with pastial views and make an
atternpt, with our incomplete information, to
fit these data into the concepts derived from
ammal experimentation

Dunng recent years in our laboratory, we
have become impressed by the role of the so-
called central blood volume as one of the
determinants of cardiac activity ** It would
appear that with the normat individual in the
secumbent position, the centraf blood volume
or, in other words, the volume of blood avail-
able to the heart for immediate usage, is ade-
quate Ventricular filling oceurs rapidly and
tachyeardia 1s well tolerated Adding more to
the central blood volume at this time appears
to have relathely litde effect, as can be de-

point of y malf; ®

ined from expertments and

that of so-called vasodepressor syncope The
carchnal feature of this reaction s an acute
dechine 1n arterial blood pressure, associated
with inadequate perfusion of the bram and
sudden loss of consciousness ' Observations
on the circulation have shown that the fall m
blood pressure is due, prmarily, to a sudden
decrease in perspheral resistance The normal
response to this does not oceur and there isa
farlure of the cardiac output to compensate
Observations on the cardiac output have
shown a value slightly lower than normal, but
not grossty so This would appear, therefore,
to be an epssode of acute disorganization of
the cireulation, with loss of the normal inte-
grating mechansms
Ts st possible to fit all these observations to-
gether nto a working schema? They tmohe
2 wide vanety of situatsons, both normal and
patholegic  Although one cannet be entirely
sure, the evidence would indicate that the
observations on cardiac sutput that we have
discussed do fit with the general premse that
the cardsac output 1s the servant rather than
the duector of cuculatory actmtes Truly,
restuctions 1 the heart’s activities may it
blood flow, and mechanisms in the strictast
sense other than tssue needs may alter cir-
culatory activity, but the fatter would appear
to be the keystone of our design of aperation
There are acwally madequate facts upon
which to butld a complete explanation of the

observations on the effect of an antigravity
suit On the other hand, depleting the cen-
tral blood volume as in blood loss and in
postural changes will hamper circulatory ac-
tnaty The pooling of blood with tourniquess
ar the motionless uwpright position causes a
smalt decline io cardiac output Furthermore,
it has been pomted out that in the upright
posttion ventricular filfing is fess rapid and
the ability to withstand tachycardia 15 not
good These considerations lead us to the be-
itef that an adequate central blood volume »
an important himsting factor of cardiac fune-
ton but 15 far from the only one
Humoral agents such as epmephone and
the effects of nervous impulses can readsly be
demonstrated to alter cardiac output The
evact mechanism of these changes is not en-
tigely clear, but the merease i cardiae output
foll such sub as epinep can
be accomphshed even 1n the face of dimin-
whed central blood volume and associated
dumnutions in atual pressure They appear
to act directly wpon the myocardium, aug-
menting stroke volume Phyuical factors such
d hed heral wauld
also appear to be mmportant in certain re-
gards as controtling factors m stroke volurne
Here the difference would be that of better
ventricular emptying rather than related pri-
manly to mflaw
If we cannot decipher this problem on the
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basis of the results of human subjects, et us
look at it in light of the background of animal
experimentation that we have. Are these
variants directly or indirectly all related to
alterations n response, as predicted by the
work of Starling and his associates? Consider-
ation of this point leads us to observe, first,
that the picture 1s complicated, and that it is
difficult to discern an underlying mechanism
Overlying factors of a physical, humoral, and
nervous sort bring about changes 1 output
that complicate the picture It is much as in
our consideration of the control of respira-
tion It 1s generally accepted that there is a
single underlying mechanism involved in re-
spiratory control. Yet many, and probably
most, minute-to-minute variations in respira-
tion are dependent upon other factors. Al-
though a basic controlling mechanism may be
present, it is not necessarily the most fre-
quently involved in varying the activity of a
system  One might postulate, therefore, that
the mechanism outlined by Starling underlies
all the variables in stroke volume that we
have observed This may be true The evi-
dence on human subjects would fit this
thesis, but does not prose it The evidence at
hand does not allow one to take a dogmatic
posiion It appears that there may be a cer-
tain set, perhaps by homeostatic mechantsms,
of the level of ventricular acthvity at a given
time, beyond which filling does not occur
except in unusual situations, more rigid than
one might expect from the basic Starling con-
cept This imvolves consideration of the me-
chanics of ventricular filling, and the discus-
sions that are going on currently in Iiterature
regarding whether filling 1s merely a passive
ph from extr drac  pressure
sources or whether it is related to certain re-
coil phenomena within the heart itself 2°
We have attempted to formulate a worhing
hypothesis of the control of cardiac output
in intact man. Although there are many ob-
servations available for the investigator to
consider, ipadequate data are at hand for a
definitive answer Clearly any analysis of this
problem today may be disrupted tomorrow
by the addition of a new and, as yet, undis-
covered factor.
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CHAPTER 7 REGULATION OF

D. B. Dill

Introduction

In healthy man the resting heart rate may
vary from 40 to 80, In exercise 1ts maximum
sometimes reaches 210, commonly reaches
200 It 1s my purpose to discuss the factors
that influence the heart rate Most of the
observations were made i the Fatigue Lab-
oratories, Harvard Umwersity, during the
period 1927-1940 The subjects generally
were cither men accustomed to laboratory
procedures or dogs selected because of the
willingness and pleasure with which they
participated in our experiments Supporting
data, essential for generalization, have been
derived from animal experiments reported in
the literature

Factors to be discussed mclude (1) met-
abolic rate, (2) nutribonal state, (3) pos-
ture, (4) environmental temperature, (5)
body temperature, (6) age, (7) body size,
and (8} emotional state.

Metabolic Rate

When other conditions are controlled, the
heart rate increases in an almost Jinear fash-
jon with metabolic rate Thus relation begins

THE HEART RATE

to break down at high metabolic rates After
the heart rate has reached its ceihing there
may be, for a short time, a further mcrease
m bolic rate by lization of
stored energy reserves The position and
slope of the curve relating heart rate to met-
abolic rate varics widely from man to mas
The trained athlete often has a lower resting
rate than the nonathlete; he always has 2
smaller increment in heart rate for a gnen
increment in metabolic rate.
The perfe of four i
compared in Figures 7-1 and 7-2 All the
subjects of this study were known to be i
good health One subject, DeMar, the Mara-
thon runner, had maintained a state of phys
tcal tramning continuously for appro‘ﬂmnt'd)’
20 years He ran ten miles or more daily,
with few exceptions, throughout the jyear
The subject C.V C. had pever had extended
experience in any form of physical exercise
Both DBD and AV.B had led sedent2ny
lives but have been accustomed at times 10
periods of hard physical work, The formef
was a runner while in college. The study of

1ividuals are
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Fic 7-1 Comparative changes in four subjects of blood flow, total ventilation, and heart rate
as functions of metabolie rate (Courtesy Journal of Physology )

DeMar covered a period of two weeks, the
expenments being done before breakfast
The data n the case of CVC were col-
lected in 2 period of about six weehs, those
on DBD and A VB 1n six months, the ex-
pertments generally being done 1 to 3 hours
after breakfast *

In Figure 7.1 the heart rate i exercise de-
picts the physical state of the four subjects

When the oxygen consumption was 20
hters/min the most fit subject, DeMar, had
a heart rate of 118 per minute while that of
the Jeast fit, C V G, was 160 beats per min-
ute The slow heart rate of the athlete
appears to be directly related to the magni-
tude of the systolic output, or stroke volume,
of s heart Inspection of Figure 7-2 shows
that the stroke volume at rest of the athlete
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Fic. 7-2 Stroke volume i four subjects as a function of metabolic rate (Courtesy Journal of

Physiology )

may be double that of the nonathlete sub-
ject During work the stroke volume curve
1 the case of DeMar reaches an asymptotic
level of 177 ml at a metabolic rate (M R.}
of 2.0 hters of oxygen used per minute. In
CVC the resting stroke volume is about 70
ml and apparently reaches a of

given bout of exercise depends to some extent
on whether the subject has eaten recently. In
long-continued work the heart rate may be
affected by the lack of easily mobilized fuels;
this has been demonstrated in the dog, Or
dog, Joe, loved to run on the treadmill and

95 ml at MR 17 The two intermediate
curves of DBD and A V.B probably more
closely approximate the cardiac response of
the average man of nonathletic pursuits,

The extent to which observations departed
from the smoothed curves is shown for one
subject in Fagure 7-3 In a few instances the
heart rate was 10 beats or more per mmnute
greater or less than the smoothed values. It
was partly this variability in response that
led us to evaluate other factors that influ-
ence the heart rate

Nutritional State

In man, well-controlled experiments take
into account nutnitional state The resting
heart rate is higher during digestion than in
the postabsorptive state The reaction to 2

would until exh d In one €%
periment, starting in the fasting state, h? ‘l'g';

up a grade of 17 6 per cent at a ratc 0 =
m /min, (5.8 miles/hr.} for 4.75 hours® His
blood sugar declined from 80 to 50 mg per
cent and his heart rate from 235 to
beats per minute He was then stopped for
five minutes and given 20 gm of sug¥
candy He then began running agam, during
the next half hour his blood sugar increased
to 100 mg per cent and his heart rate to.235
beats per minute Further details are ghen
in Figure 7-4,

Keys and associates’ have reviewed the
literature on heart rate in man during sta”
vation and rehabilitation Tachycardia is 2
common feature of starvation In the 32 sub-
jeets studied by Keys and his co-worhers,
the mean heart rate was 35.3 beats Pef



REGULATION OF THE HEART RATE

170 85
85
150
75
130
w 65
-
=110
|~ 55
o
T
45
35
25
2 Z
==
T N
@ e
8¢ 5 5
Sk sl
m J
04 08 12 16 20 24 28

M.R. IN LITRES OF OXYGEN USED PER MIN.

VENOUS SATURATION IN PG,

IN

TOTAL VENTILATION
LITRES PER MIN,

63

Fic 7-3 Blood flow, total ventilanon, and heart rate of subject DBD as functions of metabolic

rate (Courtesy Journal of Physiology )



alvd  1uv3H

(

fruanof &s21n00) acSny jo axeiur pur 9MIIX) 03 PAITET ST JUINS POO|| pUE jea 1xeaf] “pef, DI

052

gge

SHNOH Nf  3WIL
€ 2 1

0z
ot
09
o
g
08 ©
2
[o]d]] e
o
0zl &
[~}
N
ov §
ILVY LYVIH z
yvons 400 _ _ ____ 4081 °
.Z_Ionv n.zzv 1y Nno3d
IS00NT0 SHAON 9E ONI
-g3034d ONIHNG G004 ON 12 bvw EHIAX Jogs
‘gnoMonosHs 3soonto & avw OTIRX
SHYVYWIAY v Ldx3 o0m

&4



REGULATION OF THE HEART RATE

(33

T T T

52
50
48
46
44
42

HEART RATE

40
38

36
1 1

—1 ! L

[¢] 2 4
WEEKS

6 8 10

OF REHABILITATION

Fic 7-5 Mean basal heart rates of four calone groups during the first 12 weeks of rehabilitation
(Keys, A, et al, The Bialogy of Human Starcation, Copynghted, 1950, Uniwversity of Minnesota )

minute after three months on a low caloric
diet. In two men the rate was 28 beats per
minute There was a slight increase during
the next ten weeks on their inadequate diet
Recovery during rehabilitation did not begin
until after the second week of rehabihtation.
as is seen 1n Figure 7-5

Posture

The heart rate during rest 1s related to
posture The heart beats more rapidly in the
erect position than in the rechmng position
The difference 1n rate vares from one indi-
vidual to another and, generally, 1s smalfest
1 physically fit mndmviduals This fact has
been used, on occasion, in assessment of
physical fitness Table 7-1 contains observa-
tions on the heart rates and on venous oxy-
gen saturation 1n the femoral vein mn subjects
standing and reclining *

Tastg 7-1  ErrecT oF PosTURE o HEART RATE
AND OXYGEN SATURATION OF Broob
v THE FEMORAL VEN

Venous oxpgen Heart rate

% HbOx per min
Subject  Reclimng Standing Recimng Standing
Doorakian 90 65 %8 75
Dl 76 43 56 60
Anderson 84 55 72 80
Jordan 77 31 62 75
Koerper 75 8 2 76
Bowen 65 35 79 38
Smuth* 66 32 72 132
Bock 57 32 6 70

* Recuperating from gastric ulcer

Environmental Temperature
Environmental temperature js a major
factor in determimng the heart rate, especi-
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Fic 7-8 The performance of a tramed athlete worling 1 high external temperature-

Arbentsphystologie.)

ally 1n exeraise of long duration. It is com-
monly stated that in moderate excrcise 2
steady state is reached 1n two or three min-
utes. This certainly is not truc when heat
dissipation 1s difficult In one seres of experi-
ments illustrated 1n Figure 7.6, a subject
carrying a 40-pound pach walked on a tread-
mill at a room temperature of 25° C., but
with combinations of clothing that interfered
in varying degrees with heat dissipation.® He
walked for three consecutive 50-minute per-
jods with mtenemng 10-minute rest periods

{Coutt

Perhaps the most striking feature of d
senies of experiments was the cumulati
effect on the heart ratc Despite the €
stancy of oxygen consumption, the relat
constancy of body temperature, and umﬂmv
ity of expertmental conditions other than t
clothing, the heart rate increased in alf e
periments. The states of most yariables @
cerned were as notable for their constat
as was that of the pulse for its lack of €@
stancy. Trends m heart rate, “hich. mig
have been considered of minor significan
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had the experinients been terminated in 26
suputes, became 3 major phenomenon by
the end of ihree hours
One of the lessons to he laarned from come-
parative physiological studies 15 caution
generalication This s sllustrated by the re-
sults shown in Figure 7.7.7 In this seaes of
experiments, it was found that maa and dog
respond quite differently to worl mn a hot
lthough their m the
<cold toom were alike As the man ap-
proached exhaustion at a high externaf
temperature fus heart rate increased, ex-
hanstion coinerded with the attainment of
his masxemum heart rate At thus point, fans
were turned on the man and the yoom was
caoled suddenly. Worlk was contipued at the
same rate, the heart rate decreased 30 to 40
beats per minute, and withwr 3 mnutes the
subject had passed from a state of exhaus.
1on to one of coralort, The dog, on the other
hand, showed a decrease in rate with the
anset of exhaustion, and after the yoom was
cooled, recosery, which was slower than in
man, was accompamed by an increase
heart rate. Simular cbsetvations have been
made or other accasions, evidently the con-
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trol of the heart rate under these conditions
is different in the two species.

In a series of cvpenments published in
1931 each of four subjerts carried on the
same grade of worh at two widely separated
temperatures, ~12° C. and 34° C. The
humidity was about 30 per cent 1 each case
The grade of work selected for each subject
hrought on exhaustion within 37 to 60 min-
utes in the hot yoom and was carried on
eanly in the cold room Obsexvations were
made of rectal temperature, heart rate, alve-
olar pCO,, total sentilation, and oxygen
consumption The results on the most fit
subject, an oarsman aged 43 years, are
shown i Figure 7-8 His heart rate reached
a plateau of 180 beats per minute after 46
omutes, His rectal temperature increased
steaddly, st had reachied 40.1° C, when we
terminated the experiment at 60 minutes

Qur studies fed us to beheve that expens-
enced subjects in goed health and wnder
controlled conditions would show a predict-
able response 1n heart rate T Figure 7-9 and
7-10, prepared by L. J Henderson, are two

OXYGEN USED

10 LITERS PER MIN.

SUBJECT 2.6
F.C.

HEART RATE
5

700 10 20 3G 40 50°C

ENVIRONMENTAL TEMPERATURE

Fig 710 The heart rate of FC as selated

to metabobic rate and external temperature
{Couttesy Amerrcan Heart fournal )
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families of curves representing my heart
rate and that of Frank Consolazio, my assist-
ant The external temperature was hept
constant in a given cxperiment, and the
heart rate was recorded after ten minutes of
graded work on the bicycle ergometer. The
temperature varied from 0° C. to 50° C,,
and the oxygen requirement from 06 to 26
Iiters per mnute. The humidity at the
higher temperatures was hept at about 50
per cent, and the air movement was mmi-
mal. The relations shown by these famihes of
curves were extraordmanly reliable, Subse-
quent experiments proved that the probable
error, within the range shown, was not
greater than 2 or 3 beats per minute

Body Temperature

Since the pioneering study by Smith and
Fay,® a great deal of attention has been
gnen to the heart rate as related to body
temperature In hibernators the heart rate
drops to one or two beats per mnute after
the body temperature has stabilized at 1° C
to 3° C Man cannot be cooled, safely, to
temperatures below about 25¢ C. Duning the
coohing process, unless anesthetics and other

BASIC PHYSIOLOGY

medication are used, there will be shivering
and elevation of the heart ratc Once a
temperature of about 25° C, is attained, the
heart rate drops, metabolism may be re-
duced to one-half basal and operations on
the heart can be carried out with several
minutes interruption of blood flow through
it without damage.

In exercise, the effects of high external
temperature on heart rate are so dominant
that a direct relation between body tempera-
ture and heart rate is difficult to detect For
example, Figures 7-11, 7-12, and 7-13 illus-
trate paired experiments conducted at high
and low temperatures Figure 7-13 shaws
that for one man working at a fixed rate,
there may be a wide difference in heart rates
for the same rectal temperature For ex
ample, in the case of this subject, with an
oxygen consumptjon of 17 liters per minute,
the rectal temperature attained 382° C
after work for 40 minutes n the cold room
and after work for 17 munutes in the hot
room The heart rates at thesc times of equal
metabolic rates and equal body temperatures
were 135 and 168 beats per minute 7espet-
tively.
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Fi. 711 The rectal temperature during work in high and low temperatares (Cowrte¥

Arbeutsphysiologie )
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Age

In the resting state, the heart rate of boys
is ligher than in man, and higher still, in
exercise Robmson® has studied the perform-
ance of a large number of subjects doing a
fixed task on the treadmill, ie, walking at
56 km per hour up a grade of B 6 per cent
Thus can be accomplished by boys of 6 years
or men of 70 years, The oxygen

rate of 170 beats per minute in 6-year-old
boys, as contrasted with 134 beats per minute
1n men 42 years of age (Table 7-2).

Taste 7-2  Hearr Rates During Grabe
WALKING As RELATED TO AGE
(The speed was 56 km per hour, and the grade,
86 per cent This raises the osygen consumption
to about seven times basal)

is about seven times the basal rate The
heart rate after fifteen minutes of such work
is much higher 1 boys than i men of mid-
dle age Such work produces a mean heart

RECTAL TEMPERATURE

378

WO 10 KO

HEART RATE
Fic 7-13 The relation between heart rate
and rectal temperature dunng work m high
and low emvironmental temperatures (Courtesy
drbestsphystologie. )

©0 180

Age (years) Heart rate {per min )

6 170
10 164
14 160
18 150
2 148
2 143
30 140
34 137
38 134
42 134

Young dogs have high heart rates, these
appear to reflect great sympathetic stimula-
tion It has been shown by Brouha and his
associates that, after the dog has been
sympathectomized, his performance during
moderate exercise may remam unaffected,
insofar as fatigue, accumulation of lactic
acid, and mobihization of energy reserves are
concerned, and yet a given task will be ae-
complished with a much slower heart rate,
and, therefore, with a much larger oxygen
pulse It appears that, before the operation,
the heart rate is unnecessanly high These
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facts suggest that the high heart rates among
boys reflect the prodigality of youth, as con-
trasted with the conservatism of age, it is
well established that youth excels in bursts
of intense activity, but that the older man
may be superior 1n sustained activity of more
modest intensity

Body Size

In animals, it is well established that the
heart rate tends to be slower as body size in-
creases It may be 700 per minute n a
mature resting bat weighing 10 gm and less
than 40 per minute in a mule Other factors
that regulate the heart rate in healthy man
are so predominant that, in man, a clear-
cut relation between body size and heart
rate is not evident

Emotiona! State

Our studies in the Fatigue Laboratory
generally were carried out on subjects who
had participated so frequently that there was

DOG ABEL

©@—© BEFORE SYMPATHECTOMY
&0 AFTER "

EMOTIONAL
EXGITEMENT
-XCITEMENT
180
W 160
=
© 130
'_
Ei20
<
w 100
x
80
TIME IN 6" PERIODS
Fic 7-14 Eflect of emotional excitement

on the heart rate of dog, Abel, before and
after sympathectomy  (Courtesy Journal of
Physiology.)

BASIC PHYSIOLOGT

little anticipatory rise in heart rate. On one
occasion we investigated the performance of
10 athletic teen-age boys who had had no
previous cxperience in  the laboratory®
Their heart rates are shown in Table 7-3

TasLe 7-3  Heart Rates oF Teen-Ace
Bovs Berore anb DurinG Maxiar WoRk

Maximum  Afsmmum Meat

106 70 %
133 195 NS
150 115 136

15 mm before starting
01 min before starting
01 min after staring

05 mn after starting 155 175 166
125 mn after starting 193 177 184
2.25 min after starting 202 182 19

The mechanism of regulation is revealed
partially by observations on dogs before and
after sympathectomy. In a collaborative
study, Brouha, Cannon, and I'* demonstrated
that, even after complete sympathectomy,
dogs are capable of fighting, and of other
activities such as running on 2 treadmill
Before sympathectomy, the average heart
rate of our animals while standing quietly o8
the treadmill, before exerctse, was about 110
beats per minute The respiratory arrhyth-
mia, always present to a certain degres,
svaried 1n any given animal from one expen-
ment to another. If the dog’s attention was
attracted while he was waiting to run, the
heart rate mcreased from 100 to 140 beats
per munute If the dog received any emo
tional stimulus, such as the signal that
warned him that the treadmill was about 0
start, the heart rate would jump from about
120 to about 200 beats per minute (Fi‘,.' 7
14), although the animal usually remained
motionless After sympathectomy the resting
rate was under 80 beats per minute and the
anticipatory rate attained following the
signal was 115 to 140 beats per minute. Ina
grade of work that was easy for this dog,
even after sympathectomy, the heart 12¢
stabilized at 120 beats per mmute durng
exercise; before sympathectomy the rate #3%
50 beats per minute higher (Fig 7-13)- It
was clear from these studies that, in €3}
worh, the normal dog has a higher heart rat¢
than is essential.
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Fic 7-15 Heart rates before, dunng and ahier

sympathectomy  {Conrtesy Journal of Physiology )

CONCLUSION

There are many lessons to be learned from
the facts marshaled above One of the most
ohvious s that, in experiments that require
observasions on the heart rate, all factors
that may nfluence its rate should be taken
into account.

The tesm steady state should be used with
caution Jt 13 a relative term A state that is

PP ly steady i a 10-mnute study
may be anything but steady, if the expen-
ment lasts several hours, After all, we must
stap to eat and te sleep This 15 proof of
eychical changes i the mternal environment
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CHAPTER THE IMPORTANCE OF THE SIZE AND SHAPE

OF THE HEART

A. C. Burton

In 1892, Woods! a surgeon of Dublin,
showed that the law of Laplace,? relating the
tension in a stretched membrane, its shape,
and the difference of pressure across the
membrane, apphed to the human heart:

1

R

Woods estimated the radii of curvature at
several points on the two ventricles and the
thickness ¢ of the ventricular wall at these
points. He showed that the product

1 1
’(ﬁ. + ?z')
was constant for the nght ventricle, and
also constant, but about six times greater, for
the left. This is to be expected from the law
of Laplace and the assumption that the force
exerted by the muscle in the wall will be
proportional to the thickness of the wall
From these measurements of the shape of
the heart, it can be calculated that the ven-

1
P=T(E+

tricular muscle must produce a force of
about 5 X 10° dynes per square centimeter
of cross section of the muscle This agrees
satisfactorily with what has been measured
for various isolated muscles Because of the
law of Laplace, the ventricular wall must be
much thicker at the places where it is flatier
than where there 15 a great deal of curvd
ture, e.g, at the apex.

The same law is found to apply
arch of the aorta where on the inside of l'h‘
arch the two radii of curvature are oppositt
in sign and subtract in the equation. On the
outside of the arch the two curvatures sum
The wall 1s found to be correspondingly
thicker on the inside of the arch.

The law of Laplace shows that when 3
heart is dilated, the tension that must be
produced by the muscle, in order to prodl:‘“
the normal systolic pressure, is greatly i
creased. For twice the normal size it h:\.s t0
be at least four times as great. This B2
very important consideration in heart failure

to the
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and accelerates greatly the reaching of the
point of decampensation in Starling’s law of
the heart

Esen though a didated heart may be th
stage of and the i
force of commctmn enables 1t to produce the
same pressure in spue of its greater size,
there will be a serious loss of cardiac effi-
ctency. Thus is because the total cardrac Joad
and requirement for oxygen depends not
only on the work done m pumping blood,
but also on the energy rost of maintaming
tension in the heart muscle {Tensron X Time
of A, V. Hill and co-workers?) This was
pointed out as long age as 1913 by Wens!
and has been duscussed by Wiggers and
Kaw,® and more recently by Starr® and
Burch® If the heart is larger, the tenuon
developed even to do the same amoura of
work must be greater, and therefore the
oxygen required wcreases. Thus the efficrency
of the heart depends upon 1ts size

The classical researches of Stasling and
Visscher® and the more recent work of Viss-
cher® show ed that the oxygen requirement of
the heart is determined by s diastohc size
and 1s relatively independent of the work st
has to do This 15 explicable in terms of the
law of Laplace, and wdicates that, of the
two terms 1 the total energy turnover, that
depending on (tension X fime) 15 more um-
portant than that depending on the me-
chanical work Preoccupation with the detals
of calculation of the worh of the heart should
not make us forget that this is much the
smaller stem in the total Joad of the heart
The serious consequences of an fnczease
heart size are emphasized when the classical
Yaws of physics arc apphed to cardiac func-

tion ** It 8 also pointed out that the chmeal
use of heart rate rather than cardiac work
as an index of stress on the heart is com-
pletely justified An increase in heart rate
increases the major factors of (tension X
ume) as well as the minor factor of external
wark, and is probably much better than the
worh alone as an ndication of total energy
quulffmCﬂ(S
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CHAPTER @ CARDIAC FUNCTION IN CONGESTIVE HEART

FAILURE IN MAN

Ludwig V. Eichna

A major concern of the clincal mvestigator
15 the extent to which the concepts of basic
physiology, based as they are on measure-
ments on excised organs, parts of organs,
“intact” but anesthetized and manipulated
amimals, are applicable to man This presen-
tation will be concerned with cardiac func-
tion in congestive heart failure 1n man, a
disease state generally considered to repre-
sent the prototype of failure of the heart
muscle An attempt will be made to indtcate
areas wherem the chmcal physiologist uti-
lizes, discards, or must modify the concepts
of myocardial function as developed by basic

and (3) apphicability of Starling’s law of Lh;
heart to man with normal circulation 2%
with congestive heart failure

RECOGNITION OF CONGESTIVE HEART
FAILURE

Strange as it may at first seem, a prim®
problem of the chnical imesgator is to &*
fine and recognize congestive heart failure
Such a definition is necessary not only for
the sake of clarity in its own right, b“‘:
mandatory 1f the chnical investigator an
basic physiologist are to consider the same
problem and permit pertinent data and con-

estive heart

My agreed that cong

physiology
Three pomnts have been chosen for con- cepts to be interchanged.
ideration- (1) of ive Teis
heart failure and 1ts differentiation from non-
cardiac circulatory i Tiabili

of presently used hemodynamic cardiovas-
cular measurements as indexes of compe-
tency of myocardial function n congestive
heart failure and after recovery therefrom,

hat results

failure is a disease syndrome t s

from chronic myocardial failure, that is,
ure of the heart muscle cell. The le!“"]‘I’S
of congestive heart failure has lradl.(mn.‘l )
been made, clinically, by demonsfr.mn’! ar
culatory, that is, venous, congestion behun
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etther the right sentricle, manifested by dis-
tended nech vewns, hepatomeraly, and edema,
or behind the left ventricle, indicated by
dyspnea, orthopnea, and rales, or befund
both sentricles Only the mandestanons of
such circulatary cunq(-snon are cudrm,

congestons to be divided into three cate-
gories Category I it characterzed by me-
chanical abstructon to blood flow in and
about the heart. A typicaf example s severe
mitral stenosis of the “tight” or "“pinch-cock™
type, where the heart s not enlarged and

their camse. Gt

Jong ago mabmhcd that this c:uu]amr)
congestion oceurred in patients with dueased
hearts and more recent hemodynamic meas-
urements have indicated that the cardiac
output in these cardiac patsents (s Jess than
normal The clinician has, therefore, come to

night + failure 15 absent Tricuspid
stenosis and constrictive pericarditis are other
examples Categpry 1T 15 characterized by ex-
cessive aceymulation of water and salt m pa-
tsents without heart disease and inchudes the
edematous states associated with anuria of
lower nephron nephrasis, with e(ccssl\'c ad-

consider all circulatory as due to
heart falure and speaifically to failure of the

m of the sal
ACTH, DCA, and cortisone and with acute

myocard to propel ad; ints of
b!ood Iy such 2 wnsxdcrnnun salid? Studies
on patients presenting with crculatory con-
gestion indicate that both systerie and pul-
mome vaseudar ¢ are

mlomerulonephrius  Category 11T contans
the hyperhmetic arculatory congestions, the
so-called high output heart failure, and in-
chides the edematous states associated with

hemodynamic mantfestations and th such
congestion may arise on a noncardiae bass
to produce a disease state, which, chumcally,
sunulates congestive heart fmlure ansing
from fadure of the heart muscle as a pump
The fu]!owinq sxmamn will x!lustra(e such

congwsuve heart fadure Coustder the result

berber1, arter fistula, and anemra,
agam in patients without heart dsease In
contrast ta these noncardiac circulatory con-
gestions are the typreat congestive heart fail-
ures m cardiac patients with hypertension,
coronary arterivsclerosis, and valvalar heart
dhsease, ail with marked cardiac enlargement

1f these three types of cuculatory can-
gestion are of noncardiac aviga, they should

of of fand mt

0 & patient with a normal heart, pamcuhrly
when the flmd is hypertonic or the unmary
output 1 decreased {The normal heart 1
mportant to the argument } The blood vel-
ume s i d, vascular B ap-

differ from tive heart faslure owing to
myoca)‘d!.’,!! I;ulurc 1 a number of szgmﬁczm

Accord , hemo-
dynamic dafferences were sought and found
1 the following three functions  {1) cardiac
d ¥ d of the circulas

pears, and the nonspeafic sigas and symp-
toms of arculatory conpestion develop Clin-
scally, the mamfestations are identical with
those of congestive heart fathure But has the
heart falled? It 15 difficult to understand how
the heart by jmp any of s

and y
ton as 3 whale, {2} the cweulation and
function of mdidual organs, in this mstance
the fadney, and (3} the hemodynamic and
clinseal respanses to specific medication

The Bata were obtained by simultaneous

including increasing the cardiac output, can
reheve the circulatory congestion
Studies on patients presenting with circu-
Tatory congestion and a diagnosis of conges
tive heart failure have led to the separation
of these patients mto two major types, those
m whom the cwrculatory congestion 15 due
to myocald)a] failure and those m whom the
R diac m ongin
The dala permit the noncardiac circulatory

3 of alt f by t
wmethods based on right heart catheterization,
the Fsch prmciple, durect recording of vas-
cular pressures, and renal clearances® These
methods apply to all data presented through-
out the paper

Cardioe and Total Cuycutatory Dynamics

The jntracardiac pressures, right atrial
and systolic and duastolic pressute m the pul-
monary artery and right ventricle, were ele-
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vated in all three categories of noncardiac
circulatory ion to a degree para-
ble to the elevations in congestive heart fail-
ure The sole exception was the normal end
diastolic pressure in the right ventricle in
mitral stenosis, an expected finding since the
right ventricle had not failed. The compara-
ble elevation of intracardiac pressures in the
noncardiac circulatory congestions and in
congestive heart failure is simply an indica-
tion of the similarity in location and degree
of the circulatory congestion in the two
states The remai data will i
whether the two major types of cireulatory
congestion were associated with the same or
different hemodynamic causes

With respect to blood volume, in patients
with congestive heart farlure total blood vol-
ume was increased above the predicted nor-
mal, whereas in the noncardiac circulatory
congestions the blood volume often was nor-
mal (mitral stenosis, lower nephron neph-
rosis, acute nephritis) or when imncreased
(cortisone therapy, beriberi, anemma) the in-
creases were quantitatively less marked than
in congestive heart failure Here, then, is 2
distinction between the two types of circula-
tory congestton The occurrence of increased
intracardiac pressures i the presence of nor-
mal or low blood volumes presents, at first
glance, a paradox A possible explanation is
that vasoconstriction effected a redistnibu-
tion of blood from the venule and capillary
beds to the more distensible central collect-
ing compartments, the large veins and atria
Furthermore, this mcreased local blood vol-
ume is then subjected to increased venous
and cardiac tone, for vasoconstriction affects

BASIC PHYSIOWOGY

were high in anemia and beriberi Further-
more, the arterial-mised venous ovygen df-
ference, relating blood supply (cardiac out-
put) to the demand for it (oxygen consump-
tion), was typically elevated in congestie
heart failure in sharp contrast to the normal
values in categories I and IT and the low
values in beriberi and anemia

Rena! Hemodynamics

Significant difTerences between the three
categories of noncardiac circulatory conges-
tion and congestive heart failure were inde
cated by differences not only in the dynamics
of the eirculation as a whole but also in the
circulation and functions of an individual
organ, the hidney. In congestive heart failure
renal plasma flow was markedly reduced and
glomerular filtration rate was moderately de-
creased, resulting in the stikingly increased
filttation fraction, so charactenstic of ths
type of circulatory congestion? In contrast;
in all three categories of noncardrac circula-
tory congestion renal plasma flow and glom-
erular filtration were only shghtly reduced
or normal (supernormal in the congﬁl?d
state mduced by ACTH) and, of particular
stgnificance, the filtration fraction was not
increased  Glomerulonephritis is excluded
from this consideration because of the in-
trinsic renal disease and the oliguria of the
patient with lower nephron nephrosts did not
permit accurate measurements of renal clear-
ance

Effect of Digitalis

Digitalis is generally considered to have 2
direct effect on heart muscle and by this 3¢
tion to return the abnormal hemodynami©
functi of ive heart falure 10

all parts of the vascular tree, including the
veins and cardiac chambers

When the more primary function of car-
diac output is considered, the differences be-
tween congestive heart failure and the three
categories of noncardiac circulatory conges-
tion become more evident and more funda-
mental. In congestive heart failure the car-
diac mndex was typically below normal; in
contrast the cardiac index was essentially
normal in mitral stenosis, cortisone-induced
edema, and acute nephritis, and the values

or well toward, normal This effect has
been considered to be quite specific for
heart muscle failure Accordingly, it was
critical to determime whether digitalis had 3
similar hemodynamic effect in noncardiac
citculatory congestion  Single theraptotie
doses (10 mg to 1.5 mg) of digoxin were
admumstered intravenously and were &

served to produce no or minimal htm"}
dynamic effects in the three catcgl’”’f:i
noncardiac congestion, in contrast to decid
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improvement in hemodynamic function m

AN 7%

all resalted In the appropriate instances im

congestive heart falure, Thus, in ¢

heart faiture, following intraseneus ndmm-
wsiration of digodin, the subsormal cardine
output rose to normal vabues, the abnormally
gh AV oxygen dilference decreased to
normal levels, the elevated residual intrae
cardhae pressure {right airial and night ven-
tricular end diastolic) fell markedly, but not
to normal, and a brish diwresis of electrolytes
and water ensued® These changes oceurred
concomitantly, began 15 minutes after injec-
tion of the drug, and reached their maxinum
90 o 120 minutes In contrast, m alf three

of Iatory conges-
tion the cardiac cutput and AV oxygen dif-
{fevence vemuined unchanged, the elevated
sesidual intracardiac pressures remamed un-
altered, or fell only shightly and much less
than in congestive heart fadure, and water
and electrolyte diuresis were absent ar at best
minimal Finally, when the panents were
fully digitalized with digitabs leal given
orally, the clinical results paralieled the acute
effects of digoxin gren mtravencusly, de-
aded jmprovement in congestne heart fail-
uze, fitle or no chnical benefit m the three
noncardiac congested states

Fallow-Up Qhservations

Long term follow-up observatons also -
dheated differences in the basic nature of the
wa major types of oreulatory congestion,
When the heart muscle is mvolsed the pa-
tent, in spste of the diguals and dwrenc
therapy, lapses vepeatedly and with shorter
wmtervals of compensation wita chronic con-
gestive heart fadure In thus state the pattent
dies, uysally within 5 years of the omset of
the fiest circulatory congestion Ta the non-
cardiae eweulatory congestions treatment of
the pnimary, eviracardine couse produces 3
diuresis and relief from the arcnlatery con-
gestion The relief is permanent and without
subsequent xtlnpsc or symptoms Thus e
tral ¢
ton {or consmcme pcncnrdms, withdrawal
of heat.
ing in acute ncphrms, transfusion for the

P

s ome o

and | cure, as judged by
fo]low«up obscrvations over periods of 3 to 7
years in subjocts receiving no cardiac or di-
uretic therapy It would be difficult to con-
sider that the heart was imohed in such
circumstances
The dufferences in the general and local
hemodynamne functions, m the response to
specific medication and m the long-term
course between congestive hears falure and
the three categories of noncardiac circula-
tory congestion mahe it difficul: to accept for
all states of circulatory congeshon the com-
mon etivlogy of heart muscle fadure Since
the states d noncardhac circut
congestion occurred m subjects without pre-
ceding or subsequent heart disease, without
smpairment of specific cardiac functions and
without hemodynamic response to digitals,
® seeas mamna.ble to contider that these
{oped mn the ab-
sessce of hcan, that 15, myocaﬁdlai {mlure
The of
15 based on dxﬂ'cr—
ences from congestive heart lallurc, and such
a dxﬂexemxzmon smems mord tenable than
al fons under
the smglc category of congcstxve heart fail.
ure, sunply because of the ocewrence w all
instances of the monspecific chmeal mame
festazson of exrculatory congestion
The following thusification of circulutory
congestion 15 suggested.

3 3

Crenlotory (Venous) Congestion

{Increased local blood volume plus
increased vastulsr tonus)

Cardiac
Congestine heart fallure—low cardsac
output
Noncardiac
Intracardrac obstruction—normal car«
disc output
Water and  salt
cardise owtput
Hyperhinetic congested  states—high

A T

retention~normal
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This classification holds that circulatory

i both ic and pulmonic, is

a nonspecific hemodynamic manifestation
that results whenever local, that is, venous
blood volume is increased and under the m-
fluence of mcreased vascular tone Such con-
gestion may occur when the heart is diseased
and the myocardium fails This 1s congestive
heart failure and should be differentrated
from similar crculatory congestions occur-
ring in three types of circumstances, namely,
intracardiac obstruction to blood flow, ex-
cessne retentton of salt and water, and
hyperhnetic states, in all of which the heart
appears not to fail as a pump It is suggested
that the term “congestive heart failure” be
apphed to the circulatory congestion that re-
sults from primary myocardal insufficiency
and hence failure of the heart’s propulsive
force, and that this state be differentiated
from circulatory congestions, which appear
not to be of cardiac origin, for these states
the term “noncardiac ci y

BASIC PHYSIOLOGY

Hemodynamic Function and Seventy of Con-
gestive Heart Failure

At the time of the patient’s first congestive
heart failure, the severity of the clinical
manifestations of cardiac failure generally
paralleled well the degree of abnormahty of
cardiac function, as determined by cardiac
output and arterial-mixed venous ovygen
difference  Full clinical recovery from con-
gestive heart farlure by digitalis medication
was usually associated with considerable im-
provement toward normal in cardiac func-
tion (cardiac output and A-V oxygen differ-
ence) and in residual intracardiac pressures’
The improvement n cardiac function was
often not to normal ralues and right ven-
tricular systolic  pressure, and pulmonan
artery pressures often remained elevated,
whereas the residual intracardiac pressufes
were returned to normal 1 all cases Jn :}us
phase of recovery, subjects remained actihe
and capable of considerable work without

p of at 1 cardiac function 2

is proposed

Other authors have suggested that not all
circulatory congestions are due to failure of
the heart as a-pump* and that noncardmc
factors may be responsible for the circulatory
congestions associated with acute nephrtis,?
ACTH and cortisone therapy,® massive intra-

long as they continued thetr digitabis medica-
tion. Indeed, this phase has been observed
up to one and one-half years in some pa-
tients m spite of lapse from digitalis medx‘ﬂ"
tion and hence for many months when dng'-
talis was probably no longer m the bods:
This state of recovery from congestive heart

venous infusions,” bentberi and arteriovenous
fistula ®

HEMODYNAMIC MEASUREMENTS AS
INDEXES OF MYOCARDIAL FUNCTION

Having indicated the primacy of measure-
ments of hemodynamic function 1n the rec-
ognition of the myocardial failure that re-
sults in congestive heart failure, 1t 15 perti-
nent to examme to what extent such meas-
urements perform their intended function
Three points will be considered: (a) rela-
tronship between hemodynamic function and
severity of congestive heart failure, (b)
follow-up observations relating hemodynamic
function with length of survival following
recovery from congestive heart failure, and
(c) impaired hemodynamic function without
associated congestive heart failure.

failure rep asymp tic failure of
normal cardiac function and 1 not Ieco<”
nized by clinical cniteria, "
Ineuitably, patients with heart dlsc:’.ise an
myocardial failure Japse into chmn.lc £ons
gestive heart farlure Vigorous diurc.llc 'h:):‘
apy and salt restriction usually relieve ¢
chntcal symptoms and signs Such xmgrovb
ment 1s associated with fall of residual infr*
cardiac pressures (right atrial, right ventsic
ular end diastolic) to normal Tevels, '2“
indication that the circulatory congﬁ"‘";
has been vehieved; in contrast the indexes ©
cardiac function (cardiac output and A° ]
oxygen difference) remain m:\rkcdly.‘ :ﬂ’"”"e
mal and change exther not at all o mpro'
very little at best. .
'rl'yhesc observations indicate that the dl’;:
ical yardsticks for the recognition and CW‘.
uation of reduced cardiac function are €
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tremely gross and at best are capable of
recognizing falhing cardiac function only
when the impairment is so great that car-
drac function is near the last stages of man-
tamng circulation Furthermore, present
chnical criteria recognize not cardiac func-
tion but rather circulatory congestion, and
the two need not be related Finally, st is
the airculatory congestion, not the reduced
cardiac output, which is the cause of dis-
tressing symptoms to the patent and in-
capacitates him The reduced cardiac out-
put may force upon the paticnt lessened
activity but is not in stself symptom-pro-
ducing

Hemodynamic Function and Duration of Sur-
vival After Recovery from Congestive Heart
Falure

In an attempt to assess the reliability of
the hemodynamic measurements of cardiac
function employed by the chnical physiolo-
gist, the relationship between these measure-
ments made alter recovery from congestive
heart failure and the subsequent duration of
ife was determined The subsequent length
of hfe may be considered to be related to

from the same years of study as the 5-year
survivors In this second group were 10 sub-
jects who lived for peniods varying from
three months to two years and eleven
months The ages of the subjects and types
of heart disease in the two groups were
comparable

The data indicated no differences between
the two groups with respect to the following
cardiac and hemodynamic measurements
cardiac index, A-V oxygen differences, total
body oxygen consumption, systermic arterial
pressure, residual intracardiac pressure in
the right atrium, and end of diastole in the
right ventricle, or blood volume In two re-
spects the 5-year survivor group appeared
to have suggestirvely less abnormal function
(1) thetr night ventncular systolic pressurc
and pulmonary artery pressures were per-
haps not as abnormally high, and (2) on
exercise they were more capable of elevating
cardiac output, at least to some extent,
whereas the nonsunavor group satisfied the
mcreased oxygen requirement of exercise
almost entirely by increased oxygen extrac-
tion from blood

This analysis suggests, contrary to ongi-

the severity of the cardiac the
more severely discased the heart muscle, the
more rapid the subsequent lapses into heart
fatlure and the shorter the ultimate duration
of hfe Since patients seeh medical care with
varymg degrees of scverity of congestive
heart failure, measurements made during
such failure could not be used Accordingly,
measurements made after full digitalization
and recovery from congestive heart failure
were selected as indicating the degree of mmn-
Ppairment of cardiac function Such measure-
ments obtained after recovery from the first
congestive heart failure were compared for
subjects who then survived 5 or more years
with subjects who died within 5 years of
their first congestive failure

Determunations were available on 9 sub-
Jects who had survined for 5 or more years
{three subjects for 5 years, three for 6 years,
and three for 7 years) For comparison, the
data for subjects known to have died within
5 years of thewr first failure were derved

nal exp , that the shorter duration of
life was not associated with distinctly greater
abnormahty m cardiac and hemodynamic
function The analysts 1s tncomplete and the
number of subjects too few, nevertheless, 1t
suggests that the hemodynamic measure-
ments used by the chnical physiologist to
assess cardiac function are at best very
gross yardsticks The data obtained can
indicate whether cardiac function 1s abnor-
mal or normal, they appear unable to dif-
ferentiate satisfactorily between degrees of
abnormality

Impered Hemodynamic Function Without
Congestive Heart Failure
‘The occurrence of impaired cardiac and
hemodynamic function in subjects without
wnpairment of activity or development of
congestive heart failure indicates further the
of present | ic meas-
urements to assess cardiac function This
situation has usually been observed in elderly
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subjects, who may have cardiac indexes
varying between 1.60 and 2.25 liters/sqm /
min. without symptoms or evidence of a
disease state. For example, & man aged 71
had in 1950 a cardiac index of 1.84 liters/
squm /nun , m 1952, 170 liters/sq m /min ,
in 1955, 173 hters/sqm /muin, and now in
1957 remains well and for some reason en-
joys physical exertion and boastfully tells of
walking up 5 fiights of stairs without diffi-
culty and walling 50 city blocks for pleas-
ure, Agmg is associated with a progressive
decrease in cardiac output, presumably in
response to the lessened activity of the aged,
mndicated by their reduced total body oxy-
gen consumption As a result the A-V oxy-
gen difference remains within normal limits
Under such circumstances cardiac output
meets the bodily demands for blood, indi-
cated by the normal A-V oxygen difference,
and the subject remains asymptomatic. How-
ever, this is not always the case i these sub-
Jects and cardiac output may not meet the
bodily demands, mdicated by a rise m A-V
oxygen difference, and still the subject re-
mains symptom-free  Thus, the man pre-
vicusly mentioned had the following A-V
O. differences in vols, per cent 653 m
1950, 610 m 1952, and 659 in 1935. Ap-
parently, then, increased extrachon from
blood 1s a satisfactory compensatory mech-
anism for decreased cardiac output If the
extraction is not marked, bodily compensa-
tion is not accompanied by dysfunction
of other organs and arculatory congestion
with symptoms of congestive failure does
not deselop. When the extraction becomes
marked, then organ function becomes
grossly abnormal with subsequent develop-
ment of circulatory congestion and a disease
state.

All the foregong data and considerations
therefrom ndicate the limitations of present
hemodynamc measurements in determining
the state of cardiac function 1 man Gross
as these measurements are, they are never-
theless supertor to chnical manifestations
that are nonspecific and need not relate to
heart failure at all.

BASIC PHYSIOLOGY

STARUNG'S LAW OF THE HEART AND
CONGESTIVE HEART FAILURE IN MAN

Starling’s law of the heart® has come to
dominate present concepts of both normal
and abnormal cardiac function and has
been extrapolated to apply to heart faflure
in man. It fs still a pertinent question to
what extent are observations and concepts
—based on acute experiments on exched
organs®® or even anesthetized, partially in-
tact animals,"* both preparations usually de-
void of normal humoral and peurogenic fo-
fluences, made to “fail” acutely by extreme
and artificial means, in an unsteady state
and of species not subject to spontancous
heart muscle failure—appheable to conges-
tive heart failure in man, a spontancously
occurring but steady state of circulatory b~
normality, stil) responsive to neurogenic ax}d
humoral influences, and due to chronic f}w
ease of heart muscle. Attempts, wibdg
large infusions to alter ventricular filling
pressure, have been made to determin®
whether Starling’s law applies to congesto®
heart faifure in man ? The large changes
blood volume induced in these attempts and
n experiments on intact amimals present an
undesirable feature smce the effect of ol
ume change alone on cardiac output could
never be determined

The advent of vasodilator drugs offered
the possibility of reducing ventricular ‘ﬁﬂmg(
pressure by noncardiac means and witho
alteration of blood volume, permittinS
thereby a test of the apphcability of 5'“;
Ing’s observations to man with ‘both norma
circulation and congestive heart failure Th(‘
drug Arfonad (trimethaphan camphors®
fonate) was chosen to Jower vascu]:lr‘P'[sA
sures because 1t has no direct myocardial 0
cardiac action and produces its effects ”Y.
blocking autonomic ganglia, both s)“}P’s
thetic and parasympathetic. All ﬁmcuor:S
were measured simultaneously, Aftes 3 ¢
of control determmations, vascular Presics
were lowered to and maintained at fi”‘"
levels by a pump-controlled infusion A
Arfonad (usually 04 to 1.2 mg Jmin ) )
measurements were repeated after the Jow
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ered pressures had been maintained for 15,
30, and 60 minutes The Arfonad infusion
was then stopped and the pressures were
allowed to return to the initial levels, when
the final measurements were made

The original hope that intracardac filing
pressure could be lowered without reduction
m systemic arterial pressure was not at-
tained Therefore, the fall in pressure was
carefully controlled In hypertensive pa-
tients, systemic arterial pressure was lowered
to levels slightly above normal, in normo-
tensive patients systolic arterial pressure was
maintained between 90 and 100 mm Hg
Severe hypotension and circulatory collapse
were avoided.

The hemodynamic effects associated with
the lowered pressures were quahtatively
similar in subjects with simlar circulatory
states, permutting thereby pooling of the
subjects and analysis of their data in three
groups: Group I, 10 subjects, 5 normoten-
sive and 5 hypertensive, with typical low-
output congestive heart failure, Group 11, 4
subjects, 2 normotensive and 2 hypertensive,
recovered from typical congestne heart fail-
ure by digitalis and without signs or symp-
toms of heart failure but with cardiac out-
put below normal, Group I11, 5 subjects, 2
noncardiac subjects convalescent from pneu-
monia and alcoholism, respectively, and 3
cardiac patients, 1 normotensive and 2 hy-
pertensive, fully compensated from conges-
tive heart failure by digitalis and without
signs or symptoms of heart failure and with
normal cardiac output

In all three groups of subjects, pressures
mn the systemic artery, pulmonary artery,
right ventncle during systole and the filling
Pressures indicated by night atnal pressure,
night ventricular and diastohic pressure, and
pulmonary “wedge pressure” fell during the
ganglionic blockade, remained at the desired
level during the nfusion of Arfonad, and
returned to control levels following cessa-
tion of the infusion These measurements
indicate the similanity of the changes in
vascular pressures 1 the three groups of
subjects

While the vascular pressures were at therr

lowered level, cardiac output increased
shghtly but definitely (10 to 20 per cent
and not to normal levels) m both the
normotensive and hypertensive  subjects
with congestive heart failure (Group I) In
contrast, cardiac output fell {up to 20 per
cent and often below the normal range) in
the compensated cardiac patients and nor-
mal subjects (Group III} Arterial-mixed
venous oxygen difference fell toward nor-
mal, but usually not to normal, in both the
normotensive and hypertensive subjects m
congestive heart failure (Group 1) Again
m contrast, the A-V oxygen difference in-
creased shghtly or remamed unchanged
the compensated cardiac and noncardiac
subjects (Group 11T)

The responses 1n the compensated cardiac
subjects with low cardiac output (Group
II}) were somewhat varable and nter-
medrate between the effects noted in con-
gestive heart farlure and the fully compen-
sated cardiac subjects

The hemodynamic responses during the
lowered vascular pressures may be con-
sidered consistent with Starling’s law, at
Jeast in that interpretation which relates
cardiac output to mtracardiac filing pres-
sure Thus cardiac function improved, as
measured by cardiac output and A-V oxy-
gen difference, as the high filing pressures
of congestive heart faillure were lowered.
The reverse, a detenioration of function, oc-
curred when the normal ventricular filing
pressures of noncardiac and compensated
cardiac patients were lowered Howesver,
there was the disconcerting observation that
fairly often the increase in cardiac output,
so apparent when the elevated filling pres-
sures were first lowered, tended not to per-
sist and the increase m cardiac output at
times gradually decreased even though the
filing pressures remamned lowered

When Starling’s law 1s considered 1n its
more correct terms of cardiac work, then
cardiac work did nof increase when the
elevated intracardiac filling pressures of
congestive heart failure were lowered. In
both the normotensive and hypertensive

patients with congestive heart failure,
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minute work index and stroke work index
of both the nght and left ventricles re-
mained essentially unchanged, even though
cardiac output increased, presumably in re-
sponse to the fall in filling pressure In the
normotensive and hypertensive compensated
cardiac patients and in the noncardiac sub-
jects the expected decrease 1n cardiac work
occurred; mmute work index and strohe
worh 1ndex of both left and right ventricles
decreased as filling pressures fell
The interpretation of these changes in
heart worl, in reference to Starling’s law is
rendered difficult, if not impossible, by the
fall in arterial pressures that occurred in
these observations Thus, in the patients
with congestive heart failure, the tendency
for an increase in cardiac work as a result
of the greater cardiac output was offset by
the lowered arterial pressure and the work
of the heart remained unchanged Starhng’s
law, accordingly, did not obtain in conges-
tive heart falure with high ventricular fill-
g pressures The decrease in cardiac work
when the normal filhing pressures in com-
pensated cardiac and noncardiac subjects
were lowered 1s consistent with Starling’s
law, a decrease 1n cardiac work at the lower
filling pressures However, in these observa-
tions the lowcred arterial pressures had a
greater mfluence i the reduced cardiac
work than the observed small fall in cardiac
output
The factual observation remains that pr-
mary vasodilatation in congestive heart fail-
ure seemed to result in at least a temporary
increase in cardiac output and hence total
body blood flow without an increase in
work by the heart Presumably, lowering
the pressure against which the heart ejects
blood permuts an impaired myocardium to
expel more blood without an intrinsic im-
provement in function of the heart muscle
Such a result may be of advantage to the
circulation where a failing myocardium is
not capable of improvement and greater
work However, no extrapolation of the
acute results of the short period of vasodila-
tation of these studies to the effects of
chronic vasodilatation can be made

BASIC PHYSIOLOGY

Since the experimental procedure lowered
pressures on both sides of the ventricles, it
was not possible to determine the effect of
changes in intracardiac fillng pressure
alone, as a test of Starling’s law would re-
quire Accordingly, a test of the applica-
bility of Starling’s law in man was not
achieved Recent and still preluninary ex-
periments, utilizing 02 gm of sodium ni-
trite administered orally to lower intra-
cardiac filling pressure without fall m sys-
temic arterial and pulmonic arterial pressure,
seem to suggest that Starling’s law applies
in both congestive heart failure and in nor-
mal circulation Cardiac output and munute
and stroke work index have mcreased when
the high right atrial and right ventricular
end d lic p of ¢ tive heatt
fatlure have been lowered In noncardic
subjects, lowering of the same pressures wa¢
accompanied by a decrease in cardmf out-
put and in minute and stroke worlf index

Many more observations in varying @
culatory states in man are necessary before
it s fruitful to consider in any dets
whether Starling’s law of the heart applic
1n intact man It is not proposed to discuss
here the evidence suggesting that the lav
does apply, does not apply, or apples ¥
part and only in those situations where the
heart muscle 1s failing

SUMMARY

Three points evolve from this dis.cussxon

| Chnically congestive heart failure 1
recogmized by signs and symptoms of ar-
culatory (venous) congestion behind one of
both ventricles. However, such arculatory
congestion is a nonspecific hcmod)'ﬂi‘m‘z
manifestation and may be of noncardiac
well as cardiac origin The diﬁcrcnham::
depends upon hemodynamic me?sur{mtﬂhc’
indicating normal cardiac function 1n A :
arculatory congestions of poncardia¢ ong:’_
and impaired cardiac function when 1Y g
cardral mvolvement is the cause A distie®
tion between the two types of cir(‘ul;\wir;
congestion 15 necessary in order t© BV?‘h
confusion 1n considerations dealing V!
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cardiac function in disease and in order to
relate properly the concepts of basic physie
ofogy to disease states in man

2 Although hemoedynamic measurements
are supenor 0 cfinical manifestations in the
cvaluation of impaired cardiae function,
these measurements are stiff gross indexes of
cardiac efficacy and imparrment Thus, re-
duced cardisc output may evist without
impatrment of activty or development of
congestise failute, degrees of impawrment of
cardiac function do not necessanty eorrelate 4
with clinical manifestation of congestive
heart failure, and hemodynamic measure.
ments do not predict satwsfactonly duration
of survival of subjects with heart disease

3 Attempts were made to determune the
applicability of Starling’s law of the hrart
in man, both with normal oreulation and
with congestive heart failure When veatnic-
ular filling pressures were lowered by means
of vasodshating agents, there resulted an 7
tnerease in carchac output but no change
in minute or stroke work sn congestve heart
fadure and a reduction mn rardiac output
and minste and strohe work when the cir-
culation was normal In view of the fafl m
atterial pressure as well as filling pressure
in these observations, it 18 not clear whether
this type of experiment served as o test of
Starling’s law However, 1n congestive heart
fulure the resulting increased blood flow
occurred without increase i cardiac work,
2 sttuation that may he (avorable to the cr-
culation in those instances where wnpaired
heart muscle 55 meapable of mereased work

w
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CHAPTER ﬂ@ ENERGETICS OF THE HEART AND CORONARY

FLOW*

Louis N. Katz

Recently, renewed interest has arisen in the
regulation of the performance of the heart,
its energy cost, and the manner in which
the energy 1s supplied Among others, this
has been the concern of this department
We have utiized a methed developed 1n the
department by Rodbard, Graham, and Wil-
hams* (Fig 10-1) in which the right ventri-
cle receives (and pumps) only coronary
blood via the coronary simus, accessory coro-
nary veins, and the Thebesian channels
{constituting about 95 per cent of the coro-
nary flow) This is metered The blood from
the systemic circuit {(other than the coro-
nary flow) 1s diverted from the right heart
and is delivered by an artificial pump to the
left heart through the lungs (together with
the coronary blood coming from the right
heart). The output of the left ventricle can
thus be set at any desired level by the input

* This worh was supported by grants from the
American Heart Association, the National Heart
Institute, and by the Michael Reese Research
Foundation

az

pump, which is metered The rcsistaPct
against which the left (and right) ventricle
pumps can also be adjusted by 2 resistanct
on the aorta (and pulmonary artery} In
this preparation, the influence of nerves and
hormones can operate intact It is 2 com
promise between an entirely mtact animal
and a preparation approaching this while
still permitting adequate measurements of
the cardiac work, its oxygen consumption,
and 1ts coronary flow.* )

In analyzing our data in correlation Wlfh
earlier work of the department and that it
the literature, it soon became apparent that
2 number of factors control the pert’orm:\nrE
of the heart (Fig 10-2):

1. The magnitude of its work-load Car-
diac oxygen consumption tends to increase
as cardiac work increases, up to a point :

*In the studies with this preparation, T h"‘:
had the co-operation of Drs A Alella, H Fe
berg, A Gerola, A M Katz, and D Laurent, 4%
the help of Mrs C Bolene.Williams and Mess
F L Williams and E. Boyd
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Fie. 101, Diagram of the
method used recently for the
study of coronary flow and myo-
cardial  oxygen  consumption
(Fig 1 of Alella et al’). The
blood reserosr that receives
vena caval blood 1s kept at body
temperature, and the blood in 1t
ts pumped through a flowmeter
to be acrated by the lungs The
azygos ven s tied The nght
ventricle, deprined of vena caval
and arygos inflow, pumps out
only coronary sinus, accessory
coronary venous, and  right
ventricular Thebesian draunage
theough 2 Starhing  resistance
and a flowmeter to the reservoir
RPA and LPA are night and
left pulmonary atteries respec-
tvely; RP.V and LPV are
nght and lelt pulmonary sens,
RA and LA are nght and left
atma, RV and LV are nght
and left ventncles, MPA 15
the mawn pulmonary artery, C A
are coronary arteres, C S 18 the
coronary sinus, and T is a
Thebesian drainage channel

——— - 10 VACUUM

o 7,055 '
Y' 20.82%-19 .

20
Fic 10-2. Relationship between
myocardial oxygen consumption
and mean gottic pressure (Fig 2
of Alella et at*).
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log Y'=092a ¢ 0.986 log x
fyx=0.947; Sy o.o7o;qy,-zo.05| .

Fio 103 Logarithmic rels-
tionship between myocardal
consumplion  and  coronary
flow (Fig 4 of Alella et al").
Solid Ine is the regression lme
expressed by the equation.
Dotted lines represent the
standard error of estymate
(£8yx)

100
80

60

40

20

Fis 10-4 Nomogram relat-
g cardrac oxygen consump-
uton, coropary flow, and mean
aortic pressure (Fig 5 from
Alella et al’) The aned
lines connecting coronary flow
and oxygen consumption {both
m cc/min /100 gm heart
weight) relate these two van-
ables at different levels of
coronary flow The (\\o.lmli
rtang  sharply withm inter-
secting curved lines represent
actual experimental observa-

CORONARY FLOW IN CermiNeioo ¢

B001/MNrI3 Ny NoILINNS NG D

tions
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Fic 10-5 Graph showing the relabon-
ships between coronary flow and heart 24
rate (upper cune} and between myo- -
cardial oggem consumpuon/100 gm &
heart weight and heart rate (lower &
curve) (Fig. 1 from Laurent ef al*) ]
H
S 29
&
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TC/MIN/I00 G HEART WEIGHT
»

TOTAL 0 CONSUMPTION
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. 1 L '
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RATE (BEATS/MIN)

1 n
120 120

HEART WEIGHT
Y

Fio 106 Nomogram of car-
diac 1sowork lines relating myo-
cardial oxygen consumption to
heart rate {Fig 2 from Laurent
et al*) The heavy line represents
expertmental pornts observed with
work level of 50 kg /hr /100 gm
heart weight

WORK

3 T
RATE (BEATS/NIN)

2 The kind of work-load Increase n
cardizc inflow tends to increase cardiac oxy-
gen consumption less than a hike increment
n cardiac work resulting from an increase
in arterial pressure **

3. The heart rate For a given cardiac
work-load an increase i heart rate per se
leads to an augmentation of cardiac oxygen
consumption 3

)

4 The stress-adapting mechansm (see
below)

5 Hypoxema (see below)

6 Drug action (see below).

Furthermore, 1t was apparent that heart
performance, while determuned by heart size
{end-diastohc volume}, 1s also determined
by the nature of 1ts contraction (after-load)
and by specific actions on 1ts contractile and
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Fic 108 Graphs showing
relattonship between coronary
flow and heart rate, and be-
tween cardiac 0Xygen consump-
tion and hecart rate before
(solid lines} and after (dash
lines) the occurrence of
the stress-adapting mechanism
(Fig 6 from Laurent et al®),
imtiated 1 this case by an -
crease n cardiac work from
52 to 77 kg /hr /100 gm heart
weight at a beart rate of 207
beats/min

%0
WORK KG./HR.

00

n

E
w3Z Fic. 10-7. Nomogram of 1
o3 Tate lines relating myocardal
% oxygen consumption to carduc
s & work, in kg /hr/100 gin heat
¥ weght (Fig 3 from Laurent ot
wo £ al*). The observed carduac on-
gen consumption values of two
" experiments have been ploted

)
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Flc 109 Graph showing data from an n which the stress-ads s de-

veloped following exhibition of l-epmephrine by constant infusion at the rate of 075 v/kg /mn
The decrease m cardiac oxygen comsumption, with 1ts associated increase m efficzency of the heart
and m coronary flow stmultancous with a decrease 1n coronary A-V oxygen difference, 15 clear

relaxing mechanisms independent of the end-
diastolic volume and after-load >*4® It was
also apparent that the heart volume at the
end of systole is large in the intact ammal
and can be called upon, together with that
in the lungs and central vens, for immed:-
ate urgent needs ** Furthermore, heart rate
changes were found to be as umportant 2
means of adjusting heart performance as
stroke output 7 Thus, there are a number of
factors that allow adjustments of the heart’s
performance to 1ts load—not just one.
Under ordinary circumstances, it was ap-
parent that the energy util of the

relationship between cardiac oxygen con-
sumption and coronary flow is best expressed
by a straight Ime Coronary flow does not
depend on heart rate (Figs 10-5, 10-6, and
10-7), cardiac output, or systemic blood
pressure per se to any great extent except
insofar as they affect the cardiac oxygen
consumption 7%

With these facts m mind, several adjust-
ments to unusual circumstances deserve con-
sideration The first consists of the adjust-
ment to excessive load It was found that
when the cardiac load (or heart rate) was

heart as ind d by 1ts oxygen

is adjsted primanly by the comnary
flows:s.0.20 (Figs 10-3, 10-4). A close re-
lationship was found to exist between coro-
nary flow and cardiac oxygen consumption,
such that coronary venous oxygen content
and coronary arteniovenous oxygen differ-
ence remains fairly constant ™ Actually, the

ly, a sharp d of
the oxygen consumption and coronary flow
occurred, as if there had been a shift in
gears 1n the form of a stress-adapting mech-
amsm %7 This shift consisted of the fol-
lowing changes (a} a reduction in cardiac
oxygen consumption, so that the ratio work/
0O, consumption of the heart declined, (b)
an increase in coronary flow making the
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280~
o
I 240-
200 o o
{ ° §' Fic 10-10. Graph based on data m
Fig 109 showing the relationship of
160} e coronary flow to cardiac oxygen consump-

F tion before and after the development of
the stress-adapting mechanism Note the
greater coronary flow for a given oxgen
F S consumption after the stress-adaphng

< mechanism  appeared and the greater
slope of the regression line.
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Fic 1014, Graph showng effect of
hypoxemia on coromary AV oyge
difference. (Data recently obtamed by
Feinberg, Gerola, and Katz”)

Fie 1015 Graph showns
effect of hypovemia on coron3
AV O, difference (AV O 4)
and coronary venous Os content
(Ver O:) (Data recently o
tained by Femnberg, Gerola, and
Katz™)
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ratio coronary flow/cardiac oxygen consump-
tion deviate from the one usually found;
(c) an arterialization of coronary venous
blood, and (d} a decrease in coronary
arteriovenous  oxygen difference  These
changes were long-lasting (up to an hour
and a half) and reversible They are differ-
ent, therefore, from those due to the oxygen
debt phenomenon (Figs. 10-8, 10-9, 10-10,
and 10-11). The increase mn coronary flow
provides an increase m the availability of
oxygen (and other substrates) for the heart
\Whether the heart in the stress-adapting

internal processes of
rates from
restoring

mechanism adjusts its
metabolism or sumply obtains subst
the blood parastically without €S -
them to thewr pre-existing conditon I8 f'h
yet determuned; nor are the details by “h’;'
the stress-adapting mechamsm s brous
about yet known .
The second unusual circumstance 3 ﬁe
poxemia. As the oxygen content of '(;
arterial blood supplying the heart dedme,:
coronary flow rises relative 0 the 0‘)5‘c
consumption of the heart,® and, at the sa\]ﬂ‘l’
time, the slope of the regression cune relal
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Fic. 10-16 Graph showing different re- & =
tationships between coronary flow and Q 200k
cardiac oxygen consumption at three 2
levels of artenal O: content. O, 1927 Z Foe
vol per cent, &, 7-18 vol. per cent, [, g 160}
16 vol per cent Note that for 2 gnen & | ° a
cardiac O consumption the coronary a
fow 15 higher as hypoxemia develops & 1205
Further, the increment of coronary flow g L e
for cach increment of cardiac O con- 5. gol  °® e o
sumption is greater as hypoxemia ad- %
vances (Data recently obtaned by Fem- % r 38 °
berg, Gerola, and Katz™) Z a0} -
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tion at three levels of arteral O: content & o2

Constructed as Fig 10-16 Note that the & 12 o "
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ing the two also rises ** These reflect mecha-
nisms that permit the avarlability of oxygen
(and other substrates) to the heart to be hept
up. At the same time, or soon thereafter, the
extraction of oxygen increases to approach 90
Per cent ultimately ** And, finally, the ratio
cardiac work /cardiac O consumption rises—
the heart as 1t were 15 a facultative anaerobe™™
(Figs 10-12, 10-13, 10-14, 10-15, 10-16, 10-
17, and 10-18 The mechanism by which
these obviously protective changes are brought

about 1s not yet understood Despite these
protective } further
tion of hypoxemta ultimately leads to a de-
terioration of the heart’s performance, and
death ensues

Finally, with the knowledge thus outlined
we are 1n a better position to understand the
manner by which drugs and other altera-
tions affect the heart’s performance and 1ts
coronary flow This 15 important because 1t
permits the distinction to be made between
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primary changes in coronary flow and those
depending secondanly upon alterations in
the myocardial ovygen consumption.

So far we have studied only the actions of
the catecholamines ** Both I-norepinephrine
and {-epinephrine shift the relationship of
coronary flow to cardiac oxygen consumption
—they have a primary action on the core-
nary asculature The coronary flow rises
and coronary arterioven d

124

Lavzent, D, Borene-Witntans, ©, Wn-
uwis, F, L, and Katz, L N Effecty of
heart rate on coronary flow and cardiac oxy-
en consumption, Am. | Physsol 185 355,
1936

Karz, A M, Rarz, L. N, and Wnnass,
F L Reguitrauon of left ventncular volume
cunes m the dog with the systemic arculs-
ton ntact, Cureulation Res 3388, 1955
Karz, L N Desgn of proper expenments

oxygen
falls The regression line relating coronasy
flow to cardiac oxygen consumption appears
to be different for Lenor-epmephrine than for
Lepinephsine (Fig 10-19) Similar stuches
with other drugs should be equally mforma-
e

Since thus presentation was prepared
1957, the field has advanced and our awn
work has expanded Our views have there-
fore changed in certain respects These later
views have been summanzed in pubhshed
Teviews 1
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REPORT OF PANEL ON BASIC PHYSIOLOGY

William H. Stewart

I will present a summary of the discus-
sions of the panel on basic physiology when
1t met separately The deliberations of the
j0int meetings with the clinical physiology
panel will be reported by Dr. Burchell.

The basic mechanisms concerned with the
function of the heart as a muscular machine
for doing work were considered by the panel
during the first two hours of its initial meet-
ing Dr R. W Ramsey outlined the histori-
cal develof of our p t-day knowl-
edge of the thermodynamics of skeletal
muscle. He pointed out that the once popu-
lar ideas of H. V. Hill and others, that
muscle behaved in the manner of a stretched
spring in which energy is stored in relaxa.
tion and liberated as work and heat in over-
coming viscosity n contraction, were rend-
ered untenable by such observations as the
Fenn Effect This latter is defined as the
property of muscle that results in energy
liberation being proportional to the work
done in shortening plus a quantity independ-
ent of such work He also noted that there
is compelling evidence to indicate that re-
laxation is an active phenomenon and not

o8

passive as would be required on the Dasis of
the older hypotheses. Dr. Ramsey 3%
pointed out that single muscle ﬁben.do‘""f
fatigue in the usual sense Their excitability
may diminish but their contractilty does
not.

Possibly the most pm\'ocaliu.: of D]r
Ramsey's suggestions was that cardiac muscle
is, perhaps, normally in the condition DI
what he has called the delta state of selet?
muscle, which occurs when the puscle B
made to shorten to one third of its reslm!:
length. In the delta state muscle does no!
show active relaxation and probably does
not show the Fenn Effect Dr. Ramsey n‘:‘:
pointed out that extremely little i Lno\;le
about the thermodynamics of heart Musc
The reasons for this are mostly techmc:\l
Fmally, he said that, in contrast to Skfk“
muscle, where the force-velocity cune ;’
he put 1t, chiefly an expression of th: lol
nervation pattern of that indwidual an¢ nlt
of the individual muscle, in the heart ‘!x‘i-
force-velocity pattern depends on the l‘;
mate contractile power of the tissue 15¢

The second speaker was Prof. H.
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‘Weber, who spoke on movements and con-
tractile proteins of muscles and cells He pre-
sented evidence for the view that the re-
action between ATP and actomyosin 1s the
fundamental one for motility in the entire
animal kingdom. He pointed out that isolated
muscle fibrils, extracted fiber models, and re-
constituted  contractile protein models as
well as dead and extracted ameboid cells,
it tails, and fibrobk: all exhrbat
this characteristic motor response upon ad-
dition of ATP under suitable circumstances
He pomnted out, furthermore, that sulfhydryl
binding poisons have inhibitory effects of the
same sort m each of these systems, and the
effects are reversed by the addition of exces-
ses of sulfhydryl compounds He also pointed
out that m some systems of a different
nature ATP produces relaxation rather than
contraction In the discusston 1t was agreed
that at the present time we are 1n great need
of more iformation about the basic chem-
1stry of contraction Prof Weber pointed out
that recent x-ray and electron microscoptc
studies by the Huxleys have suggested the
possibility that the contractile process may
be accounted for by the shding t of

9

variable measured was with the Time Ten-
sion Index (the product of mean systolic
pressure X the duration of systole) He
pomted out that there 1s relatively very
much less increased energy cost in doing
increased cardiac work through increased
cardiac output than against increased pres-
sure In fact, he found that there was no
change in efficiency when work was in-
creased by increasing pressure load, where-
as effici d greatly with i d
cardiac output at constant arterial pressure
The reason for the correlation of O, con-
sumption with the Time Tenston Index is
primanly in the increased duration of sys-
tole with mcreased cardiac outputs.

Dr E Braunwald then spoke on the
hemodynamuc effects of mutral and aortic
regurgitation He pomted out that the hemo-
dynamic disadvantages were very much
greater in aortic regurgitation than m mitral

His itative evaluation in-
volved measurements of LVEP (left ventric-
ular end diastolic pressure) in relation to the
left ventricular work at constant heart rates
He also pointed out that 1t was possible to

aortic itati

the actin fibers alongside the L-myosin fibers
in the so-called I-Band of the muscle Dr
Ramsey pointed out that in any simple form,
this theory would be inadequate because it
would not account for the extent of shorten-
ing possible However, Dr Weber indicated
that by a combination of folding and shding
it could account for the shortening

The basic physiology panel then turned to
more specific studies of the energetics of the
heart itself. Dr Sarnoff reported at length
on the very beautiful studies made by him
and his colleagues using what they call a
bochemscally supported 1solated heart prep-
aration This preparation differs from the
typical 1solated heart in that the blood sup-
Plying 1t 15 passed 1n series during each cycle
through an intact amimal This preparation
was employed in an examinatton of the
hernod O of :
oxygen consumption His most striking ob-
servation was that the most regular correla-
tion between O, consumption and any other

q
ments of the distance from the mnominate
artery that a catheter had to be placed n
the aorta i order that a tracer substance
could be detected by means of an ear dens:-
tometer He also pomted out that the V
wave of the left atnal pressure cunve could
be used, under proper circumstances, as a
measure of mitral regurgitation, particularly
when the arterral pressure was elevated by
the infusion of norepmephrine Finally Dr
Braunwald found that in the presence of
aortic regurgiation, a competent mitral
valve acts i two ways to protect the circula-
tion (1) it limuts the elevation of left atrial
and pulmonary capillary pressures and (2)
it mahes possible the high left ventricular
end diastolic pressure as a result of which a
more forceful ventricular contraction occurs
provided the ventricle is stll on the as-
cending hmb of 1ts ventricular function
cune

The panel then considered the coronary
blood flow and cardiac energetics as ana-
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lyzed by Dr. § M. Horvath He pointed out
that although no existing method for
measuring coronary bloed flow in the in-
tact ammal is entirely satisfactory, the nitrous
oxide method is capable of gwving a valuable
insight into qualitative changes. He pointed
out that appreciable quantities of blood
coming from the right coronary appear mn
the coronary sinus Dr. Horvath indicated
that it was possible to catheterize the right
or left coronary arteries by an approach
through the aorta and he reported on pres-
sure movements, epicardial electrocardio-
grams, and the effects of the injection of
cold saline He implied that such observa-
tions ymght have sigmficance mn studying
disease states He emphasized the impor-
tance of anastomotic channels in the conse-
quences of the occlusion of one or another
of the coronary vessels.

The next topic of discussion, the mecha-
nisms of control of the cardiac output in
man, was presented by Dr. J V Warren
He stressed the fact that in the intact sub-
ject with the numerous normal control
mechanisms operating there was no regular
correlation  between ventricular diastolic
pressure and cardiac output He stressed the
fact that numerous control mechanisms such
as changes 1n heart rate and alterations in
venous return interact to obscure the role of
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individual controlling variables In the ds-
cussion it was pointed out that the base
properties of heart muscle and basic capacr-
ties of the vascular bed for alterations pro-
vide the machinery by means of which num-
erous nervous and humoral factors can oper-
ate to regulate the work of the heart

On the second day of our conference we
had one more presentation when we met
again as a single group This was a discus-
sion by Dr A C Burton, who talhed o
the importance of the size and shape of the
heart He presented the idea that Laplaces
Theorem may have some very jmportant
practical implications mn the mterpretation
of cardiac performance. For example, 2
doubling of the ventricular volume calls for
a quadruple increase m the tension of the
ventricle per unit area in order to mainmln
cquivalent pressure, when Laplace’s Law is
applied to the heart Thus, a dilated heart
shows a serious Joss of cardiac efficiency be-
cause the total cardiac load equals t.he ex
ternal work plus the energy cost of mm{nam-
ing tension m the heart muscle It ¥ the
latter of these which 1s much the greate!
He quoted other workers who hase showtt
that the oxygen requirement of the }?can 1
determined by its diastolic size and i rela-
tively independent of the work 1t has 1o do
This, then, he related to Laplace’s Law.
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CHAPTER ﬂﬂ OCCUPATIONAL AND ENVIRONMENTAL FACTORS

IN THE DEVELOPMENT OF HEART DISEASE

dneel Keys

The general dea that occupation may play
a role in the etiology of at least some hinds
of heart disease 15 very old but anly recently

search may be more profitably concentrated
elsewhere
In any case this Conference has a re-

has it d serious As yet the
facts avarlable for consideration are few and
confusing, the problems and vanables of
concern are il defined, and there is no
theoretical framewoth on which hypotheses
of pathogenesis can be devised and tested
If, indeed, occupation 15 or can be an etio~
logical factor in heart disease, then this 1s of
the utmost jmportance to discover For oc-
cupations and the manner of hfe they wm-
Ppose can be altered and a vista of pi

bility to point out the discrepancy be-
tween the magnitude and potential mmpor-
tance of the problem and the minute
amount of research effort 1t has recenved
untif now I, at least, am impressed with
how little we can now say about the virtues
or hazards, in regard to the development of
heart disease, of muscular exercise or 1ts lack,
of thermal and other physical environmental
slresses, ol' habutual posture at work, of )ob
and

would loom for the future But the facts of
such possble relationstips must first be
found and the mechanisms involved must
be, at least vaguely, appreciated before any
useful application can be made On the
other hand. if occupation per se 1s ncon-
sequential, or is only acaidentally associated
with other factors of real consequence, then,
too, the facte must be tseovered so that re-

i tensions associ-
a(ed with occupation

Before we proceed further with the discus.
sion of facts now known or atleged connect-
ing occupation with heart disease, it is neces-
sary to dustinguish and define c: ies of
heart discase

Because this discussion is concerned about
occupation 1n regard to etiology, I propose
to say nothing about coneenital. thyrotoxic.
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rheumatic, or syphilitic heart disecase,
Though different occupations may afford
more or less opportunity to acquire rheu-
matic fever or syphilis, so far as I know
there are no relationships of these diseases
with occupation per se, independent of gen-
eral economic and social circumstances And
I find 1t difficult to imagine any close rela-
tionship of occupation to the production of
thyrotoxic heart disese in this generation or
congenital heart disease in the next

Cor pulmonale and the heart disease that
may result from occupation-induced pul-
monary pathology would seem to be ap-
propriate for our discussion But I shall
leave this for others, partly because the
development chain of events does not seem
to conceal many great mysteries, partly be-
cause I have little personal experience in this
field

Tante 111 Percentaces oF At Hearr Diszase
Deariis Auone Winte Men anp Women 1
USA, 1954

4043 yearr 50-54 years 6063 years

Cause Men Women  Men  Women  Men  Women

420% 7 o 8
422t

440-4431

% 410% 825% 557
57 30 59
126 56 177

Total 59 3%, 0119 79 3%

#420, Coronary heart disease
422, Other myocardual degeneration
$440-443, Hypertensive heart disease

Actually, as Table 11-1 shows, all these
exclustons still leave us for consideration the
causes for disease in the vast majority of
heart patients Among US white males
from 40 to 70 years of age, coronary heart
disease accounts for over 80 per cent of all
heart deaths If we add “other myocardial
which p bly mvolves
coronary insufficiency m many nstances,
and hypertensive heart disease, more than
90 per cent of all heart mortahty among
men of these ages is covered Among women
rheumatic fever is relatively more important
than it is among men, but even so from age

d »
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40 through 69 these categories of Interna.
tional List numbers 420, 422, and H0-H}
account for about 85 per cent of all heart
deaths

Obviously a major focus must be on cor
nary heart disease, at least in the United
States Elsewhere 1 have assembled much
evidence indicating that m this disease the
diet, and particularly 1ts fat content, 15
important etiological factor % But if we
presume that the characteristics of the diet
are not necessarily dependent on the occupa
tion, we must inquire to what extent ot
dietary factors associated with occupation
may be involved in ettology.

Two mayor theories have been suggested
as to how the occupation may mfluence the
development of coronary heart disease and
they are to a certain extent interlocking It
is suggested that physical exercise msy be
protective or, to put 1t 1 another way, that
nactivity predisposes to the disease *>* The
other theory, which has been critically dxs;
cussed by Arnott,” is that “tension,” responst
bility, and emotional stress, such as may b
1nvolved 1n some occupations, promotes the
development of both coronary heart disease
and hypertension Since most jobs judged ©0
be highly responsible on the basis of !he'P‘“
cuniary awards attached to them entmlll
relatively sedentary existence, both theones
agree that business and professmml men
have an occupational hazard in regard' to
heart disease Incidentally, this concept ‘;"‘h
plies that economic success carries a healt
risk and therefore may appeal to some mora:
Iists as an illustration of the “law of €
pensation ”

The ongn of these concepts
is primarily in mortality anal
sor:e 25 ye:rs ago by the Regustrar C.vtnﬂ.a[ fr{
England and Wales Vital statistics in Bma}“e
are tabulated according to social flass'lrk
higher the social class, the less pbys:cal‘\;;cr;
and, incidentally, the more money- an
coronary heart disease began t0 occ."P)"he
important place in British mortality, -
Registrar General called attention to the e
that the reported rates varied according 10 s
social class So far as T hnow, no effort ¥

s about activity
Iyses published
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made to see whether these reported differ-
ences were real and not merely reflections
of different fevels of diagnostic <hill and
fashion applied to practice with different
socioeconomic  ¢fasses and  in  different
regions. The distnbution of social and eco-
nomic classes in Britain 1s not geopraphically
uniform.

Taste 112, Morraurry v 1930-32 ven 100,000

oF MEN AcED 5564, ENGLAND AnD WALES SouiaL

Crasses UL, IV, V, a5 Anatyvzeo gy Morris anp
Heapy Accoroixg to Pussioat AcTivity

or Oceypation

Asctibed Hrary Intermedhate Light

cause of death work  ond doublful work

Alf causes 2104 578 237
Accrdents 28 5 50
Respiratary tubereulons 102 163 141
Bronchstis 101 124 kil
Preumonia 17 166 135
Valvular heart disrase 159 175 154
Coronary * & 40 53 87
Myocardial discase 230 284 244

As shown i Table 31-2, Morns and
Heady® reclassified the fower three soual
tlasses in Britam according to the physical
demands of their occupations and computed
mortality rates for 1930~32 Though the
mortality rate ascnbed to coronary heart
disease was twite as high amont the hght
workers as among heavy worhers, even among
the light workers this was rarely the ascribed
cause of death in 1930-32, Myocardal dis-
ease, most of which undoubtedly would now
be classed as coronary, was far more -
portant ¥ suggest that in these often-cited
old Rgures thete 15 no real evidence as to
what was the incidence i 1930-32 of
coronary heart disease nor any good basis to
suggest it was related to physical activity

Classification of all men 1 a country
according  to physical actraty results m
heterogeneity within classes 1n regard to other
factors so that epidermologcal eonclusions
abaut the effect of activity are hazardous
Aless Guestionable analysis 15 shown wm Table
113, Morris and fus cofleagues studied postal
and telegraph employees in London more
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Tarie 11-3  Ingmznce or Corovary Heart Dis.

zase Awong Postar anp Terzaraen Ewprovers iy

LoNnon Ace-STANDARDIZED RATES PER 10,000 Mex
AMonsis of ol )

Setmagy Ouctuston  Total mesdence
Postmen 6 18
Intermediate 7 20
Sedentary 7 24

recently and found the total incidence of all
forms of coronary heart disease 1o be 25 per
cent lower among the mailmen who deliver
the maif on foot or on bicycle than among
the employees who work seated¢ The in-
adence of ocelusions, however, was not stg-
mficantly related to physical actvity,

In a study on London busmen, however,
as shown in Table 11.4, more significant dif-

Tasie 11-4  Incipence or CoroNary Hearr Du.
£ase Awono Ewerovess (Bumex) o tur LoNvon
TaansporT EXECUTIVE AGE-STANDARDIZED ANNUAL
Ratet per 10,630 Mex Acep 3564 (Mormis ef ol %)

Oceupation Occlusians  Total ancadence

Drvers 15 7
Conductors 8 19

ferences were found The bus dovers, who
work seated, had almost twice the frequency
of bath occlusions and total coronary heart
disease of the conductors who work standing
and frequently climb the steps of the double.
decker buses The question s whether the
difference in coronary incidence may be
ascribed to difference in the actnaty on the
Job. We should note, incidentally, that there
are no data on the energy expenditure of the
dnivers versus the conductors: the drnvers,
though seated, are certainly not sedentary in
the sense that a clerh is

A major objection to all such analysis
15 the mphat assuraption that the men classi
fied in regard to activity are alike m other
respects The drivers and conductors repre-
sent the same social and economic Jevel but,
as Figure 11-1 shows, they appear to differ
in at least one respect esen at the outset of
therr respective careers with the Transport
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an urban population living at a much lower
average level of actnity, had a somewhat
lower density of coronary patients

The age and sex distribution of acute in-
farcts in Finnish Karelia is indicated in Table
11-8 The frequency at relatively young ages,

Taste 11-8  Ace anp Srx DisTRIBUTION OF Acutt
My ocarDIAL INFARCTION IN Joensuu CenTrar Hos.
ptrar, FiNvanp, IN 1954-55 (Pir Ahrenberg)

Ages Men Women
30-39 9 1
40-49 46 8
50-59 41 14
60-69 23 6
70 and over 18 6
All ages 137 35

even among women, is impressive In this
series of 172 cases including 35 women,
there were four women under the age of 45

In most of the world the rural and heavy
manual worker populations as well as the
entire populations of poor countries have a
relatively Jow incidence of coronary heart
disease  We also know that the serum
cholesterol concentrations 1n such groups
tend to be correspondingly low One favored
explanation has been that physical exercise
1s protective and it has been assumed that
almost all people in poor countries such as
Italy and Japan work very hard at manual
labor

Actually, even in the poorest countries a
considerable proportion of the population
is sedentary or engages only in hght work
Italy and Japan are good examples where
the proportion of the population who are
shopkeepers, clerhs, civil servants, and arti-
sans working at a low level of energy ex-
penditure is large and yet the age- and sex-
specific frequency of coronary heart disease
in middle age for the entire population is
only a fraction of that in the United States,
perhaps 2 fourth in the case of Italy, not
over a tenth n the case of Japan

It appears then that if physical activity
or its lack is a factor in the etiology of
coronary heart disease, it cannot be very
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large; it cannot begin to explain the df
ference between rural Karelia and ubn
Fukuoha, in Japan, where our researches in
1956 fully confirmed the Japanese statisues
as to very low incidence of coronary hext
disease

Taptr 11-9, Mean Serust Crovesteror Cosa
TRATION, 1N MG PER 100 ML, ¥ SEDENTARY Japns
MeN AGED 40-49, MatcueD i Boov Farsism
SKIN FoLp THICKNESS, AND AVERAGE PERCESTACED!
DieTARY CALORIES FrOM [ATS

Percentage
Place Jot calores Chiltod

Stume, Japan 13 152 :

Honolulu, Hawai ::g ;7 !

Los Angeles, Cabfornta

As Table 11.9 shows, diferences @
physical activity do not explamn the &f
ferences in serum cholesterol obsef\td when
we compare samples of populations dﬂ;
acterized by differences m coronaty disease .
Japanese men in Japan are \ery.mf["’ ’n
tacked, in Los Angeles the Nisel shD\\C::h
significant difference from the Toca "
casans; and in Hawal the local Japax
are intermediate. Even when we cnmP“':
men of the same age, matched 2 (07
fatness 2s well as to habitual ph)sic;\l a'c(m!y
the serum cholesterol differences Pm“; e
correspond to the percentage ?f fats X“K
diet. The same general rel:mumhl}’:{en
found n Italy, South Africa, and Swe i

On closer mspection of data h]‘)mSp:\i"v
populatron samples (e g, Japa Ital y’for .
South Africa) we find some tendenct)”e et
serum cholesterol concentration e I
among heavy worhers than :.xmﬂniku.w'
active men But, as indicated in Tl i
when the diets are stadied we als0 ﬁnmon
responding difference in the prop®
calories from fats.* . et

Tn part, the inverse "hmmh'p,,:);zeo
occupational activity and ﬁ'le P"‘y
calories from fats observed in m27
tions is related to income, those doml .
work receiving the lowest p33 50 e fat
unable to afford the more expen’
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foods Also important is the tendency for
men to eat relatively constant amounts of
meats and fatty foods and to adjust total
calories according to need by altering the
consumption of carbohydrate staples—bread,
potatoes, rice, and the like

Tasie 13-10  Mean ToraL CHOLESTEROL IN MG
PER 100 ML OF SeRUM OF JapANEsE Men AcED 4049
v Tonvoxa PreFecTuRE, Kyusu, Crasstriep Ace
coRpING T0 OccuPaTION, TOGETHER WITII AVERAGE
Percentace o Dietary Catories prow Fats

Serum  Per-
Number choles-  centage
Occupation of men  terol  fat calories
Sedentary, doctors 52 1966 220
Sedentary, clerks, teachers 25 1598 161
Moderate to heavy, miners 57 1456 10 3
Very heavy, peasant farmers 48 1415 97

* Money income of the muners 1s more than that
of the clerks and teachers

Tt is possible to speculate ad mfimtum that
exercise, per se, should reduce the rish of
coronary thrombosis or the severity of 1ts
effects The effect of exercise mn 1mproving
vascularity 1s often suggested Perhaps exer-
cise after an occlusion may help to develop
collaterals but before occlusion the effect
seems to be to reduce the vascularization per
umt mass of myocardium,’® vascularity does
not keep pace with hypertrophy Theoret-
cally, a better argument for exercise may be
developed on the 1dea that stasis promates
thrombosis and therefore a higher average
rate of blood flow, such as produced by
exercise, 15 deswrable But there 1s no reat
evidence in regard to coronary heart disease

The evidence about hypertension 15 even
less satisfactory Though many suggestions
and claims have been made about the etiol-
ogy of hypertension, the available informa-
tion does not, at present, warrant any ex-
tended discussion as to the posstble mfluence
on the incidence of actwity, of occupation,
or even of the diet apart from total calories
Obesity seems to predispose to hypertension
Study of the extensive hterature on the blood
Pressure 1n vanous racial, geographic, and
occupational groups merely indicates the
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need for more critical large-scale studies and
the fact that hypertension is common in all
populations

In Russia an extensive study has been in
progress for some years Professor Mjas-
snikov’s survey of over 200,000 workers is
mteresting but we must await crizeal evalua-
tion of the data and methods before coming
to any reliable conclusions In general, the
Russians claim the highest frequency of
hypertension occurs among executives, tele-
phone operators, and telegraphers, and they
attribute this to psychic causes They report
the lowest frequency among employees in oil
refining and various metal mdustries and they
suggest that toxic factors may be involved
1n producing relative hypotension

CONCLUSIONS

Few conclustons can be drawn at present
about the mfluence of occupation or physical
activity on the development of either coro-
nary heart disease or hypertension Such in-
fluences as have been claimed in regard to
coronary heart disease are of dubious
validity, to say the least, because of possible
bras n the samples and the simultanecous
operation of other vartables such as the diet
The present indications are that physical
activity or its lack s not, per se, a major
ettological factor
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CHAPTER ﬂ?z RELATIONSHIP OF PHYSICAL ACTIVITY TO SERUM
CHOLESTEROL CONCENTRATION

Henry Longstreet Taylor

J N Morris* has shown that certain occu-
pational groups whose jab requures moderate
physical activity through middle age, 1¢,
bus conductors and postmen, have a Jower
mortality from coronary heart disease and
are more apt to sunive thewr first coronary
closure than sedentary occupational groups
such as bus drivers and telephone operamrs

rise in serum cholesterol concentration that
occurs after a meal contawning fat and de-
futely reduces the increase in serum choles-
terol concentration that follows alimentary
cholesterol foading ¢

The study of the chronic effects of increas-
ing the daily energy expenditure by physical
activity has been approached by Mann and

Furthermore, Keys and his collat
bave shown that in Sweden, South Africa,
and athes countries the men who hold active
jobs and, therefore, expend a larger amount
of energy are characterized by lower serum
cholesterol concentrations than their seden-
tary contemporaries. These ohservations
raise the question of whether physical activity
ber se has an effect on the serum cholesterol
toncentration and, m this way, may be prc»
summed to influence the rate of
The acute effects of mild exeraise haw
been studied and 1t has been d

his i who d the question in
three subjects The dady caloric intake of
these men was increased by approxamately
3000 calories to the level of 6000 calortes a
day for one month The grams of fat in the
diet were held constant duning both the con-
trol and actwity periods This dietary pre-
scripuon reduced the percentage of calories
supphed by fat by approximately half The
subjects in this experiment made herowc
efforts to burn up the additronal 3000 calories
by physical actvity, However, thc) were,

that grade walking on the motor-dnven
treadmill prevents the small but significant

lv, not fully since they
gamcd from three to five pounds in weight,
From the experience gamed in the Labora-

1
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tory of Physiological Hygiene, onc would
expect that such a gain of weight would re-
sult in an increase n the concentration of
serum cholesterol provided physical activity
per se had no effect. In a study of weight
gain from osereating, Anderson, Lawler, and
Keys® found that men who gained 6 3 pounds
in five weeks sustained an average serum
cholesterol risc of 186 mg per 100 ml of
serum On the other hand, reducing the per-
centage of calories supplied by fat without
changing the physical activity or the caloric
mtake resulted in a decline of serum cho-
lesterol concentration of 20 mg. per 100 ml
serum’ One might predict, then, that if
physical actwity had little or no effect on
the serum cholesterol concentration, Mann
and his co-workers would observe only very
small effects as the result of their exper-
mental conditions This was in fact what
they found, 1€, in the three subjects the
serum cholesterol concentration either re-
mained unchanged or showed a shght decline
during the month of high physical actwity at
6000 calories
With this background, an experiment was
designed to test the hypothesis that, other
things being equal, the serum cholesterol
concentration 1s controlled by the percentage
of total caleries derived from fat, and is in-
dependent of the absolute fat intake when
the total caloric intake 15 increased by physi-
cal actmty, body weight being held con-
stant ® The plan was to stabilize nine chin-
ically healthy students on a diet contamning
3250 calories per day with enough fat (prin-
apally animal fat) to account for 42 per
cent of the total calories At the end of a
two-week control period during which the
men followed their usual physical actintes,
blood samples were drawn with the men 1n
the basal state on two successive days The
men spent 10 days becoming accustomed to
walking on the motor-driven treadmill The
subjects then walked two hours a day at 3.5
miles per hour on a 10 per cent grade six
days a week for 17 days. This work con-
sumed 1280 calories a day. An allowance of
330 calories was made for the basal metab-
olism and physical activity that would have
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been undertaken if the men had not spezt
the time on the treadmill The diet wasm-
creased 950 calories in such a was that the
per cent of total calories dernved from fat
was not changed but the amount of fat wis
increased from 155 to 201 grams per day. &t
the end of this period two blood sampls
were drawn on successive days The tread:
mill walking was terminated and the mea
returned to the diet of the control peried for
one week, at the end of which time two mort
blood samples were drawn.

The mean weight of the group at the statt
was 171.0 pounds and 1708 at the end It
did not vary by more than 1 2 pounds dung
the entire experiment, The mean serua
cholesterol concentration was 1583, 198
and 1615 mg per 100 ml of serum at the
end of the control, evercise, and post-cxert
sedentary periods, respectively; there was 2o
statistically significant change in the k:;
lipoprotemn cholesterol or the n?ncsxen’;
fatty acids during the entire expenm{nt “:
phospholip:ds showed a small bl:ll statisuca
significant drop after the exercise period e

Two additional experiments following
same general experimental design.hm: bt\;:
carried out, In the second experiment, i
calories added to pay for the cost of e‘(er:\S
were all in the form of fat Care was> ﬂf
to provide a fat that had the same li'“’i"’(;S
tion of saturated to unsaturated fatty ac:‘hz
as were present in the food fed during iy
control period. In the third cvpe:anmenl :
exercise calories were paid off with 1005“
cent carbohydrate. The results are s
marized in Table 12-1. It will be obs;r;cs.
that the expected increase in serum © o .
terol concentration did not occur it E‘(P:n
ment 2 It is clear from Experiments 1 an o
that substantial amounts of fat (16 5:"2
Expermment 1 and 102 gm in Expeni™ -
can be added to the diet to maintan & i
balance without raising the serum chuleslsw]
concentration when the lesel of Phi“‘iw
actiuty is increased When physical “‘f‘( .
is held constant and the composmon‘;oky
diet is vared, the effects on the seru™ | ‘unl
terol concentration are sufficiently cons hat
to allow the prediction of the chang®
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Tanx 12-1  Tne Leeect ar [ncrease v THE Leviy
or Dats PrysICAL Aervity v 3200 Caromies ox
TiE SEruM Chowesteeot LEVEL 18 THE Preseace
or Darey Foon Suppresents oF 900 958 Caroriss
or IDyreneny Coswposition  In facn Can e
Covreon Ther Covramen 3200 Cavonses, 40 Ter
Cenr or Wiscs Was Dersvep Frost Far

Pereent Per et Expected Qbsereed
colarses  colosies  change in  change
from for  from  cholexterol  cholesteral
Expmment wnfood  jate  comceme  soncen-
nuwnber  supplement total food  frotion braton
1 40 » ] o
2 100 53 B mp o
3 8 M8 ~Wep -1

will oceur in the serum chelesterol when the
{at content or the type of fat ss altered m
the diet? If the physical actaty were held
comtant in Experiment 2 and the percentage
of fat from calones was mereased from 40 to
50 per cent, we could be confident that the
sexum cholestesol would inerease So 1t may
be said that the physical activaty in Expert-
ment 2 altered the expected response to -
creasing the proportion of calenes derved
from fat This finding underscares the neces-
sty of holdmg phymcal acuvity constant, f
the prediction equations proposed by Keys,
Andesson, and Grande? are to be sahid, but
in no way challenges the results reported by
these msestigators It does confirm the con-
clusions of Mann and lus assoctates® that
exercise appears to prevent an rncrease i
serum cholesterol These mvestigatars showed
that of exeresse 1s stopped and calories con-
tinued, the serum cholesterol ncreased This
appeared to some to be another way of sav-
sng that a pontive calonc balance mcreased
the serum cholesterol The effects of exercise
might be looked on as nonspeaific but, m the
sttuatwon reported here, exercise has appar-
ently prevented a rise in serum cholesterot
that might be expected on grounds ather
than that connected with the mawtenance of
calonc balance This suggests that exerase
may have a specsfic effect on cholesterol
metabohsm

The effects of diet on the lenid of the
serum chol

o "y
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where the total calonies expended by the in-
dwidual remams constant can be under-
stood, if the lipoprotein cholesterol complex
15 regarded as a schicle for fat transport
The role of hpopmtcm in fat lranspm‘t has
been  prop by i w A
Lawler, and Keys® hmve pointed out that if
one regards the route of transport in which
ipoproteins play a role as that from gut to
iver 1o fat depot, the effects of diet may be
esplaned by assuming that an overload on
the transport system (lpoprotemn concentra-
tion per umt of arculation) will result in an
mcreased lipoprotemn cholesterol  complex
concertration aed an underfoad wall result
w a fall of the concentration of hipoprotein
cholesterol complex  The results reported
here have rassed difficult problems of inter-
pretatron of current concepts of fat tranms-
port, and these have been diseussed m detail
elsewhere ** It appears that the hpoprotemn
cholesterol complex transport mechanism 1s
largely by-passed i cxercise Further work
15 clearly necessary to clear up some of the
contradictions that appear in this area
Elkewhere, Keys and his assoczates* have
pownted cut that men performung heavy m-
dustnial work in Sweden, South Afnica, and
the Untted States tend 10 pay off the energy
sequired by physical actnaty with foodstuffs
that are largely carbohydrate, ie, bread,
potatoes, and other staples, such as beans
This results in a lower percentage of total
calories accounted {or by fats 1n the diet of
heavy workers than mn the diet of sedentary
indwviduals in the same area Experiment §
supports the suggestion that n this situation
the serum cholesterol may be lower in work-
ers i heavy industry than among clencal
employees Higher serum cholesterols in sed-
entary workers than in heavy industrial
faborers hate actually been obsenved m
Sweden? and South Africa’ However, a
physically active job may not always result
w a low serum cholesterol and this 15 iflus-
trated by some preliminary results that we
have recently obtained on railroad clerks and
switchmen Here: there appears to be little or
no di in serum chol
tion between the nhvsically active switchmen




114

and the sedentary clerhs Forty-seven clerks
between the ages of 40 and 49 years had a
mean serum cholesterol concentration of
2296 = 67 mg per 100 ml. of serum, and
51 switchmen showed 2287 =57 mg. per
100 ml of serum

We have been concerned here with the
effect of exercise in the control of the serum
cholesterol concentration. This is of concern
because it is widely believed that atherogen-
esis proceeds more rapidly in the presence of
a high serum cholesterol concentration as
compared to a low concentration The effects
of exercise on the scrum cholesterol concen-
tration do not appear to be large enough, in
themselves, to account for the results ob-
served by J N Morris in England Differ-
cnces in dietary composition of the two
groups could be an important factor The
work of Blumgart and his collaborators'?
and of Eckstein®® on the existence of cor-
onary artery anastomnoses and the role of
exercise in promoting them provides us with
clues as to the possible utility of exercise as
a preventive factor in the etiology of cor-
onary heart disease However, as Keys' has
pomnted out elsewhere, it 1s necessary to
know hing of the phystol I char-
acteristics of active and sedentary popula-
tions, which are known to differ in the pre-
valance of coronary disease, before we can
begin to propose sound theories as to the
mechanisms  producing the advantages, if
any, that physical activity bestows on the
potential victim of coronary disease

THE CONSTRUCTION AND USE OF TESTS
OF PHYSICAL FITNESS

Phvsical fitness tests that arc being used
currently to assess the response of the cardio-
vascular system to the stress of physical work
all suffer from one or more of the following
faults:

1. Skill in performing the work task
around which the test is constructed makes
up a large fraction of the differences between
individuals;

9, The rate of work is too low so that
measurements of pulse or respiratory func-
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tion are not reliable indeses of the respone
to work;'®

3. The measurements, usually pulse and 2
function of respiration, are affected by emo
tion and the effects of emotion cannot be
dustinguished from a poor cardiovascular or
respiratory response to physical work,”®

4. Pulse rates are counted during recovery
mstead of during actual work Recoveny
pulse rates are valid measures of a change
1 state of a given individual from one time
to another but a poor measure of the differ
ence between individuals;*

5. An important dimension of the actual
measurement is the length of time work can
be d This is a self-determined end
point and is subject to a great variety of
factors ncluding emotion, attitudes (o“:{rd
work, and the relationship between the in-
vestigator and the subject;™®

6 “Physical Fatness Indices” are used that
combine a number of measurements an'd ge
cqual weight to each measurement wnhm:(
proper validation of the weights assigned,

7 Tests that are relatively free from the
above faults require maximum co-operatiod
from the subject and are too strenuous to
apply to most ndividuals suffering from e
diac disease '2¢ - p

It is generally agreed that shill in trea®
mill grade walking is highly developed 11
males and that differences m mcc}mmrat
efficiency are very small A similar .smvmtnA
appears to be correct for the bicycle ﬂL
gometer 1 those countries such as Denm“d
and Holland where bicycles are widely Us¢
as a means of transportation -

In normal young men there is much t\"t
dence to indicate that if one is gomg 10 &
reasonable  differentiation  between '
dividuals who are in goed physical azndmm;
and those who are not by measuring ‘M
pulse rate response to a fived tash, o0 "';lo(
use a rate of work which is muph.‘)' ho
the maximal oxygen intahe.* This rﬂ“lz"o
work usually elicits a pulse rate of fr?m o
to 150 beats per minute. Stnce cardiac P
tients show a very wide range of f"“‘“:ld
oxygen intahe and work capacity, it “0;{-
seem that the inyestigator of ftness of &
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diacs should be prepared either to examine
several rates of work or to mcasure the
amount of work necessary to raise the pulse
to some predetermuned level. Balke®* has
been employing such a procedure for the
determination of fitness among air force
officers In this procedure, the subject walks
at 35 miles per hour on the motor-driven
treadmill Pulse rate, blood pressure, ventila-
tion, and oxygen consumption are measured
every minute At the end of each minute the
treadmill grade is increased by 1 per cent
In the clinically healthy individual, this pro-
cedure is continued until the pulse reaches
180 beats per mmute The discomfort accom-
Ppanymng excessive rates of ventilation may be-
come 2 limiting factor.™ Adapting this pro-
cedure to the study of cardiac patients would
have the advantages of utilizing a tash at

s

study of patients with valvular disease. They
have found that ths is particularly useful in
assessing the effects of surgery designed to
repair valvular defects
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CHAPTER ﬂ@ HEART DISEASE IN INDIANA FARMERS*

IW.H. M. Morris

Qver 21 per cent of the white male fatalitres
certified due to heart disease i Indiana
occur in farmers and farm workers, a group
that comprises 14 4 per cent of the employed
population Studies by the Statistical Re-
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the fatalties in this group do not e
those expected for the general populat

Simular results were obtained in a sty
the fatahties in the year 1952 The
ston reached was reported as follows “

Acruar Deatis Frow HEART DISEASE AS A PERCENTAGE OF ExpecTED DEATHS * Fe

Ixotana FaRwzrs asp Faru Lasoers, 1950
(Statistical Service, Indiana State Board of Health )

4ge group
1431 B4l 4551 5550 G063 65 and over .
Percentage of expected fatahties B9 410 564 834 86 1126

*Fatahties expected using the age specific mortality rate for all males applied to the population ¢

©operators

search Section of the Indiana State Board of
Health! made on the fatalities occurning m
the year 1950 illustrate this but show that

*The studies described heren are part of the
Purdue Farm Cardac Project, a co-operatwve
study, which ss 10 part supported by the Indiana
Heazt Foundation and the Amencan Heart Asso-
@aton Journal Paper No, 1169 of the Purdue

pears extremely unlikely that the
death rate 1s independent of occupa
grouping Figures such as obtained
result by chance much less than one t:
a thousand. Tt should be stated, hoy
that 1t is possible that other factors
actual variations in the occupational

Aanth rate cnld ke recrmmehle  foo
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occurrence.” Other studics of the effect of were made available to farmers; this wil
occupational factors upon the development lead to an ecarlier retirement among fam
of heart disease have been critically reviewed  operators in the near future, Since the fint
by other participants i the First Wisconsin  farmers retired under the scheme in Juh,

Conference on Work and the Heart. 1956, the impact on retirement is stifl uncer-
tain,
AGE DISTRIBUTION IN THE FARM
POPULATION AGE AND CARDIAC FATALTY
The 1950 Census of Population? reported Deaths from heart disease occur at a later

that 14.39 per cent of the white male labor age in the farm than m the nonfarm males
force was occupied in farming However, The results of a study of five years of fatal-

TabLe 13-2  EMPLOVMENT IN FARMING AS A PERCENTAGE OF ALt Estprovep Warre Matss,
INDtaNa, 1950

Age group

Per cent emploed Under 25 2529 30-34 3544 554 55-59 6064 65andowr Allexe
Farm 1414 939 1044 1137 1426 1818 2128 3052 14
Nonfarm 8586 9061 8956 8863 8572 8182 7872 6948 86
Total 100 00 100 00 100 00 100 00 100 00 100 00 100 00 100 00 100 %

Taste 133 INCIDENGE OF CARDIAG FATAUITIES By Cause v FARM anp Nowrarst WHITE MALES

INDIANA, 1949-1953

Medan age®f
Frimary eause groups Fatalities per yeat fatelthes
Farm as |
pacentage Xore
Numbers Desriprion Nonfarm  Farm  Total  of total farm
59
410-416 Chrome rheumatic heart disease 263 58 321 181 56 93 ;: »
420 Atherosclerotie (coronary) 4878 1147 6025 191 67 05 >
421 Chronic endocarditis (nonthcumatic) 115 39 154 25 4 R
422 Other myocardial degeneration 782 296 1078 275 7 0‘9 b3
430-434 Other discases of the heart 278 88 366 240 68 75 6 6
440443 Hypertensive heart disease 943 314 1257 240 72 37 o
410-443 All cardiac 7259 1942 9201 212 68

3052 per cent of the employed males of 65 ties (over 45,000 individual cases) show l::
years and older was employed in farming median age at death of the farmer
(Table 13-2) The mean age of farm opera.  eight and a quarter years greater lhand o
tors has changed little from 50 years in the of the nonfarmer (Table 13-3) A smdy

s
last 25 years, in 1940 it was 502, in 1945, the fatalitics in 1953, 1954, and 1955 Sh"‘“r
¢ at a geate

503, in 1950, 496, and in 1954, it was 50.5  that the farm fatalities occur al e ou
years. age than those among the professiona’ é;; -~
The work of farm operator or manager technical proprietors, managers, ""mcopm_

permits a man to reduce the scale of opera~  sales persons, or among the craftsmen,
tion and to carry on activity to an old age tives, service workers, and laborers‘ om
However, in 1954, Social Security benefits The occupational classes are those
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Taprr 134A  Distaisurion of FATAumies rrom Arterioscreroric Heart Disease By Ace,
InDIANA WirTe MaLes, 1949-1953

Age at fatality

Owcupational class  Under 25 25-34  35-44 45 54 55-64 65-74 75-84 8 and over M ages
Percentage of fatalities
Tarm 02 02 119 4 81 16 10 29 94 35 56 12 14 100
Nonfarm 07 64 454 1445 2528 2097 1996 503 100
Tasie 13-4B  Distrisumion of FATALITIES FROM ARTERIOSCLEROTIC HeArT DisEAsE BY AGE FOR
Turee Occuraniovar Grours, 1953-1955
Age of fatality
Occupation group Year  Undes 35 35~ 4551 5564 6574 75-84 85 and over Al ages
Percentage of ‘ataltires
Farm 1953 34 136 45 1420 3078 3461 1403 100
1954 15 177 370 14 80 31 07 34 08 1442 106
1955 00 92 459 1246 2798 3937 1468 100
Professonal 1953 64 550 1364 2419 3163 1931 491 100
Clericat 1954 57 436 1405 2531 3093 1998 475 100
1955 72 392 1407 2453 309 2030 550 100
Craftsmen 1953 14 363 1424 2827 2710 2040 623 100
Operatives 1954 39 518 1554 2413 3036 1941 498 100
Laborers 1955 38 345 1330 2693 2044 19 46 703 100

the Census of Populatron® and they are

grouped as follows-

1. Farmers and farm managers
Farm laborers and foreman
2. Professtonal and technical workers
Managers, officals, and propretors
(except farm)
Clencal, sales, and kindred workers
3 Craftsmen, foremen, and kindred work-
ers
Operatives and kindred workers
Service, private household, and protec-
tive workers
Laborers, except farm and mine

These figures (Tables 13-4A and 13-4B),
of course, reflect the age structure of the
occupation group, The computation of the
incidence rates is possible with some con-
Bdence for fatalities in the age groups below
65 years, Qver 65 years of age the statistics
on the number of people who would be
called farmers or farm workers, 1if they were

to die, are unreliable Owing to migration
mto and out of agriculture the Cokort system
cannot be used without many assumptions
The incidence rates for those below 65
years (Table 13-5) show consistently lower

Tasie 13-5 INcipenceE Rates oF Wwire Mate
FATAUTIES FROM ARIERIOSCLEROTIC HEART DISEASE

1N CErTAIN  Occupation Grours, INDIANA,
1953-1955
Oceupation Aer Group Total
froup Vaar Unda 3§ 3544 &5-84 5561 fatelites
Fotaltis per 1,000 population
Farm 1953 008 057 18 571
1954 004 081 167 653
1955 000 042 208 55¢
Av oo+ 060 187 593 732
Profeamonal 1953 002 072 333 978
Cleneal 195 005 109 406 935
1955 005 076 364 1088
A 004 08 368 000 2027
Crafsmen 1953 007 112 331 BOS
Operawves 1554 097 091 358 892
Laborers 1955 008 091 39 955
A D07 09 362 88 33
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rates for the farm group There appears to
be no consistent difference between the two
nonfarm groups, the one engaged in physical
work and the other typreally engaged in
mental work The nonfarm groups are less
homogeneous in their physical activity Some
error is introduced by the group of the popu-
lation who have left the labor force, which is
2 8 per cent in the 35~44-year group, 5.2 per
cent in the 45-54-year group, and 14 0 per

cent in the 55-6%-year age group. This is
small under 55 years and unhkely to affect
the general trends in the group 55-64-years,
The effect would be to increase the poputa-
ton at rish and so decrease the incidence
rate

PREVALENCE STUDIES

The prevalence of heart disease among low
income farmers has been estimated from the
medical examnations associated with a fed-
eral lending agency ® An over-all rate of 95

TabLe 13-6  Prevatence of Heart Disease v Low Incose Fara FasaLies,

CLINICAL PHYSIOLOGY

TABLE 13-7. CLASSIFICATION OF Resposbents
T0 MaIL Survey, CentraL INptana, 1957

County mumber
2 3 4 5
Sureey population
1450 g 135 1
Classification Per cent
Nonrespondents 239 208 159 4
Farmers 559 658 707 %%
Retired farmers 68 71 42 M
Others 134 63 92 17
Total 100 0 1000 1000 100
Reporting medically
diagposed heart Per eent of
disease farmer yespondenls
Active farmers 115 108 114 14
Retired farmers 250 250 28 2%

had heart disease which had been di:gntzsed
medically (Table 13.7) Of the rgtmd
farmers, 24 4 per cent reported heart disease
presiously diagnosed medically. The average

Fary Secusity

ADMINISTRATION, 1940, TsOLATED AREAS IN THE UNITED STATES

Age groups

2529 30-34 35-39 40-41 45-49 50-54

Prevalence, percentage 8 7
Numbcr 11 sample 150

65
154

11 3
177

75
180

5559 60-64 65 and ove7 Alt ages

95

236
221 s

77 72

1ne
155

129
163

213
89

per cent was reported The prevalence 1s
shown to be over 20 per cent in the 55-64-
year age groups (Table 13-6). The criteria
for diagnoses are not fully described.

As a means of obtainmng a stratified ran-
dom sample for survey in the Purdue Farm
Cardiac Project, a questionnarre was mailed
to farmers 1n five counties 1n Central Indiana
The q and pling p d
were revised after covening the first county,
which is omitted from this | ion The

age of the retired farmers would, of coursts
be greater than that of the active farmers e
Tabulating the response of the aclxs "
farmers in three age groups (Table 13
shows an anthmetic increase 1 the pwpl’z
tion reporting heart discase diagnosed P“;ﬂ
ously. However, the mortality rate incre

ORTING

over-all response to three waves of mailing to
5,867 people was 78 8 per cent Of the 5,867
people, 62 3 per cent were active farmers, 6.4
per cent were retired farmers, and 102 per
cent were in other occupations or had left the
area Of the active farmers who responded to
the survey, 112 per cent reported that they

Tasie 138 AGE OF FARMERS Rer! -
MepicatLy Dragnosen HEART Dlsl\;s;
MatL SURVEY, CeNTRAL [NDIANA,

County 5
2 J
Age Percentage reporting
82
Under 45 68 74 7‘]’ 56
45-64 18 112 12 s 00
65 and over 189 183 1

Gadower W5 13 N7
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exponentially with age (Table 13-5). It is
probable that many of the farmers in the
older age groups with diagnosed heart dis-
ease go into retirement, which may account
for the relatively small increase in the re-
ported prevalence with age. These figures will
be revised in the light of a further review of
the medical records, using specifically defined
criteria

Medical examination of a sample of farmers
65 years old or less drawn at random* from
the respond to the mail
showed that 44 1 per cent of those reporting
heart discase in fact had heart disease.f and
a further 109 per cent possibly had heart dis-
ease This can be extrapolated to the popu-
Iation of farmers that responded to the mail
survey to give a prevalence rate shown 1n
Table 139

Taste 139 Prettvinary EStare o tHe Prev-

ALENCE OF HEART Disease Asona Farmers 1v Four

Caunres v Inotaa; Fpo Susvey awn Mepicat
ExamtvATION

Witk
Wk doubtful
duagnosed  dragnosis of
Aeart dusease heart disease
Percentage of
farmers vesponding

Reported diagnosed cardiacs® 4 § 11
Reported not diagnosed car-

diacs 42 30

Total 87 41

*Reported 1n medically diagnosed heart ducase
in response to mail survey

SUMMARY

The apparently high incidence of cardiac
fatalities among Indiana farmers is attributed

* There was a geographical bras 1n the sampling
technique, gherefore, n the strict sense, the sample
was not drawn at random The extent of the bias
1s thought to be slight

at 15, heart disease withm the cnitena used
1 the Umked States Public Health Service Iong-
term study at F

”

to the high average age of the group com-
pared to the rest of the labor force Of all
employed, the farmer group comprised 144
per cent, but of those employed when over
the age of 65 years, 305 per cent were
farmers

‘The median age at fatality of the farmers
was eight and a quarter years greater than
that of the nonfarmers

The proportion of cardiac fatahties among
farmers occurring m each age group lagged
one 10-year age group behind that of non-
farmers

The naidence rate of fatalities in the farm
group also lagged one 10-year age group bc-
hind the professional and sales 3t
group and the manual and service worker
group

In response to a mail questionnaire, 112
per cent of the farmers reported heart disease
that had been diagnosed medically. Prelim-
mary analysis of the medical examination of
a sample of farmers under 66 years old drawn
from this group showed that 44 per cent of
those reporting heart disease actually had
heart disease and a further 11 per cent may
have had heart discase The prevalence of
undiagnosed heart disease mn the same sample
appeared to be about equal to that of diag-
nosed heart disease
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CHAPTER ﬂ@ ENERGY EXPENDITURE BY CARDIAC AND
NONCARDIAC FACTORY WORKERS*

Herman K. Hellerstein and Amasa B. Ford

INTRODUCTION

A new understanding of the benign out-
look for many people with heart diseasc,
particularly for those with coronary arter-
10sclerosss, has led physicians to permit and
even o encourage physical activity that was
once thought dangerous® For this new
liberality to be applied wisely, however,
sound measurement of the stress imposed by
various actuities 15 needed

In an industrial city, the man with heart
discase often asks whether to continue, re-

* This study was supported by a grant from the
Cleveland Area Heart Society, The authors ex-
press ther grautude to Richard Mackey, Herbert
Mecdoff, James L Phillips, Frank Tiberio, and
Norman Zucker for mmaluable assistance in col-
lecting and prepanng the data and to the volun-
seer subjects and personnel of The Cleveland
Graphite Bronze Company Division of Clevite Cor-
poration, Jack and Hemtz, Inc, and Thompson
Products, Inc.
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his job In answering 0
question, the physician may consider l;:
only clinical and social nformation, bula"
the physiological response to a standard L
ertion such as the Master Two-steP Tl'“. We
have studied this test and found that it
quires an energy expenditure nf.85 C:Y;:;
per minute for one and a half minutes .
rate and duration of energy expenditure ::& i
out of proportion to those of ordinary wo

ing activity Even with more pgolgqs ;
laboratory exercise, as on a treadmill; “:n—
impossible to relate the simulated work si ‘u!
tion to actual working conditions ““h:ds
specific mformation concerning the dﬂ“: .
of the patient’s job. Many measlu‘r('mmsd "
the energy cost of individual acmxncsdaf;m
few studies of emergy cvpenditure :i b:
several hours or days have been collects et
Passmore and Durnin* Howereh ‘lhﬂ
studies apply to normal people 1% o

sume, or change I
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countries and cconamic conditions No
studies have been published of epergy ev-
penditure on the job of patients with heart
dicease. The present study, therefore, was
designed to measure the energy expenditure
of factory workers with heart disease, to ob-
serve various physiologic parameters of car-
diovascular function under actual working
conditions, and to compare the workers with
heart disease with their healthy co-workersin
each particular,

Subjects

A total of 62 subjects was studied on the
Job Thirty-six had recognized heart dusease,
and 26 were normal control subjects A con-
trol subject was matched to each cardiac
whenever a healthy worker of comparable
age and shill could be found performing the
same Job in the same plant

The subjects with heart disease were work-
ing employees of three large Cleveland
manufacturing  firms and were selected
through haing corue to the attention of the
industrial physician in the course of em-

k physical sliness at
reports from prsate physicians
illness  The diagnosis of heart
diease was confirmed by a complete medical

tustory, physical examnation, and standard
twelve-dead el 1, T

work, or
following
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degrees of hypertension and some with
asymptomatic rheumatic heart disease were
not included Twelve of the cardiac subjects
fell into Class I of the New York Heart
Association,® 19 mnto Class 11, and 5 into
Class I Ten of the 36 patients were taking
digatalis at the tume of the study The asverage
age of the cardiac subjects was 506 years,
with a range of 2% to 70 years, while the
control group averaged 415 years, ranging
from (8 to 63 years

The subjects were found to be working
m etery major department of the three com-
pantes These plants manufacture many types
of light and medum weight metal products,
ncluding electric motors and switches, auto-
mobile and aurplane parts, bearings, and
nonferrous metal products The plants em-
ploy a total of 8,500 people and are repre-
sentative of the type of industry that em-
plosed 3% 3 per cent of the working popula-
tion of Cuyahoga County (Cleveland) in a
1916 sunvey ¢ Specific jobs studied ranged in
shill from janmitor to shift foreman and elec-
tronics tester, and in energy expenditure
from planming clerk to stationary engincer
and stoch picker {warehouseman) The types
of jobs studied are hsted 1n Table 14-1

Tane 141 Scapeers wint Heant Distase
Crassiren 5y Tees oF Jobs

of the 36 patients with heart disease werc
evaluated at the Work Classfication Clinse
of the Cleveland Arca Heart Socety, where
dd 1ab y studies including fluoro-
scopic examination, ballistocardiogram, and
the two-step exercise test were performed

ARl the subjects were men except for one
woman, who had arteriosclerotic heart dis-
ease, Among the cardiacs there were 25 with
arteriosclerotic heart disease, of whom 20
had old myocardial infarcts confirmed by
electrocardiogram  Four subjects had hyper-
tensive cardiovascular disease, five rheumatic
heart disease, one luetic aortitis and anen-

Mueellantous, & subjects Uachns Operatars, 7 subyecs

Boxmaker Drdl press operator 2
Laundry enb supervisar rubjects

Plannung clerk

Too crib auendant
Beach workere, 8 subjecu

Seatfing machine aperator
Ser-up burnsshiog prevy
Stub Tathe aperator

Assembler Tool grindes
Clutch tesier Turvet fathe operator
Electeonues tester Mantenanct Workers, T rubjects
Gauge reteer Tanwor
Light awsembler, 2 subjects Mamienanee elecincian
Aultvmght Macron
Sampee Painter

Foremen, ¥ subjects Plant guard
Foreman Suaonacy engincer
Tnspector Welder
Lead man (foreman) 8 arehowemen. 3 subgects
Mamtenance superyor Stack picker

Shafc foremau
Supervison, 2 subyeets

Tysm, and one possible 1 heart dis-
ease It is probable that most of the em-
Ployees with symptomatic coronary artery
disease in these three industries were studied
Undoubtedly many individuals with varying

Methods

Each subject reported to the company
dispensary 15 minutes before the beginning
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of the shift on a typical working day. The
purpose and methods of the study had been
explained to each subject at least a day
previously Height and weight were meas-
ured, and four copper electrodes were taped
in place on the chest in the V, and V,
positions on right and left sides Lead wires
passed through the shirt collar to a socket
attached to the subject’s belt, where they
could be connected to a Sanborn direct-
writing electrocardiograph when desired A
pedometer was adjusted and fastened to the
subject’s belt. An Air Force half-face oxygen
demand mask was carefully fitted. The mask
was arranged to permit inhalation of room
air From the mash, expired awr passed
through a plexiglass valve and rubber tubing
to the Kofranyi-Michaelis respiratory meter 7
The meter, which together with mask and
tubing weighs 36 kg, was either worn like
a knapsack or placed on a table during
scdentary observations While the subject be-
came accustomed to the mask, obsenations
were made of the blood pressure and electro-
cardiogram A 5.minute aliquot of expired
arr was then collected, and pulmonary venti-
lation was read from the meter m order to
determmne  resting  oxygen consumption
Respiratory rate was measured during the
collection pertod The mask and meter were
then removed, leaving the electrodes in place,
and the subject was accompanied to his place
of work
A detailed log was kept of the exact du-
ratton of each activity in which the subject
engaged during the day. Five-minute sam-
ples of expired air were collected for the
purpose of measuring energy expenditure
during each activity, after at least 5 minutes
of performing that activity, while wearing
the mask and meter Electrocardiograms
and respiratory rate were recorded as the
sample was being taken, and the blood
pressure was measured either during or im-
diately after the di At least
three observations were made of energy ex-
penditure at rest {before work, in mid-
shift, and just before the end of the shift).
Multiple observations were made on any
activity that occupied more than an hour of

CLINICAL PHYSIOLOGY

the subject’s time. Five to nine (averag
seven) samples of expired air were ol
lected during the day. The specific require-
ments of the study took about an hour from
the regular working time, but in no cae
did a worker fail to meet a quota for the
day or show other objective evidence of
hampered efficiency or productivity on ac
count of the study. Additional observations
were recorded: of the individual in terms of
personality, working methods, and motiva
tion, and of the job in terms of sk'xl},l e
sponsibility, adverse working conditiors
apparent effort required, and pay-

Samples of expired air were translerred
immediately from the buty! rubber collect
g bag to glass sample tubes, where they
were stored under positive pressure of mer
cury and thus transported to the laboratoy
Analyses for carbon dioxide and osigc
content were performed with ‘lhe Scho-
lander micro gas analyzer.® Duplicate dem?;
minations gave a mean difference of UP
volumes per cent (SD. [standard devi2
tion] of the differences = 006 volumes per
cent) for carbon diowide and 003 volumof;
per cent (SD. of the differences=0 '
volumes per cent) for oxygen. The volum
measurements of the respiratory metet,
compared with a 100-liter Tissot sP‘f"mﬂﬂ
at rates of flow of from 10 to 50 Iters P":
minute, gave a mean error of 1.3 per ":‘o
of the total. The maximum resistanc? ’
breathing offered by the meter at lh”v
flows was 2.0 cm. of water Ouge® “’2
sumption was taken as the product "
ventilation and oxygen utilization (P"C:ng!
age of oxygen in room air minus P""“l:d s
of oxygen in expired air), and comef e
energy expenditure  (in kﬂocnlams‘hﬂ"
minute) according to the data of Ca -
and Cuthbertson® All volumes Weie b
duced to standard conditions {0° cé rt
mm Hg, dry). Rates of energy expen l;:!a
were expressed without deducting 2 s
or resting value. Energy cxptnd\‘““’sinu
not divided by body surface area, i
these quantities have not been Sho;;'zn"‘
bear a constant relationship during &
types of activity ™
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OBSERVATIONS

Enargy Expendifure

‘The average rate of energy expenditure
of workers with heart discase was 197
Calaries per minute (SD. 048 Calorres
per minute), or a total of 997 Calones
{SD 245 Calories) during the 8-hour
work shift A higher rate of energy expendi-
ture, 2.29 Calories per minute {(SD 064 Cal-
ories per munute), obtained during actual
working time. The figures for the control sub-
jects were higher but were not sigmficantly
different as judged by the ttest’” using a
probabulity level of 5 per cent {t=106,
p=<.4). The data are summarzed and
compared with resting values in Table §4-2

Tasiz 142, Avisact Raves ov Taekos
EXPENDITURE
{Calories per muinute)

36 Cardiacs 26 Controls

Avcrage SD  Aterage §D

Atrest 130 025 140 020
Dunng shift 197 045 213 045
Dunng actual work 229 064 251 068

3

4 8 7
msc BENCH FOREMEN
WORKERS
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The encrgy cost of individual jobs increased
as the work invalved the use of progressively
larger muscle groups {(Fig. 14-1). There
was a progression from sedentary to am-
bulatory, and from handwork to work in-
volving leg, trunk, and shoulder muscles.
The same pattern was evident among the
contral workers In both groups there was
considerable overlap between categories of
work The energy cost of this factory work
was remarhably low Only in the mante-
nance and warehouseman groups were in-
dinduals found whose average rate of
cnergy expenditure equaled twice the rest-
ing level

Maximum rates of energy expenditure
varted from individual to individual but
were <eldom excessine (Fig 14-2) The non-
cardiac workers had shghtly higher maxi-
mum energy expenditures (average peak of
345 Calones per minute) than did those
with heart disease (average peak of 304
Caloties per minute) However, when each
subject was compared with his matched
control, the differences were not statisticaily
significant (=156, p= <« 2} Different

ENERGY EXPENDITURE DURING SRIF T
{36 CARDIACS)

4
MACKINE

T 3
MAINTENANCE WAREMQUSE-
OPERATORS MEN

WORKERS

Fig 141 The encrgy cost of 1ndwdual jobs m 36 cardiac employees Note the increasing en-
<1gY expenditure as pragressively larger muscle groups are used
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DISTRIBUTION OF MAXIMUM ENERGY EXPENDITURE

- CARDIACS
:l CONTROLS

NUMBER OF SUBJECTS
°
1

00-09'10-19120-29'30-3.9'4.0-49'50-59'6.0-657.0-7.9
CALORIES PER MINUTE
Fic 14-2 Maxumum rates of energy expenditure in 36 cardiac workers and 26 noncardiac ;0"
trols Although the maximum energy expenditures were slightly higher in the nonc?rdlac emi:e)d
daff 1 fi when each subject was compared with his mat

ces, the were not
control,
: APLANNING CLERK
) CONTROL
: - NN T
°! ! ! ' ! ! ' ' 0
CARDIAC
: Fic. 14-3 Two basic p:mrm:
S of energy expenduure. 4 EA;‘
: rate mamtained fauly sted n‘yh
6= CONTROL B High peaks alternati’g W
: inacti The frequenty
“ jnactive pertods i
- and duration of rest per;e"
o taken by the cardiac ®OF o
= and the controls »as not sig»
s cantly different
o
a
< g+ CARDIAC
o
Amlnl
0, [l il i ' . . , \
1 2 3 4 ! ] s !

HOURS
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jobs required different patterns of energy
expenditure. In each job, the magnitude
and duration of cnergy cxpenditure and se-
quence of tasks were conustent and were
not modified by the prescnce of heart dise
ease in the worker Two basic patterns were
cbserved (1) a low rate of energy expendi-
ture maintained fairly steadily, and (2)
hizh peaks of encrgy expenditure alternat-
ing with inactive periods Examples of the
two patterns are shown in Figure 14-3 The
magority of jobs studied resembled the low
steady pattern. Only 13 subjects had peads
of energy expenditure abose 40 Calories
per minute, The workers oo}, an averaze of
nine to ten breaks during the shift, for an
mverage total of an hour and threc quarters
This time includes breaks, rest penods, and
meals, but not time away from worh neces-
sitated by the study procedures. Agam, no
sigmficant difference 1 the frequency or
duration of rest perjods was noted in com-
parmg the cardrac workers with their con-
trals

The specific tvpe of heart disease showed
no influence on the amount or pattern of
encrgy expenditure when paired subjects
and controls were compared within diagnos-
tic categories In the largest category, that
of arterioscleratic heart discasc with pre-
sious myocardial nfarction, the average
rate of energy expenditure was 1dentical for
the 23 patients and 17 controls, namelv 1 94
Calories per minute The other diagnostic
categories were small {one to five paus), so
that comparisons within them are of hmted
value,

PHYSIOLOGIC PARAMETERS OF CARDIO-
VASCULAR FUNCTION

Chnical observations and physiologic data
were analyzed for ewidence of stress that
might distinguish the response of the sub-
ject with heart disease from that of hus
bealthy co-worker, or that mught he con-
sidered injurious to the cardiac patient

Blood Pressure

The average svstohe blood pressure at
fest and at work was highes m the cardiac
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group than among the controls, but the
duastolic blood pressures were nearly identi-
cal The dufferences in systolic pressure were
statistically significant and were probably
the result of the significantly greater age of
the group with heart disease, rather than
the melusion of patients with hypertension
since there were only three of the latter
{Table 14-3)

‘TasLF 143 Ace anp BLoop Prrssure

X6 Cardiacr 26 Cantruls
Aver- Avere
e SD o SD P

Age (vrar) 06 04 415 23 <O
Systolic blond pressure a1 rest

(o Hgs ws 2 w22 v <os
Duastalic Lood pressure at res¢

(e 10) LTI TR T
Maxwmua syoate biood prey-

sure at work \om Hel 1 » M » <o
Aanimun disscatsc blood res

sure 1 werk fmm R L

None of the cardiacs developed a working
blood pressure higher than 1847100 mm
Hg except for two patents with hyper-
tension and two with aortic insufficiency

It may be noteworthy that the subject
whose blood pressure rose to 184/100 mm
He at work was a §2-.yearold man who
had previously recavered from a myecardial
infarction and who died suddenly 3 months
after the study None of the control subjects
developed o working blood pressure hugher
than 162/108 mm Hg except for threc who
were found to have previously unrecognrzed
hypertension at rest (diastolic pressure over
100 mm Hg)

The average maximum increase of blood
pressure was 17 mm Hg systolic and 8 am
Hg diastohc for the cardiacs and sfightly
less for the controls {Table 13-3).

The highest blood pressures recorded dur~
mg the working day coincided with maxi-
mum encrgy expenditure i only 26 per
rent of the total cases and in only one of 13
subjects, whose blood pressure during work
rose above 150 mm Hg systolic or 100 mm
Hg diastolic During performance of factory
work in the study, therefore, the blood pres-
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sure response elicited was small in the nor-
motensive cardiacs and controls and prob-
ably not harmful In known or unrecognized
hypertensive subjects, however, although
the increment was similarly small, it is pos-
sible that the levels reached in certain sub-
jects might have structural or functional
significance,

Pulse Rate

The average pulse rate increased from
8¢ per minute at rest to an average maxi-
mum of 102 per minute during work Sinus
tachycardia (over 110 per minute} occurred
in 17 subjects, 10 controls and 7 cardiacs
In 7 subjects the sinus rate was 120 per
minute or more. Three were control sub-
jects, all of whom had resting pulse rates
over 100 per minute: two had previously
undetected hypertension, and the third was
obese Two of the four cardiac subjects had
high resting pulse rates A third subject
developed the highest observed pulse rate
(136 per minute} He was a 59-year-old
man with rheumatic heart disease and pre-
dominant aortic stenosis, classified II C
This subject died suddenly four months
after the study The marked tachycardias
were disproportionate to the rate of energy
expenditure, since they occurred at rates of
18 to 43 Calories per minute In general,
there was poor correlation between pulse
rate and energy expenditure at the rela-
tively low rates of this study. Even at the
highest levels studied, the maximum pulse
rate coinaded with the maximum rate of
energy expenditure in only 35 per cent of
the cases, This type of factory work, there-
fore, elicits only a moderate increment in
pulse rate Under the conditions described,
a working pulse rate in excess of 120 per
minute suggests an undetected or inade-
quately treated cardiovascular abnormality,
sustained anxiety, or limited cardiovascular
reserve.

Respiratory Rate

The average respiratory rate in the car-
diac group was 16 4 per minute at rest and
22.7 per minute during maximum exertion,

CLINICAL PHYSIOLOGT

while the average pulmonary ventilaton
rose from 8 7 liters per minute to 169 litens
per minute The figurcs were slightly higher
for the control group, but the difference
was  not statistically significant when
matched pairs were compared The highet
individual values for respiratory rate and
pulmonary ventilation were correlated with
high rates of energy expenditure rather
than the specific cardiovascular abaor-
malitics noted in association with high blood
pressure and pulse rate.
Oxygen Utilization

Oxygen utilization is the number of mall-
liters of oxygen removed from each 100 m!
of air breathed, and equals ten times the
reciprocal of ventilatory equivalent. Onygen
utilization normally rises with exercise In
the cardiac group it increascd from 310!
of oxygen per 100 ml of air at rest to 38
ml of oxygen per 100 ml of air Both
figures were slightly higher in the c?n'».l")I
group, but the difference was not SXg“.lﬁh.
cant. As with pulmonary ventilation, hig!
individual valucs occurred during high 13t
of energy expenditure

Electrocardiographic Changes

There were remarkably few ele
graphic changes The method of elec
placement yrelded information only in
horizontal plane, ie, on the # and z @
equivalent to RVs, V, and Va "

In the cardiac group, there were twe P -
tients with atrial fibrillation, four with ‘"0‘
tricular premature beats, and three ca?in'
atroventricular block (one, prolonged P- i
terval, one, second degree A-V block “‘:‘!
Wenckebach phenomenon, one, 0T
A-V block)

During worhk, the premature beats P
sisted but did not increase in frequenc e
four additional cases, rarc ventricular (r;m
mature beats appeared Three of the -
subjects had shown an abnormal resp?! "
to the Master exercise tolerance test P;d
formed previously. The prematur® bcntsndl.
not appear with maximal cnergy.e“Pf'
ture. Three subjects showed primary

ctrocardio-
Jectrode
the
IS,

per
in
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wave changes (change in angle QRS-T)
dusiag the working day. Two of the three
subjects aho bad abnormal blood pressure
response One of the two mentioned above
had a maximum abnormal pulse rate re-
sponse, and died later at home in bed

In the subject with second degree A-V
block  {Wenchebach phenomenon}, ven-
tricular premature beats appearcd and the
phenomenon became more prominent In
the subject with third degrec A-V block
the pulse rate increased from 56 10 a
maddmum of 58 per minute although the
energy evpenditure ranged from 187 to
2 49 Calorjes per mumute

The control subjects all had regular sinus
thythm Two subjects had ventricular pre-
matisre beats at rest that dhappeared i one
individual during work Primary ST-T wave
changes occurred mn three cases at Jevels of
energy expenditure of 18 to 28 Calones per
minute

The clectrocardiographie  changes  in
cardiac and control groups were sumilar ex-
<ept for the appearance of ventnontar pse-
mature beats, which dunng worh occurred
only in the cardiac group The low madence
of ST-T wave changes at thus level of work
in these subjects is not surprising since only
23 per cent had shown abnormal or border-
hine response to Master's exercise tolerance
test, which requires larger expenditures of
energy.

GISCUSSION

How representatve are the jobs studied?
Although not selected for statistical pur-
poses, the jobs appear to be typest of these
held by o third of the total worhing popula-
tion of a large dustral city, and by 2
large percentage of working cardiacs studied
at The Worl Clasufication Choie of The
Cleveland Area Heart Society The jobs
fatiged from menzat to managenat and from
sedentary to active, and wese distributed
throughout all departments of these three
metal manufactuning plants

The energy cost of the type of work
studied 15 remarkably low in relation to

119

other human activities A champion athiete
can maintain an energy expenditure of 265
Calores per minute for several minutes dar-
ing a two.mle run or shiing *%¢ Taylor,
Bushirk, and Henschel® found that a group
of healthy but untramed young men could
achieve a mavimum rate of energy expends-
tre of appro<imately 18 Calones per minate
on a teadmill These rates are obviously
unrealistic in relation to the reguirements of
datly work Passmors and Durain,* reason-
ny from thesr own data and those of Ger-
man workers, conclude that 5 Calories per
minute during working hours  “probably
represents the upper rates of daily energy
expenditure that can be mamtained regu-
tarly m heavy mdustry ” Garry and his as-
sactates,'® uang methods similar to those of
the present study, found the aversge rate
of energy expenditure by coal miners duning
the underground shift to be 43 Calones
per munute ¥n the same study, clerhs at
the mine had an average working rate of
17 Calores per munute In the present study,
the average rate of encrgy expenditure was
maore comparable ta the latter group Dur-
ing the working shift for the entire group
of cardics, the rate was 197 Calones per
minute, ranging from 154 Calories per
muute for the miscellancous group (plan-
ning clerk, tool and faundry enb attendant,
ete) to 235 Calones per munute for the
warehouseruen (stock pickers) (Fig. 14.1}

The energy requirements of these jobs,
therefore, he in the lower range of possible
sustaned energy ontput ¥n fact, the workers
may expend energy on the job at a lower
rate than they do when not worksng! This
surprising conclusion 15 based on the find-
mgs of Garry and his co-workers® that,
dusing the eight nenworking, waking hours,
1400 Calories or 296 Calories per mnute
were expended by coal miners and clerks, a
rate that is higher than the average working
rate for any of the groups m the present
study The low rates of energy expenditure
at work ate not attributable to heart disease
as such, since no statistically significant dif-
ference in either aversge or maxmyum rate
could be demonstrated when the cardiacs
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were compared with healthy men perform-
ing the same job The subjects had not been
downgraded to less difficult jobs because of
developing heart discase, according to the
industrial physicians, consulting phystcians
(Work Classification Clinic of Cleveland
Area Heart Society), and personne! man-
agers Furthermore, there were cardiac
worhers in all departments and types of
work in these industries with the single ex-
ception of nonferrous metal casting, where
excessive heat may mmpose a serious burden
on the cardiovascular system **

Granted, then, that the energy demands
of such factory work are not great, does the
worh nevertheless impose dangerous stress
on the cardiovascular system of workers
with heart disease? Certain individuals have
been cited above who, in spite of the rela-
tively hight character of the work, deseloped
heart rates of over 120 per minute or blood
pressures of over 184 systolic or 90 diastolic,
and electrocardiographic changes These
physiological alterations may have variable
significance  When they occur singly and
nfrequently, as in the control group, they
may be msignificant or secondary to obesity
or bemign essential hypertension The con-
currence of several abnormahues in the
same subject is probably significant Their
occurrence i two subjects who died un-
expectedly within four months of the study,
howeser, suggests that they represent an
encroachment upon a diinished cardiac
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requiring average peaks of 343 Calories
per minute, or average sustained effort of
only 2 Calories per minute The carda
who does show an abrormal step tet re-
sponse may, nevertheless, be able to perfom
at the rates of energy expenditure descnbed
The decision to return such a cardiic 1o
work may be simplified by the realzsten
that merely hecping him at home without
further restriction may not reduce bs
energy expenditure below that required by
work The patient’s work may, of coune,
entail forms of stress other than thoee
measured in calories, but emotional axd
personal problems may be aggrasated, ~:md
are seldom solved by heeping 2 worker idle

The application of energy studies to the
problems of heart disease is a new ﬁrld
Considerable data exist but deserve wider
application.* The energy requirements o
additional types of activity (agricultural
industrial, domestic, etc) are needed _fDY
better 1ocational counseling of the patient
with heart disease. More extensive sunes
will be posstble in the future with aut?mam
equipment to 1ccord pulmonary x'cnn]anon-
The use of pulmonary ventilation a3 &
index of energy expenditure has been sug
gested by Durnin and Edwards,!* and con-
firmed and extended by analysis of th gﬁ;ﬂ
of the present study reported elsewhere.™ In
work more strenuous than that sludwdihﬂ:oy
it may be possible to use energy stuj{:s"
del the pattern of energy €\Per itures

reserve It would be desirable, although not
presently practicable, to monitor sexeral
parameters of cardiovascular function in the
average cardiac at work, 1n order to detect
such evidence of stress, Standardized exer-
cises such as the Master Two-step Test may
be used to elicit such changes n the office
or laboratory. It is important to recognize,
however, that the Master step test calls for
the expendrture of 85 Calories per minute,
a rate in excess of any peak observed in
any of the workers studied * Certainly, an
individual with heart disease who can make
this exertion without developing excessive
heart rate, blood pressure, or abnormal elec-
trocardiographic changes would not be ex-
nected to show adverse effects dusing a job

and eliminate or redistribute peaks ©
excrtion in order to adapt the job betier 1o
the worker e

Two major problems persist
solutions a:e nit readily apparent The fu;
1s the definition and measurement of lﬁ
types of stress other than simple eneri)m -
penditure that make a job hard. The s e
is the definition and measurement of faugui“
It is unhhely that any of the \\.uxklet’!“'
this study could hase been ph}flf;] ‘m‘
hausted by the expenditure of 3 the®
calories during an 8%} hour shaft. Ye b
were undeniably tired The physi® : "
basis of this symptoms in the cardiac a}vum_
relation to disturbed Cardmmscuhr[ ol
tion constitute an important field for 1V

0 which the



ENIRGY EXPENDITURE BY CARDIAC AND NONCARDIAC FALTORY WOAKERS

imestigation, quite apart from the study of
fatigue in the normaf subject

SUMMARY

Sixty-two subjects, 36 with heart disease
and 26 healthy controls, were obsersed dur-
ing a normal working day in three metal
manufacturing plants The workers are con-
sidered representative of at least a third of
the working population of 5 large indusuial
aty Their average rate of energy expend.
ture during the shift was of the order of 2
Calories per minute, a low rate, comparable
1 that observed during nonworhing actis-
ties The maximum rate of energy expendi-
ture tarely eveeeded twice the resting rate A
few subjects with heart disease desefoped dis-
orders of cardiovaseular function in terms of
the blood pressure, heast rate, or electro-
cardiogram that may have had senous prag-
nostic significance

Modern factory work of the type studied
requires low rates of enetgy expendiure
and &t well within the capacity of a patient
with heart disease who is not acutely 1t or
severely decompensated
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CHAPTER ﬂ5 THE MEASUREMENT OF CARDIAC PERFORMANCE
IN OSTENSIBLY WELL, OLDER INDIVIDUALS

Milton Landowne

In the selection of effective tests of cardio~
vascular performance for use in employ-
ment of persons with cardiac disease, it is
valuable to compare results obtained in
known and suspected cardiac patients with
results obtained 1 ostensibly well, working
subjects, as well as in the rarer subject with
ideal or optimal function The more specific
measures are not readdy available for this
purpose Some procedures present serious
technical difficulties to wide application In
ather specialized procedures the indications
do not always outweigh the esumated in-
convenience and nisk and the use of these
methods 15 limited to selected material. On
the other hand, mcasures that are con-
venient and accurate may have little
specificity and their interpretation in quan-
titative terms is limited Such indexes may
be useful for group evaluation but in an
individual instance they are open to vahd
criticism

Our laboratory has been interested in the
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description of phystalogical behavios of sub-
jects who are characterized primarily a8 ‘(o
chronologic age and secondarily as cnicd y
free of disease pertment to the funcl.lofIV;
system under study The intch"f‘"”" ";!
our findings on ostensibly well suhj'ects Wil
in some measure depend upon the infloence
of what may be called impertinent diseasé—
that which is clinically unrecognized o u:
evaluated Because the influence of o
climeal functional or structural diseas® m::\
be a dommating agewise variable in lhcht:\c
culation of ostensibly well persons, I o
been particularly interested in the SPm
ficity, sensitivity, and rehability of measu! 1
used to cvaluate cardiovascular fﬂffC“o;:Nc
shall try to invite your discussion In "qn
related arcas These are (1) the estmats
of cardiovascular performance at ."f" (or
the use of expressions for P“’d““ol:; ood
determinations of cardiac output from o
pressure data, (3) the evaluation fvf car
vascular performance duting excreise.
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ESTIMATION OF CARDIOVASCULAR
PERFORMANCE AT REST

When cardiae output was measured in 2
group of ostensibly well males by Dr Brand-
fonbrener,) we noted a moderate scatter in
the values This was shown by the standard
deviation of distribution, which was about
one third of the mean value {Fig 15-1)
Techmeal variability of the dye dilution
method used accounted for tery httle of
thrs Bedy size and heart rate wariation ex-
plamed some of the differences between in-
diaduals, and a systematic decrease an strohe
index with age accounted for part of the
temaining sarabihty (Fig. 15-2) Desenb-
wg this agewise relanon does not explam
it It could be argued that the agewne de-
crease n output was due to subchmesl
cardiosascular disease or to functional im-
parment This is 2 good possibtlity since it
is hikely that the inadence and the severity
of cavdiovascular disease increase with age
esen more for the unrecognized than for the
chinically reeognized forms Lacking a po-
mary standard of optimal cardtovascular fune-
tion, we used two additional relations to
judge the capabity or adequacy of per-
formance 2

The agewise merease 1 the relationship
of pressure to flow, expressed as peripheral

y evplamns a dech
output as the slmp]e consequence of a de-
creanng vascular bed Qa the other hand,
the reduction in output results mn a reduc-
tion an caleulated feft ventncular work at
rest and would scem to represent the re-
duced respanse to 3 reduced demand Left
ventnealar work was estimated as the prod-
uct of stroke volume and average systohic
Pressure The latter was obtamed from the
ares under the brachial pressure curve dur~
my systole, Systolc termination was judged
as the pomt of most rapid pressure declne
after the systolic peak When stroke work
was expressed in relation to heart size, the
vanabifity (28 per cent) was no greater
than that noted for a critically studied senes
of young normals

Howeves, cardiac size was not decreased

OLOER INDIVIDUALS

67 NON-
CARDIACS

[N N TE
CARDIAC
QUTPRUT

L R S A A T S e |

le tor
CARDIAC
INDEX
lll(‘(ailllé‘llll
STROKE
i INDEX
TR I
STROKE
INDEX
RELATIVE
TO AGE
Py L]

T T
o tor
Fic 15-1 Among an apparently homageneous
group of normals, the resung cardiac output
vanes considerably {74 == 32 per cent) Thus dise
gessian 15 progressely reduced when account
15 taken of differences m body size {carduac in-
dex}, of heart rate (stroke mdex), and of age
{stsohe sadex relative to age}) A good deal re-
maws, to be called mdmdual vanability {e¢ =
23 per cent), despite these attempts to narrow
the categorical hmuts of mormal {Data from
Brandfonbrener, Landowne, and Shock '}

wrth age, therefore work dimunished refative
to cardiac size in some subjects In addition,
systohe duraton increased and, in comse-
quence, the rate of strole work of power
decreased wath age. These indexes, work/
heart size, and power not only indicate a
decrease in the performance of the Jeft
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Fic 15-2, Relation of resting stroke index and age for 67 chmnicall

H
50 70 g0 S0
Age yeors

y well males (From Brandfon

brener, Landowne, and Shock,* reproduced by permission).

ventnicle with age but, unless the end
diastolic left ventricular pressure were re-
duced, which is unlikely, they indicate a de-
crease in reserve or capability as well.

The above analysis shows an agewise de-
crease both in capability and in circulatory
requirement in the same material Even if
this is appropriate to the group, it does not
follow that the individual characterization
of work/heart size or of power is a suitable
estimate of individual cardiac ability. Some
other measure of cardiac reserve should
serve as a standard for individual com-
parison and the cardiac response to exercise
has been suggested for this purpose

DETERMINATION OF CARDIAC OUTPUT
FROM BLOOD PRESSURE DATA

Because the dye dilution method limits
the number of output determinations that

can be made in a subject durmg an exercise
ave examined several othes
§ cardise ut
essure

peniod, we h
means of obtaining measures O
put The relation between bkzod Pr .
and flow is essentially determm?d, b)’ o
propertics of resistance and dlstcnsﬂ?l‘ﬂ)’“
the vascular bed If the latter were k“"“;m’
the flow or output might be dcmedu:ind
the blood pressure In our study °f‘r di:
output? we had calculated 2 v?\uc O‘N

tensibility (E). This value provided 28 ¥
the encouragingly lgh age m{reht“’mm_
efficient of -.76. This correlation 1§ .
tically highly significant. 1f it had bff:" }:hs'
fect, a prediction of individual nneln o
tensibility could be made accum\:yo( i
the individual's age. The accul:al)" o it
prediction depends upon the vfmbnh 3n

is not age-dependent. This i sho¥

by

P rrels-

Figure 15-3, which is 2 Plot (:f/ghft“%‘ he
tion coefficient (r) against 1 a
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fraction of the standard deviation of the
group that is independent of the correlation
For a correlation coefficient of 98 the
standard deviation about regression, a
measure of the age independent variabikity,
would be 20 per cent of the standard devia-
tion, f the group were considered wath-
out regard to age For a corrclation co-
efficient of ,76 the age independent standard
deviation woufd be nearly two thirds of the
standard devistion of the group And of
cardiac output swere calculated from the
blood pressure using the distensibility pre-
dicted from the subjects age, the same un-
certainty would be present In this case only
half of the individuals would have predicted
values within =20 per cent of the measured
values
The statistical fact that the standard
deviation about regression remams sizable
even at high correlation cocfficients is thus
one of the Himitations to individualizing n-
btained for 3 data
Sinte empirical formutas for cardiac out-
pu! are totally dtpcndent upon correlation
may fre-
quently he xnnccumtc For example, one of
the expressions proposed by Starr fer the
prediction of strohe volume from blood
pressure and age* was tested on our material
and revealed considerable vanable as well
as absolute discrepaney The error of pre-
diction was greater than =20 per cent for
63 per cent of the subjects The average
diserepancy was 26 per cent but this can
be reduced by adjusting, the cnnsmm term of
the formula The of the
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Fic 15-3 Relauon betseen the correlation

coefficient {r} and the fraction of the standard
deviation of the distnibution which 15 ndependent
of correlation {4/ — 7}

volume fram age for this sunple expression
would be expected to exceed 20 per cent
36 per cent of subjects

We next considered whether individually
determined parameters might be used to
mterpolate  cardiac output between two
determunations and examined the factors
relating pressure and flow more closely The
exp for artersal bihty (E} was
based on a simphfication of the famliar
model that assumes a constant central dusten-
sibilty (E) and pempheral resistance (R)
duning chastole  Under these condions the
diastolic fall in blood pressure would be ex-
ponential, at a fractional or Joganthmc rate
! ined by E/R, the ratio of distensibihty

ducrcy.mcy between predicted and d

2 The used was to

stroke volume was 24 per cent of the ob-
served value Adpusting the constant term
to elimmate the average error would still
leave an error of greater than 20 per cent n
40 per cent of subjects In less homogeneous
material, even greater vanability in dis-
crepancy would be anticipated

The simplest basis for several empirical
{ormulas conuiders pulse pressure to be pro-
portional to swole volume This rato in-
wreases significantly wath age, in our ma-
teal the error of estimation of stroke

consider the pressure fsﬂ as Jmear and to
obtamn the desired fractional rate from the
average rate of diastolic pressure fall dnided
by the mean diastolic pressure The product
of E/R and the mean blood pressure 15 the
expression EF, where F is flow, since R 1
the ratio of pressure to flow At rest E would
be expected w be constant, while the obe
served vanabihity of F was about § per cent
EF was calculated from blood pressure curves
for 54 rephicate parrs The standard deviation
of rephcates was 11 per cent, indicating a
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good degree of reproducibility of E by this
method

We, therefore, were encouraged to exam-
me the diastohc pressure curve and the ex-
pressions used more closely. Under resting
conditions, the degree of approximation of
diastolic pressure curves to an exponential
form was examined by curve-fitting tech-
niques applied to enlarged accurately ob-
tained records of brachial, femoral, sub-
clavian, and aortic pressures An equation
of the type p = poe*! + p, provided an ex-
cellent description of diastole in most trials,
the standard deviation about the fitted curve
was often less than 1 mm Hg ®

Seven expresstons relating output to the

1 were examined
Jdity, There w3
he theoret

rate of diastolic pressure fa
and tested for reproductb
little difference among them TI ol
ically preferable expression was then *C'S:d
on a series of 19 subjects EF was obtain
twice for cach subject from the averase ;’
three beats each These pairs showed a st" {
ard deviation of 14 per cent. In 2 scr:i::.
six subjects, replicate cardiac ou!p!f;h edlS'
munations provided a measure of F ]ee o
crepancy between predicted second valu! M
F and the obscrved flow ranged from o
to 8 per cent Attempts were made' to tplfu‘l
these expressions to exercising Cofld\ﬂ(m
were discouraging. During exercie,

diastolic
ily de-
pressure cumes are not satisfactorily
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scribed by simple exponental funetions and
beat-to-beat variation is marked The ex-
pressions used to estimate strohe volume
fram blood pressure a1 rest become mappl-
cable during exercise in our hands

CARDIOVASCULAR FERFORMANCE
DURING EXERCISE

Earher obsenvations® that the mcrease
cardiac output durtag muscular exercise was
propartiomal to the acc ing increase
m oxygen uptahe hase been amply corrob-
orated by succeeding studies with newer
techmques  This proporuonahty has been
proposed as a measure of the cardwmc re-
sponse to exercise Resting vanabihity, m-
cluding the nonbasal state, and the rela-
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tinely small increases m oxygen uptake at
low rates of exercise, make determination of
the rabo (mercase n output/increase in
avygen uptake) somewhat variable Donald
and s used the informati
from a group of subjects during exerase to
construct a regression of cardiac index on
oxygen uptake during exercise Figure 15-4
presents composite data to show thus regres-
ston, and its relation to resting values and
1o the data of others

The extraction of oxygen from blood by
working musele is far more complete than
for the average body tissues at rest, there-
fore exercise leads to an increase in A-V
difference for the body as a whole Let us
roughly consider the arculation and oxygen
uptake during exerase as if they were sep-

LY. STROKE WORK iNDEX, gmm/[bear m x 52)

-~ EXERCISE
RESTING .~
L = .
-
- data From*
o Donale etal 1955
20hk o Dexter ~ - 957 |
« Ritey « « /748
1 n L 1 S bk L Lk
A 3 & £ B0 @

2
OXYGEN UPTAKE, L.fmin-m?

Fi¢ 155 Relation between left ventneular strohe worh imdex and oxygen uptake at yest dunng
exercsse in 30 normal subjects Composite data from several sources Solid regression bine repre-

Sents exercise data as
Dashed tmes ericlase atl but one observanon

Stroke work mdex {gm m/beat m’) =100 O.**” (L/mm m?*)
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arated into two areas of supply, one to the
exercising or “worhing” area, and the other
to the resting or nonworking remainder. The
increase in osygen uptahe represents the
oxygen used to meet the needs of muscular
activity; it parallels roughly the amount of
muscular activity. The increase in cardiac
output will supply part or all of this oxy.
gen increase to the muscles. The ratio
Inereast 2 Ve herefore reflects a hypo-
Increase In output
thetical A-V difference in the working area
The average change in output observed by
Donald and his co-workers during exercise
was 5.34 m) blood per millliter change in
oxygen Expressed as the reciprocal, the
average “A-V difference in the worling
area” was 187 volumes per cent It is un-
likely that the aserage desaturation of arte-

CLINICAL prYSIOLOGY

rial blood in the working area is as complete
as this and diversfon of blood from abdem
inal organs is hnown to accompany mus
cular exercise. However, the assumption of
cornplete unsaturation of blood provides 21
estimate of the minimal diversion of blood
from nonworking to working areas Esi
mates of minimal diversion in relation to the
cardiac output and blood pressure provde
approximations of the minimal vascular fe
sistance of the nonworking area This af
fords a perspective of the adjustments 10
evercise different from that endent fron
the consideration of the total mixed AV
difference; it is an interpretathve way of ex
pressing the same information. Where art-
r1al oxygen content is low or the 09§
cost of work is increased, adjustment calls
for a greater increase in output or & greater
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duersion of blood from nonworking areas or
hath One may consider that a competent
heart delivers an optimal increase in output,
so that flow and pressure are adequately
maintained Under these itions the di.
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version of blood from nonworking areas 1s
mimmized and the nonworking remstance
chanve {s minimal. Where cardiac output is
not adequate to supply oxygen for the main-
tenance of steady state work, a greater or-
culatory diversion is demanded Greater pe-
ripheral constriction adds to the burden of
cardiac work in a more costly manner than
does greater cardiac output

Just as in the resting state, the stroke
work index may furnish a more useful meas-
ure of left ventricular performance during
exercise than does the cardiac index. The
peripheral diversion is reflected i the esti-
mate of nonworking resistance Figure 5.3
indicates the regression and scatter of left
ventricular stroke work index for mast of
the material presented m Figure 15-4. Fig-
ure 136 relates this strohe work index 10
the peripheral resistance index under resting
condstions and to the “nonworking” resistance
dunng exercise Our resting values for 18
subjects under the age of 40 are included
It is suggested that this relationship may be
useful m the estimation of central and pe-
ripheral cardiovaseular performance at rest
and during muscular exercise

w
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w
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CHAPTER ﬂ@ EVALUATION OF FUNCTIONAL CAPACITY IN

PATIENTS WITH CARDIOVASCULAR DISEASE*

Robert A. Bruce, Donal R. Sparkman, Robert M.

Levenson, and Albert M. Hurley

Functional capacity has been defined as “an
estimate of what the patient’s heart will
allow him to do ' * Physiologically, it vartes
with the natural history of heart disease and
the effects of treatment Clinically, it varies
with circumstances affecting the awareness
of symptoms in relation to energy require-
ments of customarv activities deemed ordi-
nary by the patient Furthermore, the cardi-
nal symptoms of dyspnea, orthopnea, chest
pain, fatigue, or palpitation are not spealfic,
and must be differentiated from emotional
reactions and symptoms of other diseases
Cardia¢ patients often have other nonspe-
cific symptoms
Classification

Functional capacity has been divided, by
the New Yorh Heart Association, mto four

* This investigation was supported by gx.'m!;

h 2ni

categories (Table 16-1) * Thus, despute phys-
ical manifestations of orgamc heart diseass
Class I patients are asymptomatic during
“ordtnary” activity Class IT paticmf some=
times notice either symptoms, limitations, or
both with such activity Class III patients
develop symptoms and find thcmsfl\cs bim-
ited, with less than ordinary acn'nt):‘ Cli;i
IV patients may have symptoms with 1d
shghtest effort, and often at rest. ‘nd;:i;
they are hmited to virtually a bed-cha
existence.

Determination

Although a complete hist Teart
examination are necessary to diagnose Ch
disease and to dufferentiate it from ‘;‘c:
possible causes of illness, the fur.:cno_na] -
pacity is derived largely from hmonc;i .
formation Usually, in the absence ©

ory and physical

from the W State Heart A
the National Heart Insutute, Department of

Health, Education, and Welfare.

di ly, signs of heart failuse, of anh})‘:;
mias, physical examination is of Iittle
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Taste 16-1. Cuwical Lvarvatiox of Fuveriovat Caracity or Patienis wirn Heart DiSEASE v
Retamion 1o OroiNaRy Puvsicat Aervity
(Modified from New York Heart Association, 1953)
Class Cardiac symploms Lemttations  Need for addifional vest®  Pnysical abriaty fo workt
1 Naone None None Fuil tme
1i Only moderate or occasional Shht Usually only shght or  Usaally full ime
occananat
Il Definue, with fess than ordinary actvity  Marked Usually moderate Usualty part nme
IV May be present cven at rest, and any ac-
sty increases discomfort Ixtteme  Marked Unabte to work

* To controf o relieve svmptoms, as determined by the patient rather than advised by the physician

1 At accustamed occupation or usual tashs

w this regard Evaluation depends upon the
patient's description of his symptoms with
respect ta the circumstances, severity, and
frequency of common types of exertion,
such as walking on the Jesel at a customan
pace, walking up a famhar hii, or chimbing
a flight of stairs It is also pertinent to -
quire how far the patient can walk, or how
many fights of stawrs he can chmb, befare
noticing symptoms How long do these
symptoms persist on stopping the effort?
Are there other contributory factors that
are known to cause exertional symptoms,
such as excitement, cating a heavy meal, or
exposure to cold® Does either frequency ot
severity of these symptoms fluctuate over a
period of time”? Does a restful week end
change the symptomatology® Do symptoms
oceur during sleep, and if sa, arc they re-
heved by sitting up?

Because of the numerons vanables that
make differentianon of the intermediate
gradations of functional capacity difficult,
two additional criteria are helpful One is
the need for additional rest, as determuned
spontaneously by the patient {Table 16-1).
and the other 1s the physical abibity to per-
form the customary activitics on a regular
schedule without selfwmposed hrutauons ®
Class 11 patients usnally do not have much
need for additional rest, or at least do not
shorten their working hours to achiese 1t
Instead, if need be, they obtmn more rest
off the job, such as during eveings and
weel ends, and may thereby curtal therr
usual recreational activities Class I pa-
tients, despite a steong motrvation to cons

tinue ordwnary activities, wsually find it
physically impossible, and must, therefore,
shorten working hours in order to obtain
more rest

timitations

Actually, the classification of a particular
patient may also vary between Class 17 and
11T categories, depending upon the custom-
ary level of energy requirements involved in
the dailv acuvities Thus. with a low-energy
requirement a patient may be able to work
sirtually full tme, whercas with a higher
reguirement he would be unable to work
more than part time

In additon, other physical illness, neuro-
psychiatric ifiness, poor motivation, ar socio-
economic factors may affect the subjectine
awarenuss of symptoms Fimally, even when
functional capacity 15 determuned, it apphes
only to the status at the moment, and 1s
subject to change 1 accord with the natural
history of disease and 1its treatment

Energy Requirements for Ordinary Activities
Encrgy requirements may be assessed
from the approximate rate and duration of
excess oxygen consumed in performance of
cffort  Although other charactersstics, such
as duration of time to achiese a steady state,
oxygen debt, and recovery time are mform-
atve, the simplest measure® of mtensity of
effort is the percentage ratio of oxygen con-
sumption at worh compared to that at rest
This value fluctuates with work require-
#Thus ehmunates carrections for age, sex, and

body size as well as other vanables such a¢ anxsety,
heat stress, etc
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ton A represents requirement at rest; B, lag 1n increase of oxygen consumption with work er e\;
etaise, C, average value per munute dunng a steady state of physical activity, D, further incremen

with peak load, E, oxygen debt; and F, time lag for recoven
The approumate mtensity of energy requirements for representatne actwates in daily I

fe, 107
t, cormpvnd'

dustrial jobs and work on the farm are expi
mg to value C, above

ments, increasing with peak loads to higher
levels.

The approximate energy requirements of
ordinary daily activities may be placed
within broad categories representing shght,
moderate, severe, and very scvere work.
Thus sitting, standing, or talking represent
only slight physical activities, whereas walk-
ing slowly on the level requires an appre-
ciable though only moderate energy expend-
iture (Fig. 16-1). Walking upgrade on a
smooth, hard surface or walking on the level
on loam or snow requires greater energy
expenditures, representing  severe worh?
Walling upgrade on uneven terrain at a
rapid pace, ie., hill chmbing, is severe work.

as p of resting req

Similar measurements of approximatc €
ergy requrements of common jobs in an air-
craft industry have been made available for
comparison* Since much of the work 18
more or less mechanized, the energy eXpeac
iture for the particular jobs sampled docs
not seem to Tepresent very severe work. In
like manner the energy requircments 0% the
farm indicate corresponding rangts fof
mechanized tasks, plus much higher CHUSZ‘
requirements for certain manual tashs
chores.>® These data do not take into 3¢
count environmental heat stresses that often
occur -

Wuest and Geddes did not find any *
nificant difference in the energy requi™
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ments for noncardiac and cardiac employees
performing the same industrial jobs* A
slightly lower oxigen consumption during
work in some cardiacs was attributed to
avoidance of the more strenuous aspects of
worh, but the possbility of shightly greater
efficiency owing to longer experience on the
job could not be excluded.

CLINICAL INVESTIGATION

Nmety-six patients with coronary artery
disease have been studied with respect to

Taste 16-2  Crivicat CHARACTERISTICS OF
CoroNARY ARTERY DISEASE

Functional capacity 7 nom Al
Number of patients 16 52 28 9%
Currently working 4 10 317
Aserage age, years 53 47 5 516
Previous infarction 10 37 17 64

Angina pectoris 4 32 19 55
Cardiomegaly 2 g noo2
Physical restricuons 13 492 24 86
Digitoun 2 5 9 16
Nitroglyeerin 3 0 19 43

exercise tolerance.® Each patient was exam-
ined by cardiologists, a psychuatrist, a social
worker, and a vocational counselor Chmcal

WITH CARDIOVASCULAR DISEASE 143

the facts, appraisal of the functional capac-
ity, and recommendation of the work pre-
scription {Tables 16-2, 16-3) This test,
which involves large muscle masses and re-
quites no traming, is standardized, as de-
scribed elsewhere, by having an ambulatory
patient walk on a motor-drinen treadmill at

TasLe 16-3. Exercse Responses wtn
CorONARY ARTERY Disase

Functonal capacsty 1 b4 m Au
Number of patients 16 52 2 "
Anxety 1 26 19 .
Dyspnea 5 s 2 65
Chest pan o ] 15 34
Favgue 2 2 15 20
Endurance,* 3
minutes 0t0 80226 60132
Hypotension 1 3 ‘
Systolic rebound 0 o 3 3
ves o 3 2 B
ST} Exercse 1 3 2 6
T 3 7 8 18
VES o s 2 7
ST} Recovery 0 10 9 I
T 1 12 9 2

Phyncal fitness in-

dexe 16613 14962 91264

*Mean + standard deviauon

17 mph on a 10 per cent grade of mncline
Thus effort 1s continued for 10 minutes, or
to the lmmits of tolerance if the patient 1s

unable to i for that d Ths

findings, together with results of a dard
exercise tolerance test,” were reported at a
group conference for a joint formulation of

work load increases the oxygen requirement
about fourfold

STANDARD

EXERCISE TOLERANGCE TEST

EVALUATION

Fic 162 Evaluation of over-all cardio-
Tespiratory performance in terms of the
Physical Fitness Index of tolerance for
standardized exercise

REST

¢———Endurance ———5
minutes)

Meon
Respiratory
Efficiency
NSP. Oz~ EXPIR

[k

EXERCISE

Heorl Rate
(3 minute
fotal)

RECOVERY

®

PHYSICAL FITNESS INDEX (PFI}

| Formule PFI=  10O({EnduranceXResp Effic)
Recovery Heort Rate

2 Reproducibiity  r = 409

3 Normol Range 131026
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The intensity of symptoms was graded
and recorded along with duration of effort.
Changes in heart rate, blood pressure, effi-
ciency of oxygen extractron from expired
air, and precordial lead electrocardiogram
were determmed for each minute during
and for 5 minutes before and after the ex-
ertton Total performance was expressed in
terms of the Physical Fitness Index (PFI)
(Fig 16-2) ® This assumed approprate mo-
tnation to be tested Performance then
varted directly with duration of sustained
cffort and respiratory efficiency, and in-
versely with cumulative heart rate for 3
miputes of recovery The range of PFI for
normal subjects 15 from 13 to 26

Symptoms and signs exhibited during this

e~/

' '

Recovery -/L..[/L

s 6 7
ot [
) A
Rest e At T e
¢ - N
. o -
Erercrse e p -

CLINICAL PHYSIOLOGY

evercise test were subdivided according to
the clinical appraisal of functional capann
as indicated in Table 16-3

1. The incidence of apprehension durg
the test procedure increased from 6 per cent
for Class I to 50 per cent for Class H and
68 per cent for Class IIT patients Dyspnea
on exertion, the most frequently chsened
symptom, occurred in 31 per cent of Cls
I, 67 per cent of Class II, and 88 per cent
of Class III patients Roughly parallel inch
dences were observed with respect to fa-
tigue. Chest pain was absent in Class Tpe-
tients, but it was present in 37 per cent of
Class 1I and 53 per cent of Glass 111 p-
tients Palmtation, dizziness, and kg.Pm"
were occasionally noticed by patients in all

Fic 16-3 Representatne prece”
dial lead  electrocardiograms m:
carded on patients w1th cardionascy
lar diseases to rllustrate 1P
8 ' changes that may be obseried dunnd
as well as followrag evercrse
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dasses The average duration of time that
these persons could exercise dimunished from
10 to 8 to 6 minutes for patients in Classes
L 11, and B}, respectively.

2. Pethaps the most frequent physical
sign, other than hyperventilation and tachy-
cardia, was “exertional hyvpotension” This
was defined as asther a failure of the systolic
pressure to increase or the demonstration of
a fall in systolic pressure during exercise It
oceurred in a single Class IT patent and in
nearly a quarter of Class 111 patients From
other studies it is Likely that this is a phys.
ical sign of the wnability to increase the care
diac autput significantly with exextion Since
peripheral resistance decreases with exercise
blood pressure falls #

“Recovery rebound,” or an increase in
systohic pressure during early recovery above
the Tighest level observed dunng exerexse,
oceurred in 3 patients in Class 1T These
abnormal pressor responses are not speaific
for coronary artery disease since thev have
been observed in all types of heart disease
Actually, the highest ancidence has been
found in patients with mutral or aortic
stenosis

3 Precordial electrocardiographic changes
were analyzed with respect to apoearance of
ventricular premature systoles, ST displace-
ment of more than 1 mm. and distinet
changes in T wases during both exercise
and recovery (Fig 16-3) Cluss T patients
exhibited no writabality and only ofcasion-
ally some ST displacement or sigmficant
change in T wave duning excreise The inci-
dence of T wave changes durmg recovery
was even lower Patients i Classes I and
T showed these abnormalities dunng exer-
ase, but the incidence of ST displacement

was higher dunng recovery from exercise.
especially for mdiiduals 1n Class 111 This
difference may he attributed to the fact that
the Tatter patients usually could not walk as
long a5 the others, and did not mamfest
myocardial ischemia until after the eaertion
had been discontinued
. ¥ The range from lowest to highest Phys-
ical Fitness Index encompassed both the
normal and subnormal zones for patients in

1435

all three classes of functional capacity.
Nesertheless, a definite trend was apparent,
for the mean PFI was 1656, 149, and §1
for patients in Classes 1, II, and 1II, re-
spectively Howener, only 70 per cent of the
exercise tests were in agreement with the
chinical appraisal of functional capacity
(Table 16-4). The latter, it should be re-

Tastk 16+4  Ctiniear CORRELATION WITR
EXERCUE TOLERANGE AND
WoRrk Priscuption

Functional copanty 1 1 ur an
Suomber of patimis % E 3 £

Relationshp (0 TF
Agreemens 13 3 2 &
Duagreement 1 I 3 £

Luscrepancies due 1o

Unsavsfactory hotory 2 t s »
Lompng sell ' 2 1 4
Medwal resericuons 0 ° 1 1
Stecent comalescevee ) 2 » 2
£ Valdity of test
Due to ater ducase 1 f “
Tue 10 exrom o n
Work presriphon
Cremployabie a Q . +
Agency rererral F 7 3
New jol 2 4 W
Modified yub Y B1e, 1T} ewee (2] 577 3t
Same 1ob bl " 2 2

«alled, was based upon both careful regard
for the fustorical facts and the combined
knowiedge derved from a multdisciplinary
discussion of each patient at a group con-
ference

5 Discrepancies between functional ca-
parity and oxercise tolerance occurred mn 29
patients (Table 16-1), On further study,
the primary factor was thought to be an
unsatisfactory hustory in 63 per cent of these
situations, particularly in those individuals
who had difficulty 1n dsfferentiating cardiac
symptoms from emotional reaction to a re-
cent myocardial infarct Four patients lum-
ted themselves unduly, whercas another
was excessively restncied by the referring
physician  Recent convalescence precfuded
suffictent activity ta petmit two patients to
expenence symptoms I other words, some
patients no longer exerted themselves suffi-
ciently to be aware of potential symptoms,
and they were often underestimated with
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respect to functional capacity, Indeed, the
fact that 86 out of 96 Ppatients had already
been restricted by ther referring physicians
reflected a similar pessimistic tendency.

Although most of the Ppatients who ex-
hubited these discrepancics had not been
workmg for the past 4 to 24 months, vir-
tually all of them had previously had mod-
crately stable work records, Nevertheless, it
was of great mterest that o psychiatrist con-
sidered 20 out of 26 (77 per cent) to have
no motivation to work This was 1n contrast
to a 5 per cent incidence in 67 Ppaticnts who
exhibited satisfactory agreement Psychiatric
evaluation afforded the only basis for pre-
dicting which patients were likely to be
underestimated with respect to functional
evaluation

The validity of the test was questioned in
three patients because of other diseases or
errors in the test One had to discontinue
the exertion after 4 minutes because of in-
termuttent claudication rather than symp-
toms or signs of cardiac impairment Tech-
nical factors 1n relation to measuring venti-
lation accounted for false values in two
paticnts

6 With respect to the work prescription,
four patients in Class 1T were considered
unemployable Three, 17, and 8 persons 1n
Classes I, II, and III respectively, were re-
ferred to other agencies for additional guid-
ance and supcrvision (Table 16+¢) Two
thirds of all paticnts were expected to re-
turn to work Whereas most of the employ-
able cardiacs in Class I could return to their
same jobs, only two m Class I were con-
sidered to have appropriate jobs with en-
I8y requirements commensurate with their
capacity.

DISCUSSION AND CONCLUSIONS

Evaluation of functional capacity of car-
diac patients depends upon a knowledge of
symptoms and limitations in relation to ac.
tivities deemed ordinary by the individual
patient. By nccessity this involves careful
consideration of numerous variables that are
largely subjective. Consequently difficulty is

CLINICAL PHYSIOWSY

often encountered in defining the inter-
mediate ranges because the eritena are ot
well defined Whether or not a particular
patient spontancously scehs relicf from con-
tinued and customary cxertion in order o
recover from symptoms may provide a more
clearly defined point of discrimination Ths
criterion scems to be more qualitative than
the subtle quantitative distinctions betwesn
symptoms with ordinary versus less thm
ordinary activity conventionally used to df
ferentiate Class IT and Class 111 categones
of functional capacity Another point f’f o
ferentiation is the voluntary reduction in
working hours by the patient who is symp-
tomatically disabled .

Tt is of further interest that the clinica
appraisal of functional capacity was con-
sidered in agreement with the lab:oralory
measurcment of exercise tolerance in only
seven out of ten patients despite the grm.lcr
than usual interest and shills of the cxaml;l’
ing physicians involved in this s(udy: (Tllﬂ')l
the psychiatric discovery of no matuax"’
for work suggested which patients were u‘-
Iikely to be properly evaluated :Thb m’i‘i’t(
ity of patients who exhibited dlscrt‘P’[" -
were undercstimated with respect to uﬂs
tional capacity, for exercise tolerance :;
usually better than unticipat(‘c! T}:"‘ :"I”
gests the possibility of exaggeration of S)(hal
toms in relation to ordinary ac.m'mts”a.
may be the result of inappropriate mob
tion for rehabilitation et 10

Another advantage of the excreise test in-
addition to revealing discrepancics 10 :s‘is
ical appraisal of the minority of p-’lflfu‘: ];3‘
the opportunity to reassure the :m\uL' e
tient. This is done most cffectnely )|c;\|
demonstration that he has enough Ph;:arm
capacity to perform the test \\'111.10.1" The
to himsclfl or alarm to his phys:cxan.h -
implication that the patient has cnoucg .
pacity to meet many of lhc'e.nffg).' lu?ua”)’
ments of ordinary daly activities 33
obvious under these circumstances brectne

Despite many variables and.(h: su J o
nature of such appraisals, satxsfacll;f) ade
uations of functional capacity can )cdm\:ﬂ'
in the majority of paticnts with car
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cular disorders. Lack of motivation may
cause the patient to cxaggerate his symp-
toms and the physician to underestimate the
functional capacity, The need for rest and
shortening of customary working hours vol-
untanly by the patient may provide useful
additional criteria for differentiating  be-
tween Classes 1T and IIT functional capae-

-

from REFA Nachnichten by Purdue Cardiac
Project, 1956

Wuest, ], Geoues, D D, and ENTERLINF,
P Energy cxpenditure of cardiac worhers
on the job and a comparison with non-cardiac
worhers Personal commumcation, 1956
Morms, W H M Energy requirements on
the farm and i the home Personal com-

ity Finally, additional insight for both pa-
tient and physician may be obtained by
study of performance during exercise, espe-
cially if the procedure is standardized and
several variables are recorded
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respect to functional capacity, Indeed, the
fact that 86 out of 96 Pbatients had already
been restricted by their referring physicians
reflected a similar pessimistic tendency.

Although most of the patients who ex.
hibited these discrepancies had not been
working for the past 4 to 24 months, vir-
tually all of them had previously had mod-.
erately stable work records Nevertheless, it
was of great interest that a psychiatnist con.
sidered 20 out of 26 (77 per cent) to have
no motivation to work This was in contrast
to a 5 per cent incidence 1n 67 patients who
exhibited satisfactory agreement Psychiatric
evaluation afforded the only basis for pre-
dicting which patients were likely to be
underesumated with respect to functional
evaluation

The valdity of the test was questioned in
three patients because of other diseases or
errors in the test. One had to discontinue
the exertion after 4 munutes because of in-
termittent claudication rather than symp.
toms or signs of cardiac impairment. Tech-
nical factors 1n relation to measuring \enti-
lation accounted for false values 1n two
patients

6 With respect to the work Pprescription,
four patients m Class IIT were considered
unemployable  Three, 17, and 8 persons in
Classes I, 11, and IIT respectively, were re-
ferred to other agencies for additional guid-
ance and supervision (Table 16-4) Two
thirds of all patients were expected to re-
turn to work Whercas most of the employ-
able cardiacs in Class T could return to their
same jobs, only two i Class IIT were con-
sidered to have appropriate jobs with en-
€I8Y requiremcnts commensurate with their
capacity.

DISCUSSION AND CONCLUSIONS

Evaluation of functional capacity of car-
diac patients depends upon a hnowledge of
symptoms and Lmutations i relation to ac.
tivities deemed ordinary by the individual
patient. By necessity this mvolves careful
consideration of numerous vanables that are
largely subjective. Consequently difficulty is

CLINICAL PHYSI0L0G

often encountered in defining the inte
mediate ranges because the criteria are n
well defined. Whether or not a particuls
patient spontancously seeks relief from o
tinued and customary exertion in order t
recover from symptoms may provide a mor
clearly defined point of discrimination Th
criterion scems to be more qualitatue tha
the subtle quantitative distinctions betuee
symptoms with ordmary versus less the
ordmary activity conventionally used to 4
ferentiate Class II and Class 111 categone
of functional capacity. Another point of dJ
ferentiation 1s the voluntary reduction in
working hours by the patient who is symp
tomatically disabled .
It is of further mterest that the cinic
appraisal of functional capacity was con:
sidered 1 agreement with the lab.oratur)
measurement of exercise tolerance in ot
seven out of ten patients despite the greates
than usual interest and shills of the cxaml;l'
ing physicians mvolved in this study (32
the psychiatric discovery of 1o matualn.
for work suggested which patients were ‘;,.
likely to be properly evaluated. 'IThe maim
ity of patients who exhibited dxscrePa(“ .
were underestimated with respect to “"as
tional capacity, for exercise (a]cr:m.CE s‘;g-
usually better than anticipa!td. Tl';xs -~
gests the possibility of exaggeration of S)d\;\l
toms 1 relation to ordinary ac'u\mts .
may be the result of inappropriate mo!
tion for rehabilitation .
Another advantage of the excrcise lrsKi”‘"-’
addition to revealing discrepancies m:s .
ical apprarsal of the mmonty of l”‘"cuns l”"
the opportunity to reassure thc‘ nm“;’ g
tient. This is done most effectively )m:.\l
demonstration that he has enough Phrﬂm
capacity ta perform the test ml{lt{u' The
to himself or alarm to his ph)sm:mhm.
implication that the patient has crfﬂxucz e
pacity to meet many of the encrgy aally
ments of ordinary daily actwitics 1§
obvious under these circumstances pectise
Despite many variables and.(hc sul J o
nature of such apprarsals, sausfacu;)r) e
uations of functional capacity can :iloh’”‘
in the majonty of patients with ¢
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cular disorders. Lach of motivation may
cause the patient to exaggerate his symp-
toms and the physician to underestimate the
functional capacity. The need for sest and
shartening of customary working hours vol-
untanly by the patient may provide useful
sdditional critesa for  differentiating be-
tween Classes 11 and I functional capac-
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from REFA Nackrechten by Purdue Cardiac
Project, 1956

Wuest, J, Geoves, D D, and ENTERLINF,
P Energy expenditure of cardiac workers
on the job and a companson with non-cardiac
workers Personal communication, 1956
Morwis, W H M Energy requrements on
the farm and i the home Personal com-

ity Finally, additional msight for both pa-
tient and physician may be obtained by
study of performance dunng exercise, espe-
cally if the proceduse 1s standardszed and
several variables are recorded
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CHAPTER ﬂ ?

INFLUENCE OF HOT AND HUMID ENVIRONMENT

UPON THE WORK OF THE HEART*

G. E. Burch

It has been hnown that a hot and humid
environment increases the cardiac output
and work of the heart of animals, including
man ** Duning experiments concerned with
the influence of hot and humid environment
upon the normal and diseased cardiovas-
cular system of man, 1t was noted that acute
failure frequently dev cloped in patents with
mild or recently compensated congestive
heart failure, with acute cardiac asthma
and acute pulmonary edema.s-12 Indirect
observations of cardiac output, consisting of
general chnical symptoms and signs (pulse
rate, blood pressure, pulse volume, heart
sounds, and rheoplethysmographic measure-
ments of the rate of digital blood flow)1o-1s
indicated an increase m cardiac output and
work,

More recently, cardiac output and work
have been measured by the direct Fich

* Aided by grants from the Public Health Serv-
we (H-143) and the Upjohn Company, Kalama.
200, Miclugan

method with cardiac catheterization in nor-
mal subjects and in patients with chrom¢
congestive heart falure exposed, at xe:! ;ﬂ
bed, to a comfortable environment (73° F»
60 per cent relative humidity) and then t&:
a hot and humid one (111° F, 86 per C‘f‘d
relative humidity).** The hot and h“m‘.
environment produced an increase 1n C;‘)’
diac output and strohe volume (Fig 17 ]‘
The increase in output was achieved ma;:g
by increase mn stroke volume!* rather ¢ -
by increasc in cardiac rate, as occurs
large part following exercise
'fg'hepincrcasc in fardm output “M'm:)c:
greater in the control subjects than mm.
patients with chronic congestive hcarll b
ure. The cardiac output for the contro Scm
jects increased from a mean of 5 to 3 ;ﬂws
of 20 Iiters per minute and for d}c suflom
with chromc congestive heart failure I .
a mean of 5 to a mean of 10 kters P
minute (Fig. 17-1).

; ulated
Pressure-volume diagrams were calc
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Fic 17-1 Influence of hot and humid emvironment on cardiac output and stroke volume 1n 3
control subjects and 4 patients with congestve heart failure (Courtesy The Amenecan Heart
Journal ™)
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Fia 17-2 Influence of hot and humid emvironment on the smultaneous tme courses of pres-
sure and volume of the night ventricle for a control subject (No 3) and a subject with chromc
congestive failure (No 1) (see text for details of assumptions) Considerably higher pressure was
developed by the myocardum of the nght ventncle of the subject with congestive failure than by
that of the control subject, with ejection of much less bload per cardiac stroke, an interesting and
Pt unepected finding for congestive failure (Courtesy The American Heart Journal )
149



150

Conlrol Subject No 3
Comfartabls

1s0.

120-

Pressure
(mm Hg)

Hot and Humid

CLINICAL PHYSIOLOGY

CHF Subject No. 1
Comfortobly Hot end Humd

2
3
8o

u
8

voiume
{cc)
M
3
g

o
S

v

o4 a8 as

Fic 173 Influence of hot and humsd emironment on sumltancos time courss of pri a2
volume of the left ventricle for the same cardiac cycle and same subjects shown m Fig 17-
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though a proportionately higher pressure was developed by the myocardm of the left ventrid®
to eject a given volume of blood in the patient with chromic congestive failure than in the nﬂn
subject, this difference was not as great as for the right ventricle (consult Fig. 17-2). (Courtesy T

Amencan Heart Journal™)

for the right and left ventnicles ™ The time
course curves of pressure in the right ven-
tricle were recorded directlv, but those for
volume of the right ventricle and for both
pressure and volume of the left ventricle
were assumed to vary as described by Wig-
gers ® The pressure cunes for the left ven-
tricle were obtained from sphygmomano-
metric measurements of arterial blood pres-
sure. The end systolic volume used for the
control subjects was 25 cc. and for the pa-
tients with chronic congestive heart failure
it was 150 cc The tme course cunes of
pressure and solume constructed for the
right and left ventricles of a representative

normal subject and of a patient with fhmmc
congestne heart failure are shown in Fig-
ures 17-2 and 17-3. 5
The necessary assumptions indicated l]"
the preceding paragraph were reasonable
enough to provide pressure-solume dia-
grams (Figs. 17-4 and 17-5) that ap}x‘“:}‘:
be satisfactory and to conform well \ul
physiologic concepts.**¢ The pn:ssurc-\ol;
ume diagrams of the control subjects \\fhE
increased considerably more in size by ¢
hot and humid emironment than “":
those of the patients with congestive hf-;
failure (Figs 17-4 and 17-5), which in
cated that the hearts in faiure incred
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Fic 17-4 Influence of hot and humid t on vol loops of the right

ventricle for a control subject and a subject with chromc congcsllve heart failure The more ver-
tical loops for the subject with failure was charactenstic for both ventricles (Fig 17-5) of all such
subjects studied (Courtesy The American Heart Journal )
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Fic 17-5 Influence of hot and humd t on volume-p loops of the left

‘entricle for the same control subject and subject with chromc congestnve heart failure shown in
the preceding sllustrations Consult legend of Fig 17-4 (Courtesy The Amenican Heart Journal ™)
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Control Subject No 3 CHF Subjec!
t Noi
Comforiable Hot and Humid  Comfortable ! Hot ond Humid

Fig. 17-6 Influence of bat
and humid  environment on
time course of accumulated
work for the mght and left
ventncles for the same cardic
cycle and same subjects shono
in the previous sustrations. It
1s evident that although the
subject with failure was sumu-
lated by the bumd heat 50
that the work of his two senr
tricles was increased, he was
not able to do so nearly to the
same extent as the normal cor-
trol subject under the same
type of sumulus, an mportant
difference for the decomped
sated heart, (Courtey Th
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Fic. 17-7 Influence of hot and humid environment on time course of power,
of curve shownn Fig 17-6
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intrasentricular pressure relatively greatly
to produce relatively little increase in vol-
ume output. On the other hand, the stroke
volume output of the normal subjects in-
creased with relatively httle rise in pressure
Thus, the pressure-solume diagrams of the
subjects with failure were more vertical in
shape than those of the control subjects

Time-Course Curves of Accumulated
Mechanical Work

Mechanical work of the ventricle during
a cardiac cycle may best be expressed as

W= P4V

where P is pressure and V 1s volume of out-
put. Therefore, by integration, throughout
the pulse cycle of the pressure-volume dia-
grams for the right and left ventricles shown
wn Figures 17-4 and 17.5, the respective

Control Subject No 3
Comfortable

Hot and Humid
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time-course curves of accumulated worh
were obtained {Fig. 17-6). These curves pot
only reveal the differences in the amount of
worh produced by the ventricles in the com-
fortable and hot and humid environments
but also show the inability of the patients
with farlure to increase their work output
under the stress of a hot and humid environ-
ment. This inability of the ventricles to
meet extracardiac demands placed upon
them may be responsible, m part, for some
of the chmcal maniestations of congestive
heart failure Furthermore, these cunves
(Fig. 17-6), as well as the pressure-volume
diagrams (Figs 17-4 and 17-5), show not
only how futile 1t is to attempt to increase
the work of a ventricle in chrontc congestine
heart failure but also the madvisability of
allowing such a stimulus to be displayed
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Fic 17-8, Influence of hot and humid environment on tme course of rate of change of power, or

second denvative of cunve shown i Fig 17-6
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The first and second derivatives of these
work curves are the time course curves of
power and rate of change in power (Figs.
17-7 and 17.8) The detailed characteristics
of the respective curves may be obtamed by
careful study of them,

Time-Course Curves of Tension of the Walls
of the Ventricles

If it is assumed, for convemence, that the
ventricles are sphernical, the tension on the
wall can be obtained by the equation,

o~ CLINICAL PHYSIOtOGY

where R is the radius of the ventricle and ?
1s the intrasentricular pressure The calee-
lated time-course of tension on the wal, »
dynes/cm, is shown in Figure 17-9 for the
two ventricles in the comfortable and hot
and humid environments considered 1 Fig
ures 17-2 through 17-8 The entricular
walls of the dilated hearts of the patiens
with congestive heart failure had greater
tension at rest and a relatively greater n-
crease in tension for the work performed
than did those of the normal-sized hearts of

RP the control subjects A study of the illustra-
=7 tions reveals other interesting differences,
Contiol Subject No 3 GHF Subject No |
a0 Comfortable Hot ond Humid  Comiortable Hot ond Humid
:

o
o

Tenston (dynes/cm)x10*
3
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Fic 17-9 InBuence of hot and humid environment on time course of tension develop

walls of the nght and left ventricles of the same control subject and subject with dnl'o A
tive heart failurc as in the previous llustrations. In the subject with failure, relatively
sion developed to eject less blood per stroke than in the control subject. Courtes)

Heart Journal™)

e COnges
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Fic 17-10 Nlustranien from an oscilloscopic
recording of the pressure-volume dragram of the
left ventricle, during a single cardia¢ ovele, 10 a
paticat with rheumauc aortic ‘valvular stenosis
and insufficiency. The ponts, 1ua second apar,
are shown as recorded dircctly by the cathode-
ray oscilloscope, whereas the contmuous line was
drawn manually The “volume™ companent s
only an approximation of true yolume of the left
sentricle, 2s indicated in the teat (Courtesy The
Amencan Heart Journal ')

ncluding aspects of insufficiency of the ven-
tricles of the subjects with congestive heart
{ailure

Automatic Recording of the Pressure-Volume
Diagrams

Because of the obvious value of the pres-
surevofume diagrams n  presenting the
work of the heart, an attempt was made to
record these automatically Prehminary re-
port of these recordings, with their obvious
shortcomings, has been publshed ™ By
means of direct intraventricular percuta-
neous puncture of the left ventricle of man
through the chest about 2 ¢m to the left of
the apex heat, and with a pressure trans-
ducer and suitable amplifiers, the signal
produced vertical deflections of the cathode
ray beam of 2 cathade ray osclloscope
Vanations in “volume,” the unsatisfactory
Parameter, were ob d indirectly by the
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gram is shown in Figure 17-10 From this
diagram, tume-course curves of the “work,"
“power,” “rate of change in power,” and
“tension” in the left ventricular wall were
calculated 17

As stated previowsly, such recording must
be improved, and a program toward this
end is now In progress in this laboratory.
Many obvious difficultics must be sur-
mounted, particularly to increase the ac-
curacy of the recording of the time-course
of changes 1n volume of the chambers of the
heart

GENERAL DISCUSSION

Measurement of the time-course of work
and efﬁcxency of each chamber of the heart
as ¢ cunes through
the cardiac c)clc is necessary Progress

this direction is being made in attempts 1o

roentgenologic method of Ring and assoct-
ates’® with the signal 1 ly pro-

develop sausfactory methods far recording
"

ducing honzontal deflections of the cathode
ray beam of the same oscilloscope An auto-
matically recorded pressure-“volume” dia-

the p; olume diagram,
as noted m the preceding paragraph and by
Rushmer *-** Time-course curves of effi-
ciency of the chambers are yet to be ob-
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tained but will be achieved, at least in the
experimental animal Such records would be
of considerable practical clinical impor-
tance Furthcrmore, since the traces already
available are continuous curves, they lend
themselves to many obvious and interesting
mathematical and electrical analyses and
recordings

The curves presented in this study, even
though preliminary and crude, reveal po-
tential and interesting information concern-
g the time course of the work, power, and
tension developed by the ventricles during a
single cycle of the heart beat. These cunes
show the heart to perform relatively more
work, with less efficiency, in maintaining
adequate blood flow to the tissues, when the
subject 1s in a hot and humud environment.
The normal heart was able to increase its
work output more efficiently than the heart
in chronic congestive failure The ventricles
of the hearts of the patients with failure
were able to increase their work under the
mfluence of the hot and humid environment
less effectively Furthermore, these data re-
veal what a strong stimulus a hot and
humid environment can be for cardiac work
even while the subject is resting quietly in
bed This type of stimulus should have ex-
perimental potentialities

These data show the importance of mak-
g certain that a person with cardiac dis-
case remains in a comfortable environment
whenever it 1s necessary for the heart to
rest The emvironment, therefore, should be
given adequate consideration in the thera-
peutic regimen for such a patient Greater
use of air-conditioning of the hospital, home,
office, and automobile would not only en-
sure greater cardiac rest but would also im-
prove water and electrolyte balance, as indi-
cated previously 2
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CHAPTER ﬂ RELATIVE BURDENS OF EMOTION AND EXERCISE
UPON THE CARDIOVASCULAR SYSTEM

Stewart Wolf

The work of the heart can be understood in
terms of the demands placed upon 1t rather
than in terms of actual needs for circulation
In face, adaptations wvolving the heart,
lungs, and pertpheral vessels may be of such
an order of appropriatencss that 2 moderate
exertion may increase relatively little the de-
mands upon the heart On the other hand, in
untramed subjects and 1n situations of anx-
iety, cardiac hyperfunction may increase the
worh to an cxcessie degree

The arculatory effects that accompany
muscular excrtion provide extra blood for the
worhing muscles Heart rate and stroke
volume imncrease while arteniolar di

to cardiovascular function, various workers
have devised tests of adequacy of cardixc
function and of cardiac resene. It 1s \\cg
hnown, however, especially to athletes 20
trainers, that such cardiosascular ndapmuons‘
may be made mncreasmgly efficient and cco
nomucal in terms of cardiac work b'y pr:.\cl‘l}fl:
or tramnmg From the effects of traming on "
cardiovascular accompanunents of ncm::’
1t would appear that the whole process mS“m
be mntegrated by some regulating mechan’xrh ey
perhaps in the central nenous system "
Ihelthood of this 1s increased by the fact d ls-
the circulatory adjustments that aie nccbc
sible to have been shown to

produces a drop m peripheral resistance,
thereby preventing an undue nse in blood
pressure. Pulmonary venulation and blood
flow are altered and blood flow through the
muscles is increased at the expense of visceral
flow The increased heat production incident
to muscular effort is mutigated by circulatory
changes in the shin that mncrease heat loss
Since muscular effort 1s a familtar stimulus

capable of being produced by meaningful s:;le
uauons such as the contemplation of Er\"‘".
as well as by the actual undertakng ol ““
cise Thus 1t has been shown that slr(;“
volume will increasc and peripheral .\350‘.0n
resistance decrease 1n response 0 2 dxscnsslx”c
of exercise, much as salwary and g;:ion
changes are mduced by the mere discu

of food,
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Such adaptations must inevitably be m-
tegratud via the central nervous system, since
the impulses that arouse them stem from the
interpretive areas of the brain Indeed, 1t has
becn established that a varety of stimuli that
owe their {orce to their pecubar meaning to
an indiidual may evoke carcdiovascular pat-
terns concerned with exercise

Prominent among such factors are Ife sit-
uations that are either consciously or uncon-
sciously threatening to the security of the -
dnidual Situations of pleasurable anticipa-
tion may also be associated with tachycardia
and an ncrease 1n strohe volume It is as 1f
the bodily changes were occurning in prepara-
tion for exertion, e g, fighting, running away.
or active participation in some pleasurable
situation  When exeraise is actually under-
taken under circumstances of stress, the car-
diovascular adaptation may be excessive or
unduly prolonged during recovery, as if a
much greater muscular effort had been antic-
1pated *

There are good biologwcal precedents for
postulating a bodily reaction as #f, or 1n antic-
ipation of some circumstance Perhaps the
most famubar is the acceleration of sahvary
and gastnic secretion duning the pleasurable
contemplation of eating It was not surpris-
ing, therefore, that changes identical with
those associated with exercise were observed
during the mere discussion of muscutar effort
Such changes occurred more stnikingly dunng
stress without the conscious anticipation of
exercise  Simularly, of course, brisk increases
i salivary and gastric secretion have been
destribed, not only in the antwcipation of
eating but during stress unconnected with
alimentation 2

EXERCISE TOLERANCE

Changes expected with exerase include
temporary tachycardia and mncrease 1n strohe
‘olume The length of the interval before
these mdicators return to restmg levels de-
Pends 1n part upon the amount of exertion
undertalen Tests of exercise tolerance have
been difficult to interpret, howexer, not only
because of such factors as traming, which
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vary the rato between the amount of exer-
tion and the cardiac work required, but also
because factors other than exercise are cap-
able of inducing the cardiovascular adapta-
tions of exercise including tachycardia and
merease in strohe volume * Thus the work of
the heart can be understood 1n terms of the
demand placed upon 1t rather than in terms
of actual need for circulation

The electrocardiogram as another 1nstru-
ment for measuring exercise tolerance daes
not provide direct mformation on cardiac
reserve but it may reveal latent evidences of
myocardial ischemia brought out by muscular
effort In healthy subjects, changes in the
pattern of the electrocardiogram do not
ordmanly occur with exercise, when they do,
they are thought to indicate a degrec of
myocardial mmparment

The exeraise sumulus used 1 our studies
was the “two-step test” of Master, n which
the subject ascends and descends two 9-inch
steps for one and a half minutes, the number
of trips bemg adjusted to the age, sex, and
weight of the subject * Most of the tests were
done i the morning under basal conditions,
but a few were performed at other tunes of
the day, not less than two hours after the last
meal Before beginning observations, the sub-
jects rested on a bed for approsmmately 20
munutes The heart rate and the pattern of
the electrocardiogram were recorded before
and at mtervals after the exercise

THE BALLISTOCARDIOGRAM

The ballistocardiogram recorded with the
critically damped, low-frequency instrument
of Nicherson reflects the dynamics of heart
action as they are modified by the table on
which the subject hes and by the wetght and
contours of the individual studied Thus,
ballistocardiographic records cannot be com-
pared with full satsfachon from person to
person But records taken on the same -
diidual, on the same ballistocardiographic
table, and under the same circumstances are
comparable The waves of the balbstocardio-
gram that reflect force and veloctty and vol-
ume of blood ejected bear some relationship
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to cardiac output, but they bave not cotre-
lated with sufficient predictability with more
generally accepted methods of measuring car-
diac output to warrant any quantitative in-
ferences Using the height and slope of the
1J wave, however, and fitting it into Nicker-
son's formulas for cardiac output, it is pos-
sible to recognize certain dynamic patterns
of cardiac function that are seen with fre-
quency and predictability under a given set
of circumstances The method lends itself to
prolonged and frequently repeated observa.
tion in a single subject and the data thus ob-
tained are satisfactonly reproducible, Altera-
tions in the pattern under stress have been
shown to correspond to or combine the char-
actenistics of the changes induced by sub-
cutaneous tnjection with epinephrine on the
one hand (increased cardiac output and pe-
ripheral }, or wath pinephri
on the other (increased peripheral resistance
and reduced cardiac output)

NEUROCIRCULATORY ASTHENIA

Studtes were carried out on 33 subjects and
reported by Duncan, Stevenson and their
colleagues ¢ Of the group, 8 were healthy,
asymptomatic persons, 11 had complaints of
palpitation and fatigability with or without

CLINICAL PRYSIOLGS

circulatory asthenia were similar from the

dpoint of | lity adj as they
were in their characteristic cardiovascular
adjustment. They were tense and timd ard
very sensitive to the hostility of those about
them. They lived in an insecure world full of

emergencies For example:
CASE A

Impaired exercise tolerance assod
ated with period of anxiety m 2
young woman with symptoms of new-
roairculatory asthenta,

A 24-year-old housewife came to the hospdl
with the complamt of palpitations that she bal
had for a year Other symptoms weze tightnssa
the throat, pain in the left chest, dufficulty it
breathing, and light-headedness. The symploms
came on more often when the patient was siting
than when she was acuve Palpitations were par-
teularly distressing after meals and duning 3y
stressful event or dhsturbing comersation. 02
Sundays when she was at home and relaxed she
was much better

The patient was the youngest of three chafdses
in an immgrant Polish Jewsh famly I
father was a butcher Her mother busied berslt
in his shop and spent httle yme with ber chil-
dren The patient’s older brother, {1 years "‘;
semor, largely took the place of her father, 0
whom she saw lutle Her brother was 2 dmmgd,
successful young man who, by his example, “"h
to some extent by direct expression, mposcd big
o e on the patient When

exertional dyspnea but no d ble heart
disease The remaining 16 had hypertensive,
arterioscl rh ic, ar ital
heart disease. The 8 healthy subjects showed
comparatively little \amation 1 enercise
tolerance. On occasion, however, over a
period of 8 months of observation, each of
these indniduals desveloped impared exercise
tolerance during situations provocative of
anxiety or anger.

The 11 subjects who had complamts of
palpitation and intolerance for effort would
be classified by some as suffering from neuro-
arculatory asthenia  Essentially, in the ab-
sence of structural heart disease, therr cardio-
vascular apparatus overreacted to minor ex-
ertion and often displayed an exercise pattern
when no eatra muscular effort was being per-
formed or consciously contemplated

In many ways these subjects with neuro-

her elder sxst:r married, the patent had m;z
sunte a large share of the housework under -
direction of her brother Intenscly sensiie °
opimons of others, she became cxu‘sslu'l(yi )‘7;).
occupied with neatness and efficienty mﬂ e
torbed by changes in her routme. At ) .
marned a man whe was amable but Iadmz;‘!
witiatwe and who earned Juss money than 27
did When she was 22, three years after the dean.
of her father of coronary disease, her mmh”i\ur
able to Iive harmoniously wath her elder daug] Wn:
came to Ine with the patient The older womd

her Homever, she was decply dependent 01 B0
and prided herself on tolerating her molhe’r vhen
her sister had been unable to do s ';xpﬂ
setting of conflict and anxiety, pﬂll"“"""’h how
and continued untl the patrent came to the
pital one year later,
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. e
N 5 '
Fio. I8-1, Variations in exercise tol- 100
crance from month to month i a pa- &
nent wath symptoms of neurocireulatory 5 .
¢

asthenia. The heart rate was recorded
before (B3} and 2 minutes after (2] the
standard Master exercise test,

The patient appeared as a neatly dressed,
slender woman with an earnest, intense manner
She had rapid heatt acuon (heart Tate 90) and
warm, moit palms There was no cvidince of
structoral heart discase The electrocardiogram
was normal as was the basal metabolsm (nunus
4 per cent) The patient’s eyes were promment
and the Nids widely opened She expressed her
feehings halungly and with evident uncasiness
about an entirely new experience Her senntivaty
was demonstrated by her statement that even
the discussion of someone else’s iliness evoked
palpitations i her She complaned of palpua-
tions when on the subnay, chiefly m the mormng
on the way 10 work, rarely in the evening after
work

At her firse visit, exerase tolerance as esiumated
from the pulse rate was considerably vnpaired,
as shown i Iagure 18-1 As the patent was
followed an the chime, surcessne tests of exercise
tolerance were made The second test was made
a fow daps after the sudden death of the pa-
tent's mother, to which she reacted with con-
siderable gt and depression Although the rest-
mg heart rate was lower on this day, the exer-
ase tolerance was impaired more than on the
previows day Dunng the interviews that fol-
lowed, the patsent was able to talk more freely
ahout her relations with her parents and brother
She gamned some understandug of her emotional
development and in addition was reassured con-
cerming the condition of her heart, about which
her symptoms had grea added anxiety In the
three months following the death of her mother,
the patient gradually smproved and became free
of symproms Exerene tolerance was then normal

The pancnt remamed completely well for an
other seven months At this ume she arranged
for her husband to obtan work at her factory,
intending 10 resign from her own job and have a
baby Her bass, who had obliged her by employ-

UPON THE CARDIDVASCULAR SYSIEM

ung wy

nedut o |
SUERE Lornen pgvren

Be ez [

e en
wl  Ulencssune
o a7 mowe

Hirim o soptons

[ N L LR TP TR UV N T}

g her husband, hinted that he would discharge
hun 3f she left the company The patrent felr
frustrated and tense, but was unable etther to ex-
press ber feclings to the boss or fease her b In
this setting she had a return of the former symp.
toms m myder degree Although her resting pulse
rate was only shghtly higher than 1 had becn,
exercue tolerance was snpacred and continued so
for some months thereafter

CASE B Impawed excrase tolerance associated
wath periods of anaety m a tense
tmd man with symptoms of neuro-
circulatory asthenia

A sccond patient with severe symptoms of
neurocsrculatory asthemia, whose pulse rate re-
flected marked exeraise tolerance but who dis-
played no evidence of structural heart disease, was.
a 44-year-old steamfitter’s helper who for three
years had had rcprated episodes of palpuation,
fatigability, and weahness He was the second
child of an Insh-Catholic famuly of seven chii-
dren He had been particularly close to his
father, a fiteman who was accidemally hstled
when the patient was i hus twenties His mother
had died when he was 14 e became a cawal,
uresponsible  person, Who was sexually pro-
miscuous and who lacked imtiative i hus work
He became a steamfitter’s helper, but side-stepped
ali opportunsies for promotion m hus trade be-
cause of an unwiilingness to assume further re-
sponsibility In Ius middle thirties he began to
Tne with 3 Protestant gl who had already been
marned twice and who was separated from her
second husband When he was 38 she bore im a
chuld His palpitations began three years later
when his “wife” finally achieved a disorce from
her second husband and requested that he go
through with hs promuse to marry her He fekt
uncqual to the burdens of marnage and con-

-
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tinually put her off. He became sexually impotent
and began (o note palpitations

Dunng his early visits in the chme, his rate
was always rapid, wsually in the neighborhood
of 130. On lus first visit us blood pressure was
160/100, but thereafter was recorded n the
neighborhood of 120/80 Physical inati

CLINICAL PHYSIOLOGY

cardiac reserve and might, therefore, hawe
led to an undue restriction of the patients
activitics.

STRUCTURAL HEART DISEASE

electrocard: and radiologi
of the heart were cntirely normal. The patient
was a tmd, shy person who avoided the eyes of
lus interviewer and talked only with effort about
his own feelings Anxicty was always prominent
and he was largely preoccuped with gloomy
forebodings of the future He was frightened
about the conditon of his heart He became
very dependent upon the physician, as he was on
his wife, expressing very lttle hostility directly.
The shghtest unplanned-for occurrence made
lum very annous During a period of observation
m the chme from December, 1947, to March,
1949, there was a close correlation between his
pulse rate at rest and immediately after exercise
and his general state of secunty The ballisto-
d phic pattern ponded m similar
fashion, indicating mncreased stroke volume at
nmes of stress
When the patent first visited the hospital, he
was sull unmarried but finally brought himself
to accept and welcome the formalization of his
lationstup with his o law wife  After
this event and the assurance of support at the
hospital, he entered a pertod of relatne security
and relaxation Anxiety attacks and palpstations
d hed and exerase 10l

y -
proved A lttle later he was paired with an un-
congemal fellow worker with whom he was un-
able to exchange hostiliies for fear of losing his
job Symptoms of anxiety and ance

The 16 patients with various
foums of structural heart disease were sind
larly studied. All these patients complaned
from tme to time of exertional dyspnea and
palpitation, which could reasonably be at-
tributed to the structural disturbance n the
heart. It was observed, however, that thet
symptoms occurred at periods of stress and
disappeared altogether during periods of rek
ative serenuty, although the structural defects
of the heart 1emaincd unchanged For ¢v
ample,

CASE C. Young woman with patent ducis
arteniosus whose exercise tolerance i1
proved with increased self-confidense:

A 22-ycar-old gl complamed of \\eakm;
dyspnea, palpitations, and dizziness She had &b
ways been warned to “take 1t easy” since hcml'l
murmur was discovered 1n childhood Later fol-
lowing an unsatistactory love affair, she bm::
depresscd and developed palpitations: She
came more and more concerned about het heatt
She was found to have a patent ductus artenos
which was rdentified by angrocardiographic &
amnation

For 10 months she was followed 10 the chm:;
given strong reassurance, and an opponung)' .
talk over her troubles As she gamed confiden

of
she became more relancd and her symptoms .
) 4 Tn Frgure 18237

more wcreased and concomutantly exercise toler-
ance became impared again Later he obtained
new work and improved once more with com-
plete disappearance of symptoms

Such changes as are observed occasionally
m normal subjects and frequently in those
with neuroctrculatory asthema, characterized
by an mtolerance to exercise, would not be
considered of grave import by most clincians,
and many would attach no chmscal sigmi-
jcance to them when encountering them in
paticnts without structural heart disease The
same findings, however, observed sn a patient
with valvular heart disease might have been
interpreted as ndicating an imparment of

effort
shown the comparative :
duning the early period 1 the clini¢,
with dhe findings duning the latter pmh": z:
period of observation It 1s noteworthy 1ha o
exerase tolerance was still impatred but lD[ .
where near the degree that it had been T;{ul)'
the course. Obviously, the congemtal defo "
1n the heart had not changed dusing this P

15
exeraise tolerance 1€
as compare

whost
CASE D Housewife wath mutral su‘n:;snt“’| o
exercise tolerance improved ¥
duced anxiety

usewif

A second patient was a 45-year-old ha“t" ol
who complained of palpitations af rest a;m
upon exertion for the previous four ¥

mitral
was found to have an enlarged heart W
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VARIATIONS IN EXERCISE TOLERANCE (PATENT DUCTUS ARTERIOSUS)
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patient with patent ductus artertosus  Values be-

fore (B) and 7 minutes after (7') the standard exercise are given

stenows and insufficiuncy  Frequent extrasystoles
were noted, For almost twenty years prioe to the
onset of her symptoms the pateent had wavered
in her attachment 10 two men Osne she had loved
but, fecling unsure of him, she had marmed the
other one, who appeared to be stronger but
proved to be untand As her husband sereasngly
maltreated her <he finally 1esolved to divorce
b Palpitations began duning the period of
making this decision As she found difficulty 1
detaching hersclf from her husband, she became
anxious and tense, blaming both men for her
unhappiness

The exereise tolerance at the height of this
Penod of personal conflict was definutely im-
Pared Her pulse rate three munutes after the

standard exercise was still over 100, and measure-
ments of the I wave of the ballistocardiogram
indicated that stroke volume was nearly double
that of the resting value Following this, duning
a seven-month period of observation at the chnic,
where she was given considerable emotional sup-
port and an opportunuty to discuss her conflict,
her symptoms greatly improved A second exer-
cise tolerance test indicated great improvement
The pulse rate three munutes after cxercise was
slower than the resting rate and the ballistor
cardiograph mdicated less elevation of stroke
tolume than before

The relevance of stressful situations to
serious disturbances in cardiovascular func-
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tion has been studied by Reiser, Ferris, and
Levine’ and recently reviewed. It appears
that the added burden of emotional prob-
lems on an already marginal cardiovascular
compensation may have serious physical con-
sequences for the patient Any doctor who
cares for heart patients must, therefore, con-
cem humself with his patient’s probl of

CLINICAL PHYSIOLOGH
had the symptoms previously described a
1 irculatory asthenta and
five of them were under 35 years of age, The
other 13 gave evidence of coronary arteno-
sclerosis, In three patients, one with and two
without other evidence of structural hewt
disease, exercise on a day of relative sccunty
and rel. duced changes 1n the elec-

1stic of

Ife adjustment and must possess or develop
the requsite shills to discover, appraise, and
deal with them

ELECTROCARDIOGRAM

Ordinanly, when there are changes in the
pattern of the electrocardiogram during exer-
cise, the assumption is made that there 1s a
disturbance of cardiac nutrition Duncan and
Stevenson® studied 19 patients who displayed
changes 1n ST segments or T waves of a
degree considered significant according to the
criterta of Master,® following caercise per-
formed during a period of stress. Six of the
19, or approxunately one third, failed to
show any eudence of heart discase. All six

MR. V. C. LEAD 1T

trocardiogram that were less impressie than
those obsen ed after comparable exercise dur-
ing anxtety

In five of the six patients with neuroaircs-
latory asthenta and in all 13 of those with
presumed coronary artery disease, it was pos-
sible to produce clectrocardiographic changes
during an interview covering pertinent per-
sonal problems and without exercise or con-
scious anticipation of muscular effort The
interesting fact was that the changes nduced
durmng exercise were similar to those occur-
ring durmg stressful interviews In 14 of these
instances, the heart rate ymmediately after
exercise was nearly identical with that
achieved during ansiety and thercfore e
electrocardiographic complexcs were fully
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Fi. 18-3. Marked depression of T waves i Lead II of electrocardiogral
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AFTER EXERCISE.

[
ANXIOUS ABOUT HEARIN

m Essenually the same

change was observed after exercise and during discussion of a stressful topic.
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comparable. In eight of these the ECG dur-
sng siress was sdentical to that following ex-
ercise. In four the changes during stress were
greater than those induced by exercise and th
two instances the changes were gualisamely
different

The changes observed mn the eleetrocardio-
gram of one subject are shown e Fugure
183, This patient, 32 years old at the tme
had symptoms of palpitation and reduced
exercise tolesance but gave no evdence of
structural heart discase except for the elee-
trocardiogram, which was normal at rest but
m which T waves became inverted during
exercise or duning 2 stressful nteraew Seven
years later the patient still showed no further
evidence of heart dusease

The mechanisins responsible for these elece
trocardiographic changes cannot be stated on
the basis of the data on hand They may in-
clude coronary ischemia or perhaps merely

path 1 The thang

15 that the changes with stress resulung from
threats, symbols, or mterpersonal relations are
often sumilar to those following exercise

The finding 15 15 heeping with the general
concept that man duning stress may react
sith his cardsovascufar apparatus as of he
were about to engage in strenuous muscular
aciraty without any actual awareness of antic-
pating eercise Thus the electrocardiogram
secorded during severe ansety m A man sith
suspected coronary artery disease must be m-
terpreted in the hight of these findings Al
though the changes may be guichly reversible
and tnay not always he of such grave mpore
@ 18 ordinanty thought, the possibslity that
Tepeated or sustaned situational stress may
fead to irreversble changes must be tahen
mio N m pl

HYPERTENSION

Cardiovascular changes opposite to those
of exercise charactersze essestial hyperten-
S0 Cardiac work 15 enhanced by the need
to overcome an mereased penpheral sascular
Tesistance but there is no increase in stroke
volume or cardsac output A sumilar hemody-
namic situation obtans dusing blood loss
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Dusing sapid withdranal of bleod from
donors for transfusion, there was observed an
inerease m penpheral sascular resistance that
batanced the foss of blood volume so that
blood pressure levels were mantained. This
carchoy ascular patterss has also been induced
by stressful hfe situauons but with a resultant
wercase 16 artensal pressuse because no loss
of blood volume actually occurred It ss of
ntervest that ap ancrease 1 blood viscosity as
measured 10 \itro accompanies the pressor
effects under stress® Whether or not such
factors are perunent to the pathogenesis of
essential hypertension 1 not known but pa-
uents with essential hypertension readily dis-
plased such a hemodynamie reaction under
crcumstances of suppressed or repressed
angeT, resentment, or annety From the balhs-
wcardiographic data these mstances were
marhed by an ncrease n penpheral re-
sutaree without any wcrease or often 3 de-
crease n caleulated cardiac outpur

CASE T HMigh resustance type of tesponse 0 2

stressful mterview with a restrained,
B

woman

A 0-year-old unmarnsed woman first came to
the chimsc m 1936 complanmg of headaches and
casy fatugability Hypestensson had been dascov-
esed 0 years befuse Her blood pressure was
usvally i1 the neighborhood of 200/110 During
the expenmental proceduze she lay quuethy,
smuled frequendy, and scemed composed, even
dunng a discusson of her relations with her
mother, wward whom she felt intense hostihity
An underlying wuculence was evident s her atte
tude, however, as wanifested by the laconic reply
or wome understatement Dunag the penod of
wterriew her bload pressure rose buskly, a mse
awociated wuh 3 marked increase in blood vis-
cosity and wn perspheral vesstance but nope
strobe vofume The course of cvents is shown
graphcally w Figuse 18-%

CASL ¥ Fiagh resutance vype of response as-
sociated with denial of emotional dis-
turbance

A 30-ycar-ald unmarred secretarral worker was
first seen at the hospital i November, 1951, She
had been well uatd 1944 when, followiag an at-
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tack of acute cholecysuitis, a “gangrenous” gall-
bladder was removed Her blood pressure was
normal at that time

She had been the fifth of seven mixed siblings
and she was seven years younger than the next
older When she was 7 her mother was found to
have diabetes Two years later she began to
require snsulin Because she dishiked giving her.
self injections, her physician suggested that our
patient adnunster the 1nsulin

Acting on that single njunction the 9-year-old
girl faithfully gave her mother nsulin twice a
day During the nest fourteen years, the only -
terruption occurred when her mother was in the
hospital undergoing a chalecystectomy when the
patient was 15 Later, when the patient herself
had a cholcqstacxomy, she demanded to be dis-
charged before her sutures were removed so that
<he could care for her mother A few days later
at mght she heard her mother call Thus was not
unusual, in fact, for years the Ppatient had been
jumping out of bed if her mother was thirsty

CLUNICAL PHYSIOLDGY

Fic. 18-¢ Hemodynamic reaction during stress-
ful interview Simultancous measurements showed
an ancrease m blaod viscosity assocrated with
Pressor response,

or had a cough or was restless Nevertheless, she
Jumped up so fast that she tore open her tasion.
As she entered her mother’s room, she found her
dymng in acute pulmonary cdema Her last words
were, “Take care of the fanuly and mi\tc sure
the youngest boy graduates from college. }
Four months after her mother's death, a sud-
den attack of nausea and vominng Jed to the
removal of a “gangrenous” appendix, Blood pres:
sure at this me was said to be “180” "
Because of her mother’s dying requisty S‘h’:
patient put astde her plans for marriage et
went to work to carn money enough to send ;
younger brother through college Gusen the m "
name “Smuley,” at work she was effectic, !
liked, and highly respected. She always insist

RPN r
marry. She cooicd for and lovked al(rr{‘)rr
father untl his death in 1951, Shostly 'h"z“n i
and following a massine hemopiysis, she
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oped exertional dyspneca, orthopnea, and finally
attacks of paroxysmal nocturnal dyspnca. At this
ume, the blood pressure ranged between 280/170
and 236/138 The pulsc rate was 120 The ocular
fundi showed Grade I vascular changes; the
chest was clear, but the heart was moderately
enfarged to percussion and the lner was palpable
and tender The electrocardiogram showed Jeft
axis deviation and chest x-ray examination in-
dicated generalized cardiac enlargement  The
utne test for proten was 2 plus, blood urea
nitrogen 11 mg per cent, urea clearance 632
per cent and 628 per cent Intravenous pyelo-
gram was normal

Following an njectton of benzod; there
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supposition that vigorous exercise has an ad-
verse effect on the cardiovascular apparatus
in uncomplicated essential hypertension In
fact, it has been shown among hypertenstves
as well as healthy subjects that exercise 1s a
reliable way to reduce peripheral vascular re-
sistance In our own studies of hypertensives
we often found arterial pressure at its Jowest
levels following vigorous muscular effort **
Therefore 1t might scem reasonable to sug-
gest prescription rather than proscription of
exercise m essential hypertension in those pa-
tients whose hearts are well compensated and

was a sharp rise in her blood pressure and an
increase 1 her symptoms of congestne failure
Tense and exhausted, she was admutted to the
hospital After a brief sleep she was awakened
by an wtern who insisted upon taking a lengthy
history and doing a physical exammation, al-
though she had been thoroughly examined 1n the
clinic a few days before She became intensely

not enlarged

There is relatnely httle need for concern
with regard to overwmork if the heart 1s
healthy Although the possbihty of bodily
damage from overexertion has been enter-
tawned from time to time, mvestigators have
failed to produce any very concrete examples
of damage to the normal heart from excessive

angny and spoke out with unaccustomed vitupera-
tion A few days later an cxperimental interview
was undertahen while she was rechning on the
balbstocardiograph table After a suitable control
penod, the matter of her temper outburst was
abruptly introduced Although she expressed re-
seatment at the treatment she had received, she
denied that the episode had upset her m the
least During the deral an wncrease of 40 mm
m mean blood pressure was recorded The pres-
Sor Tesponse was assocsated with a fall 1 caleu-
lated stroke volume and with a nise in peripheral
resistance

This latter type of hyperdynamic response
would be expected to increasc the work of
the heart without increasing penipheral blood
flow, since blood flow depends more or less
directly or cardiac output

The effects of muscular excrase on the
hemodyamics of essential hypertension would
appear to be favorable, since there always 15
produced a temporary reduction i peripheral
vascular resistance. Whateser ncrease wm the
work of the heart there may be 1s mitigated
by the associated arteriolar dilatation De-
spite this it has been customary for doctors
to lumit the exercise of those with essential
hypertcnsion even without cardiac enlarge-
ment There 1s little evidence to support the

effort It would appear that motiva-
tion provides a sufficient himitation, even m
competitive sport, so that general exhaustion
stops the effort before undue strain on the
heart We, thercfore, concern ourselves with
the worhk of the heart, clinically, only in the
presence of a damaged heart

BLOOD LIPIDS

Currently there 1s among cardiologists a
promnent concern with blood Iipids, and

pecially ch ! 1t 15, therefore, attrac-
tnve to speculate on the possible relevance of
blood lipids to the need for fuel in muscular
exercise and perhaps throw light on their
accumulation in the blood of those subject to
coronary artery disease

Glycogen stores 1n the liver are not suffi-
cient to replenish and maintamn a normal
Ievel of blood sugar 1f glucose were the chief
source of energy for heavy physical labor
Neither would a Jarge breakfast and a lunch
of two large provide sugar
enough for the demands of strenuous mus-
cular effort It 1s well known that hard-work-
g muscles metabolize fat Further, 1t has
been shown that the concentration of blood
cholesterol and lipoprotems changes very

sandwiches
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little following a fat meal or during extreme
muscular effort It is, therefore, evident that
a regulatory mechanism exists that tends to
mamtan a faily constant blood level of fats
while they are bemng burned for energy, or, in
the absence of exertion, while they are being
absorbed from the gastromtestinal tract. The
work of Siefter and Bader suggests that fats
may be brought into the blood from depots
by a lipid-mobilizing factor secreted in the
pituitary gland Present-day opinion holds
that the accumulation of fats mn the blood
serum may be germane to the pathogenesis
of atherosclerosis Tt may be that the lipid-
mobilizing mechanism 1s normally brought
mto play when there 1s muscular work to be
done and. therefore, a need for fats to burn
This mechanism may, hilke others, be capable
of partcipating in an adaptive reactton as tf
The hypercholesterolemic patient may be be-
having as if he were about to undertake a
major muscular effort

In a recent study of blood cholesterol con-
centration m relation to emotional stress in
patients with coronary artery disease, a very
striking correlation was obseried between
especially high concentrations of cholesterol
in the blood and periods of serious emotional
conflict 2 Personahty studies indicated that
the patients’ way of hfe was Sisyphus-like
That 15, they had a special need to do things
on their own and often chose the hard way
to their objectives, rarely having the oppor-
tumty to indulge m restful satisfactions At
the present time the mference 15 a specula-
tive one, that hypercholesterolemia mn some
instances may represent a stress reaction with
the individual reacting to threatening life

situations inapproprately as if great 1.
effort were being called for
Notwitt d such \¢ 1t s

evident that the work of the heart cannot be
estimated with any degree of accuracy with
reference to the amount of exertion actually
undertahen If the subject is in tramning, car-
diovascular efficiency will be such that a rel-
atively great load may be carried with a
minimum of work On the other hand, in
traming or not, the heart may be called upon
to work hard with the subject sitting or lying

CLINICAL PHYSOLOGY

while contemplating, consciously or uncon
sciously, some troublesome personat proble

DISCUSSION AND SUMMARY

Smce the heart 1tself and all the accessory
cardiovascular equipment are connected to
the interpretive areas of the bram and cap
able of reacting to symbolic stimuli, it is clear
that emotionally stressful situations are a
pertinent to determmning the work of the
heart as are realistic demands for muscular
effort. Exercise invariably calls forth the same
type of hemodynamuc adaptation It is char
acterized by acceleration of heart rate, -
creased strohe volume, reduced penipheral e
sistance, and a variety of local vasomotor
changes in the lungs and elsewhere With
practice or training, the cardioyascular ap-
paratus reacts with increasing efficiency 10
the burdens of exercise, thus mingating (e
work of the heart Situational stresscs 02
obliterate the effects of tramning, may €%
gerate or prolong the hyperdynamc state o
the circulation associated with exercise, O
the exercise pattern may be nduced by une-
tional stress without muscular actrity SUeS
may also induce a variety of other cardio-
vascular adaptations  Several it estigalors
have pointed out that among these adaP“‘el
patterns are two that resemble the effects ©

hrine and hrine  respec
ti‘vely‘“'“r“ The former occurs in situatio®
that are consciously or uncunscmus}y mier

attitudes Both include an elevaton of ﬂe‘;
terial pressure, but the worh of the heartp]s
umt of blood delivered to the PC"Ph"ym
greater m the norepinephrine-libe P}“"E-
because of the associated elesation in T
ripheral resistance

I)Expenmental correlation of high ;10‘;"
cholesterol concentration with periocs "
emotional stress has been shown 1 P“]‘;“(:e
with coronary artery discase A sI”-‘C”( hat
suggestion has been offered to the eﬂ't‘c} e
great muscular effort may call [omsup‘
mobihzation of lipids into the blood to
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port the energy needs and that under circum-
stances of emotional stress such a mechanism
may also be invohed as if great effort were to
be required

Trrespective of the validity of this specula-
tion and its possible relevance to coronary
artery disease, it is at least established that
increased work for the heart may be required
as part of a variety of cardiovascular adapta-
tons to stimuli that owe thei force to ther
patticufar meaning to the individual

For the healthy heart such extra work 15
probably of little wmport In the presence of
cardiac damage or embarrassment, however,
the clinician must rechon shillfully with the
burdens waposed by emotional strain
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induced either by the patient himself, as a
protective measure, or by others, not the least
of whom are physicians, who musinterpret the
condition. The true limit to the working
capacity in such cases is not set by physical
factors, and cannot be eaplained in terms of
pure hemodynamics. As far as I can see, we
need more data on the psychology of work
performance However, I am not sure that
everything can be explained on such a basis.

There may stll be muscular factors about

{
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which we do not know enoughy
both the sheletal muscle and the
I have been thinking somew!
lines displayed m Figure 19
course, just a theoretical sches
think we know too little about
tive chemical composition of ot
sonally, T have been engaged 10 Q“‘m

studies on hematin compounds i . uw\
cardiac and sheletal muscle, part
myoglobin and cytochrome ok
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Fic 19-1. Age and sex distnbution 18 p
uents with functional heart disease, sefered
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FACTORS RELATED VO PHYSICAL UNFITNESS IN NEUROCIRCULATORY ASTHENIA
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studies have not revealed any strhng ab-
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matenal at our disposal, the large indsvidual
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men 0O 29"smalt’hearts
@ _61hormal’hearts
total 30
women

m 65"small”hearts
B _69normal"hearts
total 134

Fic 19-3 Carduac volumes m
males and females in various age
groups, Small hearts were found
i 42 per cent of 224 paticnts
with functional heart discase

Nl AZ?

1019 2029 30394049 5059 60-69
Age groups

TEN 5 59"small” hearts

2U'normal”hearts
total 300

WOmMeN 100'small” hearts

@ 288normal’hearts
total 388

Fic 193 (Contd ) Cardiac
\olumes m males and females 1
sarious age groups Small htzﬂ;
were present m only 23 per cent O
688 healthy persons
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CHAPTER @@ LABORATORY TESTS FOR PHYSICAL FITNESS

Gunnar Biorek

In 1956, my fellow countryman, Astrand, re-
viewed factors affecting human physical fit-
ness, with special reference to sex and age’
T would hike to quote some statements from
s paper

It seems almost certaia that 1f the aim 1s to ex-
amune the physical work capacity of an tndwid-
ual, the examunation should be made during
muscalar work In such a case 1t 15 possible to use
a submaximal work mntensity Great muscular
groups should be engaged 1n the test work By this
means the oxygen transporting systems can be
exposed 10 a stress without causing local mascular
faugue to be a lmiung factor The work load
must be carefully determined and be reproduc-
ble Apparatuses that satisfy reasonable demands
are the treadmll and the bicycle ergometer In-
sestigations should be made durng a steady state,
te, +5 minutes or longer after the start of the
work, and physiological functions should be
measured The worh intensity should not be so
high as to make “motvation” play a dommating
Part On the other hand, the work level must
not be too low Psychical factors will be able to
mfluence different functions (pulse rate, respira-
tory rate, etc.) to a great extent when the physi-
<al stress 1s too low.

Tests for physical fitness have been favorite
subjects of Swedish physiologists for many
years With the imtial sumulation and sup-
port of Liljestrand, Nyln has worked with
his stair-case test for more than 20 years??
later to be followed by Sjostrand,* who em-
ployed the bicycle ergometer, and Astrand,
who has worhed with both the treadmill and
the bicycle® In normal persons, the pulse
rate and the oxygen consumption are said to
wncrease 1n a hnear fashion with increasing
work Nyln’s test implies the determmation
of the excess onygen consumption 1 relation
to resting values after a standard exercise m
his circular stair, Sjostrand, determines the
worhing capacity m hilogrammeter/minute
at a heart rate of 170 per munute, 1 relation
to total hemoglobmn, as determmed by his
carbon monoxide method, or to heart volume,
and Astrand has studied a varety of factors
The same work loads can, of course, be used
to obtain electrocardiographic exercise tests
For particular purposes, other tests have been
employed, such as anoxenua tests, orthostatic
electrocardiograms, etc

While normal values have been worked out

P
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by these thrce methods on healthy people,
including students, soldiers, etc, only Nylin’s
and Sjsstrand’s tests have been employed in
routine clinical studies The difficulty -
herent in the tests, apart from physiological
considerations of the type of work, and the
factor to which the measurable change is re-
lated, is the considerable overlapping of
normal values and values from patients with
carly or mild pathological changes The real
problem is to construct a dividing line that
heeps both false posttrves and false negatives
within reasonable hmits This js difficult for
several reasons; among these is the consider-
able mdividual day-to-day variation such as
that stressed recently by Sutton and lus co-
worhers ¢

Furthermore, when one is dealing with
persons in whom cardiovascular disease is
suspected, the choice of a test and the evalua-
tion of its result must be related to the type
of impairment of phystcal working capacity
T beleve there are many different mecha-
nisms to tahe into consideration Any test may
be interrupted by discomfort, either through
pain in the chest, exhausting dyspnea, or a
feeling of dizziness The limit of tolerance is
set by the fighting spirat of the individual.
Thus, many factors mterplay in tests ap-
proaching the maximal capacuty type In the
submaximal tests, these factors are less im-
portant, although still present In the case of
coronary heart disease, pain may be elicited
independent of myocardial insufficiency or
impawrment of the general oxygen transporta-
tion system, and pain, in reality, deternunes
the working capacity Inability of the myo-
cardium proper to respond to a certain ex-
ternal work load m a normat way may, fur-
thermore, be due to factors within the muscle
fibers or their extracellular surroundings, such
as nutritional impairment, structural decay,
clectrolyte or hormonal disturbances 1 be-
lieve, however, that such barriers to normal
cardiac function as severe valvular stenosis or
large shunts must be regarded as separate
entities, and we all know that the working
capacity of a patient with mitral stenosis may
be considerably improved after commussurot
omy, a procedure that has nothing to do

CLINICAL PHYSIOLOGY

with the heart muscle itself, To this mmay be
added the importance of the ‘pulmonary
function, which can, perhaps, be disregarded
in most persons, but by no means in all |
have seen patients in whom a Tespiratory
neurosis appeared to be the timuting factor
for the capacity to work. In his earher works,
Nylin rightly called his test a “cardio-pul-
monary function test.” Eaperience wih
patients belonging to the group labeled
neurocirculatory asthenia has brought up the
problem whether a deficient regulation of the
peripheral circulation, a certan functional
inadequacy of cardiac or skeletal musce or
both constitute another set of factors !Ih-ﬂ
influence the response to tests for p)l)ilﬂfl
fitness, apart from factors of subjecthe moti
vation 7

The tests usually employed in chinical lal.»
oratories are, of necessity, short-term experi-
ments, in which the load is imposed upon the
patient rather abruptly. Even if a steady
state is arrived at, the paticnt may do much
better tn hus usual surroundings with a }?YOP“
warming-up and a type of work to whichhe
is accustomed. Figures have been gnen
which indicate that n manual jobs the
worker should have a capaaty for ovgen
intake at least twice that required for the
work per se. While such data are mlcrcsém;iv
I have a personal fecling that in our mot ?“[
society, with its wide spectrum of E‘"“n
activities and, cven more, in the fufu"
society, the purely physiological dcteﬂ.mi:h-
tions of working capacity will playa n'ixmm o
mng role in the evaluation of a man’s umorc
ness, and that mental factors will b]Cbc ”
important in this respect There “l:i e
question of assigning people \ufh ads o
rheumatic heart disease, or angina P";mma'
or emphysema, or m:umcu'cul:nory.c{'l;I e
to physically strenuous jobs, proviee cupar
can be utihzed 1 more sedentary Ocd\ire
tions And, if they cannot, our medical a ol
doces not help much, except for a P‘m“n
certificate This situation may be dnﬂcrcnm'
countrics where there is cunsid.crablf“‘“
ployment and social legislation is Iac b:;gmn

I cannot avord the fecling that 1a e
tests for physical fitness, as regards ©
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patients, are tools that can corroborate the
chims of a patient, or our own chnical -
pression, of an impaired worhing capacity in
some cases, but are less helpful in predicting
a certain range of pernussible physical
activaty

Perconally, I grew up in Nylin's laboratory,
where his test of functional capacity played
a great role in the exanunation of the cardiac
patient. Later, T have felt that such tests
serve more as scentific tools than as nstru-
ments for the practical management of the
individual patient. This 1s not necessanly the
fault of the methods, but is due to the nature
of the problem in modem society Most of
our cardiac patients belong to the older age
group and have sedentary occupations or are
housewives, In these cases we have found the
problems of psychological readjustment to be
more serious and more neglected than that of
physical readjustment I am, therefore, in-
chined to believe that one should not try to
construct one standard esercise test for all
Purposes, but rather to chose between
different tests for different purposes Thus,
tests for physical fitness in healthy persons,
athletes, military personnel, etc might well
be maxymal tests, whereas tests for evalua-
uon of fitness in cardiac patients rerarming to
manual work should preferably be fitted to
the hind of occupation proposed, and tests of
chiefly scientific nterest, for the study of
arculation during physical stress, should be
adapted to the problem in question In the
social commuttee of the International Society
of Cardiology, we have recently epressed the
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need for some Lind of international stand-
ardization of tests for the functional work
capacity of the cardiac patient I do not be-
lieve that it 1s feasible, nor is it desirable, to
claim that one particular test is the best But
i, duning this conference, we could bring
oursclves to an agreement on principles and
on the general design of tests for well-defined
purposcs, T would regard this as a very prom-
ismg begmmng of a new, co-operatine proj-
ect in international cardiology
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CHAPTER 21] EFFECT OF WORK ON THE HEART

Lucien A. Brouha

The adaptation of the cardiovascular system
to muscular work has been extensively inves-
tigated The action of many factors has been
studied 1 animals, frequently by means of
radical procedures In mtact organisms and
particularly i man, such studies are limited
by the techniques that can be used without
mmpairing the subject’s health or his perform-
ance This consideration reduces substantially
the number of facts that have been observed
directly duning and after muscular actnaty

This presentation s limited to the effect of
muscular work on the heart of healthy man.
No attempt will be made to explam the
mechamisms 1nvohved, since these problems
are discussed in the Basic Physiology Panel
Furthermore, many of these mechanisms and
their mterrelations have not yet been studied
in the intact man More data are needed
and, as long as more mformation is unavatl-
able, one must realize that some aspects of
the over-all picture still remain obscure,

For the sake of clanty, the general effect
of muscular work on the heart will be con-
sidered first In a second section the influence
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N ic
of the major factors influencing these basit

R fon
reactions will be discussed A third EEC':;&
will present briefly examples of speciic
mands on the heart in \arious occupations

GENERAL EFFECT OF MUSCULAR WORK
ON THE HEART

Heart Rate During Work
The heart rate mcreases as soon 3 € e
cise begins and in many mstances e\eln o
fore. This anticipatory nse is commony .
tributed to a duninution of the vagal :’::\_
reflexly produced by the mental r'elzfe“ '
tion of the effort to be made; 1t Drxg‘."”“es;‘sc
the central nervous system The first mcrcsw
takes place rapidly and is followed by 3 e
ond phase during which the Jevel and
behavior of the heart rate are
mostly by the work load.
pical reactions are )
a ;::tc:n?&ork load is maintained thro:filslc
out the exercise period During light Nm 4
the first increase may be c.\aggfrf‘:d © a’
subsequently, the heart rate duninis s

AETe

determin

observed whet
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ower fevel that is maintained as enercise
progresses For a heavier work toad the heart
rate steadily reaches a rather constant level
hat persists throughout the exercise Thys is
descbed as a “steady stare’t of heast rate
\When the performance is further increased,
no steady state can be attamed and there
a continued progressise sncrease in heart rale
untd esercise stops {Fig. 21-1). In extreme
efforts a steady rate can be obsened w the
latter part of exercise because the hezrt rate
has reached its maximum and cannot io-
crease further, Under these conditions, exer-
cise cannot be maintained for a long period
of tume and the subject, reachmg exhaustion,
must stop

‘When the work load 1s vamable, the pat-
tern of the heart rate follows each change
closely: an ncrease 1 Joad produces an in-
crease e heart rate apd vice versa The rela.
tne abruptaess of the change depends on
the degree of difference sn worh Joads For a
small Toad merease the heart rate will nise
smoothly to establish a new, more elevated
platean; for a marhed load ncrease the
change is rapid, the adaptation to the heavier
foad starts immediately and 1s achieved 1n 2
short time The revesse 1s true for decreasing
work loads

For a constant worh of sufficient intensity,
the duration of exercise also influences the
heart rate If the subject has been able to
maintamn a steady state for a gen tme and
€ the work s prolonged, a secondary and
progresstve increase in heart rate takes place
until exercise stops

We have been speabing of the typscal be-
havior of the heart rate durmg exercise -
voling repeated muscular contractions In
sustained static contractions, such as weight-
fifting, the heart rate accelerases shighsly, re-
mains unchanged, or even glows down during
the effort The heart rate accelerates when
the effort §s termmated and it remains ac-
eclerated for a tune that 1s determined by the
magnitude of the effort and the muscles that
were maolued

So far the heart rate reactions have been
described when the subject 53 performing a
contmumy evercise When the exercise 1 not
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continuous, but repeated several times with
penods of rest intenening, the same general
reactions are found For a hght everaise the
heart rate will weerease to the same level dur-
ng each penod of actnsty For a harder ex-
ercise the heart rate wilf merease further with
cach successive perod of eaercse and no
steady state of hieart rate can be maintamed
throughout the total performance i spite of
pertods of rest taken at regular intenals

Heart Rate During Recovery from Wark

The heart rate decreases almost immedi-
ately when worh stops During a few seconds
at the beginning of the recovery, the heart
rate 1s very close fo the maaxtmum attaned
at the end of exerese Then the recavery
tahes place and the behavtor of the heart rate
1s determined by the preceding exercise

Alter Iight work the heart rate slows down
abruptly and soom returns to the pre-exercise
resting lesel The heavier the load the higher
will be the recovery heart rate and the longer
3t will tahe to return to the resting level The
duration of exercise alsa influences the heart
rate recovery, prouded that the preceding
worh has been of a sufficient sntessity If the
Ioad 1s ight, duration has httle influence un-
less 1t extends over several hours For heavier
worh that can, nenertheless, be maintasned in
a steady state, the longer the duration of ex~
ercise, the Jonger the recovery ta the resting
Jesel (eg, marathon runners, mountain
climburs} On the other hand, {or compara-~
tively short efforts pushed to exhaustion or
nearly so, the duration of the performance
does not seem to wfluence appreciably the
recovery processes, and the return to the rest-
ng level of heart rate always tales about the
same ume {Fig 21-1)

When the exercise 15 not continuous, the
heart rate recovery reactions during the rest
periods ave determined by the previous work
performed and by the duration of the preced-
ing rest pericds For hghy work the reeovery
can be complete m a short time even when
serera) periods of exercise hase already taken
place This pattern can be described as a
steady stale of vecovery For harder work the
secoveries become less and less complete for
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TEFECY OF WORK Q8 THE HEART

2 ghen 7est tume, so that the recovery yeac~
tions semadn at a progresshely highter heart
rase lesel ay the number of enercise periods
increases In a case lhe this, of a steady state
of recovery is to be maintained, the cest pe-

$83
ta be an important factor m cvaluating the
physiological swram produced by L
work,

Stroke wolume and cardiac output ave

tion

nods must become Jonger as the exercise s
repeated By proper adjustment of the ses
quence, exercise-vest periods, 1t is possible @
maintan even oser 3 long time a steady state
of heart seactions during work as well as dur-
ing recotery As soon as the rest tme be-
comes 100 short, the heart rate increases dur-
ing successive periads of both work and
secovets. A stendy siate can no longer be
mamtained and the subject comes closer and
closer o bis maximum working capacsy and
bis exhaustion Jerved (e g, tenms phayers, sue-
cessne bouts of sprnt}

The fina} recatery to the zesting level de-
pends an the (otal amount of exercise per-
founed and the totaf amount of rest when
the wore work and the less rest, the longer
it takes to seconer and vice versa

For the purpose of companson between
dfferent nork loads, sangus hnds of exer-
cise, or different wndividuals, the heart rate
feactions can be convemently expressed as
casdhac cost The cardiac cast of wosh 1 the
total number of heart beats above the pre-
exercise resting Jeve) that 1 needed jo per-
form the werk The cardiae cost of recorery
1 the total numbher of beats abose resung
level occurring brtween the ead of exerese
ang the return to the pre-exercise rate The
totat caxdiac cost af the performance ncludes
bath the cardiac cost of wak and the cardiac
cost of yerorery In repeated performances of
bight exercue, the tors! cardsac cost wil re-
Mam constant YWhen heavrer exercise 1S per-
formed, the total cardmc cost will wmccease
ftom one pesformance to the nexr, mamly
because the casdiac cost of cecovery meseases
For heavy enercise, both the work cast and
the recovery cost i} incresse as the perform-
ante 53 gepeated The recovery cost, which
“an alse be called cardiar debl, shows greater
‘atiations than the tardiac cast and appears

dafied by lar activity This g
as well as that of heary solume changes dur-
g and after exereise, has been thoroughly
discussed 1M 2 recent restew by Asmussen and
Nielsen? For the sake of brevity the reader
1 veferred ta that arnele

FACTORS INFLUENCING THE €FFECT OF
WORK ON YHE HEART

The sesponse of the heant to muscular
worh always follows qualitatively the above-
desenbed patterns  Nesertheless, 1t differs
quanustainedy In the healthy mthiidual ac-
cording to sarous factors such as ndn idual
finess, trauung, age, sex, emvianrnent, and
acclumanzation

Frinesy

For a standard amount of submaxsmal
work, a fit subject will be able to maintain a
sfower heact rate dunng work aad to recover
wore quichly after werk than a fess fit indse
udual For maxumal work the fit and the
wnfit will reach thewr maximum heart rate,
hut the fit wbject will ba able to perform
more wosh before he reaches that level than
the unkt The s becaose physical fitness de-
perds to a great estea¢ o the circulatory
capacity ¢hat s closely related to pulse free
wquency (Fag 21-1)

Troining

For the same indnidual performing the
same amount of submasimal worh, iraining
reduces the heart rate dunng waoek and has-
rens the recovery processes after work (g
212} One of the effects of travung is to
worease the strole solume so that, in the
traned ndsvidual, adequate cardiac output
15 obtalned at a lower pulse fyequency than
hefose ymning Another consequence of shis
phenomenon 33 that maming will ensble are

Fie 201 The umidanty of beart fate tecovesy pattems following axbamstve effort of vanable

duration

o
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EFFECT OF WORK ON THE HEARY?

to perform much more work before maxis
mum heart rate and eshaustion are reached

Age

The effect of age has been studied re-
peatedly in laboratory espetiments They
show that after about 23 years of age the

i heart rate inable dumwnish

progressively as well as the abilisy to perform
exhausting worh. For submasimal worh,
older people usually show a faster heart rate
than younger ones, but the dulerences due
to individual fitness are derable and per-

145

gometer, women show heart rates higher than
those of the men during work although their
recovery patterns ate simtlar. Dusing heavier
evercise (540 or 730 hg-m frn}, the heart
rates of the women are marhedly higher than
those of the men and thewr recorery to the
pre-excroise fevel 1 slower (Fig 214) In
both sexes the manimum increase 1 heart
rate with increasing work fotlows a straight
bne Exhauston s reached at a lower work
load for women than for men (Fig 21-3)

sist untd the usual industrial retirement age
of 5 Unfortunately, fow data are available
on the relation of heart reactions and age in
varjous industrial jobs Figure 21-3 gives an
example of increasing v erage recosery heart
rates observed with advancing age i a group
of worhers perfornung the same tash under
similar conditcons

Sex

Heart rate during and after muscufar wosh
1 quantitatively mfluenced by sex In recent
experiments, we have seen that for light work
{360 Ly -m. fmin } perforsmed on 2 bicycle e

120
2 e}
ey
]
=
¥ 3
% 21-3 Influence of age
on heart sate recovery curves :
&
<
w
o 100
w

Possibly the most important factor un olved
in deternamng the effect of work on the
heart 1s the emvironment in which the work
1s performed and in which the recovery takes
place Tempesature, hunudty, and air mo-
twm must be taken into account, The effect
of the emvironment on the heart rate 15 al~
ready secn at rest as the emuronmental con-
dittons become  less favorable, the resting
heart rate becomes faster The same is true
for the maxumum heart rate observed dunng
work, and there 1 a hnear refation between
the envirenmental temperature and the m-

40 TO 50 YEARS
He110

20TO 40 YEARS
N 100

T Z 3
MINUTES AFTER WORK
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Recovery

<
Fic 21-4 Ranges and means of manimum heart rates during work and at 5 mut £

avery fof

men and women working at vanous loads m the same environment

crease of the heart rates both at rest and
during work (Fig. 21-6).

Figure 21-7 shows continuous heart rate
recordings obtained under threc different en-
v 1 cond n which temy e
and relative hurudity (RH') were svaned.
Considering that the total work load was the
same under the three conditions, the greater
cardiac response in the higher temperatures
is not duc to a different amount of mechani-
cal energy expenditure As a matter of fact,
it is seen (Fig 21-7) that the oxygen con-

ption is practicall ) when
shifting from 72° dry bulb (DB) and 42
per cent R.H. (room temperature) to 90°

f oed

DB and 85 per cent R H. (hot weths ﬂaﬂ:
slightly reduced when the cundnuonsd .
100° DB and 25 per cent RH (hot :Yly
That is to say that mclabclic‘ rate, 85 fc"md
ured by oxygen consumption, i not l:irhcm
by the warm emaronment, whereas 4 e
rate x ™ T ¢ neeeleration appears
relate
IMPOLLasL wites sssvrvme o
without elevation of body lcmpcra('urc. ot

The cffect of the environment lslsccrft“m_
only dunng work but also during t ‘corc
ery. As the environment bccom('s' !lﬂ” i
vere, the heart rate remains at a highe e pe
for a longer time dunng the postexcre




EFFECT OF WORK ON THE HEART
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riod It should be realized that in warm en-
vironments the recovery processes may be
unable to restore the resting level of heart
rate, since we saw many incomplete recover-
ics during observations as long as 75 mmutes
after cessation of work (Fig 21-7, Phases
V and VI) In these cases the recovery was
complete only after the subjects had moved
into more comfortable conditions of tempera-
ture and hurmdaty.

The fluence of the environment is also
clearly demonstrated with successive, inter-
mittent work periods, as in the following
experuments

The subjects pedaled a bicycle ergometer
at a constant load for 10 successne 5-minute
periods Between work periods, sufficient rest
was given to allow the heart rate to return
to an arbitrarily predetermined level of 110
beats per minute After that rate was re-
corded, the next work cycle was started
within 15 seconds At the end of the tenth
ride the subjects were seated in an armchair
and their recovery processes studied for 30
munutes These experiments were performed
under four different enswonments; namely,

s
~—A-— 100°F, S0% RN
—e— 72+ s0%
441
" 500 41
2
5
5
z
x
31
w
z
H
w
2
2 a
a
P
l
o

CLINICAL PHYSIOLOGY

60° F. and 41 per cent RH, 72° F., and 50
per cent R H.,, 90° F. and 81 per cent RH,
and 100° F. and 50 per cent RH Figue
21-8 shows the average heart rate cures ob-
tained for eight subjects under three of these
conditions, the curve at 90° F. and 81 per
cent R H. being omitted because 1t 15 almost
identical with that obtained at 100° F ad
50 per cent R H, Here we see that, as the
temperature increases, there 1s an increase
heart rate and also m the time it takes 0
return to the rate of 110 beats per mmute.
The final recosery to the pre-exercise lenel 3
complete m 13 minutes at 60° F, in 20 mi-
utes at 72° F., while at 100° F. full recosery
15 not seen by the end of 30 minutes of rest
Figure 21-9 shows markedly greater mmast;
in partal recovery time, that is to the ratedl
110 beats per sminute, as the work cycles were
repeated in a hot environment '

In Figure 21-10 the cardiac cost of ol
and the cardiac cost of recovery to the rat¢
of 110 beats per minute are shown [o{ each
cycle under four ensironmental Acondmom‘
These data llustrate the mcreasing pjs®
logic strain that is obsered for the sameé

3

5 6
WORK CYGLES

. 15,
Fic, 219, Effect of repeated work cycles on recovery time in three emaronmen
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amount of work performed under progres-
sively more stressing conditions of environ-
ment,

Acclimatization

For a standard amount of work performed
in warm surroundings, acclmatization re-
duces the heart rate Heat-tolerant and ac-
climatized subjects can worh longer and
mamtain a lower heart rate, mostly because
therr heat dissipating mechanisins are more
efficient

SPECIFIC DEMANDS ON THE HEART IN
VARIOUS OCCUPATIONS

Measuning the cardiac cost of work 1s 1m-
practical i the absence of laboratory facili-
ties In spite of the fact that telemetering de-
vices have been developed that enable an
observer to record continuously the heart rate
of a man cxeraising in the feld, ths is stll
an exceptional and costly method Fortu-
nately for appled research, following the
pulse rate variations after the exercise is com-
pleted and while the subject 1s recovering
gives intercsting and valuable information
about the amount of stress he experienced

CLINICAL PHYSIOLOGY

Fatigue Laboratory.? It consists of counung
the pulse rate by hand at regular intenals
during the recovery while the subject 1s st
ting quietly. Usually the pulse is counted
from 30 seconds to I minute after worh stops,
from 14 to 2 minutes, and agam from 2%
to 3 minutes. From these pulse counts a heart
rate recovery curve can be constructed that
indicates the actual pulse rates and the spceti
of recovery toward resting level. As preve
ously indicated, it 1s seen from these meas-
urements that the heavier the work load the
higher the heart rate during recovery and
the more slowly it returns to its resting level
In addition, the better the physical capaay
of an individual the smaller his increase 1
heart rate for a standard work load and the
more rapid the return to us resting vahie
Thus, both the physwologic stress and the
physical aptitude of an nditdual fora SPC‘,
aific Job can be determined from the recorety
pulse rates This hind of mcasurcn)tm “
quick and simple as well as mexpensie: "d
quiring only stop watches It has been :jsxto-
extensively to evaluate the level of ‘w
vascular stress in industnial operations
The onset of fatigue can be preducted from

. . satisfac-
when he was encrcising The prnciple of  heart rate recosery curves. When ﬂon s
this method was developed n the Harvard tory 1ecovery can tahe place betwee
13 ] 1950
VoA
\
3
12d i
g ole o 3
2 ' s i Sofely
3 A l‘m‘f Lt
[
o
&
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Fig. 211 Effect of reducing temperature and humidity on heart rate 1ecoveny
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Fic 21-12 Pulse mate changes dunng an B-hour shify

of successive opesations, the first pulse rawe
after work becomes progressively hgher and
the heart rate remains at a hugh level for a
progressnety longer tume dunng the recovery
penod The return toward the resting level 1
very stow and definitely potnts to the exist-
ence of phycological fatigue i these workers
The upper curves n Figure 2111 dustrate
this steaton

The same method 15 used to analyze the
physiologic effect of varous parts of a
ghen job consistng of several operatwms
Such an analysis mdicates which part of 2
19b 23 the hardest and what should be rrodi-
fied or ehimmated m order to reduce the
vier-all stress 1t becontes, therefore, possible

logic

dueed f favorable surroundmgs are provided
dusing the test permds, as shown 1n Figure
2112

It has been our experience, over the last
12 years and m many wmdustnal operations,
that when the average value of the fst re-
cosery pulse 15 mamtawmed at about 110 beats
per mumiite or befow, and when the decrease
between the frst and the third recovery pulse
rates is ac¢ least 10 beats per munute, no -
creasng cardiac strast occuss as the day pro-
gresses Whether thes Jeved 1s produced by the
work Ioad alose or by a combmnauen of work
load and heat exposure, it appears that such
stress <an be sustamed throughout the shift
m a physiologic steady state, previded the

g of work and rest penods as ade-

to classfy jobs hng 1o therr ph
stress

It 13 also posuble to evaluate the mflucnce
of the environment, as shown by the com-
Panson of the upper and the lower curves
Figure 2f-11 For the same jobs and the
same worlers, more fayorable condstions of
temperature and humudity reduce the de-
mand on the heart sesulting in lower heart
rates and faster recosertes

Even of the yob 1 performed under ad-
‘eese environmental conditrons, the over-all
stram on the heart can be considerably re-

quately organszed, the recovery betw een work
pertods 15 suficient, and the heart rate meas-
urcd at rest at the end of the shift 15 within
normal bty

In certasn cases, aberrant patterns of the
heart rate cunve can be observed durmng the
recovery Sometsmes the heart rate remamns
at the same lesel for the successtie pulse
readings mdicating that no recovery tahes
place Sometimes the heart rate mcseases
from the first to the third reading and, when
this increase amounts to 10 beats or more,
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we clasafy the phenomenon as an inverse
heart rate recovery curve It occurs in the sit-
ung position, as shown mn Figure 21-13, and 1n
worhers who are involved 1n moderate physi-
cal actity performed in warm and humid
surroundings A typical example is given by
employees of cotton mills, where these ab-
normal curves are frequent. In one of our
sunieys, as many as 43 per cent of the em-
ployees showed inverse heart rate recovery
curves with a third pulse reading faster than
the first by 10 beats or more After the third
or fourth minute of sitting, this cardiac ac-
celeration stops, but the heart rate remains
fast for as much as 12 to 15 minutes before
decelerating very slowly

Similar patterns have been obserned in
workers exposed to nitroglycerine vapors. It
is our belief that they are due to marhed
peripheral sasodilation with pooling of the
bloed in the lower extremities while the in-
dividual is seated Because of a poor venous
return, the heart must accelerate in order to
maintain a sufficient cardiac output.

The preceding presentation and discussio?
of data lead to the conclusion that the M
main factors that determine the he;ut] r:
sponse to muscular actnity are \.mr). o:ll
and heat load The consequence is that s
Jobs involving heavy labor, heat c}‘p.osur;,J .
a combination of the two are those m[“ "
the greatest demand upon the he;.\rt is ?:nts
Steel mills, aluminum rcducl'mﬂ P act!y
foundries, deep muncs, and loading fumsmg
are among the jobs that are most stres o
for the heart Loading and unloading ‘“_
and truchs also produce high ca{dm : -
tions, particularly in the summer tune :l’ o
warm climates Olften in these cases fast "
rates are observed at the cnd of the :;’ﬂ
cycles and the recovery processes becom
efficient as the day progresses.®

At a Iower level of energy e e
heart reactions are determined by lhf;]‘ e
of the operation, the speed at \.lnck .
performed, the duration of a worh cycle,
the environmental conditions.

It is only by studying the ph!

pendiure the

ysiologic 1€
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actions produced by a ghen job that the
stress Jevel can be evaluated and that the
quahifications of an wduniduat worker can be
determned  Unfortunately, many more data
are needed and a well-co-ord) d and sy

198

of ume multiphed by duration of operation
but also the physiologic recovery time, This
will pne a more accurate picture of the ef-
fort quuu'cd by the worker and will furmsh

tematic program should be organized mn
arder to busld up a new branch of the scien-
tfic study of man: namely, wdustrial physis
ology or, in an even broader scope, orrupa-
tional physiology When that is done we will
be able to evaluate the human element m
any gnen job and to establnh, on 2 sound
bass, the time and sequence of work cycles
and rest penods that acluc\c ma\xmum pro-
ductne effich a

<ost The results wail prove, dxspm\c. or cor-
rect the basic values of predetermined mo-
von time data frequently used wp worh meas-
vremeat In due course it will be posuble to
replace the novon of time motion work cycle
by the concept of physiologic work cycle
The latter mcludes not only effost per unit

data for i fatigue,
\\hxch remains an exsential factor in the utih.
zatiop of human labor It will also be pos-
sible to establrsh a sound basis for the selec-
non and the traming of the workers so that
the nght man for the right job will no longer
be wishful thanhing but will really mean
maxpnum ¢ficuney at mmum human cost.
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CHAPTER 22 THE FORCE PLATFORM

Lucien A. Brouha

The physiologic considerations discussed so
far apply only to work of sufficient ntensity
and duration to produce reactions that are
measurable by the usual physiological tech-
miques If the work 1s too short or too hght,
other methods have to be used Among them
the force platform, designed by L Lauru,! has
proved very valuable in measuring the efforts
involved i performing motions. These meas-
urements are made through sensing elements
that are piczo-electric quartz crystals present-
ing a dielectric polarization when they are
compressed The compression of the quartz
crystals 1s only a few nucrons and forces from
a fraction of an ounce to several tons can be
measured A triangular and very ngid plat-
form permits the location in space of the
vanous quartz crystals so that they can simul-
taneously pich up force phenomena arising
vertically, frontally, and transversely (Fig
22-1). These are amplfied and recorded.
With the subject on the platform, the whole
system is balanced to zero As soon as the
subject moves, the prezo-clectric quartz crys-
tals registering in the three dimensions are

submitted to pressure variations The pre&
sure vanations are proportional to the for;t:
applied to the body by the neuromutcfu! ;e
system, and these forces are 2 m?asure l;\
effort required to perform a specific word o
Figure 22-2 shows a record obzamc! o
the three components. \ertical, front2 ﬂs
transversal, when the subject bends the l\nrch ;
stops and then straightens up to andupﬂfﬂ.
posttion It may be scen that ben. lr;g ol
volves active forces from muscles displ ?C;;
the body downward and braking (orce]s ;n
the antagomist muscles that contr® e
finally stop the motion Straightening qu"l
involves an active effort and n.br;\lxmg L-Dur-
that produce a typical diphasic Cunc;.ou&l)‘
g any motion, the apparatus conl‘linmmm
and quanttathvely records all the '> e
forces and shows all the elements of the o
tion studied It 1s possible to du‘nons(ra(cious
this method of analysis that, of the ‘Jfﬁn
motions capable of producing the s:m;iﬂm)
result, some require less expenditure o
forces than others For any mecha
performed, there is one motion t

nical work
hat 15 the
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Fig 221 1 Toangular force platform The arrow mdicates one of the quartz crystals used for
measunng forces 2 Electrometers for the vertical, the frontal, and the transversal components 3
Balancing bridge and power supply for the clectrometers 4 Sanborn mutuple-channel recorder with

direct pen wnting

most efficient and 15 phystologically the most
economical By adopting these economical
motions, Jobs can be mproved and solutions
€an be found that n each case represent the
best functional conditions The workers can
then accomplish their tash with a mmmum
expenditure of physiologic effort, thereby
expeniencing less stam and fatigue In jobs
myvolung Tepetitive mouons, it 1s possible to
determune the most economic speed It 1s the
one at which the vanous muscles are func-

tioning at the lowest cost as indicated by the
least encrgy required per umit of motion
When a motion umolves weight transport,
the weight helps the motor forces or the
brahing forces according to the direction of
the motion, and the mechanical work pro-
duced s not proportional to the physiologic
effort resulting from the muscular contrac-
uons A given mechanical work expressed in
f ds may pond to lar ef-
forts that are quite ifferent according to the
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Fic 222 Forces mvolved in bending the knees and straightening up as recorded i
blatform in the sertical, frontal, and transversal components Note scale change for vet

way of domg the work, according to the
weight, and according to the speed of mo-

tion that are 1nvolved

Such experiments demonstrate that the ex-
ternal work produced is only one factor in
the study of fatigue By definition they do not
take mto account the braking forces acting
in every motion. These forces, which repre-
sent a mechanical loss in the total perform-
ance, participate, nevertheless, to the physio-
logic cost of any muscular actiaty and are,
therefore, a contributing factor to fatigue
and to the duration of the recos ery period.

When the various motions performed 1n a
Job are studied, a complex curve is obtained
that is always comparable under similar con-
ditions of performance. The amplitude of the
recorded forces is proportional to the cor-
responding efforts, whether they are produc-
ing or braling the motions, They are also

expenditure 3

proportional to the energy e

measured by oxygen consumption and.lo w
heart rate during work as well as dun’f'lgtcs
covery from worh, The smaller. the sl xh:’
the lower the oxygen consumption an

[P

nten Un mmnges e e n

° -
place layout Greater cﬂiucncy., smalierol;}:i:
iologic efforts, and shorter time 0 D
tion have been achieved by s).stem':‘“ "
\ ion and adeq) ions
certain jobs.
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CHAPTER 2@ EFFECTS OF VIGORQUS EXERCISE ON

THE HEART

Martti J. Karvonen

INTRODUCTION

The normnal heart 15 the heart of a clint-
cally healthy, average citwzen, in whom even
an autopsy can reveal no cardiac pathology
It 152 hears that sesves its purpose well The
heart may suffer in many ways and deterso-
Tate a5 2 consequence of pathological changes
w the myocardium, valves, coronary arter-
13, etc A pathologist can di whether

the best heart is the heart that can increase
us output per minute the most The abihty
to rasse the cardac output s crtically wn-
portant for many athletes When an athlete
uses s museles, they need blood, and with
the blood, oaygen and nutnents In many
athletic performances, the functional ability
of the heart becomes the hrmung facter
M oxygen uptale 1 hiers per mmn-~

the heart 1 structurally normal or abnormal

The function of the hemrt 1 to pumep
blood. As a pump, the heart may be more or
less efficient The general tendency is to thmk
that 2 heart changed pathologically 15 2 poor
pump, whereas a normal heart 2 good one
This reasoning may often he vald, but st
does not pay attention to an impartant vart-
able, namely, the changes m the functional
Capatity of the heart that are produced, on
one hand, by tamng and, on the other
hang, by rest

The best pump 15 the pump that s most
able 10 wmerease its performance Functionally,

ute, ie, the abshty of a subject to take oxy-
gen from mspired air while he performs such
cffort as runming uphill as fast ay he can for
a few munutes, 1s correfated wuth the cardsac
output, and often more easily determmed
than the latter An essentsal part of the ath-
lete’s tramung s devoted to bulding up a
large maximum oxygen uptake, although its
mportance varies from sport to sport

A chmtian may occasionally encounter an
athlete with a tramed heart that may behave
differently in many ways from an average
normal heart Thus, the chnician faces the
problem of determmmng whether the hind of
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use that athletes make of their hearts may
prove to be deleterious to their health. It is
good to have a pump that can pump much
blood when needed, but another question is,
whether a pump, which has been used fre-
quently to its maximum capacity, will stand
the wear of many years as well as a pump
handled more steadily and carefully

LONGEVITY OF ATHLETES

Several extensnve investgations have been
made for determining whether participation
in strenuous sports has any effect on the lon-
gevity of the athlete As material for these
studies, the student bodies of Britsh and
American universittes have been used The
choice of sports has been wide, even mclud-
1ng sports such as rowmng, which is known to
place great demands upon the heart The
results of all these studies may be summarized
by stating that a student’s participation in
strenuous sports durtng his umversity years
has practically no effect upon his longevity
It would seem that strenuous exercise has no
important long-term effects upon the heart
or other organs

A study of university students and their
athletic achiesements may not tell the whole
story The majority of them do not take part
m athletics after leaving the university. Quite
a different result mught be obtained if the
athlete were to continue his hobby up to ad-
vanced age There are, indeed, such persons
in many places, but rarely as groups, who are
casily subjected to a systematic study.

A second criticism of the studies dealing
with unnersity athletes 1s that the groups
generally represent a number of different
sports that by no means place similar de-
mands upon the athlete’s heart It is reason-
able to expect the most marhed differences
from normal n the subsequent history of
those athletes whose hearts present the great-
est deviations from the average during the
active period

Shiing in the Scandinavian countries is a
sport that makes it possible to overcome the

two cnticisms presented above The shiers
take part in competitions over several years

At

AL TRIME

In 30 and 50 hidometer races, the mean age
of the best competitors has been found to be
30 years, and skiers of even more than
years of age have qualified among the bestia
important competitions The eligibilny for
participation in special series for older com-
petitors begins at the age of 35 years Ybhen
the interest 1n competition has passed, shung
does not stop. Long-distance shung remamsa
hobby for the old shicr, up to the end of ks
life, whenexer posstble

In order to get some idea of the extent 1o
which the oldest lving masters of shung sul
exert themselves, we sent an inguiry mvﬁl
ex-champions, asking them how many k_ll:r
meters they had shied during the winters 1935~
56 and 1956-57. We obtamned 37 answers,
from men whose ages ranged from 52 to €
years. Table 23-1 gives a summary of the re-

TasLe 23-1  Recent SAING LapeRIENGE OF
Ex-CHAMPIONS
Stop- Annual skung now, bm

ed e ———————
Age  atage 1-50 50-100 700-500 >0 Total

1

40-44 1 s
45-49 '
50-54 3 1 . i
55-59 2 t 2 ’
60-64 3 2 1 3 :
6569 3 2 1 ; N
70-74 1 2 3 2
75-79 2 {

80-84 1
37
Total 11 7 6 10 3

I
. has
sults More than two thirds still used the“sho
every winter There were three men oy
shied more than 500 Lilometers ﬂnﬂ;‘;‘”'
two of these men were over 70 )e:u’hs 0! (:}-"s
The avarlability of a matenal sud mﬂgud)
provides an excellent opportunity o en

the phystological characteristics ‘of D] -
with an exceptionally good exercise toles "
—if for no other reason, at least for descr”
trve purposes.
thmgctiti\c shicrs have a ?u:.m that bcf“n';
several signs of intense training Somrs at
them will be discussed below. It suffic
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this point only to state that the size of the
heart and the electrocardiogram of the shiers
differ as much from the normal averages as
those of any other group of athletes we have
had opportunity to exanune,

Skung races hiave been arranged in Finland
and their results recorded since the latter half
of the ninetcenth century. We started {rom a
material of 318 skiers whose success in the
competitions between 1889 and 1930 had
been recorded Follow-up information could
be sccured from about half of this matenal
By applying standard methods of longevity
statistics, 1t was found that the probable age

e

-— [P

records of the gcnc.ml male population of
Fenla 1 T [

nod has been 66 years, ie, 7 years less than
the hfe expectancy of the shiers (Fig 23-1) *

Such a result may be mnterpreted 1n three
ways First, as being due to the primary po-
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so far studied, 1 which such a pnmary po-
tenhal is of benefit; m other sports success
has had no relation to longevity. Sccond, as
d ing that shiing lengthens hfe This
may be so, for the very simple reason that
reduction of the functional capacity of the
heart by senescence and by chrome disease
brings a heart wuth large functional reserves
to the critical hmat, at which 1t no more 1s
able to serve the necds of the body, at a later
ume than s the case m an untrained indi-
vidual {Fig 23-2) The third alternative ex-
planation 1s that shung 1s not able to lengthen
life except i a population such as that of
Fnland, where the male life expectancy 1s
considerably shorter than that 1 the other
countrics of Western Europe, this difference
being due entirely to cardiovascular disease
This line of reasomung would bring the effect
of shung nto hne with the fasorable effect of
occupations requiring physical worh, as dem-
onstrated 1n England by Morns and Heady ?

Serum Cholesterol in Skiers
Recent work has indicated that n the de-
1 of atk lerosis, diet 1s a much

tential of the shiers, which potential finds 1ts
expression both 1n success m shing and n a
Jong lfe. Such an explanation cannot be
refuted easily, but its acceptance would also
umply that shiing is the only hind of sport

FINLAND

more unportant factor than excrcise We have
made a senes of determinations of the serum

1 of t-day ck skiers,
male and female *® The cholesterol values

CAMBRIDGE
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Fic. 231 (Left) Percentage sunvnal of Finmsh champion shiers as compared with that of the
general male population At the 50 per cent level the difference 15 approximately 7 years in favour
of the shiers (Right) Corresponding data for the students of Cambridge University, England *
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Fic 23-2 Schematc diagram showing the functional reserve of the heart as a function of aged

traned and untramned men.

were not exceptionally low {Table 23-2) In
fact, they were of the same order of magni-
tude as those found for the Finmsh rural
population of the same age in the study of
Keys and hus associates ® Moreover, the par-
ticipation 1n a shiing contest did not cause
any significant change 1n the serum choles-
terol Hence, our results do not indicate that
an exceptionally heavy form of exercise such
as shimng exerts a fasourable effect on blood
hpids

Tasre 23-2  Serum CrotestaroL Lever or
Matk aND Femare CHampion Shizes
Men Women

Number of subjects 44 15
Cholesterol mg per cent

mean 204 194

range 132-307 159-268

standard error of mean 54 81
Age years

mcan 28 1 242

range 21-38 19-29

Whatever the mechamsm, certamly the
possibility of adding some seven years to the
life expectancy merits further study An ex-
pansion and more thorough screeming of the
material is in progress. Such a result gives
quite a new interest to the exammnation of
the ct of the shiers’ cardi
far system Although we might assume, that,
in earlier days, training was not as intense as

1t is today, the old shiers’ hearts and blood
vessels in their heyday must have borne o0
resemblance to those of the champions of
today Further, by making a careful study of
present-day shiers we can prepare the groun’
work for studies of age changes in these 20
letes in the future

ROENTGENOLOGIC SIZE OF THE SKIERS'
HEART

The heart of a wild rabbit weighs more
than that of a domesticated one The et
genologic size of an athlete’s heart aIsolf
larger than that of an average man HO\;
ever, these two features are not the np‘r\f‘
sion of one and the same phenomcmmI :s
topsies have been made on endurance athle "
with known enlargement of the roentge)
logic volume of the heart who hase Al
accidentally; such examunations fail :imm
close any hypertrophy of the myoc;xd .
Evidence from roentgenograms taben o o
the Valsaha manewer also favors thel e
that many of the rocnlgcno‘og\cal'ly enl :;rild ;
hearts are not grossly hypenrophlcdr\hcis e
ing to the studies of Sostrapd an o
worhers in Sweden, heart size i8 1Y Smme
correlated with total blood volume: 1]2 e
myocardium is not damaged.” The )mhmr!
ment is essentially a dilatation, and ¢ xtd "
of the trained athlete acts as @ blood fPl‘;‘z
At rest the amount of sesidual blw‘i ‘: e
end of the systole is increased. VY he
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athlete starts exercising, more blood is trans-
ferred to the periphery, and the heart be-
comes smalter. This 1s exactly the opposite
of what would be expected from a heart that
follows Starling’s law strictly We may say
that the heart travels from one extreme of a
family of Starhng cunves to the other This
travehing occurs gradually, not suddenly, after
work s begun.®?

An cssential part of the tramning process of
the heart 15 the development of dilatation at
rest, and the abulity to change heart size m-
dependently of Starling’s law These changes
may be sccondary to an increase 1n blood
volume Howener, it 1s hardly probable that

Tasie 23-3. Hearr Sze oF CiAMpION Sniers

anD ControL Grours

Heart vutune
Standard Standard
enpor exrer
Group Number 46 of mean ¢ [rg m of meon
— =
Aim
Ohepicwamng 13 970 49 540 2
Natonal ehte a3 04 22 506 12
Army shiers 12 8 4 42 2%
Policcmen {conirol) 23 702 27 367 1
o
National ehte 15 6% W 4o 12
Studeat nurses woasz2 7 9

such changes could be achieved solely
through increasing the blood volume, without
actual tratmng The heart does not enlarge
10 the same extent in every form of sport
Figure 23-3 represents mean values for the
roentgenologic volume of the heart per square
meter body surface from a study that was
published in 1948, by a countryman of mme,
the late Dr Somi Pere'® The study was
Compriscd of only top-class athletes The
mean values indicate that the largest hearts
7% stenl 1 sportsmen participating in sports
3 which endurance is required Dr Pere's
atenial did not meiude top-class shiers We
have measured the sze of the heart of a
fumber of male and female shiers of high
Standard  For the best group, 13 competi-
1013 in the qualification trials for the Olympic
Winter Games at Cortina m 1956, the mean
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volume was 970 cc, and as corrected for
differences 1n body size, 540 cc per square
mcter body surface When different groups
were compared wath cach other, the athletie
standard of the group was reflected in the
mean sze of the heart (Table 23-3), How-
ever, this conclusion could not be apphed to
mdvsduals wathin a group of good skiers We
calculated the mean ranh of each shier in the
most important contests during the wmnter
1956-57, and plotted 1t aganst the volume
of his heart (Figs 23-4 and 23-3) If a per-
fect relationshup presailed, the pownts should
be along a falling hine, and the shier with the
smallest mean ranh, te, with most victones,
should have the largest heart Howeser, the
points appear scattered without any regular.
1ty The conclusion 1s to be drawn that, al-
though enlargement of the heart at rest 1s a
result of endurance traming, its extent is, by
far, not the sole determuning factor of ath-
letic success

0 200
=T T

400
T T T

600
1

Long distance runners(22) |

Rowers & canoeists (220 |
Swimmers (36) _j
Bozers (18}

Gymnasts (9)
Sprinters (34) '

I L FES S
0 200 400 §00
Heart volume ml/sqmbs

Fio 233 Heart solume in milibtres per
square meter body surface of top class Finmish
athletes (Recalculated from Pere’s data ™}
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In animal experiments, training does pro-
duce an increase i the weight of the heart,
but, even here, hypertrophy is not in direct
relation to the improvement of the animal’s
exercise tolerance Hakkila'? trained guinea
pigs by running, and the animals that ran
best did not develop any more hypertrophy
of the heart than the poorer runners

ELECTROCARDIOGRAM OF THE SKIERS'
HEART

The electrocardiogram of the individual in
athletic training shows typical characteristics
that differ from those of the heart of the
average normal person At rest, extremes of
bradyeardia may be seen; pulse rates below
50 per minute are quite usual, and pulse
rates as low as 35 per minute are encoun-

CUNICAL PHYSIOLOGT

TabLe 23-4  Conpuetiox Ties 1% T Resto
LLECTROCARDIOGRAMS OF 21 Citaxplox Surs*
QT (Prsat
rQ QRS of normal mutn)
Sec n Sec n Pacnt v
020 9 010 16 [THI
020 6 010012 4 2B S
02t 1 012 1 1 4
022 1 Total 21 12413 2
023 2 B 1
024 1 Toal 2
02 1
Total 21

duction times in a group of 21 participants
a qualification meet for the 1956 \\(nnt:t
Olympic Games, studied by Rautaharju 18
our laboratory.® When looking at the elec-
trocardiog) , the most striking character

tered Bradycardia 1s often d with
slow conduction Table 23-4 shows the con-

wstic 15 the large voltages. Figure 23-6 shovs

Fig. 23-+ Mean sank of Fio-
nish male champion skers
the most ymportant campchubﬁ
of 1957, as plotied against ‘hcb
heart volume. If the heart wm
ume determuned the successﬁm
sking, a negatne correlat
would be expected

T I T T
1201~ .
100~ .
- .
80~ .
50}~ .
.
.
Wk
.
.
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.
jo . ° . R
Rank [ . LT .
e e ]
o | 1 . 1
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Heart volume ml/sqm b's.
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the voltages of the R, S, and T waves as
recorded from the precordial eads at the
lesel of the fifth mtercostal space at the
sternum. As a eomparison the mean values of
2 nommal control group of the same age
structure are used, representing \arigus types
of occupation The R waves of the shiess are
almost twice as Jarge as those of the controls
t the left precordial leads, wherens there 53
6o difference over the nght precordrum

Heart volume mlisqmbs

Nesertheless, i the left precordtal leads, the
ventricular acttvation times were guite nor-
mal The 8 wares are about the same in both
groups In the left precordial leads, the T
waves of the shiers are about twice as large
as those of the controls.

“The electrocardiograms were also analyzed
according to the spatal vector methed of
Simonson ' Tahle 23-5 presents a compari-
son of the QRS and T sectors of the shiers

Tante 233 Meaw Varves oF Seamiar QRS ane T Vectoss 0¢ 21 Tisassit Crampiow Suigrs
anD OF 4 Covraor Group P = Lrves SiowiFicance of rue Direershce

QRS vector T rector
Group n H* icd VMag Fiad tad oy a2
Skiers 21 ~1 6 FERY 158 324 512 54 3ta
Conteols 33 -297 359 103 51t 0 2 38 &0 &
P <0 001 >0 05 <0 00t <0 00t >0 05 <0 001 <0 001




Fic 236 Mean amphtudes (01
mV) of R, S, and T wares un the pre
cordial leads of champion shiers {fch
mes) and of an age matched conissl

15

group {thin Lnes}.

Y6

J
V4,f IR <R
120 80 40 O

with those of the controls There is a shift of
the honizontal angle of QRS (H°) to the
right, the difference from the controls is sta-
tistically sigmficant In the vertscal angle
{V°), however, there i no difference be-
tween the shiers and the control group. The
magmitude of the QRS vector (Mag) of the
shiers is about 50 per cent greater than that
of the controls The T vector of the shiers
points to the left of that found in the con-
trols (H®). Again, there is no difference in
the vertical angle (V°), but the magnitudes
(Mag) are different: the T vector of the
shiers is 40 per cent greater than that of the
controls It is of mterest to note the small
angle (A°) between the QRS and T vectors
in the shiers as compared with that in the
controls In myocardial ischemia, this angle
generally increases The deflections of large

plitud i seen in logical
hearts, thus show distinct differences from
those 1 in the elec
of the trained athlete

The magnitude of QRS and its vertical
angle show a distinct positive correlation in

-30

T

L e

~40

the shiers (Fig 23.7). A similar tmf]"fcy
could be observed also in the small }‘mﬂ‘e’
control sertes. Howeser, 1 t.hc normal lmm
fal studied in Mmnneapolis by Swmon

and Keys there was no such corse
A larger material will be required 10 shaw

Jation ™

Mag 28

2

oy

ctor 8
ploted

20

100 60 40

e 23.7. Magnitude of the QRS 3¢
champion  shters electrocardiograms
aganst the vertical angle
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whether there is a real population difference
in this respect.

The clectrocardiographic picture of in-
complete right bundle branch block is com-
mon n the heart of the trained athlete, it
accurred in five subjects of Rautaharju’s
series ** Even complete nght bundle branch
block occurs; there was one ¢xample among
the 21 individuals in this group It is ques-
tionable whether these electrocardiographic
changes, particularly the large voltages, may
deselop only as signs of functional adapta-
tion There are many factors that can cause
increased voltages. Hypertrophy of the myo-
cardial fibnils 1s one of them

THE TRAINING PROCESS

Vigorous exercise evidently can produce
profound long-term changes 1n the function
of the heart. The mortahty experience of ex-
shiers makes these changes appear harmless,
possibly even advantageous Al physical
work and exercise does not lead to equally
marked changes in the heart What are the
speatfic factors in the traning of shiers and
of other sportsmen that lead to the cardiac
changes in the athelete?

We made pilot expenments in order to
clanfy this problem The subjects, previously
untrained medical students, ran on a tread-
mull half an hour daily for four weeks The
speed of the treadmill was adyusted accord-
Ing to the pulse rate of the subjects, so that
cach subject ran at a speaific predetermimned
Pulse rate In some of the traiming experi-
ments, the exercise tolerance improved grad-
ually, and the pulse rate during worh tended
to become lower than it was origmally
Then, the spced of the treadmll was in-
creased, to heep the heart rate at the original
level An effect of training on the workmg
heart rate was thus demonstrated by an 1n-
crease 1n the running speed

A typrcal example of the type of results is
the following In one senes, 1n which the
subject was running at a heart rate of 135
Per minute, there was no change an the
\.«orking heart rate, whereas the same sub-
Ject manifested a progressne improvement,

207

when he was runnmg at a high heart rate, at
150 per minute It would appear that in
order to mmprove the caerase tolerance of
the heart, the intensity of the traming has to
be above a rather high threshold value. The
wtensty of tramng may be expressed also
as a percentage of the training pulse from
the total range of heart rates from rest to
the maximum attainable by running Sixty
per cent of the range appears to be the
cntical rate, above this level the traming is
effective, below st the training s ineffective
(Fig 23-8).

A decrease of the working pulse rate was
by no means the only cardiovascular mani-
festation of tramning Even in the absence of
changes n the working pulse rate, training
1esulted 1n {a) a slowing of the resting pulse
rate, {b) a more rapid recovery after stand-
ard cxerase, (c) a decrease of the maximum
pulse rate attainable by running; and (d) a
marked improvement in the subjective exer-
e to The latter manf may
be due to changes in the penipheral arcula-
tion rather than mn the heart uself It is
possible that the penpheral circulation may
be tramed without causing training effects in
the heart

The necessity of raising the pulse rate to
high values in order to tramn the heart makes
1t obvious that, m the majonty of the pres-
ent-day occupations, the heart 1 seldom
effectively trained. A pulse rate of 125 or
130 per nunute is considered the maximum
to be permitted mn contimuous work™ In
actual mdustnal conditions even a pulse of
120 per minute is relatively rare, the major-
1ty of workers engaged in physical labour
may have pulse rates of approimately 100
per munute QOn the other hand, in less well
controlled occupations such as farming and
lumbering, spells of harder exercise are often
interposed, with the possibility of producing
a traming effect on the heart In industrial
occupatons the work remains a secondary
determinant of the exercise tolerance If an
office worher takes part in some vigorous
recreational actiaty such as tennis, the ex-
ercise tolerance of his heart determimed by a
step test is distinctly supersor to that of a
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ment in which a tendency of the
worhing heart rate (WR) to de
crease necessitated an ncrease of
the runming speed (Am per br)
The resting heart rate (RR} abo
decreased dunng the tramng
period

1
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man worhing eight hours daily at a fairly
heavy, monotonous job.

The demonstration of critical threshold
levels in traming shows that attempting
to study, and to interpret, the effects of ex-
ercise upon the heart, upon cardiovascular
morbidity and upon longevity, pooling all
kinds of exercise under one heading may
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creased contribution of this effect to cvef
the nceds of the tissues for ovygen A luge
arteriovenous difference obviously reducss
the need for an increase in the cardiac out*
put On the other hand, a large arteriov™
nous oxygen gradient in the working muscle
lowers the oxygen tension at which the mus-
cle works, and brings the muscle nearer
bi ditions. The ability of the mus-

produce a crucial dilution of diffe types
of effects Where the exercise can be defined
as accurately as that of a postman or of a
conductor of a double decker bus in London,
no ambiguity ensues However, pooling all
hinds of sportsmen into a single group may
lead to a rather heterogeneous entity. In
future studies, a clear-cut definition of the
amount and type of activity appears desir-
able. Then the characterization of the changes
produced by activity rests on a firmer basis

HEART AND PERIPHERAL CIRCULATION

Schematically, we can divide the carrying
of ovygen from the lungs to the active muscle
fibers into three functions The first function
is the pumping action of the hcart; the
adaptation of the heart to exercise is obvi-
ously measured by its ability to incrcase its
output per minute and per beat The second
function is the transfer of oxygen from the
blood to the tissues. A large arteriovenous
oxygen gradient in the muscle means an in-

cles to work at a low ovygen tc.ns.iond’:v
therefore, the third function determxfungﬂ]:
adaptation of the orgamsm to C\crcxsab
adaptation to low oxygen tensions may | :ad
two kinds: (a) a lowering of the mhbc'
oxygen tension at which acmhic.pmccsscs !
come impossible, and (b) an abilty to st i.:
higher rates of production of amﬂomx
metabolites, notably lactic add.. .Thc ;“d:e
signifies, on one hand, an ability © hich
central nervous system to work at 2 j
lactic acid concentration, and, wmcquu:h:’r’
at a low pH of the blood. On the leity
hand, the organism may improve "S.; -
to withstand high rates of lactic ack 'pul-
duction by increasing the rate of its S;mnc_
taneous elimination, which is largely 3 I
tion of the liver.

An endurance athlete is known to be “:i‘
to increase the first function, his cnrdlmc ; .
put, more than the average man. The ons
tributions of the second and third fund g
to endurance are less clear. Asmussel



EFFECTS OF VIGOROUS EXERCISE ON THE HEART

Niclsen* have pointed out that the arteri-
ovenous oaygen difference in the working
muscles shows no tendency to increase with
the intensity of exercise in studies in which
the subjects have been well trained,}*:®
whereas in studics with average subjects the
arteriovenous oxygen difference in the mus-
cle increases with oxygen uptahe 2 These
results would suggest that, in the trained
organism, the artenovenous oxygen gradient
in working muscle will remain rather steady,
the mcrease of the cardiac output being the
dominant means of adaptation to exercise
(Fig. 23-9),

A quite contrary conclusion was reached
recently by Mellerowicz, who made a study
of a number of top-class endurance athletes
in West Berhn 2 The arculation times at
rest were very low, with the sodium succinate
method of Greenfield®® the mean time for
the arm vein to swallowing refiex m sports-
men was 27.3 seconds, while the mean for
average men was 14 8 seconds Furthermore,
a calculation of the cardiac output from
pulse rate, blood pressure, and the velocity
of the pulse wave at rest gave remarkably
low values. Although hitle reliance can be
given to the results of this very indircct
method for determuning the cardiac output,
the resylts suggest, nevertheless, that top
level endurance traming also imples an
adaptation of the periphery The heart of a
traned athlete at rest does considerably less
work than that of an average person By
taking the trouble to train his heart and

Heart

tramed
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arculation, the endurance athlete not only
gets the benefit of having larger reserves,
but also may gain by shifting the balance
between the heart and the peripheral circu-
lation in such a way that the heart gets an
easier share and the periphery does its job
1n a better way

PHYSIOLOGY QF SPORT AND CLINICAL
CARDIOLOGY

‘The cliniman 15 more interested n a pa-
tient than in an athlete He may ask whether

it gained in end training
have any apphcaton to the problems of a
cardiac patient This 15 as yet an unwniten
chapter We should ke to know to what
extent and how an individual cardiac pa-
tient can tram his heart without the nisk of
untoward effects, or whether, and when,
systematic rest is to be preferred to training
We should like to know, also, whether a
cardiac patient can train his periphery and
thus relieve the burden upon his heart It 1s
in problems such as these that physioclogical
and medical studies on sportsmen may be of
value to clinical cardiology.
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CHAPTER Zé} WORK AND ENVIRONMENTAL STRESS IN THE
CARDIAC FARMER*}

IV.H. AL Morris

It 15 only very recently that any study has
been made n the Umited States on the
human stresses of farming Our agricultural
tesearch in the past has been concerned
mamly with crop production, animal pro-
duction, marketing of agricultural produce,
and sumilar items The farmly farm 1s oper-
a1ed for the sausfaction of the farm famuly
Swnce about 98 per cent of all farms are fam-
ily farms, the human factors connected with
this satisfaction assume importance simuilar

*The studies described herein are part of the
Purdue Farm Cardiac Project, a co-operauve
study, which 18 1n part supposted by the Indiana
Heart Foundation and the Amencan Heart Associ
ation Journal Paper No 1170 of the Purdue Agri-
cultural Experiment Station

t We bave not yet reached the stage of being
able to point out the specific differences in farm
operation_appropnate for farmess with differing
degrees of cardiovascular impairment These ve-
fationstups are bewng studied in a survey, the field
work of which has been completed, and 1n further
studies 10 be made After this we expect 1o have
tome of the answers but much will reman for
future research

to the physical factors connected with farm
operation

What, then, are the human stresses of
farming and how do they differ from those
i the mdustnial population, as shown, for
example, by such studies as those of Heller-
stein! and the United States Public Health
Service at the Lockheed Aurcraft Corpora-
tion at Burbank?®*

Lack of Specialization

The first characteristic is the lach of
specialization of labor mn farming In the
first place the farmer 1s usually the capital-
ist, the manager, and the worker He has to
do a varicty of work to mamtain all his
farm enterpnises Even with the trend to-
ward speciahization 1n fewer enterprses, the
range of work is very great Presumably, this

des the nearly p

that may occupy a factory worker for months,
such as watching a machine make certain
cuts or dnll certain holes 1n thousands of
simlar parts
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Seasonal Variation in Load

Next, the work is highly seasonal in its
type, m the amount to be done, and in the
environmental stresses that accompany it,
This certainly imposes a greater stress on the
farmer than that due to lach of specializa-
tion For example, in the spring in Central
Indiana the month of Apnl is often very
wet, so wet that plowing 15 not possible on
many farms The farmer, highly motivated
by the fact that he 15 working for his own
family and for his family’s gain, must do the
plowing and disking at top speed in order to
get as much corn as possible planted in the
first three weehs of May.

The farmer’s positton in his community
seems to depend somewhat upon his neigh-
bor’s assessment of his farming Ths, to-
gether with his own personal satisfaction, is
modified by whether he completes his farm-
ing operations before others, Leeps the weeds
controlled m his fence, and simdlar 1tems In
the race to get the field work completed,
quality must not be allowed to suffer; the
rows must be straight and without many
gaps. The Central Indiana farmer often has
comparatively little work to do in March
and sometimes in Apnl, then suddenly he
starts to work very long hours in the field,
often in hot weather He may be on the
tractor from dawn to dusk and then return
to the farmstead to do the chores He may
not leave enough tume for sleep and in ths
way he adds to his stresses In the past, when
the farmer used horses, the horses controlled
the number of hours he could work and
obliged him to take rest pauses

The time required for field work on Cen-
tral Indiana farms then decreases to a mini-
mum in August. Soybean harvest in Septem-
ber and corn harvest in October make a sec-
ond peak in the annual field work curve In
December and January the field work be-
comes neghgible If the farmer has no chores,
this is the time when he is free to take a
vacation

Heat Stress
The work on the farm can be divided
broadly into field work and chore work. The

CLINICAL PHYSIOLOGY

field work is not very arduous, judged by the
metabolic cost, which averages about three
Calories per minute (two and one-half umes
resting metabolic rate). However, field nork
must often be done in the heat of summer
We are studying the heat load on the farmers
and find that on many days it is considerable
even for a fit young man and severe for an
older or impaired man. It is a common ob-
servation that hot humid days are uncom-
fortable and to be out in the fields working
in such weather imposes a high emiron-
mental stress on the farmer.? There are threc
main means by which the farmer can reduce
the stress from the heat. a sunshade, a fan,
and rest breaks L
He can use a sunshade to reduce the ind-
dent radiation from the sun. The bIacL»g]O'bC
temperature under a shade durng the mid-
dle of the day averages seven to ten degrees
lower than the unshaded globe temperature.
This duference enables the farmer to drive
his tractor wath less heat stress than that
of a man sittng still m a chair in the s
This 15 the most simple and most effectie
way of reducing heat stress. Unfortunatcl)',
hougk hades are ively used in
g o
the West, farmers in the Eastern and Cev
tral States scem to feel that thewr use i
volves a social stigma. This mtroducc!l :
community education problem whose g02 s‘c
td get older and impaired farmers to ¥
shades.
sur’i‘he second means of reducing heat 5"[';::
1s by means of a fan, thereby mcreﬂsmga o
wind speed and, consequently, the c'as "
to evaporate sweat. We have not tric e
alone but by using a small fan with :l szhc
shade during the middle of the dﬂ)cvd o
black-globe temperature can be rcdl;:n b
average 30 to 50 per ccnt more tha
means of the cons entional sumh;\'dc alan: 0
It is also possible, as in industrial “m:;m
schedule rest pauscs to reduce the heat s "
to a tolerable over-all level. Howeser, o7 .
farm there are no means of cnsurifig lh:\l] .
rest is taken. Since productive time J$ C:ﬂ’
this does not scem to be the most P”;::bc
method. Necdless to say, the rest shoul .
taken in the shade, Future developme!
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may lead to air conditioning of the tractor
cab or the tractor driser’s clothing, which
would reduce the stress to a tolerable leve!
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A prpeline milker can he used o elimmate
carrwng the milk and a bulk milk tank
dhng the mik m cans Han-

Cold Stress

For the farmer who is fit the problem of
cold stresses in the Central United States is
apparently not serious His actinvity produces
heat and he can wear warm clothing How-
ever, walking into a cold wind often brings
on an attack of angina in @ man with coro-
nary heart disease The only wav that we
know to averd thus trouble 1 to elimmate
walhing inta the cold wind, either by changes
in the tayout of the bmidngs or bv changing
the farm operation to mahe it unnecessary to
go out m thus hind of weather

Chore Work
The chore work is concesned largelv with
handhing of materials, or moving feed, water,
or animal products from one place to
anvther. Many of the tasks are strenuous
for example, shoveling grain, loading ma-
nure, or carryng heavy loads However,
most of these tashs can be performed at a
speed to suit the capacity of the worker
Thss enables the farmer to take a braef rest.
if necessary, after throwing cach scoop of
corn or each fark load of manure
M ization of handhng of !
on the farm has reached 2 hugh stage of effi-
ciency In the poultry house, completely
has heen hed
The feed can be ground and conveyed auto-
matically to the poultry house Automatic
feeders and waterers can complete the elimi-
nation of moving the feed or carryng the
water by hand Automatic egg gathening de-
viees are alse avadsble The manure or
droppings can be remosed from the house
by an automatic cleaner For other types of
Inestock mechanical conveying of feed, self-
unloading wagons, self-feeding the stock
from the storage as, for example, with stlage
and hay, ean reduce the hand work to a
winimum, In milh production the cous can
be fed with almost no hand labar The
stooping during mslking tan be eliminated
by using o millung pasfor with clevated stalls.

dhng of poultry and hogs in confinement as
opposed to permutung them to range in the
ficlds also reduces the problems of handling
rmaterials

Complete mechanization of the chore
worh is comparatnely expensive The capital
requrements of our hog-corn farms and our
dairy farms are already very high, about
$80,000 per farm among the Purdue Unser-
sity group of farmers heepmg accounts The
extra capital required is often not asvailable
Howes er, much can be done on the farm by
appheation of the prinaiples of work simph-
ficaon and a relatively small amount of
additional caputal

Some strenuous actiwties still remain un-
mechanized, for example, castrating of
voung stock The occastonal temptation to
run after Inestock to head off the ammals,
to prevent breaking away from the herd,
may be very dangerous It 13 often done
hot weather and 1s almost afways accom-
pamed by emotional frustration The com-
binayon of work, heat, and emotional stresses
produces 2 severe stram For a farmer who
18 a known cardiac such work will usualhy be
aut of the question

Qther Activities

There remains a group of activities that
seems 10 cause greater distress to cardiac
farmers than wauld be expected fram the
energy expended in their performance These
activittes welude dnsang fence posts, using
an ay, and hitsng heavy objects They in-
vohe mcrexsed Intrathoracie pressure and so
increase the wark of the heart They wust
mevitably be performed in ballistic time,
that 15, the speed at which each cycle is per-
formed cannot be controlled by the worhker
but 15 controlled by the tool or the weght
ufted For example, it daes not reduce the
stress of using an ax if the fall of the blade
1s controlled to a slow speed, or the stress of
hfeng 3f a weight 15 hited by hand very
stowly The resalt of such control 15 to in-
crease the forces requited by introducing
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static work 1o control the speed of perform-
ance.

CONCLUSIONS

The cardiac farmer faces problems some-
what different from the industrial cardiac
worker, since the farmer usually supplies the
capital, the and a sut ial
part of the labor for operating his business.

New techniques mahe it possible to sub-
stitute machinery for labor to a considerable
extent in the operation of a farm. However,
the capital requirement, which is already
high, may become impossibly high if com-
plete mechamzation 1s achieved, Neverthe-
less, much can be accomplished to reduce
the metabolic cost of farm work to match
the capacity of moderately impaired farmers
(New York Heart Association Functional
Class I and 11} by the use of work simplfica.
tion principles and a relatively small amount
of addittonal capital However, there are
certain farm jobs, such as running after live-
stock, which should not be undertaken by
farmers with heart discase

CUNICAL PRYSIOLOSY

Apart from the stresses of work, the
farmer is subjected to emvironmental and
emotional stresses, Environmental strewes
caused by heat can be reduced by sunshades
fans, and scheduled rest pauses The emo-
tional stresses, including those concemed
with mamntenance of social status, are among
the most difficult problems facing farmers
with heart discase. These stresses often drive
the farmer to work beyond his capacity and
for periods of time such that there 15 not
sufficient time for slecp at night.
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CHAPTER @5 THE METABOLIC AND CARDIAC DEMANDS OF
HOSPITAL AND REHABILITATION ACTIVITIES

William G. Kubicek, Frederic J. Kottke, and

Jean N. Danz

The rehabilitation of patients with heart
disease presents multiple problems Nearly
all rehabilitation procedures require some
degree of physical exercise In some cases,
physical exertion may be a hazard to the
cardiac patient. The physician directing a
rehabilitation program 15 then confronted
with a set of conditions with rather poorly
defined himits, Unnecessary caution prolongs
the tine for return to a normal life for the
patient On the other hand, even brief over-
exertion of the cardac muscle may be dan-
8erous in some cases The physiian must
wonsider the complessty of the function of

penod followed by a sudden mobitizatron of
millions of individual muscle fibers to pro-
wde a co-ord d. efficient expend; of
energy by the cardiac muscle The orderly
spread of excitauon over the heart muscle
during systole 1s an mmportant feature of the
heart It 1s an accepted fact that a damaged
area 1 the heart muscle not only reduces
mechanical efficiency but may also disturb
the spread of excitation over the heart It 1s
concetvable that only a brief pertod of aver-
load on a damaged myocardium could result
an fibnltauon The rate of venous return and
the filling pressure of the nght heart are 1m-

the cardiac muscle Of the many d h
mg features of cardsac muscle, the resultant
charactenstic of automaticity can be used
as a focal point of an experimental drsxgn

upon the y of
cardmc musdc ase the physical, chemical,
and newroregulating mechamsms. Of par-
ticular interest here 15 the neuromusenlar
system that provides a relatively quiescent

portant d in this regard. On the
artersal side, cardiac output and blood pres.
sure determine the work load of the left
ventricle Durning equihbrium conditions, the
over-all metabolic rate will determine the
1wtal heart work load to a farge extent Fol-
lowing abrupt changes in posture ar rate of
physical activity, transient disturbances may
occur 1 the heart before regulatory mecha«
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nisms can take over For example, pooling of
venous blood in the extremuties and viscera
is known to occur during periods of inac-
tivity and especially while standing in the
upright position Abrupt changes 1 body
position or physical activity can result in a
transient but large increase in the rate of
venous blood flow to the right heart. The
resultant rise in right ventricular filling
pressure, distention of the heart followed by
the increase in left ventricular work load,
should receive carefyl consideration by the
Physiatrist during the rehabilitation of car-
diac patients

PURPOSE OF INVESTIGATION

These experiments were designed to study
the effects Upon circulation, respiration, and
metabolism of varipus hospital activities in
the rehabilitation department. Two sets of
conditions were ysed- (1) Steady state con-
ditions after a prescribed physical activity
had been 1n progress long enough for equi-
libnum to occur. (2) Transent conditions

CLINICAL PHYSIOLOGY

laboratory after fasting since the Pprevious
evemng, if the tests were carried out in the
morning, or after fasting since breabast, if
the tests were carried out after noon, The
subject rested for thirty mmnutes in a supine
position on a standard hospital bed m a
Iaboratory where there Was a minimum of
distracting noises. At the end of the rest
period, oral temperature, blood pressure, and
pulse rate were recorded Oxygen consump-
t1on was measured, using either a McKesson
Metabolar spirometer from which ovgen
was inhaled or a Tissot type spirometer fo-
collecting expired air for analysis. The sub-
ject breathed through a standard mouth-
piece connected by a 6-foot tube of l-nch
internal diameter to the spirometer The
mouthpiece was supported by a yoke around
the neck so that the subject could lum'hrr
head freely and carry on necessary actnites
while oxygen consumption was being re-
corded If the expired air was collected m
the large spirometer, it was anal)ll‘dl:;
oXygen and carbon dioxide by the meth

of Scholander * The oxygen was

occurring durning or mmediately foll g
changes 1n body position or degree of physi.
cal activaty

METHODS AND PROCEDURE

Two series of expertments were carried
out- (1} Standard techmques for the meas-
urement of oxygen consumption rate and
cardiac output vere used to study a variety
of hospital activittes. These methods pro-
vided data only after a steady state had
been established for metabohc demand and
cardiac output (2) In a second series of ex-
periments, electronic apparatus was used n
order to observe some of the transient effects
of certain hospital activities An electronic
computer was used to obtain a continuous
record of oxygen consumption rate, Oxygen
and carbon dionide concentrations in the
expired air, pulse rate, and arterial blood
Ppressure were also recorded.

In the first series of experiments, studies
were made on subjects 1 the fasting state.
The subjects were young women students in
occupational therapy. Thev came sm ob.

calculated from the difference in concentrs-
tion of oxygen and carbon dioxide between
Yoom awr and expired air, and respitatory
minute volume,

Cardiac output was ca]culz(cd,' usylg
Grollman’s acetylene method for estimating
arteriovenous oxygen difference.? In caIcu:
lating cardiac output, the solubity «
efficient for acetylene of 000921 asxdfjl‘:re
mined by Chapman was employed. (rld
acetylene rebreathing bag was Pre\;n “
from collapsing by a 14-inch plastic tu eh o
Y-inch bore and contained 42 holes lhe
ran down the center of the bag from 1
mouthpiece,

Fuo:]pm:st of the estimations of cnrdxaj
output, alcolar air samples were m”i‘m(.
from the rebreathing bag at the f:nd o ‘nc
piration after four breaths requinng d
seconds’ time and at the cnd of fiftcen stfr
onds after three more breaths. Al\mh;oﬂ‘lc
samples were collected as indicated ;_-md
for analysis of carbon diovide, 0x3gcMs o
acetylene from which cardiac output coulc
g oo SRR
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diac output at rest, the subject then assumed
the position of the test and maintained it
without doing work while metabolism and
cardiac output werc estimated again, The
third measurement of onygen consumption
and cardiac output was made after the sub-
ject was working at a steady state on the
activity under study. A perfod of at least 30
minutes was allowed between intervals of
acetylene rebreathing to allow excretion of
the acetylene which had been absorbed into
the blood.

The following actnvities were studied-

Sitting Unsupported on Edge of Bed The
subject was seated on the edge of a bed
with arms in lap and feet supported on a
chair

Getting out of and into Bed These data
do not represent the peak load of oxy-
gen consumption or cardiac output dur-
g this achivity but rather the average
throughout a 6.muinute period of actvity A
standard hospital bed 34 inches high was
used for the study The subject stepped to
an B-inch footstool and from there to the
floor. Following a flashtng timer, the subject
carried out the following sequence of activi-
ties at 9-second intervals: (1) The subject
rose from a supine position to sit on the
edge of the bed. (2) The subject rosc to
stand on the footstool by the side of the bed
(3) The subject stepped from the footstool
to the floor (4) The subject stepped from
the floor fo the footstool {3) The subsect sat
on the edge of the bed. (6) The subject re-
turned to the supine position wn bed The
above activity was carried out continuously
through a 6.munute penod used for record-
ing oxjgen consumption, followed immedi-
ately by a cardiac output determmation

Leather Tooling The subject tooled a
standard design on leather while sitting in a
bed with a Gatch frame, rechning at an
angle of 45°, The bed table had the working
surface inclined at an angle convenent for
the subject. The subject rested her forearms
on the table as she worked A 3- by 3-inch
piece of tooling leather that had previously
been moistened and conditioned for tooling
was marked with a conventional design The

n7

subject used a liner and spooner modeling
tool to follow out this design.

Chip Carving The subject was seated
1 a straight backed chair at a table and
used an Xacto knife with a ¥-inch oblique
blade for chip carving She chipped 14-inch
triangles according to a predrawn design
from a 3- by 4-inch basswood block. A sound
timer rang at 5-second intervals to control
the rate of activity of the subject.

Platen Press Printing. The subject stood
at a platen floor press that was operated
with a foot pedal and printed 4- by 6-inch
cards at the rate of 1 card per 5 seconds. In
order to carry out the activity, the subject
depressed the foot pedal that activated the
press 4 times in each 5 seconds As the
platen approached the chase the first tume
the subject placed a card on the platen with
the right hand and pushed the throw lever
forward with the left hand As the platen
approached the chase the second time, the
subject removed the printed card with the
right hand and pulled the throwback lever
with the left hand This activity required
the subject to balance on the left foot as she
pedaled with the right foot and to usc both
hands 1n a co-ordinated sequence of actaty
of mserting the card, pushing the throw
lever forward, removing the card, and puli-
ing the throw lever back

In the second scries of experiments, the
matn emphasis was placed on developing
methods to observe some of the transient
changes 1n the circulatory and metabolic sys-
tems following abrupt changes in physical
activity The subject inspired room arr.
Through a valved mouthpiece, expired air
was directed 1nto a 1-inch hose connected to
a large spirometer (American Meter Com-
pany) Respiratory minute volume was ob-
tawned from the spirometer mosement, which
rotated a small direct current generator, By
proper cahbration, the voltage output from
the generator was related to the respiratory
minute volume. A small daphragm pump
attached to a side arm on the hose between
the subject and the spirometer diverted a
continuous sample of the expired air into a
Beckman Model F-3 Oxygen Analyzer* and



218

then nto a Liston-Becher Infra-red CO,
Analyzer,* and then back into the spirometer.
The output voltage from the CO, analyzer
was connected to an Esterhne Angus Re-
corder and also to a potentiometer network
in series with the output from the [0 2%
analyzer. The resultant voltage from the O,
analyzer and CO, analyzer was then recorded
on a Brown ElectroniK variable span re-
corder, which also functioned as a servo-
mechanism to operate a retransmitting slide

CLINICAL PHYSIOLOGY

Poly-viso recorder. Pulse rate was obtaned
by a Waters Corporation Cardiotachometer,
also attached to the Sanborn recorder.
Osxygen consumption rate and respiratory
minute volume were likewise recorded on
the Sanborn Recorder. In these expenmens
running consisted of jogging i place at ap-
proximately two steps per second

RESULTS

Data ob d from the first series of ex

wire, this then performed the multiplicati

of respiratory minute volume by the change
n oxygen concentration between room air
and expired air, corrected for CO, in the
expired air. Arterial blood pressure was ob-
tained by means of a small nylon catheter
mserted through a thin-wall No 20 hypo-
dermic needle into the brachial artery and
attached to a Model P23D Statham strain
gage, which was connected to a Sanborn

periments are presented m Tables 25-1, 252
and 25-3, Typical recordings of the data db
tamned with the electronic apparatus used m
the second scries of experiments are shown
i Figs 25.1, 25-2, and 25-3. N

Reclining in bed, sitting on the edge f’“,:
bed, sitting on a char, and leather tooling i
bed produced only a small increase W
metabohc demand Chip carving and getung

TABLE 25-1 TuE INFLUENCE OF POSITION AND Activity oN THE MeTaBoLc DEMAND 45
Dereruined sy THE CONSUMPTION OF OAYGEN

Vetabolum

Mean .

tabotc Sondr. s

Number of Number of  demand  Standard esvor of ﬂ'[’:"’:}w

Actuaty subje is tests cal [M3/hr. deuration the mean
Supine 12 126 33 97 3731 03325 -
Reclimng at 45° angle 6 60 35 06 3373 0 435; ca
Sutting on chair 6 53 36 22 4956 0 6320 0%
Sutting on edge of bed, fect supported 3 19 37 70 3849 0 8336 o
Leather toohng 1n bed, 45° angle 4 24 3950 4261 0 sw‘ o
Chip carving, sitting on chair 5 32 5234 8443 1 qu‘ I
Getting 1nto and out of bed 3 17 5686 4224 1024 G0
Prinung press 5 21 8205 10 349 2258

TABLE 252 Twe Errscr or POSITION AND AcTiviTy ON THE CaRpiac Inpex oF NORMAL
Youne Susfects
Cardae nde*
percentage
Number  Number  Afean cardiac o
o of index Standard  Standard ersor uw::;,’n‘:‘
Actiesty subjects  dests Iters/M3/mun,  deviation  of the mean
Supne 1 13 2 50 08746 00823 e
Suung on edge of bed 3 19 23t 0 5432 0 1246 s
Sitng on chair 6 50 233 0.4722 0 0668 76
Reclining at 45° angle 5 46 269 0 4028 0 0594 s
Chip carving 3 32 289 0 6172 0 1091 2 50
Leather tooling wn bed 45° angle 3 24 307 0.9516 0 1942 s
Getung 1nto and out of bed 3 17 349 0 8750 02122 2000
Prnting press 5 2 1 e 0 0sos 0 2074 ®
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w the expired arr while a subject was standing, runming, standing, getting nto bed and supmne,
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Fic 25-3 The effects of performing a st up with arms extended honzontally and legs N'"m:‘ |
with the heels held six mches above the bed upon pulse rate, arterial blood pressure, oxjgen

sumption rate and CO: concentration tn the expired air

into and out of bed imposed a moderate but
distinet increase over basal i metabolic re-
quirement, while operating the printing
press more than doubled the energy required
over basal (Table 25-1)

Table 252 shows the results of the studies
described above on the effect of body posi-
tion and physical activity on cardiac tndex
Of 1nterest here was the apparent decrease
m cardiac output when the subjects changed
from the supine position to sitting on the
edge of the bed or in a chair The data in-
dicated small increase in cardiac output
when the subjects changed from the supme
position to reclining in bed at 45° with the
hnees flexed Moderate but more definite in-
creases in cardiac output of 15 to 20 per
cent over supme were observed duning chip
carving and leather tooling in bed Getting
into and out of bed resulted in an increase
in cardiac output of approximately 40 per
cent and operating the printing press im-
posed the largest load with a 70 per cent
increase in cardiac output.

Table 25-3 provides a convenicnt means
of comparison of the data from Tables 25-1

and 25-2. The activties studicd are arranged

from top down in order of progresivelf
greater metabohc demand. For these s

ame

H ielded
actwvities, the cardiac output studies yi¢

c
TanLe 25-3 A CoMpARISON OF METAEOU
RATE AND Cazpiac InpEx

deturty

Reclining at 45° angle

Situng on chair

Situng on cdge of bed
feet supported

Leather teoling 1n bed
45° angle

Chip carving sithing on
char

Getung 1nto and out of
bed

Printing press

rather inconsistent data, sincc lh? "
cardiac output were not proportiond )
increases in metabolism until the me
rate had been increased over 60 per €7

Metabolisim
prrcentage
inerease over

supme

321
6 62

10 98
16 54
54 08

64 44
141 54

Cardat ndex
prrcentise
sncreast T
supine

7060
—6 80

~7460
22 80
15 60
39 60

70 00

changes 0
to the
abolic
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getting into and out of bed or by operating
a printing press

From the sceond series of esperinnts,
continuous tecotds of volume of expired air,
0: and CO, concentrations wm the capired
air, with the subject supme 1 bed and then
running, are presented in Figure 25-1 Re-
spuatory tinute volume was calculated from
the slope of the hne indicating volume The
main points of nterest here are the transient
changes m O, and CQ, concentratons m
the expired air during the first minute of
running In spite of a sharp increase n
respiration, O. concentration fell from 16
per cent to 135 per cent in the expired air
dunng the first minute of runming After
about 214 munutes of continued runmng, O,
and €O, concentrations m the espired air
stabilized near the control levels

The recordings in Figure 25-2 illustrate
data that do not show any unusual transient
changes at the beginming of exerase but do
ndicate the length of time necessary for a
steady state to be reached, following an
abrupt increase 1n physical actvity Heart
rate and O, and CO, concentrations in the
espired air stabilized 1n about one munute
while O, consumption rate was suil increas-
g when the subject stopped running after
1% munutes of runmng The procedure of
gettmg mto bed was accomy d by an in-
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average, pulse rate increased from approai-
mately 80 to 115 beats per minute, blood
pressure rose from 100 to 150 mm. Hg,
oxygen consumption increased from 160 to
460 cc /M?/min and CO; concentration m
the expired atr increased from 4 per cent to
9 per cent

DISCUSSION

Tiabil hand 4

The wn of a o
dnvidual usually requires some type of phy-
sical activity The rehabilitation of cardiac
patients presents a  challenging 1edical
problem since overexertion may be dangerous
to the patent and undue caution can
hamper the rchabilitation program.

Relatively little study has been devoted to
determining the effect on the heart of
various types of normal hospital activities
Most studics have been made on normal or
abnormal hearts dunng rest or some stand-
ardized condition of exercise. Because of
technical requirements dunng the measure-
ment of cardiac output, it has been difficult
to test the varous activities carmed on by
patients in the hospital or persons leading
sedentary lives The physiologists interested
m the work of the heart have wanted to
know the range of cardiac capaaty The
c logists have usually been more con-

in-

crease in pulse rate followed by an increase
in O, consumpuon rate Pulse rate did not
vary dunng the resprratory cycle during
exercise, while obvious changes with respira-
tion occurred dunng the rest perods

The data 1n Figure 25-3 iilustrate the rate
and extent of changes in pulse rate, arterial
blood pressure, oaygen consumption, and
CO; concentration 1n the expired air while
a subject did a partial sit up, followed by 2
period of sitting up wath the arms etendcd
horizontally and the legs extended with the
heels held about six mches above the bed
When the subject changed from the supine
to the sit-up position, only a small transient
ntrease occurred 1n the blood pressure
Holding the arms extended and heels off
the bed for eighteen scconds produced in-
creases in all the variables recorded On the

cerned with the problems of valvular meffi-
cency or demonstration of abnormalities
than 1n attempting to contro] cardiac work
by regulating activity in a quantitative
manner.

Recently it has been advocated that car-
diac patients be allowed to sit 1n a chair
carly in the course of recovery from coronary
thrombogis ©"*® Although this has been
viewed with alarm by some physicians, the
statistics for this method compare favorably
with prolonged bed rest The data on car-
diac output in this and previous studies in-
dicate that there is less cardiac demand
when the patient is sitting with his feet
dependent than when he is supinc 260
Clinical obscrvation also supports this find-
ing The patient with cardiac embarrasse
ment wants to sit with his fect dangling. To
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place such a patient in a semireclining posi-
tion with the back rest and knee rest up may
decrease his muscular activity very shghtly
but increase his necessary cardiac work by
as high as 15 per cent Mmimal cardiac and
metabolic demands occur when the patient
1s seated in an armchair with back and head
supported and the feet comfortably sup-
ported on the floor The data in this study
of the cardiac demand of moving without
aid from bed to chair and back indicates a
higher cardiac requirement than would be
the case if the patient were assisted to sit
and to stand Although these latter measure-
ments have not been made, 1t 15 Iikely that
movement from bed to chair, if done care-
fully and with assistance, places httle de-
mand on the heart
It 1s a maxim of medicine that an mnjured
organ should be put at rest so that 1t may
recover more quickly For many years 1t has
been assumed a priori that the recumbent
position is the position of least actwity for
most or all organ systems This position 1s
referred to as basal, although that term in
actuality applies only to oxygen consumption
by the voluntary muscles The orthopnea of
the cardiac patent 1s usually explamed on
the basis of changes in the mechanics of
respiration rather than on the work require-
ments of the heart itself It now appears that
the orthopneic positton is the position of
munimal cardiac work as well as the position
of greater ease of respiration
Although it would be desirable to main-
tain the severely damaged heart at a condi-
tion of minimal or basal work for a number
of days to allow recovery, this 1s not possible
in all cases The activities of digestion and
limination must i Emotional stresses
due to fears about illness or death, concern
over job, family, or future must play a role
in determining the level of cardiac output 812
‘The patient will move in bed to drink or eat,
from discomfort, boredom, or anxiety If he
is maintained on enforced complete rest,
these factors probably become more promi-
nent and as a result the cardiac work m-

€reases. ;
For bed-bound patients a change is a rest
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in that it allows relaxation to occur, To
move the patient carefully from bed to a
comfortably supporting armchair places the
patient in a physical position of minmal
heart work and also helps to relieve emo-
tional tension The chair position assumed
several times a day, therefore, heeps the car-
diac output closer to the minimal level thar
does absolute bed rest '3 To assist n rehievng
emotional tension and anxiety, disersonal
activities such as reading or occupational
therapy crafts requining the use only of the
hands are valuable The activity allows d}e
patient to forget his problems and results in
a decrease of tension The hightest crafts
which requtre use only of the hands, mcrease
the cardiac requirement about 15 to 20 per
cent. It 1s probable that anxety exerts
greater driving force than this on the heart
Both the drive of muscular effort and lh't
drve of emotional stress must be asoided if
the heart 1s to be protected against work
During convalescence the gradual addition of
actwities requiring progressisely greater car-
diac work appears to be the logical way ";
restore the myocardm to normal Tevels of
function During this period of recoveds
controllable actiities of hnown metabol
and cardiac demand are valuable to help 0
condition the heart Since activm'cs in occud
pational therapy can be quanmated at;c
controlled, they appear to be ideal for b
purpose of rehabulitation of cardiac patients.

SUMMARY

The cardiac demands of bed activities 3::
light activities in occupational therapy “m_
studied on normal subjects The cardm'cdt; p
put while sitting in a chair or on the ﬂ.hm
the bed was shghtly lower than that :\hsn
lying supine, and the cardiac uulpu‘m w
reclming with the back rest and hnee 1 i
was slightly increased. The cardiac r?hu;h
ment to get out of or into bed .shmtel .
and low transients when carried ;U! ot
assisted, but this activity probably D;
demand a great deal of myocardial ‘;(iuml
done slowly with assistance. Occqu .
therapy using prumanly hand mouo!
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creased cardiac output very little, Standing
to use a printing press increased cardiac out-
put 60~70 per cent, These activities, because
they can be controlled, offer an exvcellent
means of gradually reconditioning patients
with cardiac disease
The use of electronic apparatus for rapid,
conth and 1 d
several d with
and metabelism offers an impron ed approach
to the study of transient changes that may
ocoar in the civculatory system before the
regulatmg mechanisms can gan control The
data mdicate that an abrupt change m body
pomton or an kevel of physical activity can
produce a rather large mcrease of short
duration tn cardiac worh Changing position
or rate of physieal actsity slowly and with
asestance can reduce this type of stress on
the heart

ous g of

ariable:
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REPORT OF PANEL ON CLINICAL PHYSIOLOGY

Howard B. Burchell

The purpose of the panel on clmical
physiology i this Conference has been to
identify and validate the physiological pa-
rameters that would define the efficiency of
the circulation m subjects with established or
suspected heart disease under various degrees
and types of stress Although the criteria for
the diagnosis of heart disease well might have
engaged our attention, this problem appeared
secondary to inquiies into the functional
status of the circulation i persons of an
aging population who do or do not have
symptoms of heart disease

In the mitial planning for this panel, some
basic questions were developed to highlight
the vanous discussion periods to be held
during the Conference These were (1) Does
worh have any effect upon the development
of heart disease, specifically, coronary athero-

lerosis; (2) What envir I factors in
association with work produce stress upon
the heart and upon the circulation; (3)
What is the value of physical fitness tests m
classifying individuals regarding the severity

ition?

work loading for an individual? While the
answers to these three questions could mot
have been expected to be sumple oncs .l‘z
which everyone could subscribe uncq“ll;Ic
ocally, there appeared to be {easonaw
agreement within the panel regfnrdn{!g w:, '
tive conclusions as to the dlrecfmn inw xd'
investigation may proceed with best @
vantage N
Dr gA Keys reviewed the relationship ";
cnvironmental stresses to heart diseast azf
pointed out the weaknesses in the studes ’
populations which are believed to S;JPP‘I’H.
the concept that exercise protects t;fn ol
dividual agamst the development of CQ e
coronary artery disease If Khx's me ’
effect is present, as certam animal & me
ments and clnical impressions suggsst r:hsh
extensive studies are necessary 10 estal
its existence.
In respect to occupational glﬁugzuai
W.H M Morris presented figures mnct nar;
that there is a high incidence of ;O:olh“
disease among Indiana farmers, d:ﬁnlt!‘l.‘
oy

¢ of the dis_c:lsc

climecal apr e

of their heart disease? Its early
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lation The relationship of work and the
cholesterol lesel in the blood was put to ex~
perimental tests by Dr H L. Taylor. He re-
ported that if the cost of the work was paid
by food supplements having the same dis-
tribution of basic foodstuffs as the basic
diet, no significant changes mn levels of serum
cholesterol occurred

Dr S. G. Wolf reported on the effect ol
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tests that reflect the capaaity of the patient
to do work, they do not scem adequate m
grading indniduals whose cardiac disability
1s i its mception nor in the prediction of
difficulties about to be manifest The value
of sumple, well-standardized tests need not
be re-emphasiced to thus group It is notable
that during the discussions it appeated that
there was considerable mterest in the revival
and e of several older tech-

on serum ch

varyng Dife si 1

and reported that increments of serum
cholesterol level regularly followed series
of psychic storms These storms were recog-
nized and esaluated well only by careful
mterviews wheremn there were favorable

niques, including measurcment of oxygen
debt following standard exercise and the re-
sponse of the circulation to sustained high
sntrathoracic pressure as 10 the Flach test and
the Valsalva maneuver In the joint meeting
it was ) d that there 1s need for dif-

patient-physician relationships It appeared
that much more work may "be donc profit-
ably in this investigation of the influence of
1arious environmental factors upon serum
cholesterol levels
The presentations of many of the panelists,
and particularly those of Dr L A Brouha
and Dr W H, M Morris, repeatedly
brought three facts into clear focus’ (1) The
actual work load upon the worher m in-
dustry and on the farm, as determined by
oxygen demand, 1s usually not heavy and
can be expected to be tolerated well by per-
sons with limited damage to thewr hearts,
{2) The cardiac stress that 1s reflected 1n
maximal heart rates 1s not nccessanly de-
pendent upon the nature of the work nor is
it correlatcd simply with thc cost of work as
! 1 oxygen utihization,
(3) The stress of a total work situation
15 often to be found not in the work per
se but in such factors as clevated tem-
Peralurcs or hlgh humidity Although less
of

ferentiating total physical fitness from 1ts
cardac component The studies of Dr Bruce
seemed to form one excellent basis for future
vestigations along these lines

If the panel on chmcal physiology had
been empowered to bring resolutions to be
passed upon by this Conference, I mught sug-
gest the following, provided that my fellow
panel members had the opportunity to make
corrections and revisions (1) It 1s necessary
to make further obseriations regarding the
role of various occupations in the develop-
ment of heart disease; (2) In any work
situation being evaluated by the governing
agencies, 1t 1s important to study the total
emvironmental stresses miolved and not to
be lmited to the determunation of the work
load that the tash alone imposcs upon the
worker, (3) There 15 a need for further
evaluation of indexes of physical fitness and
measurements of physical endurance This
Conference might do well to endorse an

to

social pressures and psychnc adjustment to
work situations are recognized as important
facets of the problems presented 1n thus field
The Joint mectings of the panel on basic
Physiology with that on climeal physiology
brought out presentations and discussions
that led to some clanfication of definiuions
and concepts of impaired function of the
heart and arculation It appears that there
are stll many aspects of physical fitness that
escape identification While there are various

1 cffort to study this problem;
(4) The problems of cardiac efficiency and
that of the total arculaton 1n disease and
aging need new approaches Any scheme
that brings together the scientists in the field
of basic physiology and the clinicians should
produce worthwhile results In our discus-
sions we have learned to speak not only of
work accomplished by the heart but of
power This concept of work as opposed to
power lnay be among the most pertinent
h of this Conf
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I am grateful for the contributions made
by the various members of the panel on
clinical physiology as well as those of my co-
moderator, Dr Charles Crumpton, and the
recorders Dr A Keys and Dr. G. Biorek
have given some special attention to the
problem of physical fitness They have de-
veloped some suggestions, which I would hhe
Dr Keys to present to the Conference as a
supplemental report from our panel.

Dr AnceL Kevs As Dr Burchell has
indicated, there are some points pertaming
to physical fitness which seem of such con-
sequence to some of us and so pertment to
our discussion here at this Conference that
we devoted some hours to these problems
last mght Dr. Biorch was good enough to act
as a recorder during that meeting and we
have some notes which I will summarize
briefly The participants i this discussion
included Drs Katz, Taylor, Hellerstein,
Warren, Eichna, Kanonen, and Morgan
Jones We met as a small group simply as
persons who had n one way or another de-
voted time to or done actual work on the
problem of physical fitness. We agreed that
m any discussion of work and the heart, the
matter of estimating fitness and defining
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problem that they may put into operation
research programs, exchanges of information,
and forward-going planning along the limes
already outlined

Dr. BeLknar: Thank you very much, D
Burchell and Dr. Keys. We would lde to
have some discussion from the floor on botk
of these reports.

Dr. Lucien Brouma: I would bk toadd
a brief word to what Ancel Keys just said,
re-emphasizing the need for specific fitnes
tests and also for a better definition of what
we mean by fitness What I have m mind s
that one of the problems that we face daly
in industry is to find out which is the bes
test to use to determine whether or not 2
worher is fit for the job that he is dong
This is not the particular aspect of the ﬁfld
of physical fitness that we investigated duning
the war when we were concerned with ph)jr
1cal fitness for eatreme effort or exertion We
should attempt to develop tests that are
applicable to men of various ages and wil
help to determine whether or not lh.ESe o
dividuals will be able to fulfil the job for
which they are bemg considered T beliee
that a great effort should be made i this
line in order to help sole the problem ¢

what you are attemy to is of

1 and selection of

great concern We felt, in our meeting, that
there has been a great deal of confusion in
this Conference and that a simular confusion
exists in the literature because the phrases
fitness tests and fitness are used in different
connotations Moreover, we feel there 15 a
need to develop quantitative, objective meth-
ods that can be used as an aid in diagnosis,
to provide an aid in prognosis as to the
future coutse of the disease, to guide the ad-
Justment of the patient to hus job and te lus
life and to P
of the patient to the regimen and program
of management arranged by his physician. It

men for the right hind of job

Dr James V. WagrgreN: It scen
that we have at least three considerauor
here One of the problems m the literature
and in various Jaboratories, I am sur¢ t:ld'
own laboratory, is that these get can'fu "
at umes We have the problem o.f uamlr!l;.-
or physical fitness, or, as we se¢ it, =df31:m'
tion, mn an athlete for maximum per O'n"
ance We have the problem of evalvating

of di al function
f discase on the norm: cho
the effects D g

ems to M¢

was agreed that every effort should be made
to encourage objectne evaluation of tests
and the hange of inf it gard,

them. We hope this Conference will go on
record endorsing these general principles and
calling the attention of organizations of na-
a1 and International character to this

the whether a person is in the level e
or is untrained. Finally, we have ¢ -
ideration of s, which sometmes &

b out by D"

involved in this, and, as pointed o
Hellerstein yesterday, a test m]l.orwn i
perfectly normal findings b:n gve nD]d

of a serious prognosis, I believe it N{"! o
of great benefit, in the future, to pqnmdﬁ
clearly what these tests are anmng at 1

1 ell
three areas and, probably, in others a8 ¥
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Dr. Rooxey Bearn: The discussan in the
Workmen's Compensation  Panel  touched
upon this question of testing very bnefly,
when one member asserted that there is no
test that 18 satis{actory oxcept the test of ve-
tum to worh. Nosw, I da not believe that he
implied or meant to imply by this that addi-
tional tests were not deswable But T do be-
heve that the members of our panel would
take a very dim view of the prospect of de-
seloping satusfactory tests because of the sery
great complenity of psychological factors that
enter anto the performance of an mdiadual
under test circumstances

In particular, of course, when one comes
to the question of diszbihity, motaton be-
comes a very strong {actor, but it 15 not alone
s this circumstance that motnation 15 1n-
vobved 1 would bke to hear further come
ment on this point {rom Dr Klem

Dz Iaviw Keaww: Our expenience at the
Bellevue Hospital Worh Classfication Unst
and at the Bechman Hospital Uit indieates,
at least to us, that no scicntific test i of any
great salue m determining eather the prog-
nosis or the worhablhty, becavse the test,
and let us asume 1t 15 the daes
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that 15 bevoad the physiological approach or
probably even beyond the clinical appreach

Secondly, 1 belisve that an added use for
the ype of fitness test we have been dis-
cussng 18 i research An example is the
study of the improvement or the change in
fitness resulting from carduze surgery In
additwon, as in our own case, a fitness test
on cardiac patients may be valuable for
comparison with casdiaes studied in other
Iabaratories

Dr Guwnar Biogert 1 beliese it 5 neces-
sary to state that there are at jeast three
purposes of such tests One, refating to basic
physiology of noninal and patholegical situa-
nons  the secand, referning to varly detection
of disease and the determinaton of prog-
nosss, and the thud, relating to the deter
mnaton of ftmess for certam jobs 1 be-
fiese it 15 necessars that we dnide our gunk.
g aleng these hacs At the small mreting
to whith Dr Kevs has referred, it was felt
that there was a «eat need © mvestigate
the tests that have been wsed along these
~arious fines, and that ewery test, particularly
1n chpical stuations and wsth regard to job
ori should be luated fater on

not consicer yany of the human factars that
operate tn wfluencing the determination

We have felt for some years that the re-
tum to work 15 probably the best test we
have, because 1t automatically, and without
our knowledge or control, takes inte con-
sideration many of the psycholomeal and
human elementy concemned 1 do not believe
these factors can be measured m such a way
thay we can prepare a chare, and, if we can-
et do thay, there are certam things in i~
abulity evaluation and workmen's compensa-
fion that T fecl wall nover be measured It is
the feeling m our chinie that these things
can be measusedt only by putung the man
back into as near a normal state of affaws
2 wegan

Da Warers H M Mormis: T would ke
10 male two comments Fust, that T believe
the tests we have been discussing ave tests of
unpasment and not tests of disability
Clearly, what Dr Klew 15 requesting = 2
tost for disabidity 1 beheve thus is something

according to its purpose Those tests which
possess 2 prognoste aspect should be care-
fully re-cxamuned after a senes of years by
means of follow-up studies to ascertan the
predictine salue of the tests Researth warke
ers should be envouraged to make and re-
port such studies

Dr Marvrr | Kamvonen The physio-
logical harometer of traimng needs measure-
ment and this 1 ane of the obvious uses for
fitness tests, beth m the healthy person and
m the carduc  Measurement of this barom-
cter vaunot be achieved in any ather way,
so fitness tests are peeded

Dr Luowie W Exennva: It ss my belief
that some confusion has entered this dis-
cussion T would Ihe to submit that there is
a clear distincnion between a test for candio-
vascular fitness and a fitness test for an in.
ditidual There are tests that detesmine the
fitness of the brart and the circulation This
does not mean that thus 1 the sole parameter
of an mdnidual's fitness It is one of the
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parameters of his fitness that can be deter-
mined The result of such a test should be
given to the physiclan who then must
evaluate whether the indtvidual is fit in other
categories, including his motwation, psy-
chologically, and so forth Unless this is
done, there will be confusion.

Dr Howaro B. BurcHery' I welcome
this discussion in the field of physiology. It
is somewhat belittling, perhaps, to my re-
port in that I felt I had spelled out some of
these things I believe I pointed out very
clearly that we were measuring different
things and we were approaching the problem
from different angles

I do remember that Lord Kelvin said that
when you can measure something, you can
begin talhing about 1t It is for this reason
that we do have to have some measurements
In the clinic, at the present time, with our
emphasis upon the clhinical history, we see
histories written, physical examinations per-
formed, and opinions given, only to go in to
see the patient in consultation and find that
he has not been able to evercise at all A
simple test in the clinic, such as having the
patient step up and down a few times,
mahes clear the degree of limitation of the
patient There are certain tests that have
been pointed out as quite specific, and out-
side the cardiac field we can find some pre-
liminary tests that are quite specific m re-
gard to early illness Now, if one wants a test
to evaluate a person for work, I believe that
the observations reported at this Gonference
have already mndicated that such special tests
are hardly necessary It was shown by Dr.
Hellerstein and his associates that the actual
work per se was not usually a major factor
but that there are other factors, many of
them environmental, which are of great im-
‘portance

Dr. Lewis H. BRONSTEIN. Since the
Bellevue and Beehman Hospital Work Clas-
sification Units have been mentioned, I
would like to clarify some of Dr. Klein's
remarks. In the sevenicen years thar Dr.
Goldwater, Dr. Klein, and I have been work-
ing, trying to get the patients with heart dis-
ease back to work, we have not been able to
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find any test that has helped very much &t
present, we feel that our clinical evaluaton
based upon the history and physical exame
nation and our observations of the patient at
work are probably the best measures we have
However, we do not wish to intimate that
further efforts should not be made to gt
some objective measurements that can be
interpreted, as Dr. Eichna has said, in the
light of the rest of the picture We dotae
the fear that some persons are going to 1o
10 use the tests and forget to use their cmial
judgment and evaluation This is the pont
that we wish to emphasize.

Dr. Heaman K Herierste: We bae
studied 1,200 patients in Cleveland after d?e
fashion prescribed by Dr Goldwater We
have found that a total evaluation of the
person in terms of medical, social, socational
occupational, and physiologic parameters ¥
extremely valuable On the other hand, we
have had considerable help in several ways
from the objective evaluation of the cardio-
vascular function We have done the .ﬂﬂd
test and we have done various tests It 2
sociation with Dr Ford con:e'mmg ‘h;
energy requirements of physiologic loads o

d value In additon, ¥
1th on-

during
¢ ruch

known or measure
have tried to correlate these results %
the-job evaluation and with studies

tcsis Is to be decried Tt has been exTITE
valuable to know that sarre persons "Mtts o
ferent types of heart disease scmehmluﬁu{
spond in a way that is better than © e
methods tend to indicate I have grc’-*an,
spect for the use of the eyes and cgs, fai
having been under the nfluence of . r‘;ﬂ -
and many others n my eary o il
periad, 1 believe in the \aluc.of the}; ;umx
examination and 2 good clinical c\;:‘ P
However, we do not have €y L ysio
detect electrical changes and other :c }If-’l
logical phenomena. I would makell :
that 2 mhilistic attitude regarding the
tests in this field be avoided
Dr. Ropert Bruce: I feel
part, responsible for some of

1 may bﬁ'i"
the confusio?
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that seems to have developed in the course
of these deliberations about the relative im-
portance and significance of physical fitness
testing Perhaps this is an inevitable error
that comes about in trying to set down
briefly what we have been doing. It may be
important to emphasize, again, how we try
to use this methodology and how we try to
interpret data from it.

I think that we should say, first of all, that
we are interested in evaluating cardiac im-
pairment of patients with heart disease This
means that we do have a physical examina-
tion, history, and the usual clinrcal evalua-
tion, which is as complete as possible prior
to testing It does not mean that we are try-
ing to suggest that a test will take the place
of the chnical appraisal of the patient under
any circumstances This 1s clearly not the
case, but we do feel that it may gne more
depth to the usual physical examuation if
we have the opportunity of examming pa-
tients under some type of stress that can be
relatively and conventently standardized for
the greatest number of patients that we
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have the opportunity of studying. In this
semse the | dure T have been discuss
and which has led to some of the confusion
here, has been useful in our laboratory for
some period of tume

The second point is that I believe there is
a great need for developing a greater under-
standing of the physiological changes of
cardiac patients n relation to stressful situa-
tions Exercise is one of these though not
necessarily the only one We have been con-
siderably intrigued by the opportumty to get
more information along this Ime so that we
will have a better understanding of cardiac
physiology and 1ts application to clinical
problems

Now, the ertor that may come is to try to
read too much into a simphfied laboratory
procedure and to expect that from jt we can
eatrapolate all the things we would Iike to
know about functional capacity and fitness
i the broad sense, all of them things that
take 1 much more than just the heart alone,
as well as the possibility of prognosis
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CHAPTER 2@ INTRAMURAL HEMORRHAGES AND THE HISTO-
GENESIS OF ATHEROSCLEROSIS

John D. Hamilton and J. H. Mowbray

Some time ago, we began to study the cor-
onary arteries in cases of myocardial infarc-
tion and coronary thrombosis with a view
to determining how frequent or

ostia with saline followed by 10 per cent
formalin After 48 hours fination the vessels
are dissected from the heart down to the

was the ion of al hemor-

smallest ible surface b hes  (ap-

thage with thrombosts, and what relation-
ship could be established between effort and
mtramural hemorrhage with or without
thrombosis With these objectives m view,
the coronary artenies were examuned fiom
100 unselected adult autop:
performed in the Department of Pathology
of the Toronto General Hospatal s 1955, In
this scries there were 22 deaths attributable
1o coronary artery disease.

Technique

All 100 cases were studied by a sbght
modification of a technique first applied to
coronary arteries by Durlacher? In brief,
the heart is removed intact, and the cor-
onary arteries perfused by grawity via their

pr ly 1 mm 1n d ). They are
then dehydrated, cleared in methyl ben-
zoate, and examined 1n the clearing solution
(Fig 26-1). Hemoglobin-containing lesions
stand out as reddish-black masses (Fig
26-2) Blochs are taken of all hemorrhages,
areas of narrowing, and occlusions In those
cases in which hemorrhages are numerous,
only representatite samples are taken.
Microscopic sections were cut at 5 p. Se-
rial sections of many hemorrhages and
thrombr, but not all, were cut At times,
especially with extensive lesions, about 50
sections were examined esery 05 mm.
through the area The method of sampling
lesions and of taking microscopic scctions
should be kept in mind 1n assessing our re-
sults All histologic sections were stamned
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Taste 26-2  Microscopic GRADING OF ATHERGSCLEROSIS
Froture H 2 3 4
Liptd deposit Streaby, Larger, but no amorphous  Amorphous +++
small + matenal + pools ++
Chalesteral clefts Q Q + +
ascularization 0 Shight, marginal only + +
Hemarrhages 0 + ++
Hyalnizaton Thun, surface  Thicker, surface and margins  Forming Usually multiple
onl: crescents crescents
Media Normal Normal or shight thinming Atropluc Atrophic and
disrupted

Recognition of hemorrhages mcroscopi-
cally depended upon identifying red blood
cells This means that the hemorrhages were
recent and fresh although it was possible in
some cases to postulate that there had been
more than one cpisode of hemorrhage, judg-
g by the state of preservation of red cells

Tl 26-3 DISTRIBUTION OF ATIHEROSCLEROSIS
AcCORDING TO GRADE

Grade Cayer
I "
n 14
m 26
v 37

Total 88

and leucocytes, In the majonty of cases ex-
hibiting hemorrhages, a period of hypoten-
sion or anoxia could be found in the recent
history, but on the other hand, sumilar epi-
sodes could be found m the cases not show-
ing hemorrhages There was evidence,
some of our cases, that antramural hemor-
rhages were larger and more frequent distal
0 a recent thrombus. However, the only
feature that could be defimtely correlated
with the intramural hemorrhages was the
grade of atherosclerosis, With increasing size
of amorphous pools of hpid and mercasing
vascularization, there was an increasing mnci-
dence of mlramuml hcmoxrhagc There was

Source of the hemorrhages could not be
determined, eacept in some of the cases of
thrombosis when the hemorrhage was mas-
sne  As stated above, vasculanzation of
plaques was seen in Grades II, III, and IV
atherosclerosis This derived from vasa vaso-
rum in the majonty, as transmedial channels
were frequently and easily seen In 1! cases
luminal origin was noted on routine sections
In 25 other cases, however, position of the
vesse] made luminal origin obhgatory. In
these latter cases such vessels lay separated
from the lumen by little more than a strand
of connective tissue and two layers of en-
dothelwum. Such a channel must carry blood
under pressure equal to that in the lumen 1n
order 1o maintain its patency In about half
the cases showng vascularization of plaques,
then, vessels taking origin from the lumen
contribute to the vascularity (Figs. 26-3,
26-4, and 26-5)

Tapie 2644  INCIDENCE OF
InTRAMURAL HEMORRHAGES

Atherosclerasts, grade Number
1 0
1 0
1 16
1% 3s
Total st

no ) therapy
Evidence of old hcmorrhage, in the form of
hemosidenn pagment, was infrequently en-

There were 14 cases in
whxch recent coronary thrombosis was found.
Thcsc thromb: were studied by serial and/or

countered with our method of

d sections through their length
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mal hemorrhage, and in seven cases the
oldest arca of thrombus was not assocated
with the area of maximal intimal hemore
rhage In three cases there was an assoc
ation between thrombus and hemorrhage.
Rupture of the atheromatous plaque was

TABLE 26-5 RecENT Coroxary THrowsoss

Number Intramural  Necrosis Rupuae
of cases hemorrhage  of plague Inconsistency of plagae

14 12 8 7 4

found four tunes, and was always associ-
ated with massive hemorrhage in the
atheroma. In serial sections, rupture usudll

Fi6. 26-3 Large antimal channel arising from Occurred at more than one point Our in-
the lumen terpretation of the massne accompanyg
hemorrhage is that it derived from the
lumen and was in the nature of dissection
of the plaque (Figs 266, 26-7, and 269)

Discussion
Although intimal blood vessels hae beﬂfl
recogmized for many years,® the worh o

EEY g PSR, i
Fic 264 Large wtimal channel in loose
arcolar zone A vessel so located must com-
municate wath the lumen (confirmed by senal
section). Note the external incomplete ring near
media Inumal hemorrhage 15 present X 12

In all cases the thrombi overlay athero-
sclerotic plaques. Table 26-5 indicates that
intramural hemorrhage was found in the
underlymg athcroma in all but two in-
stances. Frequently the superficial layers of

. f trah
the plaque immediately beneath the throm- Fie. 26-5 Endothehum-lned dmn'nd'x (n‘ns -
bus were necrotic. In this table, tnconsist- large} lying superficially in the mmn:,mm!

u
ency means that the oldest part of the sequent sections showed a pleaus comm

thrombus did not overlic the area of maxi- with the Jumen. X 240.
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Paterson,*>® Wintemnitz,* Wartman,®* and
Geiringer® has stressed their imponance in
the development, progression, and sequelae
of atheroma, When one romes to consides
the origin aud devclopmerst of these vessels,
there is no unanimity of opinion Winternttz
implies, but does not state, that they may be
fourd normally mn man, but he has de-
scribed them s the normal aorta of the cow
Paterson has demanstrated vascular chaanels
m normal 1ntima, but they are exceedingly
rare T think one may question the presence
of blood \essels in the intzma as a normal
and usual occurtence, Hut certamly there s
uniform agreeraent that the intima thickened
by atheroma 15 vascularized, the vesscls tak-
g ongin from the vasa vasorum and from
the lumen Frequently there is anastomosis
between the two. The most Jogical explana-
tion for thase vessels ansing from the fumen
is gnen by Duguid,? who has developed the
thesis originally advanced by Robsanshy,?
that an atk is ¥ d depositi

of fibrn of the arterial blood In other words,
mural thrombi form, become organized by
endothelium, and incorporated 1nto the -
tma, It 15 the remnants of thys organization
that persist a3 the sascolnture derived from
the lumen Geinnger goes as far as to say

- ~e B

Fi6. 266 Inumal hemosshage Entire amor-
phous mass contams hembrthage mmed wih
atheromatous materal On gross examunation
and on superficial microscope mspection the
hemorthage appears to have caused occlusin,
but m reahity it has not altered the lumen

Fie 267 Inumal hemorrhage Dark areas
represent hemorrhages of differeat ages in same
sigment The one at the foft shows some drgani-
zanon (sce Fig 268) x 12

Fw 26-8 Inumal hemorrhage High pouer to
show large srregular sascular channels at the
margus of area of hemorthage X 240.



Fic 26-3 Large wmtimal channel ansing from
the lumen

. . — pgpacobiNPRY i
Fio 264 Large intimal channel in loose
arcolar zone A vessel so located must com-
municate with the Iumen (confirmed by serial
section), Note the external incomplete ring near
media Intimal hemorrhage 1s present. x 12

In all cases the thrombi overlay athero-
sclerotic plaques Table 26-5 indicates that
wntramural hemorrhage was found i the
underlying atheroma in all but two in-
stances. Frequently the superficial layers of
the plagque immediately beneath the throm-
bus were necrotic. In this table, smconsist-
ency means that the oldest part of the
thrombus did not overlie the area of mansi-
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mal hemorrhage, and in seven cases the
oldest arca of thrombus was not associated
with the area of maximal intmal hemor
rhage. In three cases there was an asoc-
atton between thrombus and hemorrhage
Rupture of the atheromatous plaque wis

Tasre 26-5 Recent Corovary THRoMBous

Number Intramural - Necrosis Ruplot
of cases hemorthage  of plague Inconsistency of plague

14 12 8 7 4

found four times, and was always asoc:
ated with massive hemorrhage mn the
atheroma In serial sections, rupture usually
occurred at more than one point. Our 12
terpretation of the massive accompany’g
hemorrhage is that it derived from the
lumen and was in the nature of dissection
of the plaque (Figs 26-6, 26-7, and 268)

Discussion e
Although intimal blood vessels h:m:L “
recognized for many years® the wor

tral,
Fic 26-5. Endothehum-Jined channc‘l;n (:rn ¥
large) lying superficially in the ":,,,.m.uuns
sequent sections showed a plesus €O

with the lumen., X 240,
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The most convincing proof of the en-
crustation theory is provaded by Dugud's
tustrations, which show crescentic thichen-
ings, often wmuluple, in corenary arterics,
the most superficial and recent clearly be-
ing thrombus in an early stage of organtza-
ton Dugaid regards the Jipid pool as a late
ds ive change, 3 especially
with red thrombi, and due to retarded or-
gamzation Gewrwnger supports Dugud and
considers the softened center of a plaque as
the result of necrosis owing to fatdure of
orgatization

T am in agreement with the above views
and beheve that atheromata with pools of
hipid and marginal vascularization are de-
med from mural thromba contammg large
admixtures of red blood cells n which de-
generation proceeds at a faster rate than
organization by endothelium The granulo-
matous inflammation  frequently found
about the fatty material would represent the
reaction to dead tssue The small hemor-
thages and admixtures of red blood celis, so
often seen in aur experience mn these amor-

Fig 26-11 A more distal section shawing rery
marked distoruon of lumen now at the upper
teft, contaming thrombus but with foss of con-
unwty of snuma and some adminture of choless
terot and thrombus

Fic 26-12 The most distal section of thrombus,
showing early recamalization, a thick hyaline
plaque wnh a few uregular spaces contamng
hemosrhage

phous poals of Lpid, may then be the leak-
age of cells seen about newly formed and
prolderating capillaries, as descnibed by
Sanders and French!® in healing wounds
and by Waters®® m the organization of hpid
mjected mto the comea of the rabbit Seep-
age of blood mto such areas would add to
the volume and may be a factor m growth
and progression of the leston Larger intunal
hemorrhages may be related to anoxia but
our evidence for this, as stated earlier, s
only suggestive One also has the distnct
mmpression  that large hemorrhages, with
many foam cells and delicate endothehial-
hned channels traversing the superficial
areas and lttle or no overlying hyaline cap,
represent catly organization of recent roural
thromby  (Figs 269, 26.10, 26-11, and
26-12}

There 15 no doubt that channels of lum-
nal origin nourssh the superficial layers of
the thickened wntima and it is possible that
occlusion of these vessels may result in ine
farction of the plaque and lealage of red
cells 1nto the necrotic center Geininger sup-
ports this view and speaks of hemorrhagic
farcuon of the plaque
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Fio 26-13 Nonoceluding thrombus, orgamzing,

1 h with h } Serial

section of the entire segment proved the nature

of the lesion Note the hyalimzauon of surface
layers X 12
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Fie 26-14 Pale anner vascular zone suggests
a thrombotic ongin although classically this 1s
atheromatous narrowing X 9

Despite  the hemodynamic concepts  of
Paterson*® and Texon,® I am reluctant to
accept the belief that pressures within in-
timal capillaries of a magpitude sufficiently
greater than intralununal pressure can cause
hemorrhage into atheromatous plaques

The variable morphologic appearance of
atheroma may be related to the composition
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of the original mural thrombus For ex.
ample, the hyaline, Jaminated cccentric type
may be derived from cncrustations consisting
principally of fibrin and platelets (Fig
26-13). The presence or absence of ultimate
caleification would be then determined by
the speed of organization, and by the ade-
quacy and integnity of newly formed intmal
channels and, 1n this respect, would be sune
lar 1n concept to the amorphous pools of
lipid and necrotic material (Figs. 26-14 and
26-15).

One can only speculate about the possible
reasons for recurrent thrombosis In our
matenial we did not consider intramurel
hemorrhage a convincing mechanism  As
mentioned earlier, there was necrosss of the
plaque beneath the thrombus This we felt
could be due to ocelusion of lummal blood
vessels but, whether this came first and led
to the development of the overlying thron-
bus or, conversely, was the result of the
thrombus occluding fumimal vessels, we could
not determine. It is also possible that the
cause of the thrombosts remams the same for
subsequent episodes as it was for the ﬁh’“
and may be related to changes in Jendot ‘e:
Ium d with altered h
and increased coagulability of the blood:
The exception to this concept would be the

on of thevat

a thick hyalee
tasning

FiG. 26-15. The most distal secti

Lus, showing carly recanalization, A
plaque with a few tmegular spaces ¢
hemorrhage. X 9.
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cases of masshe hemorrhage  described
above Hese it is our conception that tears
in the dehcate overlying endothelium per-
mitted dissection of a plague by blood from
the Jumen,

Summary and Conclusionas

1 The coronary arterics from 100 unse
lected adult autopsies were examined by
perfusion and clearing, and atherosclerosis
Grade I1T and Grade IV was encountered
»n B3 cases

2 Iatramural hemorrhage of recent ori-
gm was found in 91 cases and was always
assacsated with amorphous pools of hpid
showing margmal vascularization

3 In ar least 50 per cent of these cases
there were intimal blood channels derived
{rom the tumen

4 Recent thrombosis was encountered 14
tmes and was associated wuth intramural
b h in 12 Ithough the
oldest past of the thrombus &id not corre-
spond with the area of maxgmum hemeor-
shage in seven cases

5 Massne hemorthage mto an athero-
matows plaque was asociated with four
hrombi It is considered that the primary
event m these cases 15 dissection of blood
from the Jumen into a soft and necrone
atheroma

8 Bwidence m support of tho Duguwd-
Rolutanshy hypothesss, that atheromata de-
e from mural thrombi, 15 discussed

7 Tt 15 considered that the followmg
mechanisms may come mto play m the pro-
duction of mtramural hemorrhages.

2 They may be due to leahage of bleod
from deficate organizing marginal capitlasies
when the hemorshage is small

b They may be associated with local an-
oaa when the hemorrhage is large

¢ They may be assoctated with necross
of the plaque wiich, i turn, may be due to
wterference with the luminal blood vessels

d They may not, at umes, be hemorshage
at all, but may represent incompletely or-
ganwzed mural thrombi contaming many red
blood cells

8 Intinal hemorrhage 15 not consdered

oF mn

to be a cause of thrombosis of the furmen of
the astery
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CHAPTER 2? THE CAUSAL RELATIONSHIP OF STRESS TO

INTIMAL HAEMORRHAGE AND CORONARY

OCCLUSION

J. C. Paterson

Twenty years have passed smce the hy-
pothesis was advanced that intimal haemor-
rhage was intimately concerned n the pro-
duction of coronary occlusion, either by sec-
ondary thrombosist* or by massive intimal
haematoma ** This hypothesis was built up
from four interdependent observations and
deductions (1) that mtimal haemorrhages
are usually associated with coronary thrombi,
(2) that most coronary thrombr (or occlu-
sions by haematomas) are initiated by in-
tmal haemorrhages; (3) that mtunal
haemorrhages are the result of rupture of
timal, hgh-pressure capillanes, and (4)
that ncreased wntracapillary pressure due to
stress may be a factor in the rupture of
intimal capillanies

The evidence for and against these ob-
servations and deductions that has accumu-
lated during twenty years will be given in
the present paper, with the emphasis of
course on the defence.

THE INCIDENCE OF INTIMAL HAEMOR-
RHAGE WITH CORONARY THROMBI

Ever since a relationship between intimal
haemorthage and coronary thrombosis was
first suggested,” a wide vanation i the fre-
quency of this relationship has been re-
ported by different workers In my own ori-
gmal senes, in which 58 recent thrombi were
studied by semal sections at short ntervals,
intimal haemorrhages were found m associ-
ation with the thrombi in 89 per cent of the
cases * But in my second senes, 1 which the
interval between serial sections was widened
apprecably, the incidence of haemorrhage
fell to approximately 62 per cent® Other
workers have reported a sumular reduced in-
cidence with the techmque of interrupted
ser1al section, viz: Hom and Finkelstein,®
64 haemorrhages in 123 cases (59 per cent),
Wartman,’ 44 haemorrhages in 77 cases (58
per cent); Drury* 16 haemorrhages in 26
cases (62 per cent).
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cells into the adjacent tissues The second
and better argument 13 that intimal haemor-
thage, in general, cannot be due to throm-
bosis since it occurs so often in atheroscle-
rotic plaques that have no associated throm-
bosis One might postulate, of course, that a
dufferent mechanism exists for intimal haem-
orrhage with thrombosis than for haemor-
rthage without thrombosis; but this would
appear unreasonable,

The fact that all intimal hacmorrhages do
not produce secondary thrombosts has been
used as an argument against their thrombo-
genic properties This argument cannot be
defended on general pathologic prmeiples
Evernyone will agree that the primary pul-
monary complex in children docs not always
result in fulnunating tuberculosis Nor does
chronic retention of umne in adults always
lead to acute pyelonephnitis Many other ex-
amples mught be gven, but it 1s well recog-
nized that additional factors are often re-
quired for the production of sequelae to
primary lesions  Applying this to ntimal
haemorrhage, it would appear that addi-
ttonal factors are also requued here Some of
these, like the raw surface produced by an
atheromatous ulcer from eatrusion of the
haemorrhage, will be mentioned later

By a process of elunination, then, onc can
deduce that intimal haemorrhage, or lesions
secondary thereto, have a causal relationship
to most coronary thromb: The mucroscopre
evidence supports this deduction If a
thrombus occupies only part of the arterial
lumen (as at did 11 two cases in my ongnal
series?}, it will be found to be attached on
that aspect of the vessel wall into which
haemorrhage had occurred

The mechamsm by wlich wtimal haem-
orthages inutiate thrombosts deserves con-
sideration By their very nature these hacm-
orrhages are disruptive lesions, and it may

1
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thrombosis s the result of their space-oc-
cupying properties The tension within the
haemorrhagic ares may be so great that
rupture of the plaque occurs, with extrusion
of its haemorrhagic contents into the lumen,
and the raw surface so produced may be the
initating factor in thrombosis Rupture of
the plaque will also be facilitated, no doubt,
by interference with the nutntion of the in.
tima from the break in its capillary circula-
tion And finally, retrograde capillary throm-
bosis may occur at the point of capillary
rupture, and when the thrombus reaches the
origin of the capillaty 1t may imtiate a simi-
Iar process in the lumen 1tsclf 12

Mention should also be made of the pos-
sthlity that intimal haemorrhages might oc-
clude the arterial lumen by virtue of their
butk alone, without sccondary thrombus
deposition Wartman has stressed this mech-
anism and believes that 1t occurs in approxi-
mately 10 per cent of cases of acute coro-
nary occlusion ® My own series yields similar
results, although 1 have not been as impressed
as Wartman with the mechanism in ques-
tion My doubts artse from the fact that the
cahbre of the artenal lumen prior to the
development of haemorrhage cannot be
measured, and the stenosing effect of intimal
haemorrhage may therefore be more ap-
parent than rcal ? Nevertheless, the addition
of blood to an atherosclerotic plaque must
increase ats bulk; this increase in bulk should
be reflected 1nward because of the restramnt
offered by the dense adventitial tissues,™
and so, if the haemorthage 1s large, a sig-
mficant degree of stenosis of the arterial
lumen mught theoretrcally occur,

Another argument against the occluding
propertics of mtimal haematomas has arisen
since routine antjcoagulant therapy for coro-
nary occlusion began It has been argued
that ntimal haamonhagcs of large size, and
b from, should be

Jusi

therefore be assumed that thromb

substances are hberated from the mjur(d
area and mahe their way by diffusion to the
endothelial surface of the vesscd If cond-
tions of blood flow are suitable, thrombouic
matennals will be deposited at that pomnt
Another way that hacmorrhages may mitiate

encountered commonly in patients receiving
anticoagulant therapy. However, 1t is a
matter of record that occlusive phenomena
1 patients of this type are uncommon The
explanation for this inconsistency would ap-
pear to be that the production of a massive
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intimal hacmatoma depends on factors other
than blood coagulability. My own experi-
ence has been that hacmorrhages of the
coronary arterics m patients who had re-
ceived dicumarol therapy were no larger
than hacmorrhages in patients who had not
reccived it As will be scen in the last sec-
tion of this paper, the factors that favour
progressive bleeding mnto plagues are prob-
ably related more to pressure differentials in
the arternal lumen than to blood coagula-
bility

THE CAPILLARY ORIGIN OF INTIMAL
HAEMORRHAGE

Hacmorrhagic lesions within atherosclero-
e plaques have been noted for many years,
but onlv recently has their mechanism been
understood At one time they were consid-
ered to be due to the reflux of blood from
the lumen into the intima through a defect
produced by atheromatous ulceration.t
However, while working with the late Pro-
fessor Oshar Klotz duning 1935-37, T was
able to demonstrate an ntact layer of in.
timal tissue between the haemorrhage and
the lumen of the artery on three separate
occasions * * Because of these very definite
findings, wtimal hacmorrhages must, in my
opinion, be regarded as intrinsic lesions, and
when a defect in the intima is noted, it
should be interpreted as a blow-in to the
lumen, not a blow-out from the lumen (sce
next section for the physical principles in-
volved).

The cause of the haemorrhage must there-
fore be sought within the substance of the
sclerotic intma, and here the presence of
capillaries in the immediate vicinity of haem-
orrhage offers an obuvious explanation for
the extravasated blood. These capillaries
have been found to arise from the main arte-
rial lumen on many occasions, 3312141518
hence, they have been referred to as high-
pressure capillanies They anastomose on oc-
casion with the usual vasa vasorum,*® but in
my experience this is an end-stage effect and
is not present in early plaques In any cvent,
capillaries can always be found in intimate
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lationship to the hacmorrhages, and there
was general agreement, up to 1934, that e
extravasated blood was derited from their
rupture. This obvious mechanism has bera
challenged recently by Drury* He has bea
so impressed with the frequent locaton of
b hages in the subendothelial tisues
of the intima that he considers them to be
the result of increased permeabiltty or tear
ing of the endothelium, and not of capilian
ongin. I do not find this explanation con-
vincing  Many intimal haemorrhages ar
deep-scated, not subendothell, and con-
plete serial section of these has failed tore-
veal anything in the nature of a tear or
laceration of the intima. So why should the
cause of the superficial ones be differest
from that of the decp-seated ones®

THE EFFECT OF STRESS ON THE
INTEGRITY OF INTIMAL CAPILLARIES

Evidence has been presented in the p-
ceding scctions that intimal hacmorrhazes
are associated commonly with coront?
thrombi, that they are the usl{;\l prv:rxl:;:;
ting lesions in thrombus depostion, :m*‘lm;ﬁs
they are caused by the rupture of capil )
which arise from the lumen of the mﬁ;
artery. The present section will deal ‘:lnn
the proposition that the temporary {lt\aom
in blood pressure and the increase m.;m
nary blood flow that result fmm'ph)"
emotional stress may be factors in |hl€f’:“§s
ture of these specialized capillaries. el
can be proved, it follows that stress m‘{)wy
concerned in the production of €or il

Tusion, either by an | !  per ’_]‘_hls
by secondary thrombus precxpxtanonhdon.
is the proposition that has a durect 1€
ship to Workmens Compensation ol
cases, it is also the one that has M'
the widest attention and most of the
agreement .

g;;y own views on the subject will :’:;:
viewed first. The crux of the .mm;rin
is the peculiar origin and IL.)CZ(IOYI? -
capillaries. They arise directly "’msm
lumen of a large vessel in which the iﬂ
of blood, normally high, will be ¥

the
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duectly into the capillary lumen. With hy-
pertension, either of the persistent varety
or transitory from stress, the ntracapillary
pressure will be elevated even further, thus
increasing the tendency 1o rupture 227

It is unfortunate that these propositions
cannot be subjected to experimental proof,
but the fact is that atherosclerotic plaques
n cxperimental animals are either not
vascularized or, if they are, they do not show
wntimal hacmorrhages or coronary thrombi
The problem, therefore, can only be salved
by deduction, and T will give first some of
the objections to the simple hypothesis just
described

Master and associates have presented
clinical evidence that stress is not related to
the rupture of inumal capillaries®® They
found that the onset of the syndrome of
coronary occlusion occurs i the majority of
cases while the individual is erther asleep or
at rest Only 2 per cent of cases n their
series were associated with unusual exertion
From these facts, they conclude that intimal
haemorrhage (which they admt 1s the usual
first step in the process of occlusion) is in-
dependent of external factors, that it is
probably “a fortuitous event” Their argu-
ment unphes that coronary thrombi are in-
itated and progress to the pont of occlusion
1 a short space of me—but for this there
1s no pathologic basis Complete serial sec-
toas of recently occluded vessels from cases
of sudden death without myocardial m-
farction have revealed that most coronary
thrombi are built up gradually, that thew
oldest portions may be many hours or days
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cance out of all proportion to their real
status It 1s necessary to look elsewhere in
the physiology of the circulation for the
explanation of cardiac infarction in these
cases It is not due to vascular obstruction
from subintimal haemorrhages of coronary
vessels.”” These conclusions of King’s are sur-
prising in view of the biophysical measure-
ments given in the body of lus paper Some
of these measurements will be used against
hun in the succeeding paragraphs.

I will begin with the basic assumption
that inumal haemorshages are intrinsic
lestons, and that they are due to the rupture
of capillanes that are derived from the
Iumen of the artery, from the vasa vasorum,
or from both

The addition of blood to an atherosclero-
tic plaque must increase 1ts bulk Intimal
hacmorrhages are thus space-occupying
lesions, and the displacement should occur
inward because of the restraining influence
of the great tensile strength of the adventi-
tia*® Inward displacement must, therefore,
mean that the pressure within the haemor-
rhagic area is greater than the pressure m
the adjacent artenal lumen Since the haem-
orrhage 1s due to capillary rupture, the in-
tracapillary pressure at the pomnt of capillary
rupture must also be greater than the pres-
sure within the adjacent artenal lumen. In
this connection, the frequent demonstration,
histologically, of superficial intimal capil-
laries that are ballooned and crowded with
red cells suggests that the pressure within
them during hfe was greater than that in
the adjacent artenial lumen, otherwise they
would be coll and bloodless ** We must

in age as shown by the extent of org:

tion 147 Thus, the tmtiating factor for the
ongmal thrombus deposition (viz, capillary
rupture) must be sought not at the time of
clinical occlusion but n the hours or days
preceding it.

King has presented biophysical evidence
in an attempt to break down the hypothess
that intimal haemorrhage 18 concerned m
the mechanism of coronary occlusion, with
or without secondary thrombosis ** He states

search, therefore, for circumstances in which
the pressure n mtumal capillaries 1s greater
than the pressure within the lumen of the
artery, at any one phase of the cardiac eycle,

eg, dastole
At this point it will be profitable to apply
Bernoully’s principle to the problem As
stated by King,™ this principle depends on
the fact that “when fluid passes through a
ion 1ts speed (and therefore 1ts

1 his conclusions that mtumal haemorrhages
‘have been given an mnportance and signifi-

hnetic energy) is increased, while 1ts pressure
energy 15 decreased If the lumen is narrowed



I'ic 27-1 Diagram of a coronary artery show-
wg a pont of stenosis of the Jumen by an
atherosclerotic plaque. The lateral pressure at B
will be lower than that at . duning rest, and
much lower dunng cacrerse

sufficiently, the hinetic ecnergy may be so
raised that the pressure energy may be very
low in this remion This phenomenon is seen
and utilized 1n the evenyday world in the
water suction pump scen in the laboratory, in
the Venturi tube used in gasoline carbureters
and in jet engmes.” King has adapted this
principle to a stenosing lesion m a major
coronary artery (Fig 27-1), and his calcula-
tions of the differences n lateral pressure
developed at two speafied pomts in the
artery are summarnzed in Table 27-1% It
will be seen from this table that the lateral
pressure at the pomt of stenosis (B) 1s

Tabie 27-1  VARIATIONS 1N LATERAL PRESSURE
¥ ATHEROSCLEROTIC CORONARY ARTERIES®

Diameter of
artersal lumen Area of artenal
af widest part  lumen at point

Drop n lateral pressure
at pownt of stenosts (B)

) of stenosts (B)  Mm H\0  Mm Hg
BLOOD FLOW IN A MAJOR CORONARY ARTERY AT
REST (2397 coM /mmv )t
3 mm 35 that at A 35 <t
3 mm 15 that at A 94 <1
3 mm 3{ thatat A 176 13
3 mm 1§ that at A 41 2 3o

BLOOD FLOW IN THE SAME MAJOR CORONARY ARTERY
DURING EXERCISE (1500 G o /v ) §
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always less than that at the dilated part of
the artery (A)* proumal to the stenosis
When the individual is at rest and blood
flow is minimal (250 cem /min) the de
crease in lateral pressure at the pomt of
stenosis is slight; but st 1s great dunng condi
tions of exercise when blood flow rses o
1500 c.om./mun. These laster condstions are
the ones that interest us 1n this Sympostum
on Work and the Heart In King's ow
words, “it is thus easy to see that it st
times of increased blood flow that haemor
rhage into the wall of the vessel is hiely o
occur. . . . ™ It is also apparent from
Table 27-1 and Figure 27-1 that a stenosing
plaque which has been enlarged by a space
occupying  hacmorrhage will cause n;ﬂ
greater stenosis of the artenal Jumen, an3¢
ditional fall in lateral pressure at this pont
will result, and there should be enhance-
ment of the tendency to capilary bleedns
A plausible explanation by p!l)mcal P”:'
ciples for occlusion of the arterial lumenbi
intimal hacmatoma per se can thercfore

given. Indeed it is difficult to undcﬁwbrf
why inttmal haemorrhages do not aes .

come massive in these circumstanc .
would scem that the restramt offercd &Y
tissue tension is all that heeps them sma”dm
Returning now to the m'pﬂlanhesemm.
might be responsible for 1ntimal s?dercd_
rhage, four general types can be con
These are illustrated 1 Figure

272: Ty !
e
capillaries arc those that arnse from

3mm 15 that at A 126 93
3 mm 14 that at A 338 249
3 mm 34 that at A 634 46 8
3 mm 1% thatat A 1023 752
*After E S J King, Australasian Ann  Med

718, 1952
t King estimates the flow 1n a first division of one
coronary artery as a quarter that of total coronary

flow.
1 Quoted by King from Lovatt Evans, 1949

-
atherosclerot® <

Fic. 272 Diagram of an
onary artery showmng four
ongmn of wtimal capillaries as des
text

of
ossible points
F cribed 18 8¢
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arterial lumen proumal to a point of athero-
sclerotic stenosis; Type 2, those that arise
from the artenal lumen at the apex of the
stenosing plaque; Type 3, those that arise
from the arteral lumen distal to the stenosing
plaque; and Type 4, those that are derived
from the vasa vasorum and penetrate the
media to he in the outer layers of the plague
Which of these capillaries, then, can be ex-
posed to a pressure greater than the pressure
in the arterial lumen adjacent to a stenosing
plaque?

Capillanes that are derived from the vasa
vasorum (Type 4) can probably be elm-
mated from consideration smce the pressure
within them is relatively low, being hike that
of ordinary capillaries in other parts of the
body This pressure in ordinary capillaries is
n the range of 15-30 mm Hg and at is
not appreciably elevated n hypertension or
in stress Unless the atherosclerotic plaque is
extraordinanly large, stenosing the arteral
lumen to a pinpont and thus producing an
enormous drop n lateral pressure (Table
27-1), it is doubtful if the pressure dif-
ferential needed for capillary rupture could
be attamed, even during violent eaercise

It can be stated categorically that Type 2
capillaries that arise from the arterial lumen
at the apex of atherosclerotic plagues cannot
conceivably rupture when the mdiadual 1s
either at rest or at eaercise The pressure in
the arterial lumen at the point of stenosis 15
low, and 1t is extremely low duning exercisc
The intracapillary pressure waill be cor-
tespondingly low, therefore ths type of capil-
lary cannot rupture

A different situation is encountered with
those capillaries that arise from the arterial
lumen proximal to a stenosing plaque (Type
1) and ramify within the substance of the
Plaque. Because they arise from the arterial
Jumen at a point where lateral pressure is
high, the pressure within them will be ap-
proximately the same as in the artery, par-
ticularly 1f they are blind capillaries It wall
be in excess of that in the arteral lumen at
the point of stenosis, and thus more than that
in the tissues which surround the distal por-
tions of the capillary If coronary blood flow
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is incrcased and coronary blood pressure
elevated by stress, the intracapillary pressure
will be greatly in excess of the tissue pressure
and there will be imminent danger of capil-
lary rupture and intimal haemorrhage.

Finally, those capillaries that arise from
the arterial [umen distal to an athero-
sclerotic plaque (Type 3) will be almost as
vulnerable to rupture as those of Type 1,
although the arterial pressure at their point
of engin will be slightly less than that in the
provimal segment of the artery. In any event,
this type of capillary will also be susceptible
to rupture during conditions of excessive
blood flow

One last type of capillary might be men-
tioned here—a capillary that arises like the
one described as Type 1 but traverses the
body of the plaque and anastomoses with
the capillary described as Type 3 Since
blood flow through a capillary cannot be
fast, the pressure within it will correspond to
that of the main artery either at the pomnt of
capillary ongmn or at its pownt of exit. Thus,
n arrcumstances of mcreased coronary blood
flow, this type of capillary also will be
susceptible to rupture

With these considerations 1n mind, I find
1t difficult to understand King’s rejection of
the intimal haemorrhage hypothesis of
coronary occlusion’® It would appear that
he has made the fundamental error, for a
pathologst, of ing that lly all
mtimal capillaries arise at the apices of
stenosing  atherosclerotic plaques, 1e, at
pownts where lateral pressures are markedly
reduced However, he admits in the body of
hus report that “there are conditions in which
the capillary pressure may be significantly
different from the pressure in the wall, such
as when they (the capillanies) com-
municate with vessels (capallaries) which
anse from the lumen of the main artery at
a wider pomt ” In this regard Winternitz has
shown by mjection techniques that capiliartes
anse not infrequently at the pemphery of
plaques,*® and we have noted the same thing
in gross surface preparations when the
capillary supply to the plaque 1s outlined by
the alkaline phosphatase technique
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It should not be inferred from the fore-
going that the rupture of intimal capillarics
is dependent centircly on the height of intra-
capillary pressure Other factors no doubt
play a part, and of these abnormal capillary
fragility would scem to be particularly im-
portant. This abnormal fragility might result
from aging, from diwctary deficiency, or
hormonal imbalance, even perhaps from the
general softening effect of too much in-
activity. Nevertheless, some degrec of positive
intracapillary pressure must be a prerequisite
of rupture A rotten garden hose rarcly
breahs and leaks when the tap 1s turned off.
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CHAPTER 2 THE PATHOLOGY OF THE CONDUCTION
SYSTEM AS RELATED TO GENERAL
CARDIAC PATHOLOGY

AMaurice Lev

The term, the conduction system, as used
here ncludes the sincauricular node, the
atnoventricular node and bundle of His, the
bundle branches, and the peripheral Purhime
network This system 15 only rarely, of ever,
myvolved ind dently, 1ts pathol change

In congenital heart disease, the atrioven-
tricular node, bundle, and bundle branches
may be altered in patent foramen primum,**
ventricular septal defect with or without pul-
monary steriosis, ® aneurysm of the pars mem-
cor tnloculare bientriculosum,*

being almost always rc]aled to that of the
heary m general * Thus, the conduction sys-
tem 35 mvolved in congenital heart disease,
hypertensive and artenosclerotic heart dis-
ease, rheumatic heart disease, syphilitic heart
disease, acute and healed myocarditis, endo-
cardatis and acute pericarditis, and tumors of
the heart. The pathologic changes found are

ion, necrosts, ion, fibrosis,
and elastons, No tumor formation of the
muscular parenchyma of the conduction sys-
tem is known 1o exist, and the sinoauricular
and atrioventncular nodes and the atnoven-
tricular bundle do not undergo hypertrophy
and atrophy 3+

cor biatnatum tnloculare with or without
transposition of the arterial trunks,%7 trans.
position of the sentricles, tetralogy of Fallot,
the Eisenmenger complex, hypoplasia of the
aortic tract complexes, coarctation of the
aorta, tricuspid atresia complexes, fibroelas.
tosts, bicuspid aortic valve with sclerosis,
Ebstein’s disease,® mytral stenosis and atre-
sia, 21 and subaortic stenosis There may be
abnormalities 1nt position and relationship of
various components of the conduction system,
or abnormalities 1 continuity, or accessory
bundfes may accompany or replace the
normal structures Interruption in continuity
is usually found between the atriventricular
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node and bundle, or within the bundle. Such
interruption may be a congenital abnormality
per se, or due to sccondary fibrosis, Absent
right or left bundle branches or their mirror-
image displacement™ have been rarely noted.
These pathologie changes may be associated
with congenital atrioventricular heart block,
right or left bundle branch bloch, or the
Wolff-Parkinson-White syndrome®  Abnor-
malitics in position without discontinuity may
produce 1o electrocardiographic abnormality

process from the aortic and mutral vahes™
This is scen in calcification of the annulus of
the aortic leaflet of the mitral valve and the
upper part of the muscular ventnaular sep-
tum, adjacent to the pars membranacea, and
less commonly in sclerosis of the base of the
aortic valve. Here, a calcific or fibrocalesfc
lesion compresses or replaces the atrioven-
tricular bundle, its bifurcation, or the left
bundle branch. This may produce compleic
or incomplete atrioventricular heart blodh, of

lete or i lete bundle branch block.

In hypertensive and arteri otic heart
disease, the conduction system may be affected
by ischemic changes*? 1233 (Fig 28-1), or by
contiguity to adjacent discased structuics.
Where there 1s narrowing of the night coro-
nary artery proaimal to the origin of the
ramus ostii cavac superionss, there may be
changes in the sinoauricular and atrioven-
tricular nodes, the atrioventricular bundle,
and the posterior radration of the left bundle
branch \Vhere there is narrowing of the
night coronary artery distal to the origin of
the ramus ostn cavae superions, and proxi-
mal to the origin of the ramus septi fibrosi,
then there may be changes mn the atrioven-
tricular node and bundle and the posterior
radiation of the left bundle branch Where
there 15 narrowng of the posterior descending
coronary artery distal to the orimin of the
ramus sept1 fibrosi, there may be changes
the posterior radiatton of the left bundle
branch. Where there is narrowing of the
antertor descending artery in its first two
centimeters, there may be changes i the
right bundle branch Where there is diffuse
coronary arteriolosclerosis or ischemia of the
small coronary arterses, there may be diffuse
changes m both bundle branches %% In all
the above ies there are 1

Ir; rheumatic heart discase, the conduction
system may be involved in the acute phaseor
in the healing or chronic phases of e
disease 21 In acute rheumatic myocardiss,
the atrioventricular node, bundle and bundie
branches may be involved not only by ﬂ:ﬂ
myocarditis but by inflammatory changes in
the central fibrous body, the base of e
mutral and aortic valves, and the pars mem-
branacca. Likewise, rheumatic pericardiis
may imohe the sinoauricular n.ode. Th‘
above changes may be torrclnt.cd \mh.r;\cl:'
tory or inhibitory clmtrocardxog_r:\phxc}l;;
nomena. Mild degrees of atrioentsl .
block are common, but complete heart bloc]
is rare. In the healed phases of {heumﬂuc
sahulitis of the mitral and aortic \ﬂ‘;
scarring may imohe the nmmemncun-
bundle or either bundle br-md.’l by '“’m‘
tiguity. In addition, healed artentis may ;’um
duce 1schemic changes, especially in the -
dle branches. Thus, partial or complete a;:cl
\entricular block or bundle branch : ”
may accompany chronic rheumate &
disease.

In syplutitic heart disease™ gummf‘:::
myocarditis may invole and desuod)ﬁ -
atriosentricular node or bundle The

ischemic changes in the myocardium which,
in most cases, dominate the scene Rarely,
the ramus septi fibrost or the ramus ostn
cavae superioris may be exclusively narrowed,
resulting mn localized ischemic changes in the
atrioventricular node and bundle or the
sinoauricular node

A separate category of arteriosclerotic
change in the conduction system occurs ow-
ing to the spread of a degenerative pathologic

e o V156
type of syphilitic myocarditis ma)h,::zl}?\m'
affect the conduction system SyP ‘e s
vols ement of the aortic valie and of be :dla
membranacea may ikewise affect thf‘: ;:d -
In addition, right ostial stenosis maY octon
ischemic factor to changes in the metl: .
system. Thus, there may be comp! :;I o, of

. h
ventricular block, bundle brnx;; i

excitatory electrocardiographic ot die

In acute myocarditis associate!
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Fio 28-1 Top Acute necrosss of the left bundle branch m infarction, arrows pomt to the left
bundle branch Hematoxyln-eosin stain X 300 Center Acute necrosis of the nght bundle branch
m infarction. Hematoxylin-eosin stain X 300 Bottom Fibrosis of the nght bundle branch m
1schemia, arrows pomnt to the nght bundle branch Hematoxyln-eosin star X 150
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theria, X% scarlet fever,' influenza, pneu-
monia, rubella, rubeola, mumps, typhoid fever,
typhus fever, or of an unknown etiology,*>12
the conduction system may show changes
(Fig 28-2) The muolvement of the system
may be greater or less than that of the atrial
and ventricular myocadium It has not been
proved that the conduction system can be
imvolved exclusively The degree of involve-
ment, in general, mcreases as one proceeds
from the sinoauricular node to the bundle
branches However, mstances have been re-
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Fic 28-2 Top Acute w-
flammation of the atnoventn
cular bundle and beginnmng of
the left bundle branch in acute
myocarditts; arrows pouit 10
the bundie, Hematoxyla-eosn
stam. X 30. Bottom, Highet
power of illustration at Teft,
showmng various ‘mononuclear
cells. Hematonylin-eosin st
X 150,
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ported in which the sinoauricular node of 3;
atrioventricular node have been the ©

structures involved in the conduction systet
The mvolvement of the conduction 5)3;?:
may be associated with partial or c:om‘g’l "
heart bloch, or excitatory phenomena sud‘ Y
nodal or ventricular tachycardia In :an
theria, severe heart bloch 15 more fcmmo_
than partial heart block. In myocarclmsblmL
ciated with other diseases, partial heart »
is the rule and complete heart bloch rare o
acute or subacute bactenal endocardits
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the aortic and mitral ml\cs and adjacent
sepzal ditis, the i y process
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nary artery. Likewise, from the standpoint of

may involse the atsioventricular node, bundle,
or left bundle branch ¥**% In pericarditis of
any source, the sincauricular and atrioven-
tricular nodes may be involved, In the pers-
carditis and the myocarditis of uremia, the
atrioventricular node and bundle are espe-
cially imohed with not infrequent atrioven-
tricufar bloch. Rarely, as in diphtheria, healed
myocarditis may eventually result in fibroue
changes in the atnoventricular node and
bundle with resuliant atrioventricular Liock,
and healed endocarditis may produce simitar
changes in the node, bundle, left bundle
branch, and rarely the right bundle branch

Primary or sccondary tumors of the myo-
cardiim may secondarily imvolve and destroy
the atrioventricular node and bundle, Myao-
mas, angiomas, and sarcomas have been re-
ported affecting the conduction system, There
1s a rare, pnmary, benign coclothehoma of
the atrioventricular node that destroys the
node and the beginning of the bundle, pro-
ducing atnoventricular block ** In addition,
fatty mfiltration of the pre-atrioventricular
nodal area may wsolate the node from the
atrnal and fatty infiltration of
the atrioventricular node and bundle may
also be associated with atmoventricular
block 22 The pathogenesis of the block in
hemochromatosss is unhnown

The pathologic changes in the conduction
system enumerated in the abose diseases
usually, of lhcmscl\cs, arc not correlated with
of the
hcart ** with the exception of some of the
tachyeardias, The mmportance of the path-
ologic changes lies more in ther senving as
an mdicator in ciagnosis and prognosis Thus,
the presence of an atunoventncular conduc-
tion disturbance in coronary disease usually
indicates severe narrowing of the vight cor-
onary artery ‘The existence of complete left
bundle branch blech in known coronary
disease denotes narrowing of both the right
and left coronary arterntes On the other hand,
the presence of complete right bundle branch
block in known coronary disease implies high
narrowing of the antenor descending coro-

progl the of pamal or com-
plete  atrioventricular hloch i coronary
disease or complete atnioventricular block in
myocarditis indicates 2 more serious prognosts
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CHAPTER 2@ THE STIMULUS TO THE REVASCULARIZATION

OF

MUSCLE: AN EXPERIMENTAL INQUIRY*

George M. Hass, Richard H. Andresen,

Clarence W. Monroe, Fay Squire,
and Dorothy A. Madden

INTRODUCTION

It i taken for granted that Nature pro-
wides an optimal blood supply to the myo-
cardium as the heart adapts to increasing de-
mands of the systemic arculation during
normal growth It has been suggested that
the myocardum scrves as the prancipal sum-
ulus to development of ats own hlood supply
and that the pattern of vasculanzaton s
diected by actwity of the myocardium If
thus idea 18 correct, an nquiry with respect
to myocardial vascularization should deal
prumarily with the influence of muscle cells
and more particularly the properties of
muscle cells that act as a stmmulus to vas-
cularization The view may be taken that

* This investigatson was supported from grants
(H-1630, HTS.5161) frora The Navonal Heart
institute, The Muscular Dystrophy Associations of
Awenica, Incorporated, and the Otho S
Sprague Memonial Institate

these properties are those which are most
actuve metabolically and hence the most
Iihely to atract and mantan a rich blood
flow

When the muscle cell 1s at rest, 1s metabo-
tsm may be concerned with matiers that are
not drectly related to ats mechanical func-
tions One fraction of ths resing metabolism
1s concerned with marmtenance of viabiluy
of the celt Another fraction 13 concerned
with mtrinsic mechanisms aimed at increas-
ing the mass of the ccll by redupheation or
hypertrophy, or for decreasing the mass by
atrophy or disintegration  Stil another Irac-
uon is concerned with antracetlular reststu-
tion of systems modified by maintenance of
tone or wnsion When the muscle cell is
mechanically active in doing work by con-
traction, there is a metabolic activity that re-
quires an expenditure of energy over and
above that used 1n jts resting metabolistn
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‘The first question to arise is whether rest-
ing metabolism or mectabolism  concerned
with mechanical activity is of greater impor-
tance in stimulating vascularization Experi-
ence with denenvation, immobilization, or
prolonged inactivity of sheletal muscle indi-
cates that metabolism concerned with me-
chanical actnty is more important With pro-
gressine reduction of sufficient mechanical
activity, there 1s a progressive reduction of
the capacity of the muscle ccll to develop
tension and to do work This may be appar-
ent before there 15 any decrease in the dimen-
sions of the muscle cell or the volume of jts
blood supply In ume, however, atrophy of
the muscle cell and diminished vascularity
become recognizable and these changes may
proceed unul they are profound and inesvers-
tble There 1s no proof that the foregoing
rules of response of sheletal muscle to in-
actnity apply to the myocardum because
there are few comparable studies of cardiae
muscle Available evidence, however, sup-
ports the opinion that reduction of cardiac
muscle to a state of mechameal inactiwvity
would lead to reduction mn tts capacity to do
worh with subsequent atrophy of muscle cells
and decrease of myocardial blood supply

ADAPTIVE RESPONSES OF MUSCLE TO
DEMANDS FOR INCREASED WORK

Similarties between responses of cardiac
and sheletal muscle ate more easily recog-
nized when the dally demand for per-
formance of mechanical work approaches or
exceeds the maximum capacity of the muscle
to meet the demand Under these conditions
the muscle cells tend to undergo adaptne
changes, a few of which may be mentioned
One adaptation 1s in the nature of an in-
creased efficency A second adaptation is an
increase in the dumenstons and at times the
number of muscle cells A third adaptation is
an increase in the blood supply of the muscle.
Though these adaptive responses are usually
closely related, let us consider them sepa-
rately.

A given amount of normal skeletal muscle
with a given normal blood supply may have

PATHOLOGY

in health or disease a wide range in its capac-
1ty to do work. This range varies from per.
son o person and from day to day i the
same person. Therefore, 10 gm of nomal
muscle in one person is not necessanly the
same as 10 gm, of structurally similar muscle
in another person. This is generally admutied
in comparing the capacity of equal amounts
of sheletal muscle to do work in different
persons, It is less generally admitted in con-
paring differences in capacities of equal
amounts of cardiac muscle in different pr
sons. Under conditions of health the obvious
differences are usually lightly dismissed
due to “natural” causcs. Under conditions of
disease the obvious differences are frequ.end)'
attributed to myocardial “toxins” minite
scars, tiny inflammatory lesions, minor valyu-
lar defects, or moderate coronary am'mr
sclerosis These explanations seldom withe
stand close scrutiny More often than not 1t
must be concluded that the reasons for 2
difference in the capacity of two apparenty
similar masses of cardiac muscle to do work
will remain obscure until mechansms that
maintain a supply of chemical energy the
muscle cell and the intracellular mcchamﬂn;
that use this energy in the performance ©
work are understood Certainly, the mﬂ:]
provision of equal blood supphes © efl:ln
volumes of muscle does not assure Pmm:z'
of equal or adequate operation of these m .
cellular mechanisms, howeser strongly e
mechanisms may serve as a stunulus 10
velopment of their own blood supply o
When 2 muscle cell 15 called upen 1 g
more daily work than it has been accusti);;ﬂits
to, it may do so without an merease o
mass The means by which the cell Ca:ral,
out this adaptation is unknown- In BC“( o
however, when the normal daily Caliﬂc;s yﬂ‘
any given muscle mass to do wor e’
ceeded, an increase n the mass of musd s
structure, volume of its clrculaElOn, an s
of its supporting connective .ussuel w;n (9
occur Temporal or quantitative 1€ ab"t i
tween these changes s not cle'm” ﬁ‘ixcienc)'
response to a real or impendimng insu rizble
of muscle is evident up to a cursously ¥ ophy
Jimit The usual stimulus to this hypestrP
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scems to be the increased demand on the
muscle to do mechanical work, It is hardly
proper to regard this solely as a “work hyper-
trophy,” because hypertrophy may occur
without any mcrease in the work load when
the capacity of the enisting muscle to canty
on its normal work is decreased In this m-
stance hypertrophy of muscle vells may occur
even though the demand for work is less than
that to which the muscle cells were accus-
tomed It may also be apparent when the
distribution of the normal work load changes,
either as the result of a depletion in number
of muscle cells, a rearrangement of rmuscle
cells, or a disturbance i integrauon of con-
tractile funcuon But whatever the situation
leading to myocardial hypertrophy m terms

Fio 291 Medume-pawer photomi-
crograph of the esseanal structure of
the musculofascial grafts used an these
expenments The muscle fascia 15 -
dicated by F, the musculofascial 2one
by MFZ, and the sheletal muscle by A

259

of unsts, bundles, or chambers happens to be,
it is generally conceded that the hypertrophy
15 accompanied by an increase 1 the blood
supply, This is especially conspicuous when
massive generalized or local cardiac hyper-
trophy with comparable enlargernent of coro-
nary arteries occurs in young people It 1
less readily recognizable when the cardiac
hypertrophy has developed in the presence of
severs coronary athercarteriosclerosis in older
people In this connection evidence mdicates
that myocardial hypertrophy may be limited
if a corresponding detclopment of an m-
ereased blood supply is hampered by certain
P .

st b

calaific o
sclerosis and its complications This may be
due not only to the lmited capacity of
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Fie 29-2 Low-power photonucrograph of a musculofascial autograft, 2 weeks of age. The b
cutaneous fascta of the host 15 mndicated by SF, the bursal spacc formed over the grait by BS, ¢
fascia of the graft by F, the pannus which has grown over the fascra by P, the muscalofasaal 03¢
by MFZ, and the residual muscle of the graft by Af The bed of the graft is composed prucpalh
of sheletal muscle of the host
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Fic 29-3 Medwm-power photomicrograph of a part of an autograft,
space 1s indicated by BS, the pannus by P, the muscle fascia of the graft by
zone by MFZ and the residual muscle of the graft by A, Note the rich vascul
nus, the large vascular channels that eatend from the pannus into the musculo-fasci
the ample vascularizing stromal reaction with long regenerating strands of skeletal muscle
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ciseased arterial channels to enlarge so as to
accommodate demands of an mereasing mass
of muscle but also to other factors, not the
jeast of which may be the hmitation of intra-
celllar mechanisms to create a demand for
an mcreased blood supply.

The preceding comments offer some sup-
port to the idea that the maximum stmulus
to vascularzation and yevascularization of
the my d as well as devel of
ample collateral cgreulations 15 attrebutable
prmapally to the demands of “viable™ muscle
cells working at a level close to that required
to produce fatigue or hypertrophy Unfor-
tuntately, the effeetneness of the sthmul to
rasculanzauon may be enhanced or zetarded
by many factors, only a few of whuch need *
mentioned  The first of these 8 the ava
abithity of wascular channefs from which 3
adequate supply of blood can be drawn .
sccond hotmg factor is the capaoty of the
avutable vascular channels to undergo the
required enlargement A tlurd s the en-
croach of atheroar 4 P
on the eusting and newly established col-
fateral chamnels Nor can ihe more obscure
but nevertheless smportant problem of modi-
fied chffuss between capill
and enlargimg muscle cells be overloohed

While agmnttmg the Hmutatwons of adapta-
balssy of the blood supply as » e} as metabolic
demands of muscle cells, it seemed that an
expenmental study of possible saurces of
syl 1o vascutarwanon of nuscle might be
profitable The expertments to be described
at this time were designed to create condi-
tions adverse to the survnal of muscle and
%0 assess the effect of these condstans on the
desefopment of a new cireulation

EXPERIMENTAL STUDRIES

Normat & tarizoti
Autografis

The fisst experiment, using New Zealand
rabluts of the same source and Stram, was
done as follows Blochs (25 X 25 X 05
©m ) of erector spmae muscle with intact
overlying muscle fascia were resected and -
planted as autografis 1w locations comparable

of M 1 al
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1o those from which the muscle had been ex-
cised * These grafts were composed prm-
apally of a dense superficial Jayer of a5
cular collagenous faseia bound tghtly 1o a
troad subjacent laser of sheletal muscle at
a narrow junction designated as a musculo-
fascial sone (Fag 29-1) At the end of the
first weeh, the transplants were frmly healed
sn place and a small bursal space had formed
Between the subcutaneous fasca and the

Fic 264 High-power photorucrogeaph of the
actie areas i an autograft, 2 wedks of age The
panaus between the bursal space and the muscle
fasoia 15 andicated by F, the musele fasaa by F,
and the musculofascal zone by MFZ Nota the
large vascular channel an the pannus, the per
peadicular peactration of the fasma by rascufat
channels amsmg from those 1 the pannus, and
the mulunucleated abortse forms of regeneraung
sheletal smuscle cells 1 the granulation tssue of
the musculofaseial zone
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Fio 295 Highpower ph ph of the subfascial zone of a lofascial homogrfs

2 wechs of age This was the third of a series of successive humografts from the same donor w2
the same recpicnt The fascia of the gralt is ndicated by F and a port of the m?sculofasmh:::
by MFZ Note the acute necrotzing hemorrhagic reaction and the thromboanghtic changes 12 -
newly formed vascular channels subjacent to the fascia Stenle acute reactions of this e o
rupted the usual pattern of vasculanzation of homografts

R T

ace 1S w
Fic 29-6 Low-power photomicrograph of a homograft, 2 weeks of age. The bursal 40 5 g

dicated by BS, the pannus by P, the muscle fasia by F, the musculofascial zone by ﬁﬁu;uo
the muscle of the graft by Af Thus shows the diffuse infiltranion of the panmus, fascia, a,;l.d ot 10
fascial zone by chromc nflammatory cells This type of sterle chromc inflammation

prove vasculanzatton of the graft.
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fascia of the graft {Fig. 29-2). The wall of
the bumal space was composed of newly
formed sascularized granulation tissue that
resemmbled a pannus as it spread from the
margins over the fascral surface of the graft
At the end of the second week, the pannus
was almost as thick as the subjacent fascia
Enlarging vascular channels arssing from os
sues beyond the margins of the graft had
fully permeated the pannus and penetrated
the subjacent fascia perpendicularly to ramufy
throughout the musculofascial zone of the
graft {Fig 29.3) Asthis occurred there were
conspreuous changes an the musculofascial
zone Initiafly, it was 2 muscutofascial junc-

ALY,

y

Fie 207 Medmm-power photomucroe-
graph of a part of the homograft shong w
Fig 296 The bursal space s sndwcated by
BS, the pannus by P, the musele fascra by
F and the musenlofascal zone by MFZ
Note the sascular channels 1 the papnus
and w the musculofascial zone with com-
muntcating vessels passing through the fascia
The  granuk sterife  1of}
around these vessels and throughont the
muscatafascial zone was a deterrent to pro-
gressne vascularization of the graft

]
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tion without breadth but with the passage of
time the muscle cells deteriorated and slowly
disappearcd These events were accompanied
by a conspicuons stromal reaction that filfed
in a broadening musculofascial zone, bounded
above by the muscle fascra of the graft and
below by the retreating margm of resorbing
degenerate muscle of the graft The swomal
reactiont was at is peak by the end of the
second weeh and at this time aboruse forms
of regenerating sheletal musele cells were

bund. ghout the lofascial zone
{F1g 29-%) By the end of the third or fourth
weeh the stimulus to the reactton had sub.
sided The ongnal muscle of the graft had

<
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deteriorated and resorbed. The pannus and
musculofascial zone had become more densely
collagenous The nch capiliary network had
disappeared and the abortive forms of re-
generating muscle cells were rapidly regress-
ing. The sequences of degencration, stromal
proliferation, vasculanzation, abortive re-
generation, and final repair were nearly com-
pleted

the stromal reaction. This was particulaty
violent in the musculofascial zone during the
second week (Fig. 29-5). The intense mfam-
mation stopped the orderly sequences of
stromal organization and failed to improve
the effectis eness of stimulus to vascularizaton
of degenerating muscle in the musculofascial
sone

The Effects of Chronic Stenle Inflammation
tarization of Tofascial

The Effects of Acute Sterile Infi i
on Revascularizalion of Musculofascial
Grafts

The sccond experunent was designed to
determine the extent to which the pattern of
vascularization of musculofascial grafts might
be modified by the superposition of a sterile
reproducible inflammatory reaction of an
acute type This was done by the use of
successive homografts from the same donor
to the same recipient! It was shown that
vasculanzation of the pannus, the muscle
fascia, and the musculofascial zone followed
the same sequences as those descnbed in
autografts for the first 5-7 days At this time
an acute thromboangitic hemorrhagic re-
action developed n the tissucs mvoled by

on Rev:
Grafts
The third experiment was designed to d-
termine the effects of a reproducsble, indolent,
stenle, chronic inflammatory reaction o1 t:b:
pattern of vascularization of muscu]ofm?]
grafts This was done by the use o{ Sl“%;
Tofascial } fts2 D an
resorption of muscle with vascularized suol::j
organization of the musculofascfal zone
gan in much the same way 2 in the zmo:
grafts. However, the completion of.(he proc-
ess of stromal organization was mtc;fd X
with by local appearance of host-hom o
interactions during the sccond week Th
mteractions were characterized b).' Prﬂgm-
sion of a chronic indolent type of inflamm®

Fic 29-8 Low power photomicrograph of a homograft, 2 wecks of age, which “?ﬂsm
posed to a temperature of about —180° C. before implantation The subcutaneous e
host is indicated by SF, the bursal space by BS, the pannus by P, the muscle fasca ;

F, and the muscle of the graft by Af. Though the homograft is well encapsul:?m:l‘
1 N :

o
5 bn(ﬁ; e
graft By
Y stromal 7€
zone has

actions of the host, there 1s no 3

in th he custo™”

curred There 1s no infl
ary host-homograft interaction.

Compare this i

e
with Fig. 29-6, which shows ¢
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STMULUS TO REVASCULARIZATION OF MUSCLE- AN EXPERIMENTAL INQUIRY

Fic 239 High-powcr photomicrograph of
a field of the homograft shown in Fig 29-8
The pansus 1s indicated by 2, the muscle
fasaia by F, the musculofascial zone by MFZ,
and the residual muscle of the graft by M
The pannus 15 avascular There 1s no vas-
cularization of the fascia. The muscutofascial
zone 1s nothing more than a juncton The
wusele cells of the graft show no signs of
atrophy, disintegration, or regencration,
‘These are the features of all autografts or
homogralis exposcd to adverse low or high
e or to excessive d mw
sitro before 1mplantation in the recipient,

tion 1 the zones where vascularized stroma

da
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The Effects of Thermal Reduction of Viability
of ! ial Grafts on izati

derived from the host was it ly admmed
with proliferating tissues of the graft (Fig
29-6). This reaction led to a reduction i the
collagencus component of the stromal re-
acuon, ap increase in the reticuloendothehal,
monocyic, and lymphocytic components and
a decrcase in orderly vasculanzation (Fig

The fourth experyment was designed to
assess the relations between “viability” of
cells of the graft and occurrence of a vas-
cularizng stromal reaction. The previous
studies with autografts and homografts had
mdicated that degeneration and perhaps
abortine pts at ion of muscle

297y Meanwhile, the rate of d
and deterioration of muscle cells i the
homograft remamned essentially the same as

cells had a great deal to do with sumulating
vascularzing stroma) reactions of the host
with and resorption

that which ocourred m controt gratts It
was concluded that this 1ype of chronic m-
Sammation did not sene as an cffective ot
useful stimulus to vasculanization of degen-
ecrating muscle

of the graft, Although the muscle cells of
the graft were imtially depmved of a blood
supply and were not fully *\iable” by ordi-
nary microscopic or functional standards, it
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scemed clear that some intrinsic property of
the cells senved as a stimulus to vasculariza-
tion. It was decided that further information
about this property was necded. Hence,
autografts and homografts were resected and
subjected to a range of adverse temperatures
m vitro before transplantation *  These
studics showed that exposure of grafts for at
least 20 minutes to temperatures below
—20° C. or for at lcast 27 mnutes at 56° C.
clinunated all factors responsible for the
characteristic autologous and homologous
host-graft interactions Insicad, the auto-
grafts and homografts stimulated the samc
type of reaction in the host This was char-
acterized by neghgble prohferation and de-
layed resorption of cells of the grafts. This
tendency for the grafts to persist unchanged
was accompanued by avascular encapsulation
and indolent avascular penetration of cach
type of graft by stromal tissues of the host
In this connection, the following microscopic
observations occurred {Figs 29-8 and 29-9).
Furst, the bursal space over the muscle fascia
of the graft formed promptly and a pannus
regularly spread over the fascia The usual

«————— HOMOGRAFT

PROTECTED

PATHOLOGY

pannus, though rich in fibroblasts and e
lagen, was not supplied with capillines
Second, the avascular stroma of the pazis
did not penctrate the muscle fasda to the
musculofascial zone of the graft. Third, tte
only stromal penetration and yascularizatos
in the musculofascial zone were encountered
at the extreme margins of the graft (fig
29.8). Fourth, the muscle cells of the grait
remained in apposition to the muscle fasc}i,
showing minimal evidence of detenorant
resorption and no evidence of regeneratod
(Figs 29-8 and 29-9).

The temperatures at which the grafis Jost
the property of stimulating vascularizale
were not far remosed from those b:hc\rd‘w
be lethal for most adult mammalian cels
though the term “lethal” has no adeguate
definition and we should not be content b
its use.? It might be better to amdu_de tem
tatiscly that the property of sumulating v&*
cularization was lost by grafts previowly
evposed to thermal conditions that suppres
sed or destroyed the capacity of the cells '
the graft to grow, divide, or undergo s
tancous atrophy

IRRADIATED

Fic. 29-10 Low

-power photomicrograph of a homogralt,
one half of this graft was exposed to 5,000 r of a-rradiation 1 witro W
graft was protected from the irradiation with a lead shield. The part of
diation shows essentially the same features as the thermally treated graf
and 29-9 The part of the graft protected from irradiation shows the classical bom
actions shown i Figs 29-6 and 29-7. Vasculanzation occurred only i

o unplantitio®
er Balf of B¢
od t0 57

2 weels of age. Prior t
hule the oth

f the graft subjected 00,
v allustrated 10 P8 = 7
ograft-host wnter

L

the pannus, fasciz,

culofascial zone of the part of the graft, protected from x-yradsauon.
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The Effects of X-lrradiation Reduction of
Viebility of Musculofasciat Grofts on
Revasculanization

‘The last expeniment was concerned with
another attempt to characterice the property
of “viabiliy™ of grafts that seemed to pro-
mote vascal y st ingrowth
of blood vessels from the graft bed Autol
ogous and homologous gralts were resected
They were then exposed in vitro to x-irra-
dration. The amount of irrads. miven to

167

metabolic signals arising in the myocardium
itsell The nature of these signals and the
means by which they excite the sequences of
vascul. ion and in an cstablished
blood supply are obscure, If we depend on
clues presented by the experimental observa-
tions, we may conclude tentatively that these
signals do not arise from muscle deprived of
1ts ability to regenerate or acthvely degener-
ate. Furthermore, we may cosclude that

a serjes of grafts varied from 90,000 r to 100
© At times, one half of the graft was shielded
with lead so that exact evaluation of the
effect could be made by companison of pro-
tected and irradrated hales of the same
gralt {Fig 29-10) These studies showed
that heavy x-irradianon {90,000-5,000 r)
had about the same effect as excessive ther-
mal exposure but after lesser amounts of
radiation {1,000-100 r) gradations of effect
essentially the same for autogralts and
homografts were secognizable These grada-
tions spanned a broad spectrum of mercasing

Tati Vo,

of an blished blood supply
depends upon a persistence of these signals
The means by which the signals reach the
stromal receptors to excite the sequences and
direct the pattern of vascularization is also a
maiter for speculation The observations,
however, indicate that the mtensity of the
stromal reaction depends on the intensity of
the metabohc or bicelectric signals and that
the direction of the vascularizing stromal re-
action 15 along the shortest path perpendicu-
lar to the plane or locus of origin of the
signals This was shown well by the vascu-
larization of the pannus as it spread out over

to v stromal the fascia of the graft and the perpendicular
and y host-graft & ions as the | of the fascia by newly formed
amount of irradiation decreased It was con- pitl; aimed at the subf: 1 concentra-
thided that the amount of i ton of bolic or catabolic acirity of the

kaown to be “Jethal” or known to suppress
the capacity of cells to grow and reproduce
was ¢lose to the amount required to macti-
vate the property of musculofascial grafts
that stimulates ingrowth of sascularized
stroma from the bed of the graft® The de-
layed vascularization in many grafts after
their exposure to Jow Ievels of wraduton
indicated that macthvation of this property
may at times be erther ancomplete, transient,
of reversible*

DISCUSSION

It may be of mterest to speculate about
relations between vasculanzation of musculo-
fascial grafts under these experimental con-
ditions and vasculanzation or revasculariza-
tion of the myocardium under condtions of
health and disease. In the first place, it may
be nssumed that the principal sumulus to
myocardial vascularzation depends upon

muscle cells The excessne sascularizing
stromal reactions pomnting toward the mus-
culofascial zone also scermed to favor the
wiew that the signals remained concentrated
along a gradient that did not extend far from
the site of therr ongn

If siguificance 15 to be attached to these
theoreucal stunuli, it is proper to be con-
cerned with thetr sousce The source does not
seem to be simply n the structure of muscle,
for the pensistent components of muscle “de-
wvitahized” by undue thermal exposure or
<-srradiation did not serve as a stmulus to
vascularization  Presumably the source was
not simply in resdual enzymauc activity of
muscle, because many enzymatic functions of
muscle cells and even the contractile capaci-
es of intracellular myofibnls are retained m
muscle subjected to “lethal” Jow tempera-
tures.®%7 The source was dependent upon a
stul higher state of “viabihity” closely related,
we believe, to the state of integraton re-
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quired for a natural biologic sequence of
degradation or synthesis of cell structure that
depends upon an adequate blood supply for
its completion We regard this particulat
state of “viability” as very close to the state
required for occurrence of certain reversible
changes in muscle related to the demand for
worh and the capacity of the muscle to do
worh. This leads to (he 1dea that a lessening
demand, a lussening mechanical activity, a
I of bolic signals, a deg i
of structure, a transicnt increase in blood sup-
ply, and a reduction of cir
may go hand 1 hand As a corollary, a stcady
demand, a lessened capaaty to respond to
the demand, a state of impending fatigue of
the muscle cell, 2 gencration of new structure
with or without degeneration, an increase of
metabolic signals, and an increase 1n arcula-
tion may go hand in hand. In any event the
lus to devel of an d cir-
culation would seem to be gicater and more
effective as the muscle approaches the limits
of its capacity as mamfest by the onset of
fatigue, however contrary this might other-
wise be to the best intercst of the healthy or
sick patient Models of these situations, ex-
cepting those mvolving hypertrophy, are ex-
emplified by the obsened experimental se-
quences n the reactions in the modified and
unmodified grafts

SUMMARY

An experimental iquiry mto the nature
and source of sumuli required for vasculari-
zation and revascularization of muscle was
made A pattern of vasculanized stromal
penetration of sheletal musculofascial auto-
grafts was defined A similar pattern initially
appeared in homografts but the onset of ster-
e, acute, and chromc inflammatory se-

PATHOLOGY

cells to reduplicate themselves or to undergo
spontancous atrophy and degeneration but
were not severe cnough to destroy many
other properties of components of “vable’
muscle cells, such as those represented by
actnity of miscellancous intracellular en-
7ymes and myofibrillar contractile systens
The obsenations indicate that adequate va-
culanzation or revascularization of cardiac
muscle is not likely to occur unless sl
arisc from muscle cells that requure a blood
supply to support a levet of *iability” ot
least equal to the level defined by these e
periments with sheletal muscle Further stud-
1es designed to nquire into the nature of
these stimuli and the means by which they
activate vascularizing sequences are needed.
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CHAPTER @@ INCIDENCE OF UNSUSPECTED HEALED MYO-
CARDIAL INFARCTION IN A GENERAL HOSPITAL

S. E. Gould and L. P. Cawley

How common is clinically unsuspected
healed myocardial infarction among patients
1 a general hospital® In order to answer
this question, we reviewed a seres of 5,000
consecutive autopsies covering the jears
1945 10 1955, inclustve, at thts 500-bed gen-
eral hosprtal Thus is the county hospital of
Wayne County m which the aty of Detrort
is located In addition to the general hos-
pital disision, the mstitunion has a psv-
chiatric diision with about 3,500 mentat
Pattents and an infirmary with about 2,500
indigent inmates (about 2,030 men and 470
women)

Alter selecting the autopsy protocols of
cases with old myocardtal mfarcts, the cor-
sesponding clinical charts were reviewed
Notation was made of the age and sex of

cluded 1n which the clinical history, or efec-
trocardiographic, radiologic, or physical
findings led to a diagnosis or to suspicion of
myocardial mfarction, either old, recent, or
fresh A systohc blood pressure of 160 mm
or over or a diastolic blood pressure of 100
mm or over was regarded as evidence of

hy pertension
The autopsy protocols were reviened with
particular reference to presence of old or
recent cerebral infarcts; severe narrowing,
complete occlusion, or old or recent thrombi
in ether coronary artery or m any of the
main branches of the coronary arterses,
presence and location of old, recent, or fresh
myocardial nfarcts; ventricular aneurysm;
and weight of the heart Old infarcts were
grossly white or gray white and micro-
I d of fibrous or dense

the patient, p pl history,
and physical findings with particular refer-
ence to cardtac or vascular disease, occur-
rence of diabetes mellitus, and the electro-
cardiographic findings All cases were ex-

were
scar tissue  Localized isolated areas of
fibrosis 05 cm or less in diameter were
arbitranily excluded The heart of a man

was regarded as hypertrophied if it weighed

aze
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400 gm. or more; and that of 2 woman, if
it weighed 350 gm or more,

RESULTS

MYOCARDIAL INFARCTS As may be scen in
Table 30-1, myocardial infarcts (one or
more) were found in 588 autopsies (11 76
per cent) In 136 autopsics (27 per cent)
the infarct was fresh or recent and in 452
(904 per cent) old Of the 452 hearts with
old infarcts, in 277 (554 per cent), old,
recent, or fresh infarction was diagnosed or
suspected In 175 autopsies (35 per cent)
one or more old myvocardial infarets were
found that were not clinically diagnosed or
suspected.

Tase 30-1  Incioenc or MrocarpiaL InrArcTs
N 5,000 Consecutive AuTorsies v A Couvny
Generar Hospimar

Infarcty Number  Per cemt
Total number 588 11 76
Fresh or recent 136 272
Old diagnosed or suspected 277 554
Old unsuspected 175 35

_— 0 72

Of the 175 hearts with old healed un-
suspected infarcts, in 120 the infaret was lo-
cated anteroseptally or laterally in the left
ventricle, 48 Pposterobasally; six at the apex
and base, and 1 in the nght atrium In ad-
dition, 1 11 hearts with old apical infarcts,
there was assocrated recent or fresh infarc.
tion and 1 heart with old infarcts both at the
apex and base had a fresh apical mfarct.
Ancurysms were noted in 8 infarcts, 7 of
which were apical

PSYCHIATRIC STATUS Of the 841 psychiatric
patients who came to autopsy, 121 per cent
had infarcts (Table 30-2); of the 4,159 non.
psychiatric patients, 11,7 per cent had in-
farcts

RACE, AGE, AND SEX OF PATIENTS, The in-
cidence of infarcts among white patients
(128 per cent) was more than twice as
great as that among Negro Ppatients (60 per
cent) Relatively more men than women
were found to have infarcts (122 per cent
of all men compared to 108 per cent of all
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women). This disproportion between the
sexes was shght for white patients {130
per cent of men compared to 122 per cent
of women) but greater for Negroes (65 per
cent of men compared to 50 per cent of
women). The ratio of men to women with
infarcts was 1,13 to 1.

The average ages of various groups of
patients with infarcts of different types
(fresh, old suspected, or old unsuspected)
are given in Table 30-3 The average age of
all 588 paticnts with infarcts was 682 years.
The average age of all Negro patients with
infarcts was 618 years, of those with fresh
infarcts, 58.1 ycars, and of those with old
suspected infarcts, 542 years. For s‘er)’
type of infarct, the average age of Nego
women was less than that of Negro men

TABLE 302 INCIDENCE OF MbOGARDIAL .
INFARCTION AuonG 5,000 ConsECUTIVE At'mrssl‘x
ACCORDING TO PsyCiiaThic STATUS, RAGE, AND

Patients uith nfarch
e

Number  Percl

Group of patients Number
e,
All 5,000 588 1; ;6
Psy chiatnc 841 102 11I !
Nonpsychiatric 4,159 486 I
Whte 4,212 541 .
Male 3,045 399 13 ;
Female 1,167 142 l6 :
Negro 788 47 .
Male 507 33 &
Female 281 14 5
All males 3,552 432 o
All females 1,448 156

h
During 1950 (the median year of the

at
period covered in this study), 67 P“;nc;a
of the 7,202 patients admitted to the gmf e
hospital were men, the average agca\mg'
patients was 51.14 years, and the s
age of those who camc to autopsy »
years .
The followtmng data concerning S e
to the 175 patients with old un'suSPMl et
farcts: OId healed unsuspected infar sf o
found in 127 men (36 per cerﬂ;: 39
autopsies of men), and 1 48 wom) The
per cent of all autopsies of women).

ex refef
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average age of the 175 patients was 710
years; of the men, 706 years (white men,
70 7; colored men, 702) and of the women
722 years (white women, 724, colored
women, 690) One patient was under 50

TaBLE 30-3  AVERACE AGE OF 588 PATIPNIS wITH

MsocarpiaL Inrakcts Accorpivg 10 Thee oF

Inpancr (Faes, Op Susrecte, or Oro Unsus-
¥ECTED), PsyGHIATRIG STATUS, RACE, AND SEX

Patients with infascts

Type of nfarct and Auerage
graup of pahents Number  Per cent oge
All infarcts 588 100 82
Psychiatnic patients 102 173 700
White patents 541 920 687
Male 399 68 3
Female 142 65
Negro patients 47 80 618
Male 33 649
Female 14 54 4
Fresh infarcts 136 231 669
Psychiatnic patients 25 43 655
White pauents 126 214 676
Male 97 670
Female 29 69 7
Negro patients 10 17 581
fale 7 623
Female 3 483
Old suspected infarcts 277 471 67 0
Psychuatric patents 43 73 M6
White patients 260 44 2 678
Male 192 676
Female 68 68 6
Negro patients 17 29 542
fale 9 56 9
Female 8 511
Old unsuspected 1n-

farcts 175 298 710
Psychiatric patients 34 58 734
White pauents 155 264 711
110 70 7

Female 45 724
Negro panents 20 34 700
Male 17 70 2
Female 3 690

sears (age 49); 23 were aged 50-39, 57,
60-69, 53, 70-79; and 41, 80 or over (Table
30-4)

HISTORY A history of p dial pamn or
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ings of heart failure were recorded in 42
patients (24 per cent) Thirty of these pa-
wvents {714 per cent) had cardiac hyper-
trophy at autopsy (Table 30-5), and in {3
patients  both  hypertension and cardiac
hypertrophy were found In 34 the blood
pressure was recorded, 16 of these patients
had hypertensive levels, but 24 had cardiac
by pertrophy at autopsy

TasLe 30-4 DiSTRIBUTION OF AGE GROUPS IN
175 Paments wirit Owp UasuspecTED InrFarcTs

Age group Number of patients Per cent
Under 50 1 04
50-59 23 131
6069 57 326
70-79 53 303
80 and over 41 23 4

All groups 175 100 0

CEREBRAL THROMBOSIs Physical findings
of hemiplegia were noted 1n 45 cases, and in
7 additional cases cerebral thrombosis or
infarction was found at autopsy In 26 pa-
tients the principal leston was  cerebral
thrombosis

Tasie 30-5 FRequEncy or HAPERTEASION AND

CARDIAC HYPERTROPHY IN ASSOCIATION WITit CON-

aEstve FAILURE AMONG 175 Paments wirn OLp
UnsuspECTED INFaRCTS

Hstory or findings of Cardrac
congesise failure Hypertension  Rypertrophy

Present (in 2455) 47 15 1 4%

Absent (in 75%) 316 398

DIABETES MELLITUS AND GANGRENE. Twelve
patients had a history of diabetes, and of
these 4 bad gangrene of the feet In ad-
dition, arteriosclerotic gangrene of the feet
was recorded n 8 nondiabetc patients. In 5
patients gangrene was the principal lesion
at autopsy

ELEGTROCARDIOGRAPHIC FINDINGS No elec-

diogram was made in 119 patients

angina was given by the patient at the time
of last admission 1 only 6 panents
HEART FAILURE Symptoms or physical find-

Among the remaiung 56 patients, the elec-
trocardiogram was essentially normal in 23
and abnormal in 33 Evidence of left bundle
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branch block was noted in 7; in these pa-
tients one could not rule out old myocardial
wfarction

PRINCIPAL CAUSES OF DEATH. In a majority
of cases, the presenting complaint or pre-
dominant physical findings pointed to some
major noncardiac condition, The principal
causes of death were judged to be pulmonary
diseasc 1n 47 (embolism or infarction in 5);
cardiac disease in 39 (congestive failure in
29, fresh infarction in 5); ncoplastic discase
in 34, vascular disease (of brain, or gangrenc
of foot) in 31; and misccllancous lesions in
2% (perforated pepuc ulcer in 6) Of 29
patients with congestive failure, electro-
cardtograms were taken in 12, 4 of these
were normal, and 8 abnormal but not diag-
nostic of infarction

DISCUSSION

Barnes and Ball of the Mayo Clinic found
myocardial infarcts n 49 per cent of a
series of 1,000 consecutive autopsies per-
formed prior to 1931 McCain and his as-
sociates? at Western Reserve University
found an incidence of 78 per cent wnfarcts
among 3,559 autopsies performed between
1935 and 1950 The average age of their
patients at death was 61.5 years (men, 609
years, women, 62.9 years, white pauents,
62 2 years, Negro patients, 56 1 years) They
encountered myocardial infarcts in 8 69 per
cent of men autopsied, and in 647 per cent
of women autopsied, gwing a ratio of men
to women with infarcts of 132 to 1 The
corrected ratio of white to Negro patients
with infarcts was about 2 to 1

PSYCHIATRIC STATUS. The mcidence of in-
farcts among our psychiatric patients (12,1
per cent) was approsimately the same as
that among our nonpsychiatric Ppatients
(11.7 per cent), so that the group of psy-
chiatric patients did not unduly affect the
percentage of all patients with myocardial
infarets (Table 30-2)

RACE, AGE, AND SEX The corrected ratio of
white patients with all types of mfarcts
(12.8 per cent) to Negro patients (60 per
cent) was 213 to 1. The lesser frequency
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of infarcts among Negrocs compared to
white persons and the lower aserage age of
Negroes, particularly of Negro women, are
in agrcement with the findings of McCain
and his associates.

Only 13.7 per cent of 175 patients with
unsuspected old infarcts were Jess than 60
years old; 326 per cent were aged 60 to 69,
and 53.7 per cent were aged 70 or over.

FREQUENCY OF OLD, MEALED, UNSUSPECTEN
INFARCTS. It is astonishing that the incidenc
of old healed “silent” infarcts should be :
high as 3.5 per cent of all autopsies Th
represents 29.8 per cent (approvimately 3
per cent) of all infarcted hearts encountere
at autopsy This finding indicates that :
myocardial infarct is often well tolerate
by the patient. Since the average age of t
175 patients with old unsuspected mf.artl
was 71 years, it is cvident that these patient
may Ine out their expected life span .

Weinberg® of the Medical Examiner!
Office of New York City found old me
cardial infarcts in 32 per cent of cases o
sudden and unespected death from all types
of coronary artery disease Spain' Fn:oun'
tered in the matenal of the medical o
aminer's office of Westchester County, ‘\?“
Yorh {a well-to-do residential commum').
close to New York City), old hca]cdrﬁﬂl):

i)art, were unaware of having had coronafy
artery discase. N
Hgmr FAILURE, Among patieats \\l:(;lm:
history of findings of heart i:ulure,ﬂc-‘.ll o
hypertrophy was more [rc:']ucnt { };xﬂﬂf)
cent) than among those without agB “
or clinical evidence of falure (398 P!
cent
It )must be recognized that, follow »
onset of heart failure, many pallcm:d o
previous  hypertension  have reduc o
normal levels of blood pressure; m M i
these cases one may expect to find :c.‘ut
mficant increase in the weight of thcaucnli
Likewisc, 1t may be expected that d‘;zss
with chronic heart failure, regar o w
their previous level of blood pressu’®

ing the



INCIDENCE OF UNSUSPECTED HEALED MYOCARDIAL INFARCTION IN A GENERAL HOSPITAL

develop cardiac hypertrophy as a com-
pensatory measure

Patients 50 years of age or over who enter
the hospital with chief complants referable
to some organ or system other than the
cardigvascular system may have had angina,
precordral distress, or heart failure and may
forget, neglect, or be unable to give this
information at the time of their last ad-
mission. The examining physician, center-
ing his on the p i

7

we reviewed the protocols of 5,000 con-
secutise autopsies from 1945 to 1955, in-
clusive, and the chnrcal records of all pa-
tients who werc found to hae infarcts at
autopsy The total number of hearts with
wfarcts, whether old, recent, or fresh, was
588 {1176 per cent) The ratio of men to
women with infarcts, among those who came
to autopsy, was 1 13 to 1; of wiute to Negro
pattents, 2 13 to 1

s d healed (old “silent”) infarcts

g com-
plaints or findings, may well overiook the
possibility that the patient has a healed
myocardial infarct

CONDITIONS FRFQUENTLY ASSOCIATED WITH

OLD INFARCTION In patients 50 ycars or older
who enter the hospital with symptoms or
signs that do not point dircctly to disease
of the heart, onc should nevertheless look
for evidence of an old myocardial infarct 1f
any one or more of the following conditions
exist” hypertension, history or findings of
cerebral thrombosts or hemorrhage, senthty,
urinary or fecal incontinence, diabetes mel-
litus, arteriosclerotic gangrene of feet,
vascular lesions of eyegrounds. or hypo-
thyroidism,

ELECTROGARDIOGRAPHY Perhaps a careful
electrocardiographic examnation with mul-
tiple umpolar chest leads would have de-
tected the myocardial infarct in most of the
119 patients who had no tracing, as well as
in most of those who had a negative tracing,
and even in most of those with an abnormal
tracing that was not diagnostic of myo-
cardial infarction In the last group of
patients, only one or a limated number of
leads was taken

SUMMARY

In order to determine the incdence of
old, healed, unsuspected myocardral infarcts
among patients dying i a county hospital,

were found n 175 patients (35 per cent)
of all patients who came to autopsy, and
constituted 30 per cent of all myocardial in-
farcts encountered at autopsy

The majority of the 175 patients with un-
suspected healed infarcts (537 per cent)
were 70 years or older and only 1 was less
than 50 years old Those who had congestive
heart failure had associated hypertension,
and particularly cardiac hypertrophy, more
often than patients who had no evidence of
congestive failure

Electrocardiograms were taken m only
56 of the 175 patients with old unsuspected
mfarcts In 33 the clectiocardiographic trac-
ing was abnormal but not dragnostic of 1n-
farction Multiple unipolar chest leads proh-
ably would have resealed ¢vidence of in-
farction 1n many of these 175 patients
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CHAPTER @ﬂ ANALYSIS OF THE INCREASE IN MYOCARDIAL
INFARCTIONS IN MALMO, SWEDEN, 1935-1954

Gunnar Biérck

The studies performed by Keys and his
collaborators in various parts of the world
have shown the importance of environmental
factors m the development of atherosclerotic
heart diseasc.! The composition of the food
apparently does play a great role here
Studies by J. H Morris 1n London have
pointed to a certain mfluence, also, of oc-
cupation,® and the British mortahty statistics
demonstrate a new feature in recent years in
that therr social Class T has shown an in-
crease in mortality rate over social Class 1T
Malmros, Strom, and I have, in various
connections, drawn attention to the marhed
of wartime conditions in Scandi-
navia upon mortality rates for various dis-
eases, including those of the heart and cir-
culation * There was a decrease 1n mortality
in all age groups, particularly in the years
1942-1943, when food rationing was most
severe, and the mortality rates rosc again at
the return of living conditions to previous
levels or higher
During the last five years, my collaborators
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and I have tried to collect information o
the epidemiology and natural history o_f thfe'
tain cardiovascular diseases 1n Malmd, ¥
town where I Ine, It is the thind ']argcst ;‘Z
in Sweden, with 200,000 x'n‘hnbxlams.‘h
located opposite Copenhagen in the ISO'Zd s
the country Most people are emp Ol) b
industry or business In !}315 city, ;“:x e
only onc large, general hospital, » hul o
same tume is a teaching hospital for tl'n:e gt
versity of Lund, located ncarby. Th:]rv it
no pnvate hospitals and, cunsequer:aa:e
hospital population is truly represen on
the population of the city, whose compos e
is well known statistically. 'I:he ;mtop;l)'e Tt
for the department of medicine o\r; o
20 years has ranged between 90 an e
cent, T believe there are few pla.mf o
world where similar condlti?ns a\lStI ;‘hcn:-
demiological work on a clinical level S
fore, we have been anxious to mzll o e
material i order to study, among oar‘cnl] o
following questions: Can the app: tion
crease in incidence of myocardial in
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be traced back to some parpicular features in
the population, such as the zelative increase
in the number of older people, or a change
in the distnbution of the population with
regard to occupation? Furthenmore, is the m-
erease in incidence of myocardial infarction
evenly distributed between men and women
or over the period of obsenation? Is the
number of infarcts in the population un-
changed, and only the fraction who are being
hospitalized on the increase? Is there a
change 1 the age at the first farcuon?
Is there a change in severity of the infarcts?
Is there a change 1n mortality rate over the
years? Has anticoagulant treatment de-
creased the mortality rate? Are second and
third infarcts more frequent nowadays? How

275

good was the chnical diagnosis of myocardial
infarcuon in the light of autopsy examina~
ton?

MATERIAL

The matenal I have been reviewing, to-
gether with Drs  Gunnar Blomquist and
Jan Sievers, comprises 1,612 pauents with a
total of 1,825 infarcts, who were treated in
aur hospital between 1935 and 1954 This is
a large bulk of material, and I will not dis-
cuss the clinical findings nor the follow-up
studies on the 94 per cent of the patients
whase course we bave been able to follow I
will restrict myself to bref answess to some

temiological questi

130

100

Fie 311 Incidence of hos-
pitalization for myocardiat 1n-
farction m Malmo mn years
1935 to 1954, in both men and
women. Note the increase dur-
mg the 20year period Open
areas represent first tnfagcr
tions, diagonal cross-hatching
indicates second mfarcts, hor-
zonal  cross-hatching  shows
third anfarcts, verucal cross-
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Fic 31-2 Increase m incidence of myocardial wfarction m Malmo projected upon the populsten
distribution according to age Solid outhne and upper scales represent the distribution of mzlzsm:d
females by 5-vear groups The dotted lines and Tower scales represent the patients hospitala
with myocardial infarctions m the corresponding age groups.

INCREASED INCIDENCE OF INFARCTION

Oner these 20 years there has been a con-
siderable increase in the number of patients
hospitalized for myocardial infarction (Figs

200

150

100

50;

935 4 1954

Fic 31-3 Asvailabiuy of hospital beds 1 re-
lation to incdence of myocardial nfarction
Solid line represents total number of pauents
with myocardial nfarction Dashed hne an-
dicates number of beds available in the Depart-
ment of Medicine per 100,000 nhabitants Dot-
dashed line shows number of admissions, an-
nually, to the Department of Medicine, per
10,000 inhabitants Solid arrow indicates begin-
rung of anticoagulant therapy

31-1 and 31-2). It is obvious that the 1
crease concerns both men and women, that
1t is far in cxcess of what can be expect
from the increase of older age groups ! t}::
population, and that the wncrease is not g
linear. There are two persods of retardation,
one in connection with the war year, 27
one at the end of the peniod. The years ! "
and 1948 represent a steep increase from o
level to another one

A primary problem here ;
of hospital beds in the Department o \
cine. The number of occupied beds.P"" e
inhabitants has changed as seen i Fls'“;
31-3. We do not fecl that the mff"a;zmd
patients with myocardial infarction 1 brlc -
to the number of hospital beds availal E.t a
cause there has always been room 10 o
hospital for patients of this type. The Slfg:)‘*
shape of the curve for the mmdmccl of o
cardial infarction may be due.rﬂld‘:f arly
release of postponed nfarcts e e
forties, or to a change in admllurfccefs
on the part of the medical pmmua[ﬂw .

As a matter of fact, our _st\{d)’ ;e ol
greatest difficuluies in establishing ;or ol
portance of this factor of selccunn" o s
putalization, and so, probably, do 2 ,
of this kind, We havc attempted 1o 3PP

is the avaulabibty
Med
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the question from three points of view, viz ¢
(1) the composition of the clinical material,
{2} the occurrence of acute cardac infarcts
and localized myocardial fbvosis {infarct
scar) in the lotal autopsy material in the
city, {3) and duect questioning of the prac-
utioners With regard to the o first, ob-
Jestive imvestigations, we have thought that
2 change in the palicy of admittance would
be reflected in the composition of the hos-
pital material, probably by a greater fre-
quency of mild cases or of very severe cases,
with corresponding effects on mortality; a
real increase in myocardial infarction would,
furthermore, be reflected i a higher in-
cidence of myocardial fibrosis m the total
autopsy material, as well as in the number of
patients dying from acute myocardtal in-
farctions

AGE AND SEX

The compontton of the material with re-
gard to age, men and women, is seen from
Figures 31-4 and 31-3 Both men and women
show an increase n mean age, more so for
women than for men Ths jncrease obviously
exceeds the simultaneous mcrease n mean
age of the population The number of m-
farcts has not increased by an accumulation
of many young infarcts, but, on the contrary,
of old infarcts Neither can the mcrease be
explained on a sex rane bass {Fig 31.6)
The mean sex ratio of males to females in

Tig 31.5 Distrrbution of paticats
with myocardal infarction according
to age and sex, m 3.year penods
from 1935 through 1954 Males
shown 1 open columns, females sme
dicated by crosw-harched cotumns,

70

1935 185¢

Fiz 31-4 Mean age of panents admitted to
the hospital with wmual infarcuons Males in-
dicated by selid lioe, females shown by dotted
e

1945

our matenal is 166 1 This figure 25 an good
agreement with other Suedish figures, but
lower than Amencan ones

OCCUPATION

In this connection, some remarks should
be given on occupation Data on occupation
are difficult to handle First of all, many
people pass through sarjous occupations and
socaal classes during thewr lifetime, and many
are struck by therr miarcts after retirement
{30 per cent of the men n our material)
Furthermore, the mean age in the various
occupational groups s different Lastly, the
numbers must be projected agawnst the dis-
tribution of the otcupanonat groups in the
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1935 1954
Fie 31-6 Ramo of males to females in 1612
patients with myocardial mfarction hospitalized
between 1935 and 1954

society In our city, however, there is little
reason to assume dufferences in hospitahzation
rates between the occupational groups or
social classes

%50 1935-39

Y
30-49 50-64 658&-~

1
1 W=
3049 S50-64 658~

sl

Fic. 31-7. Incidence of primary mjocardial infarction in men of yanous occupatioal 2
tions 1 Malmo by 5-year periods from 1935 through 1954. The chart illustrates the
cardial infarctions per 1,000 mhabitants 1n three age groups within the occupational
areas indicate employers, diagonal eross-hatching represents clerical worhers, and hor

hatching shows workers.
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Figures 31-7 and 31-8 show the incidence
of myocardial infarction expresssed as mum-
ber of cases per thousand male employers,
clerks, and workers in the population of
Malms. Using X? analysis, no significant
dilTerences exist in the first 5year period
The inadence among cmployers x5 s
nificantly higher than for workers i the
second period, and this is true, also, in com-
panison 1o clerhs during the third and fourth
period. The higher incidence among clecks
over 65 years in the second 5-jear period 5
strihing in the diagram, but the mmlu‘hl}i
small. In the fourth period, the difference is
significant in all age-groups There are 10
significant differences between clerhs and
worhers. Figures that are considered some-
shat less certain indicate that corresponding
trends also occur among wies of employers,

925 1940-44

7=

30-4
7
%o 1950-54
5
3

30-49 50-66 658~

fiea-
pumber of WY
I groups 0P
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Fie 31.3 Top Frcquency of myocar.
dal mfarcion 1, VA0S occupatgnal
8T0ups, projected upon the Population
Open columng represent distribution of
employers, clerks, ang workers, o
Sbectvely, i ‘various

clerks, and workers These ﬁndings are
Accord wyp, those of Ryle ang Russell, by,
ith some American Teports

TYPE oF INFARCTION

The question of the clinjcy) type of the in-
farcts pag a classifica-
o0 made , in Figure 319 Group I cop.
tans he Yery severe cases, 8encrally ad.
Group II the

rd to seventy, dunng
these 20 years The mortality alsg hag shown
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a certain ncrease 1n qp, period 194044,
which 5 difficulr to lamn, and there has
been a significant decrease iy Wortahty for
males 1n the Iast 5.5eqp Period The average
mortality 4 Primary infare was 32 per
cent for mep and 3! Per cent for “Women
(Fig 31.10),

From the cvidence Presented ¢ Cierges,
that there hoy been an nerease jn e num-
ber of hosprtalizeq infarcts g, er this 20.yeqy
period, which js EXcess of what would he
expected from data op age-group Compog;.
tion of the Population Ty, €U is not Ly,
€ar but shows 5 Sigmond shape v, a par.
ticularly Steep increage n

condition, op mortahty dunng 4
Period There is, [unhennorc, a
increasing Worbudity by, not of mortality 1,
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Fic 31-9 Distnibution of patients with primary
wfarction according to climcal type by Seyear
penods Group I, severe with shoch, Group 1I,
modesately severe, Group 111, mild, Group 1V,
typical clincal picture without electrocardio-
graphic evidence, Group V, diagnosis at autopsy
Crosshatched area indicates number of deaths

193539 194044

myocardial infarction m the group of em.
ployers n relation to employees during the
period

ACCURACY OF DIAGNOSIS

Statistics on the causes of death in the city
over the 20-year period are hardly useful for
our purposes, as they may reflect chiefly
changes m terminology, particularly follow-
ing the adoption of the new World Heaith
Orgamization nomenclature n 1951, We
have, however, been looking into the autopsy
material of the city The autopsy rate at the
hospital is rather high over the 20-year pe-
riod, but this is not true of autopsies from
persons dying outside the hospital. The rate
of such autopsies is, however, on the increase
during the pertod 1944-54, the only one from
which full data are obtainable. The percent-
age of autopsies to all deaths was 28.9 per

PATHOLO

cent in 1944 and 41.5 per cent in 195¢ Th
hospital autopsies account for 84 per cent ¢
all autopsics in the period 194-5¢ We hay
looked into the accuracy of the chnical digg
nosis of myocardial infaiction 1n the hospit
as judged from the autopsy report, as seen
Table 31-1. Therc has been an improyemen

Lante 311 Accuracy or Civicar Discsoss
Number of pa- Undar- O~
fients with diagnosts  duagons
acute myo-
cardial infarct P 24
tears at autepsy  Number cent  Number ent
1935-39 58 9 155 9 15;
1945-49 204 2t 103 19 ;5
1950-54 256 % 102 9
Total 518 56 108 37 11

n diagnostic accuracy, which is particularh
evident under the classification of overdiag:
nosts, This obser ation signifies that the nun-
ber of nonfatal clinical infarcts at the begu-
ning of this 20-year period may have been

dial
Fic 31-10 Mortality rate due to T;,‘:;J:aus
infarction in males and females MlO::n T
per 5-ycar penods are shown 1 Col z:alumn 1,
to 1939, Column 1I, 1940 to 194,

1954
1945 to 1949, and Column IV, 1195'“ ::m o
Cross-hatched  zone shows mortality 1 3X

wit}
enure material from 1935 to 195%
standard error limit indrcated.
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even smaller than reported, and that the ob-
seried inciease probably is not due to m-
proved elinical diagnosis in the bospital

The statistics for the total autopsy mate-
rial for the years 1944 to 1954 are sum-
manzed in Figure 3§-11, This figure shows
that the rise in autopsy diagnosis of acute
myocardial mfarction in the city closely fol-
lows the increased autopsy rate of the period
1944-54, and that when these figures are ex-
pressed as percentage of myocardsal snfarc-
uon of the total of all autopsies, no mcrease
over this penod is scen However, a closer
study reveals that the increase in total au-
topsy rate derives chiefly from hospital de-
pattments othes than the Department of
Medicine Therefore, the absolute figures are
probably more representatne than the rela-
tive ones, and support the unpression from
the hospital material of an increase 1 1nc1-
dence of acute myocardial infarction Un-
fortunately, we have not been able to recover
the corresponding material from the first half
of the 20-year period,

LOCALIZED MYOCARDIAL FIBROSIS

The incidence of localized wmyacardial
fibrosis {infarct scars) m the total autopsy

20007 10

1504

1008 50
500

Fio 31-11 Total autopsy matenial for the ety
of Malmo from 1944 to 195¢ Dashes show total
aumber of deaths (left scale) Dows wdicate
frequency of autopsy examination, percentage of
all deaths Solid hne indicates total number of
caves of acute myocardial infarction disclosed at
avtopsy. Dots-dashes represent frequency of acute
smyotardial infarction, percentage in all autopsied
cases

m
20
%
i \/\/ MALES
1
5 FEMALES
BT e

Fic 331-12 Ynadence of locahzed myocardial
fibrags according to sex in the years 1944
through 1954 The dimgram indicates the per-
centage disclosed in all cases autopsied at the
hospueat. Data i Figs 31-21 and 31-12 sefer
only to pauents over 30 years of age

matenal over the years 194454 shows a nse
for men, both absolute and relative, but no
clear tendency for women (Fig 31-12). Al
though the differences in the figures for men
are sigmficant for the material from the De-
pariment of Medicine, they are not for the
total matersal Probably tendencies in this
regard will manifest themsehes more slowly
and over a longer period of time than is the
case with acute infarcts Thus, we are faced
with the picture of a marked increase in
chntcal myocardial mfarction, which is only
partly corroborated in the autopsy material
at our disposal

Therefore, we have tumed to the medical
pracutioners 1n the city to find out whether,
1n thewr opimon, ymprovement in thewr ability
to make the diagnosts of myocardial infarc-
tion, and/or a different attitude towards hos-
pitalization of such cases, might be respansi-
ble for an inciease 1 hospualization rate of
patients with myocardial mfarction rather
than in the total intidence of myocardial in-
farcuon  The general opinion was that,
among the younger generation of practition-
ers, the diagnostic accuracy was already sat-
isfactory at the beginning of the period,
whereas the older practitioners probably were
slow 10 differentiate between angna pectoris
and myocardial mfarction up to the ecarly
1940’s As for the attitude toward hospitali-
zation during the whole periad, most of the
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practitioners have admitted ali patients with
myocardial infarction to the hospital, A few,
however, state that they treated more persons
at home twenty years age than now, because
people were more casily cared for by the
family in previous years than now These
practitioners feel that, today, evenyone who
deselops an infaretion is sent to the hospital.

Another few practitioners stated that they 2

changed their policy in the late 1910's when
anticoagulant trcatment was ntroduced at
the hospital (1918), and they felt oblhiged to
avail all their patients of (his treatment,

The information obtained can be sum-
marized thus: (1) improved diagnosts may
aceount for a part of the rise in the incidence
of myocardial infarction up to the early
1940's but this does not explain, specifically,
the steep increase during the years 194617
(2) In the last five years of the 20-ycar pe-
riod, practically all patients with myocardial
infarction were diagnosed and brought to the
hospital This may hasve some relation to the
fact that the present figures suggest a steady
state

The analysis of our materal js not yet
complete Therefore, I wiil restrict myself to
the presentation of the data, and will not
now go more deeply nto interpretations
Howeser, T hope that the data per sc have
been of some mterest to ths couference
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CHAPTER @2 RELATION OF SEX, AGE, AND PHYSICAL
ACTIVITY TO SUDDEN DEATH FROM
CORONARY ARTERIAL OCCLUSION

David M. Span and Victoria A. Bradess

The question of physical activity as related

to coronary artery disease has resolved itself

into several separate problems Firstly, the

relationship of activity or lack of it to the
h . .

of the atl 1 process,
secondly, the refationship of physical exertion
to the precipi of the fi of

acute coronary occlusion; and, lastly, the ef-

fect of activity or lack of 1t on the myo-

cardum~recently or remotely damaged from
h

ry with or

without occlusion

This report is concerned with the first two
aspects of the problem, based on a study of
over 1,000 consecutne cases of sudden death
due to coronary artery disease {The Negro
Cases are not included 1n this portion of the
study ) These constituted the entire group of
cases reported to the Medical Examiner's
office in Westchester County over a pertod of
6 years. Most were those cases of sudden

death from coronary artery dlsease! that either
did not have any previous medical care, had
no eudent symptoms, had died in a public
place, or were without attendance from a
physician  Westchester County is a commu-
ity of 675,000 people, and contains repre-
sentative small cities, towns, villages, indus-
trial, residential, sermirural, and suburban
areas With few enceptions, these cases were
residents of Westchester County The sex
and age distribution of these cases may be
noted m Table 32-1. Of the 867 male cases,
652 had an adequate and venfied occupa-
tional history and the age was known to be
accurate. The diagnosis of death due to
coronary artery discase was verified at au-
topsy in about half of these cases In the
remainder, the previous clinical and meds-
cal evidence, as well as a characterstic
picture of attach leading to death, were
regarded as sufficiently conclusive If there
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DISTRIBUTION \GLORDING TO AGE And Sex

(White Cases)

Under 35 30-40  31-45  a6-5¢  51-55 S50 61-65 o410 O
Malc 13 38 57 81 120 147 133 133 18
Female 3 4 2 10 12 23 42 37 8

was the slightest doubt as to the diagnosis, an
autopsy was performed The occupations
were graded into three groups as regards ac-
tivity sedentary, moderate actiaty, and con-
siderable actn ity IHustrations of those classi-
fied in the sedentany group were bus drvers,
bank esccutives, accountants, and stenog-
raphers Examples of moderate activity were
traffic officer, electrician. and train conduc-
tor Some cxamples of those with consider-
able activity would be stcam fitter, ditch
digger, heavy construction worher, and sani-
tation truck loader These were then classi-
fied into two age groupings, those under 55
years and those 53 years of age and over In
Table 32-2 it may be noted of the 251 cases

Taste 32-2  Distrisumon of Wiate Mares Wit
Acure Corovary OccLusion ACCORDING TO
OccuraTIONAL PHYSICAL ACTIVITY AND AGE

Sedentary Moderate Strenuous

Age actialy actuaty actity
Under 55 112 (443) 81 (31¢7) 35 (2455)
Ower 55 139(56) 179 (69<3) 105 (76<5)

Totals 251 (100%;) 260 (1005%) 141 (1005

listed 1n the sedentary actrvity group, 112 (44
per cent) died from their coronary artery
disease under the age of 53 years, whereas
those m the moderate activity group, 81 of
260 (31 per cent), and those 1n strenuous
actrvity only 35 out of 141 (24 per cent) died
under the age of 55 years Thus, st may be
noted that, with an increase in physical ac-
tivity as related to occupation, there was a
trend toward a smaller number of cases dying
from coronary artery disease, proportional to
the total number m each group under the
age of 55 years. The female cases were not
tabulated in this manner, because most of

them were listed as houscwives, and it ¥
impossible to determine the vanations in ac-
tivity. The fimitations of this type of asalss
are obvious, since no information was aial-
able concerniny extraoccupational tme
tne to physical activity. .
These findings are 1 accord with mot
recent observations concerning relationship of
physical actisity as esidenced by occupaiet
with the deselopment of coronary atherr
sclerosis The proper mlcrprcm.xion of.lhfi
findings is another story. This associatios
does not necessanly imply that itis the plns
cal activity or lack of it per s& thatxs.
factor There may be different stress situa-
tions associated with scdentary versus d‘p;)s—
ically active jobs, dietary habits may ':’
and the factor of sclf-selection cannct bees
luded The correct e atuation and MEF™
tation of these findings awsit yuch ot
intensive and carefully controlied W estgd
tion on a broad cpidcmmlogiml scale o
There 15 considerable oveslap of e {a;i "
with coagulability of the blood and r?c‘f‘i
metabolism as they relate t0 coronay ﬂcaﬂ.
disease Thus, one finds confcting :ﬁ‘wm
cerpung the early pathogenesis of ! ED '
especally 1 views postulated by e:[zcn
thas mural vascular fibrnn thromb;‘ arm:
regarded as the imtial nidus of the "y
sclerotic lesion as opposed t© the m;){rt oy
held lipoprotein complex contept: E,E]but "
involved not only in blood coag\}\am; ;w‘m
also concerned with serum hpid ;:rclzl‘ d
Fatty meals, on the one ‘hand, may e ot
to cholesterol levels and, o0 the ot "
may cause 2 poslpmndlal mcrcasedds ay
coagulability Unsaturated fatty 3 laimed
exert a cholesterol-low ering effect, ;;nnﬂl) w
by some, and also may Inerease
activity, The question of the

rcluianshlf:w
. . he under”
the acute thrombotic cpisode to
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lying atherosclerosis is obscured by this over-
lap and is consequently not completely re-
solved. Are there factors independent of the
atherosclerotic process that Iead to throm-
bosis in the coronary arteries, or is the throm-
bus merely a complication occurring unpre-

TabLe 32.3
AtueroscLerotic Axo Tnromsomic. Coror
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cardial infarcs, evidence of any other form
of heart disease, the degree of atherosclerosis,
and presence of thromh These findings were
redated to age, sex, and physical actwity prior
to the attach that led to sudden death In
Table 32-3 it may be noted that one out of

Sex Incoence AND PinsicalL ACTiviTy Priok 70 DEaTH 18

nARY OceLusion (410 AUTGPSIED CAses)

Nimber of cases wath

Type of occlusion Number of cases  Vale Female  physical actizity prior fo attack
Atherosclerouc 310 277 33410 6% 50 {13¢0)
Thrombotic 100 2 10105 1707%)

Total 410 367 43 67

dictably 1 the course of advanced coronary
atherosclerosis? What 15 the relationship of
physical exertion to the precipitation of sud-
den fatal coronary occlusion, whether this be

h alone or m t with
an acute thrombosis? In order to esaluate
this Jatter problem, 410 consccutive autopsied
cases in which death had occurred suddenly

every four cases had a thrombus This same
ratio persisted when the cases were divided
according to sex Of the 410 cases, 67 had a
definite hustory of physical actwvity that could
be classificd as moderate to strenuous in the
period ummediately preceding the onset of
the attack When this type of physical ac.
tivity was related to the atherosclerotic and

from coronary artery disease, and m whom  the It no dif.
there was ayailable a reliable history of the  ference i incidence was noted

Tane 324 Ace Distripynion or ATErRoscLERoTc abp Throusomc Corovary Occiusion

Males, 364 Autopsicd Cases
Tspe of case Under 39 40-49 50-59 60-69 Ouer 63

Atherosclerotic ocelusion 35 78 58 20
Thrombotic occlusion 512 5%) 26 (25%) 28 (25%3) 24 (34%) 6{23%)

Total 40 101 112 82 26

type of physical actvity just prior to the
acute episode, were analyzed These were
part of the onginal 1,000 Medical Examuner’s
cases and were disided mto two groups—
those with advanced atherosclerosis alone and
those with supenimposed recent  thrombi
Coronary arteries were cf d at sev-

In Table 32-4, the age distribution of the
atherosclerotic and thrombotic coronary oc-
clusions 1 the male group s recorded In
this table 1t can be scen that under the age
of 39 years, thrombotic occlusion was present
in 125 per cent of the group and increased
m 1 decades so that in the age

cral millimeter mtervals m all the mam
branches throughout their entire length In
many of these cases, as part of another study,
the Schlesinger injection techmique? had been
used The heart weights were recorded as
well as the presence of old and recent myo-

group of 60 to 69 years it was 34 per cent
There were too few female cases for sigmifi
cant groupumg by decades However, these
were divided 1nto two groups with the age
50 years as the duiding point This age was
taken as an approaimation of the menopausal
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penod. Although the number of cases (13)
was too small to allow any conclusions, no
significant differences in the sclerotic-throm-
botic ratio was observed in the two age
groups (Table 32-5)

TabtE 32.5  Anerosueroric Anp Turomnotic
Cokonary Occrusion

Ace Dutrinuiroy

Females
Dype of case Under 50 50 and over
B —
Atherosclerotic occlusion 7 2
Thromboue occlusion 3 9
Total 10 33

- —

In Table 326 the incidence of recent and
old nfarets m both groups as well as their
relationship to physical activity prior to the
sudden fatal attack are noted. Here, again,
1o significant differences between the athero-
sclerotic and thrombotic groups are observed.
Furthermore, moderate to strenuous physical

Taste 326 Revamonsue or Txee oF Occrusion,
INFAReTs, AND STRENUOUS Piiysicar Activity 10
Onser or Subpey FatAL ATraca
(367 Autopsied Males)

Sumber  Number

Number  ofcases  of cases

Topeof  of caes  stremsous  actiety and
aclusion wihenfarts  actinty  anfarets

—_—
Atherosclerotc 217 68 (25%)

4
Thrombouc 90 31 (4g)

15(2)%

1@y
8(53%,)

*6 and 2 cases, respectinely, engaged m stremuons actity 1n
€ORMTAsE (9 uaual occupatonal acusaty

activity as a possible Precipitating factor was
no more frequent in the cases with infarcts
than in the entire group studied, with per-
haps one T The possible T is
that group of cases in which thrombosis and
infarction were both Ppresent. In this situation
over 50 per cent of the cases had a history
of previous physical exertion. The number of
cases mvolved in this group is too small to
make any conclusions whatsoever It is also
possible that, because of the nature of the
autopsy findings, the recorded actwity oc-

PATHOLO!

curred after the occlusive esent rather tha
prior to it. It is also of intercst to note
only a very few individuals were engaged ;
strenuous activity not related to their us
occupational activity,

These findings would favor the concej
that coronary thrombosis is a complicatio
occurring during the course of corona
atherosclerosis rather than an mdependen
process. If other independent factors ner
involved, one might not expect suchasm.nlal
sex distribution and physical activty inc
dence in the two groups, namely the athero
sclerotic and the thrombotic. The age rat
also favors this concept, since one would o
stously eapect an increasing proporon o
thrombotic cases, the longer the sclerot
process existed. The findings 1n lhe.wron"?
arteries 1elative to the atherosclerotic-throm
bus ratio in this group of cases diffus e
tirely from that scen in coronary artery ds
ease in the usual hospital autopsy seres
where thrombosis superumposed on ather>
sclerosis outnumbers cases of death fron
coronary artery disease \\ilhc_:u: duom::]
The only obvious difference in t.he M *: '
Examiner’s cases, as compared with the lt;ic
pital cases, is the time element between &
onsct of the attach and death Does d:’ Pe:o
haps signify that a thrombus is Semn, ::ZM
a pathophysiological or occlusine E\B«n"h s
than a precipitating factor? Althuuah o
study was not designed with the te fqin-
and care necessary for the evaluation © >
timal or mural hemorrhages as 2 fmo:] -
lated to thrombus formation, gross ”‘“’"] o
mural hemorrhages were scen only 1arey
the atherosclerotic group.

SUMMARY AND CONCLUSIONS
activity

fonal
1 Sedentary type of occupation? etk

i i i H t of
is associated with an earlier onse
from coronary artery discase

. 5 exertiof!
2. Strenuous physical actnity of ,

ar a fac jomi t conse
not appear a factor of any sxgmﬁcaanrd]w .
quence This appears to be so I¢&:
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whether the ocelusion s atherosclerotic or
thrombotic,

3 The findings in this repost support the
concept that acute coronary thrombosis is a
complicaton of, and inumately related to,
the atherasclerotic process rather than bemg
caused by independent factors
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CHAPTER @@ CIRCUMSTANCES RELATED TO SUDDEN,
UNEXPECTED DEATH IN CORONARY

HEART DISEASE

Sidney B. Weinberg and Milton Helpern

Heart disease, particularly coronary artery
disease, 15 the most frequent cause of sudden
and unexpected natural death The unex-
pected nature of these deaths in apparently
healthy indn1duals, ansing from a variety of
circumstances, hag evohed considerable -
terest in what the indrvidual was dong prior
to and at the time of his fatal heart attack
The possibility of a causal relationship, in the
sense of a precipitating factor, between the
deceased’s preceding activity and his death
has become an important consideration in
the evaluation and adjudication of cardiac
fatalities by Workmen’s Compensation Boards
The importance of this problematical rela-
tionship is evident when one considers that
this disease, without warning, affects many
of the most active and productive individuals
in the prime of life n all strata of our so-
clety,

PRESENT STUDY

The present study of correlation beme:;
cucumstances and sudden, \me\peﬂfd dea! (
is based upon 428 consccutn e autopsicd ;“;2
of coronary artery discase i the Ofﬁf: l])\[an-
Chief Medical Examiner, Borouh of ¥
hattan, for the 5-year period from _gjmThf
1, 1951, through December 31, 19 ot
causes of death in these cases include -
from coronary anerl'osrlems}s alalx:cacuu
coronary arteriosclerosis Comphc.ated );th o
and/or old thrombetic OCCIusmn:qb:osls
without myocardial ifarction and - N

The Medical Examiner's Law lnn o
York City prosides for the inv estigatio! et
certification by the Medical E}‘amusu 0
Office of the cause of all suflcfeﬂv ‘j‘}x:ich o
and suspicious deaths. In de.c:dmg chm“m‘
these cases should be autOPSXe‘,il the o Au
stances are an important consideratic’



CIRCUMSTANCES RELATED TO SUDDEN, UNEXPECTED DEATH IN CORQNARY HEART DISEASE

topsies are more apt to be performed in ap-
parently healthy younger induwduals in order
to detect or rule out physical violence or
chemical poisoning In the older group, ob-
jection from the next-of-kin 1s more hkely
This unequal selection of cases for autopsy
obviously affects the percentage distnbution
of the deaths in the various age groups
Nevertheless, a considerable number of older
indniduals dying from coronary artery dis-
ease are autopsied It is also becoming more
frequent for relatives of persons dying from
natural disease to request post-mortem ex-
amunattons in order to learn the cause of
death In recent years it has become imcreas-
angly unportant to provide accurate anatomi-
cal mformanon concerning the nature and
eatent of heart disease The work of the
referee or a court and Jury is rendered easter
if the precise character of the lesion 1n a fatal
case of heart disease is available for informa-
tion, especially in connection with contnu-
ing claims arising out of past eprsodes of
coronary artery disease in which there was a
question of relationship to an exertional 1-
cident.

RESULTS

Tables 33-1 and 33-2 summarize the wci-
dence of death from coronary artery disease
according to race, sex, age, and the percent-
age distribution of the population 1 Man-
hattan? Of the 428 cases, the youngest per-

Taste 33-1 DisTRIBUTION OF SLDDEN AND
Usexpecren Deats rrou Cororvary HearT
Diszases Accoroive To RAce anD SEX

Population percentage
Number of cases {Manhaitan)
B S,
White 374 (87 47%) 79
Colored 48 (11 27) 19 6
Others 6 (1 4%) 14
O
Number of cases  Population percentage
Males 392(91 6%) 48
Females 368 4%) 52
White 296 8%)
Colored 701 6%)
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‘TABLE 33-2 DISTRIBUTION OF SUDDEN AND UNEx-
pecTED DEATHs FrOx Corovary HEearr Diseases
AGCORDING TO AGE INcioewce By Decapes

Number  Pere Pescentage of
of cases centage population (Manhattan)
3rd decade 2 21 17 03
4th decade 47 10 98 17 09
5th decade 98 229 16 47
6th decade 153 357 13 77
7th decade 93 217 9 08
8th decade 27 63 4 44 (70-84 313 )
9th decade 1

son was twenty years old and the oldest was
esghty years of age The ncidence as to race,
sex, and age are comparable to reports in
the literature,

The classification of occupation m Table
33-3 1s the one used by Master.?® Distribu-

TabLr 33-3, SupDEN aND UNEXPECTED
Deatis rroyt CoroNarY HEART Disease
CLASSIFICATION OF OCGUPATIONS

{428 Cases)
Percentage of
working
Number  population in
of cases New York City

Workers and laborers 248 (58%) 50
Storeworkers, white collar

and businessmen 78 (18%) 39
Professional class 45 (11%) 11
Total 87¢,* 100

* The remamng 13 per cent (57 cases) consists of
housewnes, retred workers, and these whose occupa-
uons are ughnown

tion of the professional group and that of the
workers and laborers n the senes is closely
related to the percentage population of these
vanous occupations in New York City The
disparity in the percentage of store, office,
and business personnel and that of the popu-
lation distribution may be because many of
these people die unexpectedly at their place
of employment mn the presence of witnesses.
The circumstances surrounding the death do
not provide enough basis for the arbitrary
performance of necropsy by the Medical Ex-
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aminer when strenuous objection is raised
by the next of hin In the worhing and labor-
g class, the question of causal relation of
effort, strain, and trauma to the fatal heart
attack is always present. It is in this group
that the farmly is more likely to acquicsce or
even request autopsy. In these cases, trau-
matic injury suggests itself to the famuly as a
reasonably possible cause of death, however
minor or remote the njury may be.

TapLe 33-4  Typs oF PinsicaL Acivity AT
TiMe oF Fatar HEarT ArTack
(428 Attacks)

Number
of cases Percentage
1 Sleep 54 126
2 Resting
a Lying down 16 37
b Situng 14 3.3
3 Ordinary mild actwity
(except walking) 158 36 9
4 Walking 52 121
5 Moderate actisity 17 40
6 Marked acuvity 9 21
7 Atwork
a Mild actity 40 93
b, Moderate activity 39 91
¢ Marked actity 29 68

Table 33-4, patterned after Master,? indi-
cates the type of activity at the time of the
fatal heart attack This table reveals that
196 per cent of the deaths occurred during
sleep or rest In many instances 1t is impossi-
ble to ascertamn the activity of the individual
prior to rest or slecp. The largest percentage
of deaths, 369 per cent, occurred during
ordmary mild acuvity, exclusive of walking
Ordinary mild activity includes talking, ges-
turing, and standing Of the total, only 89
per cent died during marhed activity, either
at work or otherwise. Lifing or unloading
heavy objects, fire fighting, and running for
a bus are examples of marked activity. Mod-
erate actity includes those who were shop-
ping, driving an automobile or taxi in city
traffic, and operating a floor buffer. Death
occurred in 12.1 per cent while walking in
the street. Fatal heart attacks occurred in
252 per cent while the individual was en-

PATHO

gaged at his occupation It is difficult
tain an accurate history from witnes
from relatives of the deceased concer
activity at the time of death and frequ
the circumstances are unknown in those
in which the deceased is found dead ¢
147 per cent of the cases were bnow
have had clinical symptoms prior to de
ic, sudden chest pain, dyspnes, or ¢
plained of feeling ill

In discussing actity in relation to
fatal heart attach, emotional factors are
portant, independent of or in association
exertional factors In many cases, emoi
factors appear to dominate The mtang
and immeasurable nature of these fx
makes them exceedingly difficult to e\valn
and therefore they are often ignored Yet
cannot exclude their presence and'poﬁ
effect as esemplified by the following ¢
historics. Of coursc, the possbility of con
dence cannot be demed.

on
TabLe 35-5A, Post-Mortas FInoIvcs, S“
Nt
AnD Unexpectep Deati Frou CORO
HearT DisEASE

(428 Cases)
X |
berof
P
296
I Progressive atheroscleiosis

(scleratic occlusion) 152 8

IL. Thrombonc occlusion )

Total thrombotic occlusions ( ”

a Recent occlusion ((51)

b Old acclusion
I Myocardum o
Acute mfarction 143
Acute and old wfarction 13 3
Rupture g
Old 1nfarcuion 100 28
Focal fibrosis 133 3

No myocardsal lesions

1. A 63-year-old white male, {:‘ﬁf
owner, was held up and collapse wrcaled
ately after the robbery Autopsy T  shone
500-gm heart. The coronary arzenenmwo‘
extensive atherosclerosis An old 1 all
was noted on the septal and posterior i

2 A 58-year-old white male sales™
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bemg guestioned in a stationhouse concern-
ing the theft of a suit when he coffapsed
Autopsy revealed a 550-gm heart The coro-
nary asteries showed severe atherosclerosis
Focal fibrosis was noted m the septal wall.

Tapte 3358, Post-Morrzn Fivoinos

29

sive atherosclerosis The myocardium showed
no evidence of scarsing

Tables 33.5A and 33.5B summarize the
post-mortem findings of the 428 cases in the
series In 296 cases {69 per cent) the sigmfi-
cant lesion was a gradually progressne coro-
nary lerosis of sarymg g ex~

Number Per-
of cases  contuge
1 Progresaive atherosclerasis
Geleratic arclusion) 296 13
A Myecardium
Acute infarction 10 3
Acute and old miarction & 2
Rupture s 2
QO snfarcuon 33 30
Focal fibrosts 78 26
No myoeardial Jesions 109 37
1 Thrombotie ceclusion 132 k3]
A Recent occlusions (95) 3 21
Myocardum
Acute infarction 19 2
Acute and old infarction B 2
Rupture 8 9
O snfarction 22 25
Yocal Bbrosie 30 it
No myocardha lesions 2t 24
B Oid occlusions {52) 44 10
Myocardum
Acute nfarction 2 5
OM sufaretion 27 6
Focal fibrosis 12 2?7
No myocardial lesion 3 7

3 A 49.4ear-old white male, baker, col-
lapsed while at work in a sestaurant Hhis
friend, a 53-yearold white male employad as
2 cooh m the same establishment, abe col-
lapsed on secing the raan g on the floor
Both were born in Genmany and had been
belong friends Awtopsy revealed that each
had severe coronary atheroscleross The myo-
cardsum of cach heart showed patchy fibrosis
The baker's heart weighed 540 gm and the
2ool’s heast weighed 460 gm

4 A 63-ycarold white female, entering
her place of emplogment, was stopped by two
union organizers who attempted to talk to
her As she tried 1o moud conersation she
collapsed Her son-wn-law stated that she had
been frghtened by the organizers one week
Frwiously Autopsy revealed a 430-gm heart
The coranary artenes showed severe progres-

tent and without thrombotic occlusion In
this group, old myocardial infarcuon and
focal fibrosis were scen in 166 of the hearts
{56 per cent) No myocardial lestons were
noted in 109 cases {37 per cent).

Acute and old thrombotic occlusions were
present in 132 hearts {31 per cent) There
was a total of 147 thrombotic occlusions
These hearts showed acute infarction in 35
nstances {40 per cent} In a sumlar study*
75 per cent of the hearts having acute m-
farctions alio had acute oeclusions The over-
all nexdence of old infarction and focal fbro-
sts was 55 4 per cent while m 133 hearts {31
per cent) the myocardivm showed no lesions
at 2l Two hundred eighty-six hearts (668
per cent) weighed 400 or more grams

DISCUSSION

There is considerable difference of opinion
between chnit:ans and pathologusts,' and even
among pathol S as to the incid of
acute thromt 2 of the coronary
arteries with or without myocardsal infarc-
non Pathologic stuches indicate that myecar-
<sal mfarcuon follows acute coronary throm-
bosis in a high percentage of cases in clincal
practice "* Howeser, there is no bass w
forensse pathalogie expenence to justify the
dragnosis usually made by the chmeian, 1e,
that the death, because it was sudden in an
apparently heafthy individual, resulted from
an acute occlusion of 4 corenary artery. Fatal
traumatic cases often reveal a degree of in-
cidental coromary atherosclerosis much more
severe thap these in which the death is tersi-
fied as due 1o toronary atherosclerosis

Most persons dying suddenly and unex-
pectedly from coronary disease do not show
acute changes in the coronary tree or mya-
cardum  The morphology of the arterfes is
essentially the same as yesterday or the day
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before A muld exertional incident, i c., walk-
ing, may be the same as the preceding day.
‘The mechanism of sudden death in coronary
artery disease appears to be physiological.
This may be expressed simply as a dispanty
between the cardiac reserve at a given mo-
ment and the demands of a heart whose
coronary arteries have presiously undergone
morphologic alterations Cardiac resene is
dynamic in that 1t vares at any moment and
may be dependent on qualitative as well as
quantitatne factors If the resene is not
pletel ded but is inad sud-
den death may be delayed until infarction
ensues
In those cases i which an acute throm-
botic occlusion 1s present, medical evidence
is inconclusive as to the formation of the
thrombus following an acute exertional epr-
sode at the time of death Paterson® has
shown through detailed histologic esamina-
tion that formation of corenary thrombi is a
gradual process, therefore, actnvity at the
time of death has no bearing on the inception
of the thrombus He believes that this does
not exclude exertion or emotional stress as
an etiologic factor in the formation of
thromby that are imtiated by intimal hemor-
rhage caused by capillary rupture Paterson
suggests that physical or emotional stress, by
causing temporary elevation in bivod pressure
and ncrease 1n coronary bleod flow, may be
factors in rupturning intimal capitlaries
Texon® has recently postulated a hemody-
namic mechanism for intimal ulceration,
thrombus formation, and intramural hemor-
rhage.

SUMMARY

A study of correlation between crcum-
stances and sudden, unexpected death based
on 428 consecutne autopsy cases of coronary
heart disease 15 reviewed In a fatal heart
attack, the extent of physical activity cannot
be correlated with the past-mortem findings
that fail to reveal, 1 most instances, acute

PATHOLOSY

changes of the coronary arteries or myo
dium Case historics are presented where
emotional factors may be the predommant
form of actwvity. The most frequently e
countered lesion of the heart was progressse
coronary atherosclerosis of varyng segmental
extent without thrombotic occlusion, occur-
ring predominantly m middle-aged whie
males. The mechanism of sudden death
coronary artery disease appears to be phys
ological, affecting those hearts having pres
ously undergone morphologic alteration of
the vessels.
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CHAPTER @@ THE RELATIVE ETIOLOGICAL IMPORTANCE OF
VARIOUS STRESSES IN CARDIAC DISORDERS

William Dock

In the presentation of pertinent data to
courts or referees i industnal liabulity cases,
¥ s unusual to offer any facts whatever on
the nonoccupational stresses m the pauent’s
daily hfe, Indeed, one would gather from the
testimony and decisions sn such cases that the
Patient had expenenced absolutely no stress
except while on the job The precipitation of
Mlness or death 15 related only to the fact
that shere was a job that might have pro-
duced some stress, Two examples are now
offercd 1o show that this type of reasoning 15
often fallacious

An clectrician, two years after recorery
from myocardial infarcuon, dropped dead at
funch, which bad nchuded two bottles of
beer. The industrial cxamner accepied the
clawm that death was due to the exertion of
walking up a flrght of stairs, an hour before
funch, and refused to consider that a stomach
Ll of sced beer was a far worse stress and
Probably caused ventricular fibrillagion 1t
Was also hnown that the electrician played
handbait at Jeast once a week, and had inter-

course with his wife at least four times cach
weeh, but it was the occupational flght of
stawrs, not these other and far greater stresses,
which was accepted as fatal

A clerh, after recovery from a very mld
myocardial mfarction, was encouraged by his
doctor and permusted by his employer to re-
sume s job He walked to filing cabimets
and mosed folders, but did not lift heavy ob-
Jects When he died of a sccond episode that
began at breahfast, the family physician testi-
fied and the referec agreed that his worh
hastened Ius death. The physician had not
adused bum to modify his diet, curtail his
smohing, and forgo ntercourse He was shil
permitted 1o go pheasant hunting, but these
stresses were ignored m making a judgment
on the cause of death,

In the ficld of industrial law and medicine
1t s the rule that the occupational mote is
observed, the nonoccupational beams are
wgnored Or to use another simule, 1t 15 the
occupational straw on the camel's back, not
the heavy load of nonoccupational baulders,

ape



254

which 1s blamed for the brohen spine. As
work becomes increasingly mechanized and
the number of men who sweat at work
steadily declines, it is obyvious that the relative
importance of factors outside the worhing
hours will steadily increase, and physical
stresses on the job will diminsh.

Let us first consider the nature and sev erity
of some common nonoccupational circulatory
stresses and compare them with occupational
ones Coughing, or raising intra-abdommnal
pressure to hasten expulsion of urine, feces,
or flatus impose burdens analogous to those
caused by Wfting heavy objects. These activi-
ties all entail sudden decreases and increases
m cardiac filling and in peripheral resistance;
they may cause vascular rupture or precipi-
tate acute arrhythmas. Less severe but more
sustamed circulatory stress 1s mposed by sex-
ual intercourse or masturbation The cffects
of intercourse on heart rate were recorded by
Boas several decades ago, and confirmed by
Bartlett and Bohr last year® Pulse rate is
neatly doubled, cardiac output per beat is
increased nearly 50 per cent, and systolic
pressure rises about 30 per cent even in
orgasms induced by masturbation, with mini-
mal emotional or physical stress. This circula-
tory effect is comparable to that caused by
running up two to three flghts of stairs, while
m intercourse the effect may be two or three
times more severe or prolonged. These activi-
ties often precipitate acute pulmonary edema
or angina in cardiacs who have no symptoms
on the job.

Work in the home or garden, dancing, or
participation in sports cause stresses equiva-
lent to those of occupations that mvohve
chmbing stairs or ladders, hammering, or
repeatedly Ifting objects w eighing 20 pounds
or less These activities may cause no alarm-
ing symptoms, but help set the stage for an
attack of nocturnal dyspnea, or for gradually
increasing edema and breathlessness Going
to or returning from work often provides the
most intense physical effort and the most ex-
asperating and frustrating experience of the
day. Since the tax-gathering branch of gov-
emment does not regard this activity as a
necessary and deductible item, it would be
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tllogical for another goscrmmental age
include these daily stresses as occupatio
From the histories of patients with :
or severe dyspnea I have concluded
physical stresses due to the job exceed
stresses only among the very small gic
worhers who need over 3500 calones
to maintain weight; that the two caus
about cqually important in jobs im(
some manual labor; that off-the-job ¢
predominate in hght mdustry and pe
services, and far outweigh occupational¢
in white collar groups. Of the off-f
stresses, sexual activity is the main fac!
young and middle-aged women, and €
all other causes in men, Getting to and
worh and moving household furnishing
come very important factors after the
decade
One of the most important n?nw
tonal stresses is imposed by nicotine ¢
rette smohing is very frequent, on and of
job, for all but heavy laborers, and che
tobacco is common among hard wo
whose jobs preclude smobing. In.the pres
of coronary disease, Davis ax{d.hu ct)-“ll’f
at Johns Hophins noted sml:mg circuls
disturbance after smohing 2 clgarettell‘li
60 per cent of the patients; Snfmﬂ NLE
leagues report simular dysfunction Iod
rule in tobacco chewers? As the &
Master’s excrase test causes f‘lemul’lslr
dysfunction in fewer patients, it st}e;z;z
to say that chewmng half an ounce 0 o
or smoking a pach of cigarettes Cﬂm
much circulatory stress as chmblig o
flights of stairs. In addition, smo! :ll:crl
causes coughing paroxysms that fur
barrass the heart
Duetary factors,
ognized as serious causes
sodes of heart failure and of
bosis In the former, the histo
unusually high salt intahe pre;: ot
night bout of dyspnea 'A gd Yoeres
which shortens clottng time 3 are
blood viscosity, often is rccol:dﬂd ’:‘m .
historses of the events preceding “uw o
cardral infarction, especially when Jm
cal onset occurs between midmight %

w
Iong sgnored, are 1

of the acute ¢
coronary lhft
ry oftent

ded the I



| RELATIVE EFIOLOGICAL IMPORTANCE OF VARIQUS STRESSES IN CARDIAC DISORDERS

. morning Thus, the smoking and cating habits
of workers deserve as much scrutiny as therr
physical activity when the causation of a
heart attack is being analyzed

Reeent studies show that lack of physical
activity is an important factor in raisng
blood chol 1 Men on jobs involving hard
work show lower rates and later onscis of
coronary disease, and higher recovery rates
from first attacks, than sedentary employees
In future, those who discuss work and heart
trouble probably will spend more time on
lack of physical activity than on excessive
effort as an etiologic factor, and they cer-
tainly will spend more time on psychological
stress than on physical stress For there s
abundant evidence that stimult coming frem
the cerebral cortex, acting through hypothal:
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gambling and for sexual adventure that are
responsible for 90 per cent of the woes of the
big exccutive and the little employee.

Our increasing hnowledge of coronary dis-
ease has made it evident that physical wark
protects rather than damages the coronary
artenies Qur obseryation of the rise in neu-
rotic and psychotic disease, which seems to be
associated with a rise in lewsure time and re-
duction i working hours, makes us suspect
that hard work actually protects the mind
Waork duerts us from the petty or even from
the sertous oblems arising in the home or
in gettng to or from work, or from not mak~
ing as much money as one’s wife thinks she
must have to heep up with her relatives and
friends After studytag eccupational ersus

! causes of jonal stress, T

amuc centers and the sympathetie and en-
docnine systems, can alter heart rate, blood
pressure, clolting time and plasma hpuds
They thus can contribute to chronic or acute
damage to the circulation

But the weight of evidence is that the day’s
work 8 a negligible factor as a source of
“emotional crises,” or “unf: ble hie situa-

T
was reminded of the verses written by an
American infantryman shortly before hss
death on the field of battle Of hie m the
trenches he wrote. “There only, chastened
by fatigue and toil,/I knew what came the
nearest to coatent /Discord and strife were
what I used to know,/Heartaches, deception,

di jealousy, By War transported far

tons,” or of the “quiet desperation” which
Thoreau regarded as the normal lot of man
in nineteenth-century New England Case
tustories in the psychosomatic Inerature and
the novels about exccutives and laborers ail
show how fmportant are the stresses ansing
from relations with parents, chldren, and the
objects of intense seaual longing, and how
unimportant are occapational stresses in caus-
mg unhappiness and frustration One large,
prosperous, and influential body of psychua-
trists states that neuroses and psychoses re-
sult from a hidden struggle with the ghosts of
wfancy and childhood, and that the events of
the present are relatively unimportant They
consider employment factors to be insignifi-
cant in comparison with home factors Even
those of us who thinh that too much empha-
sis may have been put on ancient, too httle
on recent psychic trauma, consider that m
ot cases it is not conflicts ansing from
woik, but those due to competition with
neighbors, conflicts mn the home, and frus-
tration of the intense human instncts for

from all of these,/Amid the clash of arms I
was ar peace” The office, the factory, the
store, or the mine may provide moments al-
most as tryng as the tienches, but the day’s
wark is onc of the most satisfactory parts of
most men's lives, and retirement one of the
most shoching expenences many men have to
face If we are to assign values to all the
stresses, physical and mental, of all the em-
ployees who develop heart trouble, it 15 un-
ithely that occupational causes contribute 10
per cent of the total in the vast majority of
cases where the ndustrial underwriter 15
charged with 100 per cent of the award for
disability or death
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Jesse E. Edwards

Before 1 begin, in the name of the members
of the panel on pathology I would hike to
thank Dr Belhnap and his staff for the
wonderful organization and planning of this
Conference, which is beng concluded today

In our panel discussions we adopted the
view that wath regard to this particular Con-
ference our concern was largely that of the
tesimony of the pathologist in the court and
before Workmen’s Compensation Boards We

i or ar
servations were used to support one

other theory of concern to adu:n?gcnem f‘):
theory is that mural thrombosis is the m:wus
ing cause in the formation ?f mhemmum
disease, whereas another is that ]l?dmi
hemorrhages occurring in the norma n T
are ultimately the cause of atherosclerosis .
the discussion of these two causes, I “m-
brought out that there have been P

ment of
pounded other causes for the dc\elopl' o
1 includ some peculiaf

recognize, of course, that 1 probl of heart
disease and work there arc many forms of
heart disease that come mnto the picture

In his presentation Dr Helpern showed us
that patients who suffer acute attachs of
heart disease at work obsiously may have
these on the basis of cardiac disorders other
than coronary discase, mncluding hypertension
and valvular heart disease In spite of this,
we have concentrated our attention upon the
problem of coronary heart disease, since it is
the major concern in this area

In the initial portion of the Conference we
had presentations by Dr Hamulton and Dr
Paterson concerning the findings on histologic
examination of coronary arteries. These ob-
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i s ich the vesd
teration in the manner in which t

it o
handles fatty substances In the dlscuwd‘t‘rrl:
intimal hemotrhages, the view was bmad ot
somewhat so that there was consnd;n:vﬁ "
only the 1ol of inumal hemort :Em o
atherogenesis, but also the posslbl[llty:‘ s
the established atheroma the mtima lcmpliDnL
by bleeding majy give rise t0 code it
Dr Paterson felt that under stress )by "
circumstances may be set up “he;: )
intimal capillary hemorrhag.e .l'ﬂ-")':‘he‘cg‘l
do one of three things: (1) unmfi o
wall producing spasm in that pol't o gt
coronary system; (2) be so locate e
increases the degree of the narrowing
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sessed at that point; or (3) cause a fractute
of the intumal surface and thus ghe rise to a
ph coronary thromb
Jn his presentation and in the discussion
which followed, Dr. Hamilton’s iew was
that when thrombosis and inumal hemor-
rhage coexist the process probably works the
other w.y It 1s his opinion that the primary
lesion is a thrombus and that because of it
the nutntion to the sntuna containing the
atheroma s cut off, 1csulting in iarction of
the atheroma and the athcromatous mntuma
There is then secondary hemorrhage mto the
infarcted tissue. It was also brought out that,
under certam circumstances of stress, perhaps
an atheromatous plaque may be ruptured
sumply by mechanical causes and that such a
rupture snay be the focus upon which a com-
phcating thrombus then develops
Dr Gould discussed unsuspected myocar-
dsal infarctions found in dying patients To
me this was a most important contnbu-
ton and all the panel agreed Several
panelists supplied material m the discus-
sion which confirmed Dr. Gould's expe-
nence that coronary atherosclerosis m the
adult popufation in this country is a very
common thing Not only is 1t common to find
atheromatous disense in the sessels, but there
15 the additional evidence of the presence of
disease in the finding of healed myocardial
infarction i patients who are adnutted to the
hospital for other reasons and who give no
history of having had a myocarchal mfarction
In a smaller group of suular material con-
cerning patients in whom electrocardsograms
were done, healed myocardial infarcts were
found subsequently at necropsy that were not
uncorered presously Therefore, we recognize
that this matenial supports the view that cer-
tain_established tests for coronary disease
which we perform today do not nccessartly
uncaver coronary disease when 1t 1s preseat,
even to a significant degrec Obviously
then, two persons who are bemng considered
for employment, one with clear clntcal hus-
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Next we had two papers from medico-
legal sources, one of them from Dr Spain
and the other from Drs, Wemberg and Hel-
pern These were concerned with deaths that
had come on suddenly and so were brought
to the attention of the Medical Examiner’s
Office In cach of these studies an attempt
was made to determine whether there was
any predisposing factor in cach of the cases
of sudden death While there were indiwvidual
mstances i which some emotwnal or physi-
cal episode of stress seemed to imbate the
acute attach of myocardtal 1scherma, this was
not the rule, In most instances the patsent
who died of a so-called acute coronary attack
had been domng pretty much what he was
accustomed to dog Dr Spain separated his
cases into two mafor groups, those whose em-
ployment imolved what we call physical
labor, and those whose work was such that
they tended 10 sit at a desk and did not exert
themselves very much physically There was
a tendency for the patients who did a phys-
1eal type of work to be older at the ume of
death from a sudden attach than those pa-
tents who were not engaged in a physical
type of work when they died of their coro-
nary disease

At this pomnt 1 would Iike to indicate that
we feel 1t 15 important to stress to this group
that there 1s something concerning a coronary
attach which 13 very obuvious to the pathol-
ogist but about which there tends to be a mus-
conception among clnicians It 1s our im-
pression that the clincian often feels that the
acute attack is synchronous with an acute
coronary occlusion and that a thrombus
which has occluded a vessel has brought on
the attack It was evident to the panel that
there are many cases of coronary disease
wheremn patients have acute attacks and do
not have actual acute coronary occlusions to
comcide with the attacks Whether or not an
attack 1s associated with an acute occluston
vanes depending upon what type of material
the anvestigator studies If ane deals with pa-
uents hospitalized for acute x lial e

tory and evidence of rdial

and one without 1t, may both hase myocar
diat infaretion 1n 2 healed state with co-
existing sexere coronary disease

T
farction, about two thirds of those who die
have an acute coropary occlusion and about
one third do not The face that they bave died



s for an automatic sclection of cases. On
‘her hand, if one deals with sudden death
bnngs the case to the attention of the
cal Examiner’s Office, the result is quite
sverse in that about three of the deaths
ot associated with acute occlusion and
one 15 associated with acute occlusion;
ch cases the interval between the onsct
aptoms and death is short.
was brought out by Drs Helpern,
titon, Paterson, Weinberg, and Spain
among patients who die acutely and
coronary thrombosis, many have
1bi that show histological evidence of
older than the history of the acute
L It appears that the situauon is one 1n
1 coronary thrombosis devclops and
ives no outward sign of . Then, for
reason or other, some days later myo-
al ischemia suddenly develops Another
that we feel is important to stress is that
g patients who die suddenly from coro-
disease, whether or not they have an
coronary occlusion (and I have already
astzed that many of them do not), most
em do not have an acute myocardial
stion It seems, then, to be a situation in
1 the myocardium grows tschemic and
ops either cardiac standstill or sentricu-
ibrillation in the absence of actual
»s1s of heart muscle
ere s one pomnt concerning which we
1 little disagreement There is the prob-
of the pathologist who is ashed to eval-
a certamn circumstance in which the
nt 1s subjected to some stress, either
wonal or physical and an attack of pain
ops Then after he seems to recover
the attack he dies suddenly three days
At that tume, if he has a myocardial
ction which 1s three days old, the pa-
igist tends to support the view that the
nal episode, either emotional or physical,
responstble for his death There may be
aer patient who is subjected to essentially
ame stress and who has an attack of
but grows better and has no more
sle until he dies suddenly three days
If necropsy shows that he has zo
sardial inf: then the big questi

arises, whether or not the initial episode the
days before was or was not responsible for
his sudden death when it cocurred Ths
discussion led to a problem that was sl
unresolved at the close of our sessions e
have no way of telling how long an attack
of myocardial ischemia that is shost of pro-
ducing myocardial necrosis will continue. We
just do not know and I believe we really are
unable to give an answer to this question
Our means of telling whether or not all the
effects of acute 1schesa that occuned three
days earlier have vanished, or whether there
is some subtle continuation of somethg
during that penod, are inadequate at this
time,

That pownt was carried further by Dr
William Doch in the presentation in whith
he was concerned with occupational and noz-
occupational stresses 1 their relation to heart
disease, He pointed out what had already
been mentioned carlier here today, that the
stresses of physical labor are bvioudy Ieprt-
sentattve of only part of the story and that
the workman has other stresses in B e
and at home. If some stress is rcSP"{‘“b]e {ar
the precipitation of myocardinl'ﬁCh:;”“;
how long does its effect last? This leads ¥
to another type of problem Suppose 3" I
divtdual has a serious fight with his ‘“‘“::‘
night and myecardial ischemia develops
cause of this stress. although he Sho‘: ::
outward signs of it If he goes ©0 \\o; i
neat day and dies while he is 2t work, e
the work hll him or was the argumert ¥
nught before respenstble? We do r.mt r;mz
know the answer to this questi.on, Since |a”
is this great sphere of uncertainfy “‘hfn’mm_
group, we look back upon \\urkr{lm’dlm
pensation awards, we feel that & B{am .
Just a matter of chance whether ancﬁb *
collects worhmen's compensation b‘f‘“?bc o
another family does not. It scems to .
ply fortuitous In this regard, we )““bi o
the consideration that there m3y -
purpose in supporting, as a §rouPs ;eb;\p
tion made by Dr Dock. May it not®
develop some type of broadened 1 S
corerage taking care of all €ases ‘"t ot
death occurs while the individual i 3
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admitting that in some instances we just do
not know whether or not the work 15 re-
sponsible? We would thercby avoid subsidiz-
ing the families of some patients dying of
coronary disease  simply because  death
occurred at worh, whereas others are de-
prived of such benefits because death did
not occur at work, although there may have
been stress on the job that played a pn-
mary role in causation We would not be
n our present position of trying to separate,
with our inadequate means, those cases in
which the werk 15 responsible and these 1n
which it is not.

Dz Berknap: Are there any other mem-
bers of the panel on pathology who would
ke to supplement this report or anybody
else who would like to comment?

Dr Jesse E Epwarps® I am sorry to rise
mmmediately, but I did not mention Dr Lev’s
studies on the conduction system, which
represent a tremendous amount of basic work,
In relaton to the problem of coronary
disease, we agreed with Dr Lev that we do
not know just how far studies of the conduc-
tion system will lead toward any solution of
understanding some of these problems The
question was whether, under certain circum-
stances, peculiarly localized lesions in vessels
supplying the major conduction system might
be responsible for cases of sudden death 1n
coronary disease It was the general feehng
of the members of the panel that this prob-
ably would not turn out to be the case, but
these studies have to be done to learn the
answer,

Dr Syrvester E Gourp Would Dr
Edwards review the proposals of Dr A R
Monitz with regard to the guning of testi-
mony?

Dr Epwaros' Dr Mortz made a plea for
tandard of logy and dard
1zation of perhaps situations With regard to
standardization of terminology, I tmpled that
on this general point we should realize that
some patients have a thrombus and some do
not Some patients have an nfarct and some
do not I believe we should be more specific
1n our terminology

The other pont was that he felt that in
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order for testimony to be standard, that 15, .
the cases 1n which a heart attack s suspected
of having been brought about by certain
curcumstances, it would be relatively simple
to establish a certamn series of cases by type,
indicating those that would be logically con-
sidered to be connected with the event
claimed to have caused the attack and those
that one would class as having no connection

Of course, this sull leaves us with the prob-
lem that we cannot claim necessanly that a
certamn event did not cause an attack, even
when we cannot see something 1n the heart
muscle or anything new in the coronary
artenies It is possible that a certan situation
can bring on an attack, whereas the pathol-
ogist can find nothing new We cannot tell
the difference, really, in a man’s heart,
whether or not he has had a recent argument
with someone

Dr Leonarn GoLowaTer Dr Spain’s fig-
ures are dertved from his eaperience n West-
chester County Having recently taken up
residence m that particular county, I have
more than an academic interest i the ob-
servation that, apparently, those who engage
n physical types of worh develop their coro-
nary disease or therr coronary deaths at a
later tune than those who engage 1n a seden-
tary or office type of work I bave made cer-
tain observations about the population in
Westchester County and I believe that most
of those who do engage m an office type of
worh sleep in Westchester County and work
in New York City, whereas those who engage
n the physical type of actiaty are more apt
to live and work 1n the county I do not know
whether this 1s true, but I have this impres-
sion I beleve that there are other stresses
associated with suburban living Perhaps it 1s
not Just the office work but the fact that
those people who work i offices must travel
on a rather imited type of schedule between
thewr home and their work every day, this, in
iself, may be a factor causing earlier coro-
nary disease than one would find 1n those
who work and live 1n the same area

Dr Ancer Kevs Dr Edwards, are we to
understand that the pathologists are now
agreemng that, pnmanly, there are two basic
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mechanisms to be chosen between in regard
to the pathogenesis or the primary deselop-
ment of coronary heart discase? That we
have (a) the possibility of intimal hemor-
rhage and (b) the possibility of mural throm-
bus and organization? Is that in cssence most
of the story or the whole story®
Dr Epwarns. There is the third possi-
bility, which 1s yours There was no agree-
ment among the panelists as to the theorics,
the proper theories, concerning coronary
atherogenesis It was mentioned by a number
of panelists that there 1s possibly something
in the way in which the artenal intina han-
dles fatty substances that may be related to
the pathogenesis
Dr Davio M Spain- I believe the discus-
sion went a little further than that. There
were people on the panel presenting papers
that were concerned with only some of these
local factors I believe the discussion did
bring out that thete is a very broad point of
view with a considerable body of evidence in
the world that there are multiple environ-
mental factors such as diet, the way we live,
body types and actmaty, which may be the
predominant thing 1n determining the rate of
progression of coronary atherosclerosis. T be-
lieve the problem is how fast 1t will develop,
whach 15 not necessanly determined by any
local hemodynamic factors I believe this
point should be emphasized
Dr Miton Herpern There is just one
pomnt that 1 feel needs clarification after the
question that Dr Keys asked, and that I
thought Dr Edwards had made clear I think
our material i the medical exammer's office
shows very clearly that the majority of peo-
ple who die suddenly and unexpectedly from
coronary artery disease die from a progres-
sive atherosclerotic process, and I do not be-
lieve the moderator meant to imply that the
lesions up to that pont were associated with
ntimal  hemorrhages Some of them may
have had hemorrhagic complications during
the course of their development. 1 believe
that as far as the intimal hemorrhages are
concerned 1n these cases, they represent a
complicating factor Dr. Paterson’s material
suggests that mntimal hemorrhages are very
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closely associated with the acute occlusions of
the lumen There is a difference of opimon
segarding the formation of the acute thrombs,
again, in our matenal, the acute thrombotic
complications occur in only 25 per cent of
the cases, whereas the great majority of the
cases are simply occlusive processes brought
about by gradually progresstve atheroscleross,
Some of these show evidence of acute com-
plications n the past, including occlusions of
the lumen and mural hemorrhages

Dr. Louss N. Karz: T believe we must be
careful not to let the morphologsts lead v
to another defeatist attitude, Hemorrhages
and thrombi may or may not be dealt with
clinically, but every one of the mstances has
as 1ts background atherosclerosis, and \.\'llhcu'
going into particulars, I put it to this Con-
ference that something may be done about
this 1n the nature of diet.

Dr. Epwaros: It may hase seemed that
we have a defeatsst attitude about this thig
Our opinion is the contrary First of all, 8
a matter of background, I would Iike to ref;;
agamn to the very common ﬁndm'g of o ¢
myocardial infarction Jn D Gould’s Pfﬁsmr
tation he reported an wmcidence of 35 P?
cent of healed infarction that was enu&ea);
unsuspected, but he did not include m o
matenal patients who had acute m'farch y
who also had healed infarction, but i1 ¥ho%
the healed infarction was unhnowt K "‘;
bring in these cases of healed mfarcuor:il .
would raise the figure Another pomt iy
should be mentioned with regard t© heal B(s
infarction is that very often in thest pan:‘
there are multiple scars representiig w Z
attachs assoclated with necross of mt\:saccb
Quite probably, in between these 3 e
there were many attachs of 1schemid ‘; ot
had the clinical form of angina that dlh e
cause any necross of n'msde~ Althﬂulg ho
have to starg on this subject with pcOP"lhat,
have died, our feeling as p:t:hologxsﬂ “s" ot
although coronary disease 1s hlle‘;ual o
sense, on the other hand the indiv o
cope with coronary disease very we for the
very long time and that the tendcnc); e
individual patient with coronary d‘s;cs th
five, not to die, The patient who
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acute myocardial infarction at this time {s
from a selected group for, although there s
some rariation in the reports of various ob-
servers, it may be said that, in general, only
15 per cent of paticnts who have clinical
acute myocardial infarction die of their ini-
ual attack Of those who diz, over 60 per
cent have pathologic evidence of previous
myocardial infarction They have had trouble
before with which they have managed to tive
Consequently in this regard we are not at all
defeatists, We believe there is a great chance
for patients with coronary disease to be ac-
tive and useful for many years esen after
they have had clinical evidence of coropary
disease

The other pomnt that we hoped would
arouse Dr Katz and others hhe him js this:
One of the g problems, as far as sudden
death in coronary disease is concerned, is that
of sudden death, probably due to ventricular
fibnitlation or to cardiac standstill Something
happens to these people Now, it is up to us
23 pathologists to throw it out to you Your
problem is to present sudden death in coro-
nary discase Try to figure out what happens
to patients who have chrome coronary dis-
ease without any acute occluston They go
about their normal way They may be aslcep,
and they dic suddenly What is 1t that makes
the rayocardium fibriltate or what 1t 15 that
males it stop stili?* This 1s something for the
physiologist to determine and for the chni
tian to prevent

Da J € Parerson: Mr Chawman, 1
think Dr Edwards' repost js a very true and
admirable one I believe that, perhaps, he
exaggerated the wmportance that some of us
placed on the etiology of atherosclerasis in
our discussion Certanly it was not men-
tioned in my written paper, aithough I did
offer a suggestion 10 the discussion This has
been included 1n the summary of the moder-
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ator and it has provoked Dr. Keys and Dr.
Katz, Consequently I feel that I should give
a very short explanation

You have heard the statement that op this
continent there are three types of students of
atherosclerosiss {1} the group who believe
implicitly in the lipid theory and who make
up about 90 per cent of the whole; {2) the
vety small but vaciferous group whe are
violently opposed to the lipid theory, and
(3) the thrd group who do not hnow I was
2 member of this third group until about a
year and a half ago, when I changed my
mmd I now am opposed to the lipid theory
for two reasons, which are these: (1) I can-
not find any significant association between
the amount of {ipid m the blood deterniined
before death, up to four years before death,
and the amount of lipid in the artery as ex-
amined after death, and {2) secoadly, even
in the carly stages of the disease, I find evi-
dence of material which I interpret as hemo-
siderin, which T attribute to mumal hemor-
rhage This is my basis for changing to the
Winternitz theory of athesosclerosis

Dr Spamv. I am not going to get involved
n a controversy, but I feel that pathologists
cansider this problem from three poimnts of
view, in relation to work and physical ac-
tivity One is the effect of work and physical
activity on the progression of the athero-
sclerosis; secondly, the possible aggravation
of the progress of the underlying athero-
sclerosis or complicating factors, such as coro-
nary thrombosis, by work or physical activaty,
finally, the effect of work on a person who
has an already damaged myocardium as a
result of the uuderlying atherosclerotic dis-
case or 3 complicating development such as
an acute coropaty thrombosis Those are
three separate problems as far as work and
actitity are concerned and I beheve they are
our primary coacern
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CHAPTER @5 EXPERIENCE OF THE WORK CLASSIFICATION
UNIT AT BELLEVUE HOSPITAL*

Lewis H. Bronstein

A Work Classification Unut should have pri-
wmarily two important functions to serve One
i to follow the effect of employment on the
course of heart disease as well as the effect
of heart disease on employment recards The
sccond 15 to determine ts success in effecting
employment of cardiacs, particularly those
who are unemployed and have, on admission
to the unit, no immediate job to which to
returs

Our group of patients was completely un-
selected m that alf patients who were referred
were accepted The referral source, age of
Patents, length of unemployment, occupa-
tonal distributson, etiologic diagnosss, and
f and therap lassi were
noted on admussion These are correlated bt
this repart with the following factars, which
we think are the best idicanons for helping

* Aided by a grant from the New Yotk Heart
Assotiation, A presentation of patient selection of
the Work Classification Uit of the Adult Cardiac

Chnie, Thisd {New Yorh Usversty) Dision,
Bellevue Houpital, New York

0 ine the f i joned in the
previous paragraph They are (1) retumn
for the sits necessary to camplete the study,
{2} whether or not heart disease ss, m fact,
present, {3} whether or not at least one re-
wrn visit had been made one vear later io
determune the cardiac status and employment
record

Only the more significant tables will be
presented, beczuse of space limitation The
vanous tables relating the status at the one-
year follow-up need 2 note of explanation at
this time in order to prevent repetttion dur-
g the ensuing discussion The group labeled
“Unknowa" mclude those whe never re.
turned for subsequent follow-up, as well as
those who retumned at some time subsequent
to the one-year cut-off time Many of these
were employed at the one-year period but are
carnied as unknown because they did not ap-
pear at the Unit at the stated time, Also,
these tables do not supply the staustics on the
switch of some employed on admission who
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were unemployed one year later, because they
arc not ready at this time They arc not a
large group and do not affect the conclusions
materially, Subsequent reports will present
this material Those employed full time and
part time will be counted as employed All
the other categories, including the unknown
group, will be counted as unemployed Such
presentation weights the percentages against
the employed group and should be borne in
mind

REFERRAL SOURCE

Table 35-1 shows that most of our patients
came frons the New York State Employment
Service This results m some selection since
these people were collecting unemployment

WORK CLASSIFICATION

insurance or were looking for jobs They may
have been better motivated than a group col-
lecting funds from a public agency such s
the Welfare Department. This latter agenqy
is included in the group ‘Social Agency,”
which in its entirety represents only 10 per
cent of our referrals

1t is 10 be noted that approimately (0px
cent of patients from the New Yorh Suz
Employment Service, Social Agency Growp,
and “Other” group did not complete the
study and represent wasted effort. We dozat
belicve that this is too excessive, particularly
since the study includes the war years, 1942
1945, when great population shts were tal
g place.

ghpako shows that almost 23 per cent of (h.e
entire group did not have heart disease. This

cx
Tarie 351, Presence o Heant Diskase Aone PATIENTS 1v RELanioy 70 Reresrat Sock

New Fork
State Ihtision of
employment tocatronal Soctal® s
Total sercice  vehabiditation  agenry Enplover _L_L
Na - 8 - P
Nuwn- Per Nume Per P Nume Po Num- P \b-:w m:
Presence of heart dusease ber cmt b cemt b cemt b et b el
. @
Heart discase 643 6 377 62 93 s 91 88 6 & ‘i %
No heart discase 21 24 173 28 2 18 4 40D 3 4
No diagnosist 7 8 e 1 2 2 8 8 1 1
3 10
Total 952 100 614 100 116 100 103 100 97 100 2
* “Social agency” includes hosptals, chinics, welfare, agencies, and New York Heart Asoaato
1 “Other” wtludes self-referral and private physician p—
1 Patients were required to attend the Work Classification Unit two separate tumes for comp
work-up Those with *“No diagnosis” came for imitial visit only
TABLE 352 EPLOMMENT STATUS OF PATIENTS 1N RELATION TO REFERRAL SOURCE
New York
State Diusston of
employment  tocational Soctal ot
Total serice rehabilstation agency Employer
T ume B
. Num-
un- Per  Num Per  Nume Per  Nume Fer  Nome PSS
Employment status bor et ber  cemt ber emt b cemt b el
15 8
Unemployed 758 80 55 o1 96 83 84 82 4 2 7 ®
Employed* 194 20 55 9 20 17 19 18 9 9
2 10
Total 952 100 614 100 116 100 103 100 97 100

* “Employed” includes 13 students.
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Pamients Wittt Heart Disease. Status Oxe YEAR AFTER Apsussion Witit Reseect 10

EMPLOYVMENT 1N RELATION TO REFERRAL SOURCE

New York
State Dutision of
employment tocatianal Social
Total seriiee rehabaluiation  agency Employer Other

Num~ Per Num- Per Num- P Num- Pa Num- P Num- Per

One yeor stotus ber  gent ber gt ber ot b zemt b cemt bo eent
Employed 251 39 13 36 32 34 25 28 56 84 2 13
Employed part tume* 59 9 3 7 17 18 16 18 — — T 7
Unemplayed 124 19 7019 23 25 25 28 1 1 5 33
Out of Jabor market 16 3 3 1 3 3 5 5 4 6 1 7
Died 20 3 5 t 7 8 5 5 1 1 2 13
Unknown 173 27 138 36 1n 12 15 16 5 8 4 27
Total 643 100 377 100 93 100 91 100 67 100 15 100

* Includes students

18 in heeping with eaperiences of some other
Units and 15 to be expected Our previous
publication on part of this group shows that
many of them had been told they had heart
disease The largest groups without heart dis-
case came from the New Yorh Employment
Service and employer referral sources

Table 35-2 shows the relation of employ-
ment status to referral sources Eighty per
cent of our patients were unemployed and,
from that aspect, reflected a dram on com-
munty resources As would be expected, the
greatest percentage of unemployed was from
the New York State Empl Senice

TabLe 35-4 PAmients Wit HEarT Diease Ex-
PLOYMENT STATUS ON ADMISSION AnD ONE VEAR
LaTeR v RELATION TO REFERRAL SOURGE

Admrssion One year later

En-  Unem-  Eme  Unem-

ployed  ployed  ployed  ployed

NYSES 30 347 161 216
DVR 16 77 49 44
Social agency 19 72 4 50
Employer 63 4 56 1n
Other 3 12 3 12
Total B os12 30 333

The Dnision of Vocational Rehabilitation
and the Social Agency group followed with
the entire group average The employer re-
ferral group, obviously, had a neghgible
sroup of unemployed

Table 35-3 shows the status of those pa-
tients with heart disease, 643 of the ongmal
group of 952, at the first year’s follow-up It
can be seen that the greatest defi in the

disease on admission and one jear later,
when correlated with the referral source It
will be noted that a substantial portion of
these patients are now employed The drop
m the employer referral group can be seen
as due to deaths and unknown status It does
not appear to be significant A change from

follow-up occurred 1 those referred by the
New Yorh State Employment Service and by

at the one year follow-up
Table 35-4 presents a companson of the
employment status of 643 patients with heart

131 employed and 512 ployed at the
tme of admission to the Unit to 310 em-
ployed and 333 unemployed at the one year
follow-up 1s sigmficant It must be noted
agamn that some of those carried as not em-
ployed at this ume intenal were, in fact,
employed but because they were not seen at
the one year follow-up are carried as un-
known and, therefore, unemployed,
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AGE

Ouwr unit population was about evenly dis-
tnbuted 1n all age categories. These have
been divided into 10-year groups as follows*
Under 25, 25-34, 35—44, 45-51, and over 55.
The first two age groups had 23 and 22 per
cent of the enure population and the other
three groups between 17 and 20 per cent.

A somewhat higher proportion of those in
the first two age groups did not complete
their diagnostic work-up 12 and 9 per cent
as compared to the next thiee age groups—
8,5, and 4 per cent This would tndicate that
the older age groups were more conscientious
in completing thewr studies A similar result
was noted in the retumn {or one year follow-
up However, 1t should be noted that the
younger age groups would have been affected
10 a greater extent by the war years

Of those who completed therr work-up,

there was a higher percentage of those with
no heart disease 1 the youngest age group
(37 per cent) and lowest m the oldest group
{16 per cent) Those with heart disease were
evenly distributed among ali age levels There
was a shehtly higher percentage of unem-
ployed on admission i the two younger age
groups than in the three older—about 85 per
cent in the former and 75 per cent in the
latter

Taete 35-5 Pamients Wrrn Heart Disease

EMPLOYMENT STATUS ON ADMISSION AND ONe
YeAR LATER IN RELATION TO AGE

Admsssion One Year Later

Ep~ Unem- Em- Unem-

ployed  ployed ployed  ployed
Under 25 19 100 63 56
25-34 21 115 62 74
35-44 12 78 63 47
45-54 28 112 62 78
55 and over 31 107 60 78
Total 131 512 310 333

WORK CLASSIFICATION

able that there was a 100 per cent increase
cmployment in the oldest age group.

LENGTH OF UNEMPLOYMENT

The length of unemployment was noted in
795 of the 952 patients. There was no reh
tionship between this factor and faiure to
complete the study. It is to be noted thata
very small percentage (3 per cent) of en-
ployed patients failed to complete the mutal
investigation Ten per cent of the unem
ployed group failed to do so. There wasno
sigmificant relationship between the presce
of heart disease or the return for one jear
follow-up and the length of unemployment

Tane 35.6 Patments Wrmn Heant Diseast

LenoTi oF UNEMPLOVMENT ON ADMISION A2
LupLovment STATUS AT One MEAR

rampiond
Duration of Employed  Unempn

of uniemployment Total  atlyear  al
Less than 1 year 267 128 li:
1 year kid 29 4
2-5 years 7 2 “
Over 5 years 14 1 a
Unknown 83 34
512 213 »

Table 35-6 shows the relationship bem:er:
this element and the employment status ﬂe
one year for patients with heart dsease o
column labeled “unhnown for durati®
unemployment” mcludes veterans h;efz‘hz
discharged from mulitary service, t 15 an
had recently gradvated from school o
those for whom a work history had wmi e
not been recorded It is to be sioted thta
shorter the period of unemployments
greater the success 11t worh plnccment

OCCUPATIONAL DlSTRlBUYlON
d to the Unit were

PSS \od
is an 2
This .

The pateents admitte
classified as in Table 35-7. oy
viated classification of that suppli

Table 35-5 shows the relation between em-
ployment on admission and one year later in
the various age categories When one con-
siders the difficulty of obtaining 2t
for older healthy people, it is indeed remark-

National Office of Vital Statistics,
ment of Health, Education, anc o con
(Feb. 20, 1956). Tt was mod,ficd rlo ﬂ;j‘ép .
ditions in New Yorh City with the

qsellof
Miss Margaret Barry, Vocational Cou!
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to the Nesww York Heart Association. The
term Jaborers includes alt unshilled Iabor.
The only eategories that hav e sufficient pa-

BEUEVUE HOSPITAL 309

Taste 358  Parenys \Werw Hearr Dusnase.
Empron MERT STATUS oy Avwanoxn ann Oxe
Vear Later v Recanion ro Eviotooy

tients in them are the following: (a) clenscal,
sales, and shalled, {b) semiskilied, (c)} Jabor-
o1s, No relationship sas found to cuast be-
tween occupational classification and wmther
return for completion of work-up or presence
of heatt disease. On admission, 30 per cent
of the technical and ad; ive group

were uneraployed; 72 per cent of the cleneal,
sales, and shilled were ployed; and 88

per tent of both the semishilled and laborer
gloups sere unemployed

Tase 357 Ocovrariovar CLASSIFICATION OF
Totar Grove ov Aomisstoy

Numbrs  Peroentage

Prafessponal s 1
Technical and adminutratne 36 4
Clencal, safes, and skalfed 328 34
Semashilled 278 29
Laborers 248 26
Students 13 1

No work hustory 44 H

Of the patients with heart disease, no dif-
ference was noted among the vanous classi-
fications sp segard to return for follow-up
after one year In vegard ta employment
status after one year, a suhstantial werease
m the proportion of patients employed was
noted 1 each of the thiee largest categories
In the clerical, sales, shilled rategory, 53 per
<ent were employed one year later as com-
pared to 28 per cent on admission In the
semiskidled group, it was 48 per cent as com-
pared 10 16 per cent, and m the laborer
group, 33 per cent as compared 1o 10 per
cent We do not have as yet a breahdown
as 0 the changes in occupational classification

ENOLOGIC DIAGNOSIS

Of the 643 patents with heart disease,
Table 358 shows the relationship of em-
Ployment on admyssion to the status of one
vear later A definste increase in

Admsion One year later

Em- Unem-  Em~ Unem-

dloyed ployed  ployed  ployed
Congenstal 7 20 116
Rheumatc 42 169 165 106
H 6 39 17 28
Arterosclerotie 33 118 7% 75

Hypert and

arterascieratic 13 56 27 42
Other 4 12 2 4
Posuble and potential 26 n 65 52
Totat 131 512 o 333

etislogic dragnosis and fach of faithfulness
returning for folfow up The percentages
were sumiax for all groups

FUNCTIONAL AND THERAPEUTIC
CLASSIFICATION®

In this group, 117 paticnts rated as possi-
ble and potential cardiacs are omitted, leav-
g 526 patients The group classed as T A
had the poorest percentage of return at one

Tasie 359  Panesms Wira Heart Diseass Eu-
FLOVMENT STATUY av ADuiSioy AND Oz YEAR
faver W Rewanion 10 FUNCTIONAL Ang
Trerargunic Crassemanon

Admission Ot year loter

Em~ Unem~
Ployed  ployed

Em- Uneme
ployed  ployed

1A 3 3% 16 2
18 3 91 62 58
B 3B 125 74 84
"o 30 114 77 4?7
e 10 52 16 46
Y - 4 - 4
Total 103 42 245 281

year This may well be due to the fact that
these patients feft so well that they saw no
reason for

m each category s seen, althouth the con-
gemtal and “Other” groups are small
There was no relationstup between the

Table 33-9 relates the amployment status
on admission and one year later of the pa-
tients m the various groups in this categony.



310

There was a definite increase in employment
for all cardiacs whose classification was bet-
ter than IIT C. This group did not show
much difference The Group IV patients
were obviously uncmployable.

DISCUSSION

It can thus be scen that with as completely
unselected a group as possible, there are very
few categories of paticnts who were unsats-
factory from the various standpoints men-
tioned at the start of this report. It must be
realized that there are certain factors in our
social structure that influenced our results
World War II sshich, in a way, was respon-
sible for the mitiation of the Work Classifica-
von idea, also hindered a more satisfactory
study This was due to the displacement of
population by induction into the service and
removal to more favorable employment
markets

The generally tight labor market during
the past 15 years helped our statistics in pro-
viding more employment opportunities for
handicapped people In a different type of
marhet, the employment results would un-
doubtedly not have been as good.

WORK CLASSIFICATION

The Unit operated without a social worler
or vocational counsclor. A report of physical
capacity based on chinical opinion was s
to the referring agency, In addition, a great
deal of time was spent with each patient,
outhning to him the types of jobs we ket
would be suitable. This was as far s we
could go with limited personnel When itis

bered that the ployed group had
no job to which to retum, it is wonderh!
that so many became employed.

We feel that, except for the functional and
therapeutic group which is worse than e
and the group uncmplojed over five a5y
there should be no restriction on the type of
patient admitted to a Work Classification
Unit, The funds will be very well spent
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HAPTER @@ EXPERIENCE OF THE CARDIAC WORK

CLASSIFICATION

UNIT IN BOSTON,

MASSACHUSETTS*

Richard J. Clark

BACKGROUND AND METHODS

The Cardtac Work Classification Umit m
Boston, d through the co-operati
of the Massachusetts Heart Association, the
Bay State Socwety for the Coppled and
Handicapped, and the Duision of Chromie
Duseaces of the Massachusetts Department of
Public Health, started operation in October,
1952 As has been true with maay of these
units, the early phase was slow, with sessions
held about every o weehs Gradually re-
fecrals mereased to the point where full ses-
sions are now held weehly, except during the
summer months, with regular evaluation of
four new patents This year appomtments
have been booked one to two months 0 ad-

vance New patents seen each season have
increased from 41, 70, 80, and 14 to 2
probable 140 this year From 4 to 6 follow-up
patients are scen at each session

1t was the decision from the first that this
unit would operate primanly on climseal
grounds, using the equipment of a regular
cardiac clic with the personnel and general
methods of operation of a worh clasfication
unit, While granting the desirability of asso-
aated special research m the field of exercise
tolerance testing and the like, our unit had
neither space mor personael for this Beyond
this 5t was thought that we should Jeamn what
could be accompinhed with ordinary meas-
ures so that our methods and results mrght
more readily be transferred to other existing
clnics

Procedures carried out routinely have in-
cuded electrocardiograms, chest X-rays and
fi serology, i i rate,
hemoglobin, and unnalysis, Eaercise toler-

Tk}
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ance tests (Masters) have been carried out
only as an aid to diagnosis in certain ques-
tionable cases Patients are frequently ob-
served at stair-climbing and walking as a
part of the plete clinical i
Special psychological, vocational, and apti-
tude testing has been carried out in indicated
cases outside of the unit through our voca-
tional associates, the JOB (Just One Break)
Program.

Ut personnel has included three regular
physicians (with other visiting and tempo-
rary physicians), a half-time social worher;
a part-time vocational counsclor (and at
times two), first from the State Division of
Vocational Rehabilitation and more recently
from the JOB Program, a laboratory and
clectrocardiographic technician for unit ses-
sions; and most important, a full-time secre-
tary

As a corollary to our evaluation program,
the umt in the past two years has attempted
indirectly to carry out industrial placement
1 appropriate cases through the J O.B Pro-
gram, worhing under a grant from the Mas-
sachusetts Heart Association This activity
was prompted by the fact that in our first
two years of experience, eussting agencies
were doing very hittle toward placing the pa-
tients whom we had evaluated. In our first
year of expertence with J O B. we found 26
patients at work out of 46 definitely employ-
ables referred, contrasted with 47 similar re-
ferrals elsewhere with 5 placements. This
alone has demonstrated to us that with the
proper approach jobs can be found for
cardiacs

PRESENT STUDY

It has been our desire to attempt the de-

lop of profiles of employable and un-
employable cardracs industry, Accordingly,
through the co-operation of the statstical de-
partment of the State Department of Public
Health an analysis of findings to date has
been attempted In our experience about 70
per cent of the patients nvolved have had
degenerative heart disease It is this group
which poses the largest problem to industry.

WORK CLASSIFICATION

For this reason, the major emphasis of the
study has been placed here

Detailed studies are limited to patiens
evaluated through June, 1956, aaly, in @
attempt to have reasonable follow-ups Un-
fortunately, dealing with a section of cardic
patients of this type, there is a definite nun
ber for whom satisfactory follow-up x mot
possible. We regret that this reduces the
numbers in subgroups to a point, in some
stances, where the figures are not significant
and must be viewed chiefly as trends of
indications.

This study has also pointed up very claty
to us the necessity for developing specific and
complete record forms to mdud'e mutmeli
many factors that the neophyte in thlf ﬂ}il
might not constder significant, The desird :
ity of coding on punch cards from the sta!
15 clear

CRITERIA OF EMPLOYABILTY

Throughout this study pateents ar;, lﬂbl[tf
as Employable, Questionably Emp Momj
and Unemployable. These rePresem t}:ie ‘Cw
bined judgment of the physicians an .
tronal and social worhers, erther at the gwmc
conference following evaluation or 38 solEd
cases after the vocational group has ﬂ“";ﬂj
out more extensie testing This evaluaucbm
not based upon cardiac capacity alom;,m-
upon this, plus factors of personallty,d Z o
tion, age, vocational history, ap‘valabﬂ’ntym
skills, all of which enter into emp: O)hsted 5
the regular labor marhet. Those e
questionably employable are d;\c;e“ewn_
prospects in the regular labor mn;f1 e
sider highly dubious but for w [0 e
effort might be made The unemp ﬂ)'l o
those on whom we do not beliese IauanP'
while or wise to expend the effort ©©
placement .

However, our functional
classifications are judged stoc
of cardiac status,

e
and therapes
tly on the B

OVER-ALL UNIT STATISTICS .
ust 5t
Certain of the facts of general o e

tics are presented in Table 36-1. In
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may be peculiar to our own unit and present
chiefly a bachground for later material

They indicate a real interest on the part of
the family physician for help in this area, but
it may be added that in many instances the

Tasts 364 CaRDIAG WORR CLASSIFIGATION
Uit GENERAL Unit Sramistics
(October, 1952, through Sanwary, 1957)
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sented to us, 261 of 377 patients, Rheumatics
are about a third as numerous with 88, but
still a sigmificant group. The small number of
normal hearts, 18, is noteworthy.

The very major age load has been in the
6th decade, with 159 patients, which is un-
derstandable in view of the mereasing diffi-
culties of job finding for those in this period,

1 Total patients evaluated, 377
2 Sources of referral

Family physician 176
Industries 38
Insurance clinica 14
Hosputal clinics 6
Public agencies 80

3 Diagnostic categories
Caronary, arteniosclerotic, or hy pertensive
heart discase

Rheumatc heart discase 88
Congeautal heart discasc 7
Normal hearts 18
Other 3
4 Age ranges
10 to 20 years 10
21 10 30 years 25
31 10 40 years 29
411050 yeans 103
51 10 60 years 159
Orer 60 51

5. Sex Females, 38, Males, 339
6 Number evaluated as employable n the labor market
235 or 60% of 377 patients through January,
1957
7 Lack of complete follow-up of all groups prevents
exace total employment figures, but the fol-
lowing were essentially up to date through
June, 1956
Patients evaluated
Deemed employable
1 labor market
Number known as

314

185 or 59

g of vascular disease. The next high-
est group, 103 in the fifth decade, represents
an overlap of degenerative and rheumatic
heart discase The significant group of 51 i
the sties presents a most difficult employ-
ment problem on the basis of age alone.

The presence of an overwhelming majonty
of males, 339 to 38 females, is in part ex-
plained through the fact that we have not
evaluated women for work as housewives as
has been done by some units

Of the entire group we have deemed
approxmmately 60 per cent as employable and
of these some 63 per cent have been em-
ployed

RHEUMATIC HEART DISEASE AND
CONGENITAL HEART DISEASE

To date no detaled studies have been
completed with the relatively small group of
patients in these categories. Forty-eight or
70 per cent of the 69 rheumatic heart pa-
tients studied were evaluated as definitely
employable and of these 32, or 67 per cent
of the employables, were employed This is
shightly above the general chnic average and
reflects 1n part a relatively lower age range,

emplayed 116 or 63 of Enployasles  3nd hat less hesitation on the part of
Of these formed employers to hire rheumatics than
Returned to job at evaluation 38 those with degeneratnve discase The unem-
Returned to previous job 20 ployables were chiefly patients in the later

New employment ¥ t of the diseas h esti
Returnied to prior job with adjustment 11 S138€S @ disease process with congestise
failure and a poor outlook, but in a few cases

Total 116

represcated setious personality er psychologic
bl

Tequest for referral onginated with the pa-
tients A need for assistance by public welfare
agencies in determuning possibilities for re-
habilitation among their applicants 15 evident

As already mentioned, degenerative heart
discase plays the major role of problems pre-

The congenital group consisted of seven
patents, all of whom had significant defects.
Four have been satisfactorily employed, three
at new work. Their employment problems in
general are similar to those of the rheumatics,
whom they tend to parallel in age
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HYPERTENSIVE DISEASE

In our hieakdown of categories for study,
we separated those with myocardial infarc-
tion and those with angina pectoris who had
not had infarction Both of these groups in-
clude an appreciable number with hyperten-
sion We were surprised to find a residual of
only 18 patients with primary hypertension
and hyperstensive heart disease, a small num-
ber from which no conclusions can be drawn.
Eight paticnts of this group were evaluated
as employable and, of these, four were re-
turned to their prior employment, none
found new employment. Three of the four
have continued well at work for over three
years, while one has discontinued working.

It is our opinion that the patients with
severe hypertension, especially those with sus-
tained diastolic pressures of 120 mm Hg and
over, a highly q ble group
for employment. On the other hand, there
are many with uncomplicated and relatively
asymptomatic, mild hypertension who are
capable of all types of work for long periods
of time Detailed statistic studies of this
group are needed.

CORONARY HEART DISEASE

Angina Pectoris Without Known Myocardial
infarction

Again we regret the relatively small pum-
ber, 44 patients, i this category The larg-
est age group was in the 6th decade with 19
patients, and the next largest group of 14
cases was in the age range 60 to 69 years
This fact reduces employment prospects
sharply There were 23 pauents who were
deemed employable, 52 per cent of those
evaluated

Twenty-seven patients had adequate fol-
low-up; of these 18 were employed, 16 on a
permanent full-time basis, 78 per cent of
definitely employables found work ; 8 of these,
new employment

Over a period of 6 to 48 months, 17 of the
18 employed patients have continued at
worh, with three finding re-employment
There has been only one death in this group,

WORK CLASSIFICANON

accounting for the one patient not continuing
on the job, and this death was nonindustral
Apart from this one patient, none have dete-
riorated physically and 3 have improved, the
latter being patients in whom frequency of
angina definstely d d after empl

The presence of angina pectoris 1 stsell s
no bar to employment. Anginal patients vk
reasonable cardiac function and with other
qualifications to render them employable may
be employed and continue employment ovet
significant periods of time without deleterious
ceffect We have observed definite mprowe
ment of angna under conditions of work
which we would interpret as due to relau-
tion of worry and family tension.

Patients Who Hove Had Myocardil
Infaretion

General Statistics

The patients in this study are lmuted ©
those 1n whom a definite diagnosis of m®
cardial infarction has been substantaied
aither by our own electrocardiograms of by
previous tracmngs  Any questionable €25
were clnunated This leaves us with 11
tients initially evaluated through June, 1956,
and 102 patients with satisfactory follow-up

General statistics for this categon 2%
enumerated in Table 36-2.

Tt was our evaluation that 87, or 62 tl;“
cent, were definitely employable. of :5
number 62 (70 per cent) found unplo),mm"j
35 were placcd at new employment We ‘Z
sider this a victory in this cardia gmalf’
which is considered by some 25 e}sfﬂ"on{'
unemployable as far as new work 15' th
cerned, and certainly a refutation of anys
hypothesis

n’;‘he reasons for unemployability 3"'):
some interest They point up dt”:l)' oy
severity of heart disease alone is not cia .
detcrrent to work Age 15 3D apprec!

: . _day foge
factor Especially ‘wuh ?IEfermmi” uh

[P . e are 4
For those over 65 (of which lElco)mem 5

number in the group) regular em o
largely a matter of lucky “chance Psycholts”
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Tam® 302 Generar Statisrics. Mrocaroiar
InearcTiON Cases

1. Paents evaluated October, 1952, through June,
1956, 141

2 Number with sausfactory follew-ug data, 102

3 Age ranges

2010 29 years 2
3010 39 years 8
40 t0 49 yeany 31
50 20 59 years 7
Over 60 23

& Sex Males, 134, Females, 7

5., Following study eval for empl t were

UNIT IN BOSTON s

We have been impressed by the willingness
of many employers, not only to take back old
patients, but to co-operate i mahing recom-
mended work adjustments The 22 patients
worhing at referral were sent in chiefly for
ovaulation of their capacity to continue a
gnen job The 11 on sick leave were con-
valescent recent infarctions

We have also been umpressed by the fact
that most patients capable of work have been
capable of fulltime employment In a few

2 follows
Defintely employable
Questionably employable
Unemployable
© Reasons for unemploy abulity were listed as follows
Heart disease too severe,
Severe heart disease plus age factor, 11
Sexete heart disease plus smpottant psycho-
togcal defect, 6
Age primary factor, 3
Personality and psychological factar, 5
Other defects, 2
7 Status at ume of evaluation

87 (62 per cent)
21
3

Working 22
On sick leare 11
Unemployed 108
8 Subsequent status of 102 patents with sausfactory
Sollow-ups
Rewarned to or found permanent full-tme
employment 56
Permanent part-tume
employment
Temporary full-ume
work
Placed m sheltered workshop 1
Employed 62
70 per cent of Defintely Employable Group were
emplayed
Returned 10 prior job without work
adpustment 13
prior fob with work adjustment 12
prior employer, new work 2
Placed at pew emplayment 3s
Emplayed 62

40 pes cent of Definttely Employable Group found
Tew employment
Unemplayed 4

3

cal factors melude severe neurosss, mashed
Jack of motvation, alcobolism, as well as bad
Personality traits, alt judged to be of an -

latnely recent infarction cases
have been secommended for half-tmme work
the first month, but they have all graduated
1o full-time work

Follow-up of Employed Group

Table 36-3 presents the status of the em-
ployed group subsequent 1o evaluation

The method of new job-finding 15 of some
nterest Here, as mn other categories, we have
often found 1t best to direct the patient to go
out and find his own job Frequently specific

as to possible openmngs and ave-

nues of approach have been made by our
counselors OF 35 new jobs found, 22 were by
the patient hunself, 9 by prwate agency
(cheefly J O B.) and 2 through a state agency.

The type of new employment has been for
the most part i light manufacturing, notably
m the growmng electronics industry, which
can offer the cardiac ideal types of bench
assembly work provided he has the needed
hand and eye dexterity Service jobs of \ari-
ous types and sales work came next on the
st

We were interested in learming how soon
patients returned to work after their mfarc-
fion Only 11 of the 60 pauents returned m
less than 4 months, while the great majonty
of 43 went back after 6 months, This reflects
two facts. In the first place we are certamn
that many family physicians are o\ercon-
servatine and overly restnict their patients
after infarction Secondly, we recened many
patients who had been seehing employment
ansuccessully on their own for some period
of time before evaluation

surmountable deggee, these are ob I
significant in number

The follow-up of those g satis
factorily with employment is most encourag-



TasLr 36-3, Myocaroit Inraremioy Cases.
STATUS OF Luprovep Grour

1. Patients with sausfactory
3 ta 48 months, 60
At new employment, 35
Method of new job finding 35 patients
On own 22 (often with advice
from unit or other
counselors)

follow-up ranging from

N

Private agencics
State agency 2
Through old employer 2
New 1 found ] Job3 classif
patients
hfanufnc(unngﬁhght 14
Services 9
Sales 7
3
1

w

Office
Construction
Transportation 1
Tune from most recent wfarction to start of work,
60 patients
Under 2 months
Under 3 months
Under 4 months
Under 5 months
Under 6 months
Oser 6 months 43
5 Number who have stopped first einployment after
evaluauon, 16
Reasons Job ceased [
Deaths 5 (None at
work)

-~

weown

Noncardiac illness
For better job
Moved from area
Famly sichness
Cardiac deterioration

Sy

(other than
deaths)
Job too strenuous

WORK CLASSIFICAION

TasLe 363, My OCARDIAL INFARCTION Caots
StaTUS OF LurLoven Grove (Concarird)

Psychological status- Unchanged 37

Improved §
Deteriorated 0
Died 5
Uncertain 2

8. Deaths in the group

Case 1 M, S. Age 54 Class 11 C. Shoe worker

Returned to old job, heavy worl, aguast
our advtee, onc year after e+ aluation and
13 months after imutial wfarction. Died
suddenly two days after start of work
Had not follow ed medical advice. Could
have been work-induced.

Case 2] W Age 56 Class II B Chuef of Town
Tire Department. Contnued pror watk.
Died 114 years alter cvaluation and 2
years after imtial anfarct of recument
myocardial mfarction, Onset not 1a rela-
tion to work.

Case 31 H Age 47 Class I1 B, Gasoline staton
operator. Developed phlchitis and dm:
of pulmonary infarction after onc mont
of hosputalization, one year after evalu-
tion, and 2 years after engunal infarction
Onset not worh-related.

Case 4G W Age 43 Class 1B, Clenrahnr;;f
Dicd followtng chest p an startiog wale
€n routc to work, 16 months after nal\l:
tion. Had 2 pror aafarcts 3 )tmb:k
135 years before death No prol
work relatonshup,

Case 5 L. E. Age 51 Class 11 B Tool vmrdl;;
Deseloped gradually increasing el
disability and had given up rcsuhf“d "
Dicd 14 months after ¢ aluation 35 "
months after infarction Not uarhngh‘p
ume of death .\ny work relauons

doubtful

Number finding and g sub
re-employment, 6
6 Number presently continuing with employment,
50 (83 per cent)
7 Medical follow-up,
months)
Companson with arsginal evaluation

most recent (range 3 to 48

Physical status Unchanged 37
Improved 3
Detcriorated 3
Dicd 5
Uncertan 12 (Not due for
first medi~
cal follow-
up or no
check 1
year)

ing and would tend to indicate S:;r;;{:ll
selection and placement. As indicat 'num"
the onginal 60 employed are cont ]0;
work. There have been 6 finding re-cmp! A
ment for one reason or another It n;‘;iot
noted that none found his woik 100 ? o
and nenc was required to stop work ded
diac deterjoration except m 5 cases that s

Medical follow-up indicates that lhe::ion
ical status (based on hustory, examir )
and at times on repeat clcclmc'ﬁrql‘v’gg;r;'
was unchanged in the great m:t."".'“)3 bt
improved in 3, and dctcnomlc.d n:,[ \:arL
not to a degree requiring ccss:montd .
The psychological outlook was not
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prosed in 6 mstances, but this must be a con-
senative figure as a most common remark
has been, “You don't hnow how much better
I have felt simce getting busy,”

Daaths

There have been five deaths 1 the em-
ployed group {Table 36-3) Of these only
one would appear to have any work relaton-
ship, and this was 1 a2 man startng a job
agamst advice

Comparson Between Emplayed and
Unemployed Patients, Discussion

Table 36-4 shous 2 tompanson of vanous
factors lsted under Gromp I, Employed,
Group 1, Decmed employable but not yet
employed, and Group III, Deemed unem-
ployable or questionably employable and not
employed Since all these patents have been
evaluated more than 6 months past, 1t 1s
thely that the majory in Growp I may
continue 2s unemployed Whule there are 102
cases analyzed, st is fully realized that sub-
groups are stll so small as w0 make percent-
age figures of questionable statistical sigmih-
cance 1 some wstances Vasous factors will
be commented upon

e As maght be enpected, Groups 11 and
11 have 3 hugher proporiion of thase over 60
and Group 311 has a hugher proportion ip the
sixth decade We clearly recognuze that age
aver 80 makes employment more difficult

epvcaTion The definrtely stnhmng factor
W these figures 15 the marhed wmerease of
special or vocational trainmng 1o the employed
group and abo the wmcreased percentage of
high school graduates in the employed group
Higher education would appear associated
with greater facihity of job-finding

PREVIOUS WORK EXpERiEnNcE * We are
espeaally steuch by the preponderance of un-
shilled workers m Group II, which may be
one of the reasons for unemployment while
decmed employable On the other hand, we

* Unskitled 1 defined ay work requinng no spe-
udl wammg or intelisgence beyond average ta
petform Semishilled w that type of work requinng
5ome on-theiob tsamng of a few weels® duration
20d requinng aerage or better sntelbgence Skilfed
WOtk requires tramng of a year or moze and su-
Pevier inielligence

UNIT it BOSTON kird

sce Group I composed chiefly of sermushilled
and shilled worhers It may be judged that
the high proportion of semushilled and shslled
worhers i Group JI1 15 comardence and
certainly not the reason for unemployment.
It 15 well xecognized by our vecational coun-
selor that increase m degree of work shill
facihitates employment The scvere cardiac
who has never done anything but unshaled
labor is one of the most difficult placement
problems

FINANCIAL 2oSISTANCE These figures are
too meager to be of spectal significance The
mare serere cardiacs, and less employable,
are more apt to be on public assistance The
relatively hugh percentage of Group I on
assstance mught suggest this as a possible
factor deterring them fram work It s signifi-
cant that 12 per cent of Group I weie on
assistance but m spite of tis they became
employed Tt would be unvwise to draw any

1 d I The

fact remamwms that while assistance or compen-
sation may prove a deterrent to worh in some
cases, the more ambiions mndividuals with
fammly responsibilsty are not satisfied wath the
lot 1t affers, and strive to obtan employment

TINE OF LAST WORE TO LVALUATION. If1s
our strong behef that the sooner a cardiac
can get back to worh the better, and the
longer he waits the less good are his chances
of employment These figures show no con-
sistent trend to prove this powmt, but are
suggestne when we note that the largest
proportion of those wainng over 2 years were
m Group I, while the time mtenal de-
creased progressively in Group I

MoTvATION As would be eapected, good
motvation s clearly gher mn the employed
group wlule poor motivation is greatest m
Group 111 It may well be significant here
that guesuonable otivation is highest m
Group 11 While these figurcs do not clearly
define the stuation, there is no question that
motnation of the andividual 15 of prime im-
portance m entploy ment

GCARDIAC ANKIETY We observe a clear pre-
ponderance of mathed cardiae swuety
Group T1I, those unemployed, but the figures
otherwise are not signsficantly  different.




TamLE 36-4. Miocarpial InFarcrion Cases: 102 Cases Wit Sanssacrory Fotow-Us

Factor number, fotal

Prr

cent

Factors 1n compattson of employed ank
unemplayed pattents
Group H*

Groap 1*
)

Nume Pa
ber et

1 Ages

2 Education

3 Previous work experience

4 Financial ad at evaluation

5 Working at evaluation
6 Time from last work to evalua-
ton

7 Mot ation

8 Cardiac anxiety

9 Classifications
Funcuonal

‘Therapeutic

10 Number of prior infarcts

11 History of angina before nfarct

12 Angina after wfarce

13. Hypertenston at evaluation

14 Cardiac enlargement at evalua-
tron by x-ray

Under 40
40 to 49
50 to 59
Over 60

8 yeary or less

Autended high school

High school graduate

Attended college

Not recorded

Additsonal speaial or voca.
tional traimng

Unshlled

Senuskilled

Shalled

Professional

On public assistance

On workmen’s compensation
Compensation pending

Under 6 months
6 t0 12 months
1t02years
Over 2 years

Good

Questionable

Poor
Marked
Moderate

Munimal or none

Marked
Moderate
Mimimal
None

monluudew

Cvervomomaninwsm

SovlboonTuRawma

S83nocudwoouw

14

59
s

86
14

15
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Tapie 36-4

Myocarpiss Inparerioy Cases 102 Cases Yty Samsracrory Forrow-Ur (Continued

Factor numbes, totol

Factors sn comparsson of employed and

wnemplayed patsents
Group J* GCroup 1% Graup I
&0y 25 20y
XNum- Per Nume Per Num- Pe

ber  cent ber  ent B ren

15 History of previous congestive

fadure 7 12 3 14 5 23
16 On digitahs 11 18 2 92 5 25
17 Mercunal diurencs 2 3 Tt 45 4 20
18 Obesity present 17 28 6 2 4 20
19 LCG findings Normal L1 1 45 o
Postenior infarct pattern 25 42 4 i8 7 35
Anteriar infarct patiern 17 28 1 30 9 45
Combined patierns 2 3 T 45 1 5
Ancurysmal pattern [ o 15
RBBB 1 17 2 9 o
LV ¥ pattern ? 12 3 14 4 20
Other ST or T changes 6 10 t o4 0
20 Subsequent death 5 83 1 458 6 30

*Group 1

* Group I Decmed X

Emnployed group, full-nme employment
* Gruup 31 Deemed employable bu\ nol as yes cxnployed
o

oy able and nat cmployed

 Calculated to nearest percentage pmn

1 1n some cases twp factors recorded for siagle patent Percentage i that of total group showing he factor

While cardiac ansiety unquestionably serves
as a deterrent to worh, st is one susceptible
of mmprovement and i most cases 1s not @
long-term bar to employment

GARDIAG CLASSIFICATION, IN ACCORDANCE
WITIE AMERSCAN HEART ASSOCIATION Tt must
he admitted that these classifications tend ta be
arbitrary and may well 1ary from unit to untt
Probably those shown tend to be graded a bit
hegher than mmght have been the case else-
where, yet they should be parable be-

picture with the clear preponderance of Class
C patients m the unemployed group and a
mnonty i the employed group Again the
tugh percentage of Class B m Group II
points out that cardiae capacity in ftself 15
not of major wmportance in the unemploy-
ment of this group

NUMBER OF PRIOR INFARCYTS From lh(!SC
figures st would appear that the number of
prios wiarcts alone plays relannely btle part
in employability, which 1 1 s in agree-

tween the groups Of particular wterest is the
relatnely high percentage of Class 1 patients
m Group II, which m copjunction with
Factors 3 and 7 espeesally suggest that st &
not the heart discase stself that has deterred

ment with our chmeal impression
OCCURRENCE OF ANCINA pEcTORIS The
hustory of angina pectoris before myocardial
wfarcuon {and this applies (o long-term
angma, not prodromal symptomatology) is

these patients from cmpl An almost
tqual preponderance of all groups were
<hnsed as 11 Those of Class 111 are more
numerous in the unemployed group and
smallest in the employed group It is sug-
gested that the fherapeutsc classification may
be of more importance 1n the employment

ly betueen the groups, being
a httle Io“er only s the employed group
Agaws the presence of angina after infarction
s not stnhmgly different except for some
wesease 0 the unemployed group Tt n
arfesting to note the over-all frequency of
angina in this entire series of cases, shghily
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over 50 per cent. This corresponds with our
finding noted under angina pectoris, namely
that this symptom complex is by no means a
bar to employment.

IN PERTENSION Agamn we are surprised to
see the consistent frequency of 36 per cent
showing thus finding in all three groups. For
statistical purposes, hypertension was defined
as a diastolic presswe of 100 mm. Hg or
more A further breahdown of pressure levels
might be more informative It appears that
the compheating presence of hypertension in
itself plays litle part in employability, but in
our opinion those with drastolic Jevels of over
120 mm Hg arc usually not good employ-
nent prospects

CARDIAC ENLARGEMENT Here the finding
of a preponderance of marked and moderate
enlargement among the Group III infarction
cases 15 i accordance with our clinical judg-
ment that this is a relatively poor prognostic
factor, but certainly not an absolute one
Here agam the relatnely high percentage of
Group IT without enlargement goes along
with the contention that the cardiac state in
stself 15 not the chief reason for nonemploy-
ment of this group

HISTORY OF CONGESTIE FAILURE This
factor includes failure at the time of infarc-
tion or subsequently It would have been well
to have separated these There 1s a higher in-
cidence 1 Group III, but the difference 15
not as striking as might have been antici-
pated

usk oF picitaLis This factor is probably
not of great sigmificance, since it depends
very much upon the philosophy of the family
doctor There 15 an msigmficant difference

between groups
s

WORK CLASSIFCATION

conclusions may be drawn First, thete is 2
slight predominance of normal tracings ex-
hibited by the employed group. Second, van-
ous other findings and patterns are farly
cvenly distributed among the groups, tending
to confirm our opinion that the electrocardie-
gram is useful only in helping to confim or
establish a diagnosis,

suBSEQUENT peatus, The higher propor-
tion in Group 11 is to be expected and tends
to validate the classifications Agaw the
small percentage in Group 1T continues ©
argue against serious heart disease 3 2 (s
of their unemployability.
Conclusions R ding C: five Factons

p

Influencing Employment in Myocardiol
Infarction Cases

1 Age is a deterrent to employment. Per-
sons over 60 years of age as well 25 those 1
the latter part of the sixth decade preseat
greater problems.

2. Higher education,
vocational training, facilitates employment

3. While not conclusively demonstrateds
it is our opinion that the higher the degree
work skill, the greater the Tikelihood of en

pasticularly special

ployment
4 No definite conclusion can bc
to the influence of public ﬁ.n';\ncl
compensation upon employability. "
5 The shorter the nme interval from M;r
incapacity to evaluation for work, the g
the chance of employability. e
6. There is an mportant Cune]alloﬂ‘ "
tween motis ation for worh and tm.plo)nb‘ 5 5'
7. Cardiac aniety is a factor i emmpicy
ability, but not 2 major one

. .
ic cardiac classificatio®
8 Therapeutic e chsbes

drawn 3
2l ad o

MERCURIAL DIURETICS This that
the patient has been on regular mercurial
diuretics as a part of his regime Obviously
the cases are too few to be significant, but use
is more common mn Group IIT Use in two
employed patients is noteworthy

osestty The presence of obesity is sur-
prisingly well distributed through the groups,
actually being a bit more common among the
employed patients

CLECTROCARDIOGRAPHIC PATTERNS Two

ears hat more Indi T
bility than the functional classnﬁca}lll::fm'
our experience Class G p;\nents,l“o
ployable, are less apt to be dcﬁmtc y s ione

9 The number of pn'af infarcts ;p(ma-
not an important determinant of emplo}
bility, .

1({ A history of angina pectons e
presence of hypenension. appear 10 ¥
employabality 1elatis ely Imle.

11, While marhed cardia

and e

nee

c entargemen®
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mahes employment a bit less hihely, heart size
Is not in itself an important factor

12. A history of congestive failure and the
use of mercurial diuretics tend to decrease
employabilaty but are not bars to it

13 The degree or naturc of electrocadio-
graphic abnormalities ss not of special sigmifi-
cance in deterfmning employability

14 The patients deemed employable, but
who have not found employment, show fac-
1ors 1o indicate that 1t 1s not the severity of
the heart disease that 1s the cause, but rather
factors of motivation and lach of work shill
and of higher education

15 No clear-cut profile for employabihity
of myecardial infarction cases can be estab-
Iished, especially on the basts of cardiac find-
ngs in themsclves

16 We are left wath the previously stated
behef that the over-all picture of the whole
patient, with major emphasis on a detailed
medical history and i Tud,
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general factors regarding employability of all
cardiacs are similar to those demonstrated for
the coronary patient Not infrequently we see
two cardiacs highly comparable in age,
nature of lesions, and apparent cardiac capac-
1ty, one may be employable and the other
may pot, one may be capable of undertahing
a job of rather strenuous proportions while
the other can do only sedentary work All the
variables of motivation, anxiety, experience,
trajing, habuts of years, and dextenty are the
determinants

It appears that some 60 per cent of car-
diacs as seen by us may be employable,
whether they have rheumatic, congenital, or
degenerative heart disease It is possible to
find suitable employment for some 60 per
cent of the employables with the assistance
of proper counseling By and large, evidence
would indicate that they can tolerate work
well without deleterious effect on their car-
d ular systems

observation of the patients’ reactions to activ -
1ty, tempered by chnical insight and experi-
ence, remams as our primary basts for deter-
mining employability.

SUMMARY AND GENERAL CONCLUSIONS

‘The emphasts of the study reported n this
Paper has been upon coronary heart disease
with myocardial infarction While not specifi-
cally demonstrated here, we are certan that

It 15 our opimion that patients may be satis-
factonly evaluated for selectine placement by
ordinary chnical methods in use 1n most car-
diac clinics, without elaborate or time-
consuming functional studies Unquestionably
the application of the co-ordinated team ap~
proach 1s most highly desirable i reaching
the desired end of employment We beheve
that actual assistance toward employment
should be carmed through, preferably by
members of the team as a sequel to evaluation



CHAPTER @7 EXPERIENCE AT THE CARDIAC WORK
CLASSIFICATION UNIT OF THE HEART
ASSOCIATION OF SOUTHEASTERN
PENNSYLVANIA (PHILADELPHIA)

David Gelfand

The Cardiac Work Classification Unut 1n
Philadelphia, under the sponsorship of the
Heart Association of Southeastern Pennsyl-
vana and the Division of Adult Cardiovas-
cular Diseases, Commonwealth of Pennsyl-
vama, began in Febm;m,', 1952 It was the
decision of the orgamzation committee that
such a unit could be most productive and
useful of admussion policies were confined
principally to persons who were employed or
were considered to be employable A rapport
with industrial firms in and around Phila-
delphia was established for the referral of
their problems of workers with heart disease
Patients were referred from 56 different in-
dustrial and business firms,

In order to avoid loss of tume for employed
referrals and since the Unit personnel were
engaged primarily at their own worh, the
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weehly sessions were held at 6 30f'u Itd“:
felt that better senvice to the patieat ﬂ]f‘ls]wd
the referring source coul.d be a::cor'l'lPdunsY
by completing the interiews, examind

m
and recommendation

group conference, hed wih

one session, This has been al:t:ompAdmism)m
only two exceptions in all cases .
are limited to four new cnses':&! one o
The Unit consists of a c:frdlok’é"i'v a l;nd
chiatrist, a medical social wor rr;“ o
a vocational counselor. In 1953, Tmﬂ bt
Unit, composed of the same dl§€1Pd oo
not the same persons, was ES‘A’:\thhc
duct only follow-up c:«ammamonsl duciphne
It must be stressed that the mu :0 ecou
approach was practiced :fn‘d that e e
mendation was made individually aherence
group conference was held. Strict o e e
to the philosophy of the team apP!
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Tastg 37-1. Ack, 5ex, Race, Sourck of Rererzat avp Jow Status ox Inimai Lvalvamon or
616 Cases
140 grovp ox Race Soune of referral ob siajus on mtsal ctalsatien

reane)
Number Tricats Rebabie Othes  Employed Enployd Sk Unem-
Age  ofcees  Male  Frmale  Whg Mg Indutsy  dmter  dahon  sources Julbme porttme  leave  ployed
BnE 2 ” » u 2 2 ‘. 3 2 1* ° 2 B
under 4 1%)
DM 8 50 13 7w It 2 1 - o 5 9
10 25)
Bwse 3 206 e ¥ - 1 10 ] 6 82 “
51.0%)
Saower 208 203 U 195 43 e #n 3 ® e 1} 62 2
54779
Total 616

540 K
88 87 111 2%

2 13 16 2 is 151 a5
(72 47) 21 27%) (26%) (38%) (52 3%} (2 47 (24 57%) (13 8%)

Tante 372, Recomuenpanons Mabe 10 519 (84 275) Caroiacs on Inmar Evawuation

Age group Unst recommendations on wnitual ealustion
Work Increased  Reducs actusty  Extend concalescence
Number of  usthout Saome work activrty but full tme wth or without Unable
Age cases restrictions (reestrictions)  allowed  return to work  cate, e g, swgoy o work
20 and under 1 3 5 0 1 1 1
21%)
2lta 34 39 2 17 1 8 3 1
@ 4%)
3510 54 262 28 13t 10 62 18 6
{50 5%)
55 and over 207 9 122 6 59 7 8
40 0%)
Tatat 519 49 275 17 133 29 15
@ 5%) (53 0%) (3 3%) {25 6%} G 6%) 3 0%)

abled all members of the team to gain ex-

patients were referred to the Unit by indus-
try (ind I physici ! and

pesience and insight into the problems of the
worher with heart disease, the resulting dis-
ability ang its relationship to employability *
The composition, source of referral, and
10b status of 616 persons who were evaluated
by the Unit between February, 1952, and
December, 1956, are gnen in Table 37-1.
Four hundred fortysix (724 per cent)
* We are particularly indebted to Miss Hopr
Thomson and Mr John Hagan, who have been
with the Unit smee ity inception, and 1o Dr
M C J Prefler, Dr R Monhett, Dr. § Utbach,
Dr S Bullock, Dr T M McMillan, 111, Dr 8
Shapico, Dr D Lewss Dr J Bndogle. Dr P Ot
tenberg, Dr . S Robbins, Muss R Carp, Mrs
J. Wallace, Miss R, Brown, and Miss L Harnick
fof their assistance 1n the operatton of the Unit

Jabor unions) This source of referral ac-
counts for the fact that 331 (862 per cent)
of the patients were working full or part
tume or were on sich Jeave from full-time jobs
at the tme of initial examination The ratios
of males to females, whites to nonwhites, and
age distribution are comparable to other
groups and no comment will be made.
Ninety-seven (158 per cent) patients were
found to have no heart discase This rela-
tively low figure reflects good screemng by
the referting sources The recommendations
made to 519 cardiacs (Table 37-2) were that
47+ {914 per cent) return to full time worh,
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TaBLe 37-3  Act, Sex, Rack, Sourck or REFERRAL, 5D JoB STATUS 0F 374 Fovow-Us Cas

Age group Sex Race

Seurce of referral S states o iival dnsn

Number Fe
f ofcar Mde male  Whte e Indiany

Bureowof
Trcate Rebabili= Other  Employed Employd Scb U

doctor  fatten  sounces full ke perttme bwv i

W0 10 7 3 8 H 7 2 ] 1 4 0 1 s
under (2 5%)

21 t0 34 44 35 9 35 9 32 1 1 ¢ 3% 0 3 s

1 97 ;

Bwse 193 1m0 23 m 20 136 “ 6 7 s 6 % 7
51 673y

55 & 127 1 g 1o 8 92 27 1 7 7 . »

335 3 267 84 5 10t )
88 50 (11 5%) (11 5%) (225%) (1 9%) (4 17%) (58 8%) (27%) @5 4%)

I
o

*S1x apply ing for new jobs
1 One applyng for 2 new job
3 Twelve applying foc joba

Tase 37-4  Recomsenpations Mave 7o 331 CARDIACS O INTTIAL EVALUATION

Age group Unit recommendations on imuteal evaluaiion
Work Increased  Reduce actunty  Extend conzalescence L
Number without Same work acturty but full time wath or without o
Age of cases  restrctions  (vestnctions)  allowed  return to work  care, € 8 , WY
1
20 and under, 6 2 1 [ 1 1
agegroup 1 (1 99) 2 1
21 to 34, age 3 8 13 1 6
group 11 © 4%) 2 4
35 to 54, age 171 18 85 4 48
group III (51 7¢3) s 4
55 & over,age 123 5 s 4 30
group IV (37 ogp)
10
Total 31 3 174 9 85 Ty 0
100%)  (526%) @7%) (25 7%) 0%
nations W

with or without restrictions; in some in-
stances the job could be modified to conform
to the recommended restrictions, in others a
change of job was accomplished

Table 37-3 represents the composition,
source of referral, and job status (on initial
csaluation) of a group of 374 cases who had
one or more follow-up examinations. Com-
parison with Table 37-1 shows lttle or no
change in the composition of these groups in
any category, including ages, sex, race,
source of referral, and employment status.

The Unit recommendation (Table 37-4)
made to 331 patients with heart disease who

had one or more follow-up exami! e
that 301 (91 per cent) could return e
time work. Note again Lh?t lhe.r; L
change statistically in comparison wi
37-2. o
The employment status oft ":;ugilgnu
follow-up evaluation m 374 patien e
in Table 37-5 There was an mmam o
(149 per cent) patients who \\c{cnl "
despite the retirement of 23 'pa(‘w:“eon o
whom were employed or on sich le: e
tial examunation). The changes \\ch o
cases on sich leave and unemp! a).d ol
first evaluated. Of the 95 cases o 5!
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215
Tawie 375  EsmprovMent STatus ov Inmar anp Forrow-Up Evarvatiox or 374 Cases
Fmnial work status Follpw-up status
Status Number of easts Dployed Sich leare Unemployed Retred
Cardiacs  Employed 198 108 & 14 10
331 {83 0%)
88 5%)  Sich leave 20 52 12 14 12
(24 0%3)
Unemployed 43 25 0 17 1
11 4%
Noheart Employed 32 2 [ 0 0
disease. B 6%)
43 Sick leave 5 5 0 0 @
{11 3%) 1 4%)
Unemployed 6 4 o 2 o
&%)
Total 374 286 18 4741 23
(76 5%) 5 0%) (12 4%) 6 15%)

* Housewives (7).
1 Psychopathuc inferior
3 Applying ().

Tasee 37-6  Ocouparton o IMTIAL AND o8 ForLrow-Ur EvALUATION OF 251 Cakrdiscs Wiio
WeRe Wornng ar Tine oF Forrow-Ur

Oscspation on nibal ¢ aluation

Occupation on follow-up ezaluation

Number  Projessional Clenical

Sermr-
Sermce  Skilled shilled  Undilled Housewues

Occupation of cases managerial  sales

Professional managerial 22 21 1
9 0%)

Clencal sales 16 1 32 2
(14 357)

Service 28 27
(10 55)

Slalled I 3 4 4 53
27 5%)

Semiskilled 54 4 2
(22 0%}

Unskilled 37 1 3 1
(14 7%)

Housewnves 4 1
4 %)

Never worked 1
0 4%)

Tatat 251 25 4t 37 87

(100%)

40

32

57 (60 per cent) returncd to work, of the
49 unemploged patents, 29 (60 per cent)
were able fo get full-ime work Thirty-fise
of those initially on sich leave were i the age
group of 55 years and over, of these, 17 re«

turned to worh Of the 23 who retired, 18
were in the age group of 55 years or over
Table 37.6 compares the occupations on
initial evaluanon with the occupations on
follow-up evaluation of the 251 cardiac cases



Taere 37-7 Mepicar Status oy Forrow-Up EVALUATION RELATED 70 EMPLOYMENT STATUS 0¢
Inimtae asp Forrow-Up Lvaruation or 331 Carotac Casts

Inttial work stalus Folloa-up work status Medseal status

Status Number of cases Status Number of eases Inproed  Same Mo
Employed 198 Employed 168 32 13 3t

Sick leave 6 1 4 1

Unemployed 14 2 7 5

Retired 10 1 3 6

Sich leave 90 Employed 52 17t 3 4

Sick lease 12 3 6 3

Unemplayed 14 3 1 i

Retired 12 2 6 +

Unemployed 43 Employed 25 ot o4

Sick leave 0 ] 0 9

Unemployed 17 6t 9 2

Retired 1 1 [

Total 33 331 77 01 8

* 4 cases had commussurotomies
11 case had commussurotomy

EVALUATION RELATED T

TasLe 37-8  MEpicar STATUS anD Lmprovsent Status o Fotow-Ur
Diacnosts of 331 Carptac Cases
Medical status on follow-up .
Diagnans Improted Same Worse
-

Heart discase  Number of cases

Working Not working

Working Not working  Working Katuorkit

Congemtal 4 [ 0
(1 0%

Rheumatic 70 17 4
(21 0%}

Hypertensive 64 2 3
(20 053)

Artenosclerotic 39 [ 1
{12 0%)

Coronary artery 142 29 1
43 0%)

Other 12 3 [
(30%)

Total 331 58 19

16%) %)

who were found to be working at the time

of foll p That the employer
need not lose the shill and experience of an
employee who develops organic heart disease
is supported by the fact that a high percent-
age of the patients remained in the same job
category following evaluation by the Unit. A
few cases were placed in jobs where the

4 [} 0 0
22 9 10 3
33 9 9 !
8
19 8 3
4
65 2 7
6 4 2 1
2
1
149 52 3 2
eow)  @%  00% [
sih greate!
physical activity was Jess but m[t:n SS"W e
bihty, The greatest pr e

shilled occupati’
rclal exertion that mlghf
¢ condition of we P:
the lack of job ”HP?,
il and of training
tered

encountered in the u
required great physi
aggravate the cardia
tient. In these cases
tunities and the lack of
compounded the problems eacoun!
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The question of how well the patient does
clinically when worhing and when not work-
ing is summarized in Table 37-7, Of the 331
patients with heart disease who had a follow-
up examination, the number employed in-
creased from 198 on initial examination to
255 on follow-up examination This was the
result of 52 patients returmng to work from
sich leave and 25 patients obtaining em-
ployment after evaluation by the Unit. The
fact that work does not necessarily aggravate
heart disease is demonstrated in the second
part of Table 37-7 Of the 77 patients found
to be physically improved on follow-up eval-
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heart disease, 49 per cent of the patients with
arteriosclerotic heart disease, and 66 per cent
of the patients with coronary artery disease
were improved or the same medically while
worhing, Eighteen (34 per cent) of the 53
patients found to be medically worse on
foll p jon had a di of
rheumatic heart disease. Of these, 6 patients
were in age Group II (21--3% years) and 10
patents were in age Group IIT (35-54
years). This discouraging prognosis, m a rela-
tively young and productive age group, may
be reversed by early diagnosis and more
definitne treatment (eg, cardiac surgery)

TasLe 37-9 Discnosis AsD ReasoN UNEMPLOMED OF 69 UNEMPLOYED CARDIACS

Dragnosts Reason unemployed
Unalling Temporary
Unable to 1o take job  Unable to cardias
Heart disease Number of cases gelgob  avaable  hald job diness  Layof  Retired
Congemtal 0
Rheumatic 2 4 13 4 1
32 0%}
Hypertensive 4 1 1 2
G 0%)
Arteniosclerotic 12 1 3 8
(15 0%)
Coronary artery 30 9 7 3 1 10
46 6%)
Other 1 1
1 4%)
Total 69 14 0+ 4 7 2 21
* Seven housewives.
uaton, 58 (78 per cent) were working, of especially with the devel and im-

the 201 patients found to be in the same
Physical condition, 156 {77 per cent) were
worhing In the 53 cases who were found
worse, 81 (60 per cent) of whom were work-
g, 1t was felt that the natural progression of
the heart disease was responsible, rather than
the physical exertion of the job

The relationship of the diagnosis to the
medical starus on foll

provement of such surgical techniques, -
An analysis of 69 patients with

disease (Table 37-9) who were we  * ¢
showed that 32 per cent of the
rheumatic heart disease (17 of *
tents were in age Groups I, II,
and 46 6 per cent had coronary

(15 of the 30 patients were over

age) Hyp e heart disease

P
comparing those patients who were worhing
with these not working, 15 given m Table
37-8 Tt s of anterest to note that 56 per cent
of the patients with rheumatic heart disease,
65 per cent of the patients with hypertensive

presents a relatively small L
tonally simce only 4 patients {
this group had this gpndition

Although it is -
the patients’
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cases are closed from time to time, Table 37-
10 shows the reason for closing 112 {18 per
cent) of the total of 616 cases evaluated from
February, 1952, through December, 1956.
Unfortunately, 45 patients did not have a

Tasr. 37-10.

WORK CLASSIFICATION

means of a questionnaire and, in most casss,
cover the period of time from initial evalua-
tion by the Unit to the date of the Iast follow-
up evaluation, The patients with beat
discase lost 88 days per 100 scheduled worke

Reason ror Crostvg 112 Cases

(18%% of 616 Cascs)

Follotw-up status

Reason for closing

Number of Noheart  Will not Addess  Othr
Follow-up cases Deccased  Retired  disease vetwm unknonn  veoass®
Had one or more follow-up 67 23 7 35 1 1
evaluations (60%)
Had no follow -up evaluaton 45 28 5 1 3 [ l
(40%)
Total 1z 12 36 4 6 3
00%) (5 5% (0 7%) (20%) (6% 64w Q¥
* Other diseases such as cancer, unemployability because of mental incapacity.
Tasie 3711 Assentsesss on 191 Casts
Days lost because
Parsonl
easos
Nurber Inpury Other othr it
Diagnosts of cases Work werks Carduac siness on gob wness 045
0
Congenital and other heart disease 13 933 34 ¢ » L
Rhcumatic 26 1,677 438 43 10
Commuss , 117 days
Hypertensive 43 3,185 666 8 32; 2%
Artenosclerotic 2 1247 521 o 270 i
Coronary artery 67 3,398 1,251 38 395 &
Total cardiac 171 10,440 weeks or 2,910 159 10
52,200 work days* P
No heart disease 20 1,533 wecks ar 0
7,665 work days®
25
Total 191 11,973 or 2,910 1,38 S
59,865 work days
* Five days per week
. . . 0.4 day®
follow-up evaluation prior to closing The ing days: 54 days for “'"d""f ﬂlnzcsls, ds 16
largest number of cases were closed because for injury sustained on the jobs sl reasor®
of death and the next largest number be- other illness, and 09 days fol'Pmig days P
cause of the finding of no heart disease The 20 noncardiac patients lost3 3 dags 1o
Absenteeism figures (Table 37.11) are 100 scheduled working days: 1 reasons Mo
available on 171 patients with heart discase  illness and 11 days for Pe"S""'LbIC on tht
- . . o an
and 20 patients without heart disease, These absenteeism figures are % lphua 35

figures were obtained from the employer by

working population of the Phil;



CARDIAC WORK CLASSIFICATION UNIT OF HEARY ASSOCIATION OF PHILADELPHIA

but the information ghen above may be
compared with a national figure of 3+ days
fost by unimpaired workers per 100 scheduded
working days, gisen in Bullstin 923 of the
Burean of Labor Statisics of the Unated
States Department of Labor,

SUMMARY

Qur Moderator has requested “facts, not
presumptions; and numbers, not words™
These have been given, However, 3t must be
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pointed out that in slightly over 46 per cent
of the patents seen, physical factors and job
opportunities w ete less important than socal,
econasie, cultural, and emotional factors m
employment motnation and vocational ad-
justment This Unat, by the full use of the
ludicipline approack to rehabali
has been able (o recognize and m many cases
to help adjust some of the factors that have
p ted the i of the
patients’ vocational capabihties




CHAPTER @ RESULTS OF STUDIES AT THE WORK
CLASSIFICATION CLINIC OF THE CLEVELAND
AREA HEART SOCIETY

T.V.Parran,H. K. Hellerstein, D. Cohen, and

E. Goldston

This report presents a statistical analysis of
some of the experience of The Work Classi-
fication Cliic of The Cley eland Area Heart
Society evaluating persons with real or
suspected heart disease, and 1n assisting them
to return to competiuve, productive occupa-
tions

The philosophy, composition, purposes, and
modus operandi of The Work Classification
Chinic m Cleveland have been presented by
one of us (1) and are basically similar to
those originated by Dr. Leonard Goldwater
in 1941, at Bellevue Hosputal in New York.

MATERIALS AND METHODS

The records of 595 cases were selected at
random from the initial 1,000 patients re-
ferred during the first six years of the Clmic’s
operation. A total of 1,272 new patients have
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been studied to date. During this inler\i]:
3,526 follow-up examnations and 4,795};‘1
tient visits were made A coding system ©
been used since the Clinic was 1"aundcrl1dx
provide detarled mnformation (78 items ¥

Tue
TanLE 38-1 DiSTRIBUTION OF CAsu(;:“c
CLEVELAND VWORK CLASSIFICATION
enf
Nunber of Number of asts ’ZI;IJ
(June to June)  new cases  n present study

5
1950-1951 155 17 gf ;
1951-1952 123 103 i
1952-1953 132 83 93
1953-1954 213 105 53
1954-1955 225 102 358
1955-1956 232 83

Ma; 4

1956-1957 192 0

595

Total 1,272
_ Towl w2 P —
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provision for 9 sariables), ghving a compres
hensive picture of the medical, social, and
rocational aspects of the study and of the
foll ion This inf ion was
transferred to IBM code cards for statistical
analysis The distnbution of the 595 cases
analyzed is shown in Table 38-1, The present
Teport consists of the data of the initial eval-
uation and the most recent follow-up esam-
mation of these 595 cases

SOURCE OF REFERRAL

Prirate physicians referred 66 4 per cent of
the patients, mdustrial physicians 178 per
cent, hospal and clinic physicians 98 per
cent, social agencies 4 9 per cent, and 12 per
cent of the referrals were self-mitiated Jount
referrals submited by both the industrial and
prvate physicians were considered mmstisted
by the sndustrral physician Several large w-
dustries m the Cleveland area have recently
adapted the policy of sending all employees
to the Work Classification Chmc after a
heart attuck for evaluation before returning
them 10 work Referring companies represent
3 eross section of Cleveland mdustry, manu-
factunng, transportation, public service, gov-
erament, wholesale and retad trade, and
canstruction

DESCRIFTION OF PATIENTS

From the medical, social, and vocatiomal
standpoints, the patient load 15 considered to
be reprosentatine of people with heart disease
i Cleeland

Age, Sex, and Color

The prepanderance of males m this study
{880 per cent wales, 12 0 per cent females)
I consistent wath that in wdustry and n the
gereral populanon with heart disease The
color dutribution was 904 per cent white
39d 96 per cemt Negro (In Cleseland, 23
Per cent of the general population 1s Negro )
The population was 2 smature, adult popula-
¥1on, with 65 5 per cent of the group 43 years
and older (Table 38-2) The group with
degencrathve heart disease was the oldest
Sixty-two per cent of the rhewmatic heart

Tanis 382 Ace anp Luotacis Coasuncanor

W I w5 535 wa e Tw

Boboeom o 4ot @ o pam
Eoclgy  qn 3B H B S5 S s b
Rbcumsne 830 18 12 55 13 & 3 1 1
Longemtal 5 e H t4
250 850 4 7 4 &
UCVD and
ASHDY toUi 1355 27 9 9 g
ASHO 41 T8 48 42 M g9 2
Car pulmanale t3 o 2 41 2
Syphikue vozos ERR
Enclogy
uaknana L S T S 2
Moheartdwsae 2015 3 S 3 2z | 1%
Touat 1870 43 T 102 93 8T 7S 34 si5
Per cent 25 12 7 1) w15 14 13 g
Nussber 03 281 504
Per cent e a2 153

*HOVD, Hy pertensos canbiovascular dsstase,
4§ ASHD, Arterosclorntic heart duease
disease group, 19 per cent of the degeneraiye
heart disease group, and 73 per cent of ghe
patients with no heart disease wesp yongr
than 45 years of age

Etsologee Clussificaton

The etiologic types are represctatise 4
those usually encountered in clingud fu,.
disease with 185 per cent in the te upy
group, 668 per cent in the degriarup.
woup, {39 per cent wih B hrt D,
heart discase, 19 9 per cent with Bypae s aens
and arteriosclerotic heart duweaer, L, 00 e
per cent with hypertensne ¢as¢,,.., -
disease}, 24 per cent with wy P
2% with congenital cardiac anep, iy« S
cent with syphibue heart djw ... [
cent with no heart duscase, and 77 :;
with heart disease of undetggy. ;
Twenty-eight cases were sl .
and were classified under 1}y
diagnosns

P
.,

A, :
A e ipay

Functional ang Thewp#u!icﬁiv,,;e’_,/, .

When classified accordis,e , ¢ .
the New York Heart Arsiitn, o
of the patients were plar,g P -
per cent in Class 11, f4¢ o ';’
HI, and + 7 per cantwprr, . 7
One patient with 10 by . LIt e
fied I € on a moncgy 7 % =

propostion of patientsg, " # "&f
" etirie

o Copan
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than in the degenerative group were classified
as IIT C or worse (Table 38.3). The relation-
ship of functional and therapeutic classifica-
tion 1o worh status and follow-up mortality
will be discussed later

Medical treatment was estimated to be
adequate in 78 per cent and inadequate in 20
per cent of the patents at the time of the
initial visits The adequacy of the medical

WORK CLASSIFICATIO

cases and especially common in the grou
without heart discase (62 5 per cent). Obest
occurred in 195 per cent of the entire sere
in 4.5 per cent of the rheumatic group, an
26 per cent of the degenerative group Gal
bladder disease and peptic ulcer, present o
past, was noted in 16 per cent of all cases
oceurring in 242 per cent of those wit
arteriosclerotic heart disease, 170 per cent o

Tantr 38-3  FuncriovAL AND THERAPEUTIC CLASMFICATION

Classifications
Exology 18 1C HBC
Rheumatic 20 2 48
Congenital 9 5
HCVD 13 2 23
HCVD and ASHD 9 5 68
ASHD 48 7 127
Cor pulmonale 6
Syphilitic 2 3
Etiology unknown 15 1
No heart discase 24
Total 140 16 281
Per cent 235 27 475

Posstble
and Not

HIC Worse potential  classified  Totdl
28 10 1 109
1"
6 2 1 47
28 7 1 18
40 ¢ 3 231
7 1 "
3 1 _:

4 1 2

1 5 2 32
17 28 5 8 595

195 47 08 13 100 0

care did not vary significantly from this ratio
for the various etiologic groups

Family History of Heart Disease

A reliable detailed family history was ob-
tained mn 504 subjects. Similar heart disease
was present in 56 4 per cent of the hyperten-
sives, 1n 515 per cent of those with arterio-
sclerotic heart disease, in 70 5 per cent of the
subjects with both arteriosclerotic and hyper-
tensie cardiovascular disease, and 23 7 per
cent of those in the rtheumatic group Ten
of the 28 cases in the group with no heart
disease gave a reliable famuly history of heart
disease. Similar heart disease was present in
the famuly histories of 3 cases in the con-
gemital group.

A iated Di. of Sianif

The most common and probably the most
important associated disease state was that of
emotional difficulty (anxety, tension, alco-
holism, etc ), occurring in 39 per cent of the

the hypertensives with arteriosclerotic hcﬂ‘lh‘
disease, and 8 2 per cent of the patients W .
rheumatic heart disease. Sigmficant P“o
monary diseasc was present m 12 pet C;mﬁ&
the cases Musculoshelctal disability, art ;,nnd
periarthritis, or post-infarction .\‘fluu[d';'i' b:m
syndrome was noted 1 9 per cent, 62 6
mellitus in 5 per cent, and renal disease
per cent of the cases

Somatotypes

On cach patient’s init
mate of body types was made by lh;c;
ogists, and the patients were classil A
the method of Sheldon, Dupertuss, 30 o
Dermott.? Correlations between this ;ﬁans
estimate and more piccise detcnnf: e
performed by Dr C W. Dup;:‘c"dcgm_
proved to be surprisingly go?d i
erative group showed predommani € o
morphy (50 per cent), whie nem .
with rheumatic mitral dn'scasc ‘!:]e 84
dominantly ectomesomorphic (Ta

fal visit a rough &4
ardiok
using
Me-
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Tasre 38-4 Boox Tive ano Heakr Disease
Vot

Dragnons Lndomorph b Vesomorph b Ectomorpk  done  Total
Rheumatic. 3 37 18 50 18 3 109
Congesutal 2 3 5 4 14
HevD 3 22 9 3t 1 1 47
HCVD and ASHD & 67 20 23 2 118
ASHD 5 107 43 8 7 231
O pulmonale 4 7 2 t 14
8 plulire S 1 2 H 9
Etalogy unknaw 1 3 6 9 t 1 2
No heast discasc 1 9 7 10 4 1 32

Exercise Tolerance Test (Table 38-3)
Eaercsse tolerance tests were considered
saluable 10 providing some objecune infor-

number of the rheumatc angd artenosclerotic
patients had abnormal responses (Table 38-

5} Extensne myocardial infarction was not
i 4

matwor about the patient’s d work
capacty The standard Master exercise toler-
ance test over tea anch steps exacts an ex-
pendsture of cnergy of 8 calories per minute,
which w a significant peak load, rarely ex-
teeded a0 hight or moderate occupations
Respanse to exercise was considered ab-
normal f symptems or signs of

) d with a poor
to the prescibed exercise of the test. Pa-

monary emb

pp
cluded (1) pam, angina, marked dyspnea, cya-
nosis oy venous distention, {2) fadlure of the
cardiac mechamsay, siaus tachycardia with 2
heart rate above 125 per minute, paravysmal
tachycardia or archythma or premamre
beats, (3} electrocardiographue esidence of
impaired conduction, e, A-V block or
bundle branch block, {(4) coronary msuffi-
cieney as indicated by ST-T changes i the
electrocardiograms  (in absence of digrahs
), and {5) persisten

cardia after 3 munutes of rest (Table 38-5)
Excraise tests were performed routinely n
all cases evcept i the presence of uncompen-
sated congestise fadure, recent myocardiac
wharchon (within 3 months), or possible m-
pending nfarction {recently increasing angina
pectons). The Master cxercise test was per-
formed in 453 of 595 cases ‘The response was
sboormal m 342 per cent and normal i

Faste 39-5 Laeaosy Towsmasce Tests
Respanse
Enofogic Mumber —
- dlassification tested  Abnormal Normal
d These m-
o9 76 342 658
Congental
06 w0 200 800
HCVD
(an 36 139 86 1
HLVD and ASHD
(118} 85 41 2 588
ASHD
(231} 190 40 0 L
Cor pulmanale
RY 7 570 $3o
Syphulitic
of tachy- 9 8 50 0 50 0
Unknown etiology 17 176 824
No heart dhsease
132) 24 o 100 0
Totat 453 342 ©8 5

{598} 355 cases) (298 cases)

nents with Jarge ventncular aneurysms base
had a normal response to this exercise test.

i Data of Iitial Visit

638 per cent Ab £ resp were obe
tained 15 all categones with heart disease
The nonspecificity of the test for coronary
discase 15 shown by the fact that a sumilar

At the tune of the imtial visit, 40 per cent
of the panents were employed, 60 per cent
unemployed This distabution was simiar in



the various ctiologic groups, except in the
cor pulmonale group, where 12 of the 14
cases were unemployed (Table 38-6).

Tastt 38-6 Lurrovuent Status sy Lriorocic
CrassiFicaTioN, TRsT Viut 70 CLEVELAND
Work Crasstrication Cuinig

Em- Unem-  Un-

Enology ployed  ployed  known Number
Rheumatic 36 7 2 109
Congemtal 8 6 14
HCVD 12 35 47
HCVD and ASHD 44 74 118
ASHD 103 128 231
Cor pulmonale 2 12 14
Syphiliic 4 5 9
Undiagnosed n 9 1 21
No heart disease 18 13 1 32

Total 238 353 4 595

Per cent 400 593 07 1000

Employment status correlated closely with
functional and therapeutic classification
{Table 38-7) Only 30 per cent of the cases
with T A classifications were unemployed,
while 86 per cent with a classification of
worse than ITI C were unemployed, with a
progressne increase in unemployment per-
centage from the T A to the worse than IIT
C classification It 1s interesting that 4 of 5
cases with a classification of possible or poten-
tial heart discase were unemployed

VOCATIONAL CHARACTERISTICS The em-
ployment history obtained at the initial visit
indicated a stable work background Fifty-six

per cent of the patients had worked § yexs
or more at the last place of employment, 3
per cent more than 10 years, and 23 per cent
more than 20 years

The educational bachground of the pa-
trents varied Twenty-three per ceat of the
patients had completed less than 8 years of
schooling, 29 per cent had completed high
school, 8 7 per cent had completed at feast?
years of college, and 1.7 per cent had &
tained postgraduate status.

The variety of the occupational and mdu-
trial classifications of the patients reflects the
breadth of the clinic expenence and indicatss
that heart disease occurs in all occupations
(Table 38.8). All levels of occupauond
classifications with the exception of famung
were represented, from the top Jevel man:
agerial and professional to the \msk'xlkd
Iaboring groups Of the jobs held by paticats
n this series, 397 could be categorized a5 10
skill. Thirty-seven per cent of these were
classified as shilled, 43 per cent sermishitled,
and 20 per cent unshilled.

Vicher

L P e 4

tions than did any other ettolagic grouP
All industrial classifications were fCP™"
sented in the patient load, but four u;x}t!f
many patients were listed in the Afl 4 :;;p
facturing category as in any other &
Table 38-9). N
( A signiﬁca)nt change in occupational of x:s
dustrial classification as a result of e

Taste 38.7 Retantonsute of DupLosment Status ro Funcriovau
AND THERAPEUTIC CLASSIFCATION AT INTzar VisiT

Enployed,  Per  Unemployed, Per

Classtfication Number  number  cent number cent

Ia 49 34 70 15 30
1B 90 53 59 4
rc 15 7 47 8 53
us 148 60 40 88 60
nec 130 47 36 83 64
mac 116 31 27 83 7:
Worse than III © 28 4 14 2 20
Possible and potential 5 1 20 4 pos
Unclassfiable 6 1 17 i i

Not classified 8
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Tastr 388, Occuratiovat CLassrication

Brrore ILavess

Oacupratzanal classefication Number Per cent

Professional oceupation 22 4
Sermprofessionat 1 2
Manageral & official 3t 5
Clerseal & kandred 54 9
Sales & wndred 53 9
Domestic service 1 2
Pessonal serice 29 5
Protectine service 24 3
Sersiee work {porter, ct¢ ) 2 3
Agnoulture, horticulture 1

Shalled "2
Sermushalied 12 2
Unskilied 78 13
Housewle 4 2
Ynemployed 12 2
Self-employed 36 6
Not classified 26 4

Total 3
Tass 389 DInoustaiar Crassacanon
Berane Iruntss
Number Per

Industrial clasnification of cases cent

335

The patwent’s attitude toward the clinic
at the snitial visit varied, depending upon the
possble sigruficance of the climi’s findings
The attitude was frendly, however, by a
seven to one ratio Hostility, when present,
appeared to result from the notion that the
clinic represented either 2 threat to con-
tinued employment or pressure toward em-
ploy t, depend: upon the empl 3
status of the patests who shibsted this
attude

Anuety was strilingly smportant in all
categones Forty to 50 per cent of the pa-
tents m all etiologe groups were apprehen-
sne beyond the reality of the siuation The
genesis of this anxiety has not been analyzed
statistically i the present study The capacity
to accept the impact and the fact of heart
disease was apparently unrelated to the em-
ployment status Approasnately 60 per cent
of both employed and unemployed subjects
were unable to accept their sliness mtellec
wally and emotionally Twenty-esght per
cent of the patents were eacessnely pessi-
mustic about job opportumnes Only 4 per
cent were considered to be hypomotnated

Farming and muning 4 07
Contract and camstruction 25 40
All manufactunng 281 470
Transportanon and commumication 43 70
Wholesale, retait 75 130
Finance, real estate, and snsurance 2 20
Service andustry 55 85
Government 34 50
Not elsen here classified a 70
Not classified 255
Total 505

observed 1 slightly more than half of the
patents, creating a need for careful voca-
tonal esaluation

Social Factors

The ar 1 heart disease group was
particularly hypermotnated

DISPOSITION OF CASES AFTER INITIAL

The disposition of each case was much
more complex than merely mahing recom-
mendations, and was dependent mawmnly upon
the needs determined at the mutial wisit
Reassurance on 2 suppertne level was e
dicated i 710 per cent of the cases Fifty-
e1ght per cent were felt to need mtellectual
witerpretation of the medical suwation Voca.
uonal gudance, with vanying degree of
thoroughness, was sequired by 42 per cent,
vocational rehabshtation by 12 per cent, and

From a social dp the §
was i

physical to improve work

P
of urban Cleveland, being
mmedically nomndigent (960 per cent), mar-
ned with dependents (89 0 per cent), and
beset by financiml responsibsiives and pres-
sures i approsamately 650 per cent, despite
pension plans and unesployment asurance

sn 7 per cent Need for emotional
rehabilitatson was recognized sn 28 per cent
of the cases

The nceds were many i all etiologic cate-
gones, and usually multple w wdwidual
cases (Table 38-10) The rheumatic group
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Taue 38-10

WORK CLASSIFICATON

APPARENT Nrevs AT JamiaL LvaLuatiov

RHD  Congenstal
(707) 7
T i

Vaocatonal gudance 48 57
Vocational rehalulitation 23 14
Physical rehabilitaton 10 7
Avocational guidance 1 [
Emotional rehabihitation 31 14
Intellectual interpretation 56 43
Reassurance (33 50
More medical RX 32 7
More diagnasis 3 1%

Cor Unlsacr A

Degmoatne  pulmonale  Syphais  HD  HD
%) [t5)] ® [ I
% % % % %
41 50 4 3 1
8 » n ® s

6 14 n 5 ¢

2 20 ] 3 o
28 21 ° 23 “
60 43 67 n B
7 79 55 62 B
15 “ 45 24 &
3 0 [ “ ’

speaifically showed a greater need for more
extenstve vocatonal and physical rehabibta-
tion and more intensne medical treatment
than did any of the other cuologic groups,
owing to the younger age, shorter and more
restricted vocational experience, and assoctate
embohic neuramuscular complications.
Vocational recommendations were hhewise
many and muiuple m mdividual cases The
present occupation or employment status was
judged satisfactory in 35.0 per cent of the
cases; in each etiologic category, approxi-
mately equal pumbers were graded up and
down, ie. 22 per cent and 27 per cent re-
spectively, In 65 per cent of the total study,
no employment was considered feasible In
the rheurnatic group with a more limited
functional capacity, this jud; was made
in 119 per cent The rarious recommenda-
tions were implemented by the appropnate
member of the clinic team Attempts were
made to effect proper job placement by re-
assignment withun the same plant or job
modification when indicated Job transfer
was suggested m 18 per cent; referral to job
placement services 1 18 per cent; vocational
counsehng in 155 per cent; referral to
sheltered worhshop in 6 per cent; suggested
formal psychotherapy in 7 per cent, and re-
ferral to family or other social agency in 2.3
per cent Indwidualized interpretation of the
medrcal situation and supportive reassurance
were gnen to virtually all subjects Subjects
were referred to appropriate communty
facilities (Table 38-11) Seventeen per cent

Tapee 3811, REFERRAL 10 COMMUNTY AGENCES
Arrer Inmiar Vi

Nunber Pt

Agenaies of ces ad

3

Employment OSES, 3VS, V6B “;f 17' )

Welfare CWB, DR, S&5R. hon

Famly Scrvice” JFSA, FSS B o

Vocational service and traming Q8

Physical rehabilitation. GRC, BVR 5 4

Hospitals 7o
Other

emnployment

of the cases were refered to -
agencies after the initial Jsit, and only
Ifare agencies

cent were referred 10 Wwe)

FOLLOW-UP OBSERVATIONS

il
Follow-up study has been SEK;‘:::‘:L’:M
but § cases. Ten cases were disc ” ot

the mnitial visit because there W

1ro6-UP

Taste 3842 Duramon of F0
Numbrt P ol
158

4
1-6 months :g I
6-12 months 8 206
1-2 176 T
23 },i:: 07 o

% 4
3-4 years ‘65 73
4-5 years . o
5-6 years w >
No need for follow-up ? 0%

Contact Jost

1000

595

B D
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hsease, and no reason existed for their
ollow-up. Of the remaining 585 patients,
contact was fost in 5 cases Thus, follow-up
vas obtained i over 98 per cent of the cases

The duration of the follow-up s sum-
ranzed in Table 38.12 In 30 per cent of
he cases 32 months or less clapsed between
he inttial and Jast sosit, 30 per cent 1 to 2
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none of those with no fieart disease The
functional and therapeutc classifications at
the onginal chime visit showed a proguostic
trend, sice osi follow-up the mortahty pro-
gressed with the classifications { Table 38-13).
Groups T A and B had the lowest mortaluy,
8 per cent, one thurd of which was noncar-
dac, Groups I C and 11 B and C had a com-

Tapte 38-13  Reratiovsite o8 TyNCiovaL ans TuERArPEUTIC
ClastrcATIoN &7 Osioiat. Cuinie Visit 1o Susssquent Morzants

Died Cause of death
Classifization Onginal ~— ~ -
on ariginal cisit population  Sumber  Per cent Cardiac Noncardea
1AB 140 1 8 7 4
1¢ 16 31 3 0
1B,C 281 LA 1 46 ¥
me w7 42 34 0
Worse than 111 © 28 13 4 12 '
Possible and patentsal 5 o o [ 4
Nonclasfiable 3 o 3 0
Fotat 505 s 105 2

Tante 38-14  Cranoe ™ Caroac Srarus oy Foitow-Uy

Not Dtttnorated  Per een

Efiology Total  {hed  Unchongrd  Improted BWoree danfid D E W D E W
Rheumatic 09 28 45 25 14 3 k3] 38
Congenital I o 9 s o e ] o

D 4 8 23 8 7 o 15 32
HOVD and ASHD 18 31 43 18 31 2 62 5t
ASHD 31 40 13 51 27 3 & 23
Cor pulmanale 14 3 5 4 2 o 5 3%
Syphilitic. 9 3 2 2 2 o 5 55
Usnidagnosed heart disease 21 3 12 5 2 [ 3 14
No beart disease 32 0 28 1 [ 3 0 o

Total 595t 261 120 83 t 196 32

yeats, 30 per cent 2 o § years, and 8 per cent
+ years or more The follow-up duration for
each etilogic group was comparable
Mortality

Of the total study group of 595 cascs, 111
Cases (185 per cemt} are hnown to have
died, 23 per cens of the sheumatie group, 20
per sent of the degeneratise group, 21 per
cent of the cor pulmonale group, 5 per cent
of those wth undragnosed hearr disease, and

parable mortahty, 19 and 17 per cent respec-
wely, Group ITT €, 29 per cent, and worse
than 11T ©, 46 per cent Deaths were duc to
cardtac reasons sn 105 cases, and noncardiac
reasons in only 8 cases Although no patent
died on the poby, 56 of the 111 ded whiie
employed

Change in Cardioe Status on Followe-Up
In 65 per cent of the cases, the cardiac
status ssas unchanged or wnproved {Table
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38-14). Twenty per cent improved, 46 per
cent remained unchanged, 14 per cent de-
teriorated, and 18,5 per cent died, If the Jast
two groups are considered together, de-
tertoration occurred in 32 5 per cent of the
cases This percentage is relatively constant
for the various etiologic groups, with possible
exception of the group with both hyperten-
ston and arteriosclerotic heart disease, where
50 per cent deteriorated In contrast, the
arteniosclerotic heart group deteriorated in
29 per cent, with a 17 per cent mortality.
The relatiely higher mortality rate of the
rheumatic group is related to the initially
poor classification,

Change in Occupational and Work Statys
on Follow-Up

The work status m the follow-up isit re.
mained unchanged from that of the initial
visit in 44 per cent, improved in 33 per cent,
and deteriorated 1n 9 per cent Thus, in the
sunivors (excluding those who died), the
work  status improyed approximately 32
tunes as often as j¢ deteriorated (Table 38.
15) The improvement in vork capacity was

Tasie 38.15 Chiances v Carorac anp Exprroven
Status ar Forrow-Up ar CLEVELAND Wory
CrassiFicaTion CLinic

Emplorment status Cardrae status

Status (per cent) (per cent)
Unchanged 44 47
Better 33 20
Worse 5 18

Died 18 18

estimated to be dye to reassurance, interpre-
tation, emotional rehabilitation, and jm.
provement of cardiac function, oceurring
spontancously after medical
physical rehabilitation i sheltered
shops.

The change in the employment status may
be considered from the standpoint of the em-
ployment status at the tume of the initial
evaluation, The mortality rate of the unem-
ployed group was higher than that of the
employed group, 1e, 218 and 14 3 per cent
respectively; as mentoned Ppreviously, the

work

WORK Ctassirica

heart discase was more advanced in
former group In 64 per cent of the emplo
group, the employment statys remained
changed In the unemployed group, ¢
244 per cent remained unemployed, and 4
per cent obtained employment At the foll
up visit, 70.5 per cent of the hning subje
were employed,

Compensation or Death Claims

To date, there have been no hnown leg
claims that illness or death was produced !
employment of any of the subjects aft
evaluation by the Cleseland Work Classifca
tion Clinic,

SUMMARY

A statsstical analysis has been made of data
obtained on 595 subjects evaluated at The
Work Classification Clinic of the Cleveland
Area Heart Socicty A team approach mte-
grating  medical, vocational, and socol
scrences has been used The subjects were rep-
Tesentative of a large cross section of Clee-
land industry They were adults, prcdwf;
inantly white and male, nonindigent, and ;;E
a stable yet varied work bachground.
etiologic categories of heart dnsealse also \;s;:
Iepresentative of chnical heart disease ‘1{\:“{
ical therapy and evaluation were const fc[ha
adequate 1n approximately 80 per cent o e
cases. Multiple factors dtlermmcd. th? o
ployability of these subjects. Emotiona e
tors, particularly undue :lpprehcn'smn by
anxiety, were exhibited by most subjects o
vocational needs were dnerse, and ‘", I
dnudual cases were multiple. fﬂmmk hal
needed sigmificant 1 ocational gundance" -

During the intersal of follow-up, ;:i »
preciable mortality rate occurm‘! ﬂnl s
correlated, rather well, with the m:.ua il
mate of the functional and therapeutic ca}; -
ity. Nevertheless, twice as many sur ; "
either remained the same or 1mpra\d e
deteriorated, from both the cardiac an

loyment standpoint. .
cm’I}‘)hiy’EIevcland {’Var}. Classification ;’[‘;‘:
has helped patients with h.eart dxs;af: bt
employment, retain their jobs, an A
assigned. Over 50 per cent of the ¢as
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inally unemployed at the mitial visit ob-
tamned employment. At the follow-up isit, 70
per cent of all the living subjects were em-
ployed

The wide variety of jobs held by the sub-
jects with heart disease dispels the concept
of a cardiac job. To date, there has been no
evidence that rccommended employment of
the caidiac subject 15 dangerous to lumself or
tus employer There have been no compensa-
tion claims.

»

w
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CHAPTER @@ WORK CLASSIFICATION UNIT SURVEY

Sidney §. Sobin

The matenal in this report 1s based upon in-
formation obtamed by means of a question-
naire that was submutted to 35 Work Clas-
stfication Units in the United States Twenty-
five units replied to the questionnaire. One
of them characteried itself as a diagnostic
clinie, two unuts did not provide data for this
study, three units were Just beginning their
work or were bemng organized, and three
other units were inactne A number of major
work classification units were not mncluded
in this survey, their experiences are bewng
Ppresented at this Conference, 1234 This re-
port consists, then, of the results obtained
from 16 umts

It is granted that questionnaires may be
influenced in thetr construction by the bias of
the questioner Often he may seek to affirm
or deny his own experiences or opinions. This
was patently true of the questionnaire used
in the present study Howezer, certain ques-
tions were drawn up to collect factual mate-
rial and other questions were designed to re-
veal the absence of certamn data A survey of
this type can reveal attritudes only rarely but
the nature of the reply as well as the data it

.

furnished, more often than x.mt, pmﬂded‘
over-all impression of the unit’s oper.ahon.
The data collected from 16 active un
have been grouped 1n 11 major headx;gsbl
far as the replies make this possible ( ﬂm
39-1 to 39-11) Several specific questions
also included 1n some of the tables Thﬂel Z
clude- (2) the number of patients M}‘.h :c]a
trocardiographic abnormahties, (b) the
tive value of various parts of Ehc ex: T
tion, {c) the value of the umt in pron:“'“;
rehabilitation, and (d) the use of the uccs ;
teaching In view of the \udc‘dlﬂ'cri:‘g .
purpose and manner of operation a[mmo“ p
various units, specific summarics O e
the data cannot be drawn Comme‘?lt ‘m;\jor
made upon trends that appear i the

categories.

amin3

Unit Characteristics s 15 showt

The character of the various units e
1 Table 39-1. Nine of the units v::r,;anslm.
m type (8), si were for pilot ° ol tore
tion purposes (P), and one was m‘\v patients
search (R). A total of 2,130 ne e
were studied in all units and there ¥
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WORK CLASSIFICATION UNIT SURVEY
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new patient cxamunations in 1956 Re-ex-
amination at chosen intenvals was specified
by most of the units, The frequency with
which units met varied greatly; some units
met daily whereas athers met only on request.
The majority met biweehly to semimonthly.
From one to three new patients were exam-
ined at each meeting in the average unit.
Most of the units operated in the outpatient
department {OPD) or chinic of the hospital
or medical school with which they were as-
soctated

Referral Source

The sources from which the patients were
referred vared considerably (Table 39-2) In
some 1nstances the sources were highly di-
versified with patients coming from private
physicians, clinics, industries, unions, public

WORK CLASSIFCATIO

agencies, or being sclf-referred A small num
ber of work classification units operated pn
manly for the State Department of Emply
ment or the Bureau of Vocational Rehabi
tation {BVR).

Occupational Classification ol Referrsl
The data regarding the clasficanon of
paticnts at the time of referral to the variou
umits are too incomplete to allow anytun
more than a general impression (Tdl
39-3) It may be scen that in the 10 un
submitting information that could be casi
fied there was a broad spread through &
major job classifications, with some emphs
sis upon the shilled, semishilled, and us
shilled categorics. Pavents from the profes
sional, managerial, clerical, or sales oocupt
trons were much less numerous. In certat

TaBLE 39-2  SouRce OF REFERRALS

Unst number 1 2 3 ¢

56 w2 B HBL

Referral source
Private physician
Industnal physican
Chime
Industry
Union
Sell
Public agency

Public assistance
BVR

Dept of Employ
Schoot

Social agency

72

x 72
84

ooococoh

74

o

Legend C, University Rehabihtation Department, x,
Bureau of Vocational Rehabilitation

BYR
referral source but other data not available,

TaBLE 39-3  OccupATioNAL CLASSIFICATION ;
5 1
Unst number 2 34 5 g9 B Ml
Occupational classification at referral g1t
Professional and managerial 419 2 s 2 '
Clencal and sales 14 14 7 1 I
Service occupations 8 40 x 1
Agnic, fishery 0 03 6 x o2
Stalled 63 53 6 x s 3 2!
Semushilled 9 23 5 x st 5!
Unshulled 27 20 ? 9

Students
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Taere 39-4  Eucisirs

Unit number 23 4

5 6 7 n 1506

Engibibity criteria
Dhagnosis ht discase
Doctor consent
Employed at referral
Fre-cmploy. exam,
In compensation htigation.
Acute illness
Financial kmuts
Charge

L+
I+t

L

+ suspect

|+
4
1+
Y

+

LIS ]
L+

VA +

BVR agency

TasLe 39-5

Examinive Group

Unit number H 3 4 5

Exanunng group
Internist-cardiologist
Psychuatrist
Rehabiitation
Placement
Tob analyst
Techmcian
Psyeh social worker
Psychologust
Social worker

4+

L

[T
)
L+ i+ 1+
(R R

1

+

4+ H+

(L

6

RS

1

7 & 9 10 m 12 13 M 15 16

Y+
[IE R
|44+ ++

I+
L+
L+ 0+
|+ 4+t
[

1
I
I ++1

+1
V4
I
I
i
1
I
I

units with special interests or location, all the
Ppatients were in a single occupational classi-
fication, as 1n Umit No 5 m this table 1n
which all the patients were in agnculture

Efigibnlity Critenra

A diagnosis of heart discase at the time
of referral was necessary i only nine of the
units {Table 39-4) The consent of a phy-
sictan was required 1n 12 of the umts Only
one unit required that the patient be em-
Ployed or have a job to which he could re-
turn In a few instances the patients were
eligible only 1f recovered from acute illness
orf there was no mvolvement 1n workman's
compensation litigation In no instance did
the unit charge the patient for services and
Bo pauent was excluded by financial hmi-
tations of the clinic jtself

Components of Examining Group

The staff of the umts responsible for ex-
Amining and evaluaung the patients vaned
considerably from unit o unit (Table 39-5).

All units included an internist or cardiolo-
mst There was no common pattern as far as
the rest of the personnel was concerned
From the designations shown m the chart,
1t 15 seen that almost any combination of
stalf may be selected

Companents of Examination

The various units were consistent as far
as the standard examining procedures were
concerned, including the history, chinical ex-
amination, electrocardiographic and fluoro.
scopic examunation of the heart {Table
39.6) Most units also carried out an ex.
ammation of the blood and urine. Eleven
units used the step test 1o eheit electrocardi-
ographic abnormalties suggesting coronary
msufficiency and one umt used standardized
work on a treadmill Pulmonary function
studics were done rather infrequently The
laboratory procedures and the referral data
were considered adequate in the majority of
units making this information avatlable,
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‘Tante 396, EXAMINATION PROCEDURES

Ut pumber 2 3 45 0 78 9 0onon nBHNnL o6

Adequatr referral data
Lxaminaton components
Data by patient
Social history
Psychiatric
Tob analysis
Work tustory
Medical and cardiae
KG

+
1
+
“+

T+ 4

[T

k9

Fluore

X-rav -

Blood -

Unne -

Exercise test

Pulmonary function
Adequate laly procedures

[T S S

B e S RS Tt
R e e

1
I

R R
P L I e

B N e
[ S AT
R T A R e

v
ks
=
| bbb bbb | L

[ e T Ry
I Y I s

+

i

B I s
R R R
B R e e o

P

+ +

Legend +, present, —, absent, #, done irregularly, 5. step test, T, treaduull test, +(V, vectorcardiogras
+/B, bathstocardiogram

TAvLE 39-7  CHARACTERISTICS OF PATIENTS

»
Ut mumber ’ 2 3 4 s 47 & 9 w0y 2 @ ¥ B
—— — e ——"
Pavient charactersstics 652
Age distribunion 15-60 20-61 20-74 2161 32-77 20-60 16-65  15-65 18-35 1769 2247 :g "
Average 50 50+ 4650 42 50 0404555 41 dssedr 0%
Sex Male w3 2 1wz s o ms s 20
Female 52 3 %2 2 ¢ 18n 7
Dependent family size 24 3 4 3 w0 908
Educauon Grade 50 44 15 29 7 s M
High school 12 6 4 15 6 2 ¢ N
College 8 20 4 o 10 o ot
Profesanal 2 4« 0 e s o
Years employment present w 8 B
Job S years 12 15 4+ 3
154 [ 30
Duranon of cardiac s 2t
illness 0- 6 months 3 4 3 % 4
6-12 months i 1 ‘. 2 PRI
Oser 12 months 47 40 7 5
‘Hospitalizanon due to heart 5
discase 81 13 ? 2me
Work days lost by allness
Compensation livgation B
Before WCU exam 3 o N
After WOV exam 2
(00
. , o . ent was
Characterishcs of Patients and its impact upon his C"‘P'""’Z’Iusm_t The
. B . ' oH
‘The panents studicd in all the units were  meager to permit any broad C'D]ds el
similar in character (Table 39-7). The age information that the survey yi¢
range was broad, vath a mean between 0  in Table 39-7.
and 50 years Males were in a strong majority
in all units. In the resy to the q > Unit D disease encO“““"Cd in
naires, the information concerning the size The types of heart dis! e except 68 che
of the fanuly of dependents, the education of  the various umits were sumiar of thes
e jncidente

the patient, his years of previous employ- regional differences in th

fcipate
PR . : H o anticipd
ment, and the details of his cardiac illness matic heart disease, which wer
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{Table 39-8). In most of the umts, 10 to 20
per cent of the patients referred for study
were found to have no evidence of heart dis-
ease. One third to two thirds of the patients
seen mn the vanous units had coronary artery
disease, This high incidence of coronary ar-
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teriosclerosis 1s felt to be a reflection of the
age level of the patients studied.

Unit Reports
In ncarly all the units, the reports were in
narratne form (Table 39-9) Form letters

Taste 39-8  Finpings

Untt number 1 2 3 4 5 6 7 & 9 0 12 13 415 16
Unit findings
Total number new patients 76 125 133 24 45 208 14 7 53 930 55 25 18 45
No heart discase 7 4 30 6 7 26 3 197 9
Hypertension 2 2 2 6 6 1 32 1
Artenosclerotic heart disease 41 81 74 13 27 88 5 5 308 24 12 11 14
Angina pectoris 2 16 12 3 8
Mpyocardial infarction 8 1 2 9 3
Rheumatic heart discase 12 33 6 5 7 65 3 2 210 21 6 3 8
Hypertensivc c-v dis. 0 4 9 2 2 28 6 3 5 2 9
Luetic 5 1 2
Congenutal 4 3 1 1 11 1 12 6 1 2
Ht dis with pul dis 1 2 1 3% 2 0 0O
Pulmonary dis. without
heart discase 1 14
Other 14 1 1 1 177 2
EKG abnormality
Total 27 25 25 18
TasLe 399 Unit RouTine AnD Espiiasis
Unit number 7 2 3 4 5 6 7 8 9 W01 12 131415106
Of mast value 1n examination
History + + 4+ + o+ + + + + +
Physical examination + o+ +
Patient conference
Rounely hetd + 4+ o+ o+ -+ o+ + + 4+ -+
Al personnet + o+ o+ o+ + 4+ o+ o+ o+
Panent attends R A A - - - -a -
Patieat informed W CU rec
By letter +
By own physiian + + + + + +
By WCU + + + -+ o+ -+ + - +
Unit report
Type of report
“Form™ + b +
Check st +c + +
Narrauve letter + o+ o+t 4+ 4+ + 4+ o+ -+ +
Phoned +
Sent to
Referral source C o+ 4+ o+ + o+ o+ 4+ +
Private physician + 4+ + F o+ + +
Industrial physician + + +d + +
Does WCU promote rehabititation® + + + + + + + + + + + - -
Is unit used 1n teaching® - 4ec Hf - - - + - - - H - - -

Legead a, irregularly, b, now abandoned, G, work capacity report only, d, seat only at patient’s request;
© unit integrated 1n s0cial work and rehabihtation teaching, f, postgraduate medical teaching.
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and chech lists were used uncommonly.
Physicrans tended to prefer a comprehensive
narrative report, whereas the various agen-
cies showed some preference for a more
simple report such as a form letter or a
check dist In the majority of the units the
history was considered the most important
segment of the examination, All but two of
the unts felt that the worl, classification unit
helped to promote rehabilitation Five of the
16 units were used in some form of teach-
mg

Cost of Operation

Seven units supplied information regard-
mng the cost of their operation  (Table
39-10) Tt s not clear whether these reported
costs also included less apparent items such
as the cost of chnic, office space and main-
tenance, and supplies, postage, and other
stmilar materials Although it would be
highly desirable to Anow the cost of the
operation of the classification unit per pa-
tient, the data resulting from this suricy do
not make available a reliable figure

Comparison of Work Status on Referral and
Unit Recommendations

An effort was made to compare the work-
Ing status of the patient at the time of his
referral to the unit with the recommenda-
twons of the classification umt and its fol-
low-up data In many instances the informa-

TasLe 39..
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tion made available was incomplete,
half of the units reporting did not provide
follow-up information relative to thelr own
work recommendations Nine units did pro-
vide sufficient information to draw upa
table that is of some interest in the mattr
of reclassification (Table 39-11). It is clear
that a significant percentage of the patients
studied, who were unemployed because of
heart discase, or who were on restricted pro-
grams of work, were recommended to full
work programs.

In the original questionnaire references
were made to duration of 1llness, duration of
uncmployment, and follow-up recommenda-
tions These questions have been deleted
from the table since almost no rephes to
these questions were obtained.

Nearly

Conclusions

The tables are intended to show only 2
summary of the information obtained The
survey docs permut certain conclusions p;r
taining to the operation of nearly all the
work classification units that rcspondrdk]:
the questionnaire It is clear that mucd
needs to be done to obtam a simple f?fl“
account of the work of the various units, 10
provide complete and accurate, comprth:;‘
sive data concerning the patients examnt -
to make available some means of evaluann:
and vahdating their work rerommcndal;ﬂol’;;
to establish consistent and uniform met

10 Costs v Dorrars

”

Lt wumber H 2 3 4 5 6 7 & e g0 n

Cost of WCU operation

£00

Total yearly 8004+ 17000 7500 4500 12000 2“‘;".(
Medical director o 200 paid pad #pe
mo  ma nd
Cardiologsst 2 g5 100 pad vl ol 2@ 12 50 50 research P
s ks mo 3000 sess . aret 1250
Social Worker 205 pad 300 pad pad » pad 10 bu
mo mo " w
Secretary 65 mo pad pad 3000 by
Technicran pad 100 pad 3500
b sl
Other conta (tab, cte) budget budger hosp
cont,
Vocational counselor 210 pad pad pad e
mo
Rehab counselor pad
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) Taste 39-11. REerexrAL WORK Status aAnp WCU RECOMMENDATION

Unit number 7 2z 3 4 5 8 9 12 13 M 5
Uneurroven® 46 59 12 7 7 4 45 14 0 14
WCU recommendation
Sick leave [ 3 1
Restncted work 47-5NF 4 34 15 142NF
Full work 8-2NF 12 4 4
EurLoven 813 129 12 37 7 3 l4sg 5 4
Employed, on sick leare 13 49 6 [
WCU recommendation
Continue leave 7 1
Restnicted work 12 16 3 1I-NF
Full work 1 26 3
Employed, restricted work 0 1 2 2 13
WCU recommendation
Suck Iease 2 5-4NF
Restncted work. no1oa7 2 103
Full work 17
Employed, full work 50 11 15 1 3
WCU recommendation
Sick leave 1
Restncted work 9 6-3NF 2
Full work o 11 9 1 1
Legend g, total of 193 patents (45 ployed, 148 cmployed), the work relatve to

referral work status was 87, same, 90, restricted work, 4, increase, and 12, retired. NF, not followed
* Unemployed owing to heart disease

of recording, collecting, and reporting ob- BIBLIOGRAPHY

servations and results, and, finally, for de- | proverec L M Expenence of the Worl

termuning actual costs of operation Classification Unut at Bellevue Hospital First
It 15 not the purpose of this report 10 \Wisconsin Conference on Work and the Heast,

make critical comments concerming the van. New York, Paul B Hoeber, Inc, 1959, Chap

ous work classification umts It 15 clear that 35

most of the umits reporting provide a defi. 2 Crark, R J Expenence of the Cardiac Work
nite service to the community in which they Classification Unit of Boston, Massachusetts
function and, gencrally, a service not avail.  First Wisconsin Conference on Work and the
able elsewhere If the specific needs of each ~ 2f¢#rt New York, Paul B Hoeber, Inc, 1959,

Chap 36
memtxn\ty are mct, the e.xlsten(‘e of theunit Gerrano, D Expenence at the Cardiac Work
is justified Howeer, 1t is apy thatm Uit of the Heart Assocraon of
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done, not only in the techmque of operation  Furst Wisconsin Conference on IWork and the
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CHAPTER 4]@ EXPERIENCE WITH CARDIACS AT THE
ALTRO WORKSHOPS*

dbraham Jezer

HISTORICAL BACKGROUND AND SETTING

The Altro Health and  Rehabilitation
Services has had over 10 years of experi-
ence with the rehabilitation of tuberculous
patients and for more than eight years has
been concerned with rehabilitation of pa-
tients with cardiovascular ilness In 1954 it
began accepting patients recovered from
mental 1llness

The major occupation provided is at the
smgle-ncedle power sewing machine. This is

*This investigation wag supported by grants
from the National Hearg Institute, the United
States Public Health Service (Contract Number
SAph 59478), and the New York Heart Associa-
ton. Studies were made together with the Evalu-
ative Study Staff ncluding B. J Black, Admumistra-
tor; Dante] Adelson, Social Piychologists Floroe
Haselhorn, Caseworl Supervisor, Leopold Bellak,
MD, Psychiatrsst; Glona Aucrhan, Caseworker;
Irwin Friedman, Caseworler, Hannah Chnstall,
RN, Nurse, Annabelle Replansly, Jr, Reseanch
Asustant, and Brunah Szapira, Marjan F. Loew,
MD, Shirley Madonick, and Libby Eigen, Staff
Assistants

.

sedentary worh, demanding little ph):‘.l
energy output It is possible {o.r :dmost’ ;1
one with some manual dexterity, and {“‘
dull normal intelligence up, to learn ‘hvc;:;t
plest sewing operations in a "mmb,tducfd
period of time. Payment for \\or.L P s
is on a piecework basis at dn.: hx.gh;& e
set for sumilar processes in unionizc d:e "
try in the aty of New York When | L
tient can sew a straight scam, he “ém
simple garments to work on, and he
to earn for his production. "
Obnously, C\prn if the new Altro m;li[:l‘l’x!m-
were shilled at the sewing machme,ld s
ited number of hours of work \ml; e P
his productive income. For mo.sx of il o
tients, for many weehs carnings es and
below the income needed for themsc] Hoalih
their families. Therefore, the Ahf;m b
and Rehabilitation Services su.bsl;d .
earnings up to the dectflt nuni sent
requirements for the family H‘ lhi ‘:-ip(f‘ o
eligible for publc assistance, it i
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that this, too, will be drawn upon. Many pa-
uents reach a point of full self-sufficiency
before they Ieave Altro Workshops, earming
as much as they may do later in the gar-
ment trade outside or in other occupations
more suited to them

1t should be pointed out that, over the
years, careful studies of both the tubercu-
lous and cardiac experience have shown that
only 15 to 17 per cent of Altro graduates
have actually gone into the garment operat-
ing trades. The vast majority are rehabil-
itated folk, who have rcturned to or gone
into a wide variety of other trades and occu-
pavions. In a very real sense, Altro has been,
for most of its graduates, a transiional ex-
Ppenence to normal vocational Iising

During the past two years, the Altro
Workshops have added two new programs,
one is a classroom 1n office and business
machines practice; the other 1s a work-study
Program in sewing machine repasr These
are heyed mto the factory operations in such
2 way as to lead naturally from a classroom
setting 10 job testing, to preparation for job
placement

DESCRIPTION OF ROUTINE FOR CARDIAC
PATIENTS

At the time of applicauon, all previous
medical, social, and vocational history 1s sc-
cured to determine whether the patient re-
quires the services provided by Altro and
can benefit from them After exanunation by
the cardiologist and an interview with the
Patient and his famuly by the social worker,
the patient is started usually on a schedule
of three or four hours of work The patient
visits the Waorkshops i advance of his ac-
ceptance Duning the period of rehabilitation
2 the Workshops, he is re-examined pen-
odically by the doctor, and seen by the so-
<al worker as often as his condition re-
Quures,

MOURS oF work The patient spends the
full working day at the Worhshops, but
»orks only the hours prescribed by the physi-
©an o the Workshops The patent com-
Pletes half of his daily assignment, has
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luscheon, and rests two or more hours Then
he repeats the morning procedure and feaves
for home at 5:00 r 1. In some instances, if
the patient has a long ride home, he may
feave earher As his hours of work are in-
creased, the rest period 1s shortened untl he
has only one hour for luncheon A station
wagon transports the cardiac pauent to and
from the nearest bus or subway station.

SELECTION OF TRAINING Jn an mdustrial
plant, workers are selected because of shills
for the work to be performed At Altro, they
are selected because they have physical hmi-
tatons, require carefully giaduated work,
‘have not worhed for many months or years,
and fear any physical activity, often beliesing
they should do less work than the doctor
recommends The manager of the Workshops
1s given the patient’s worh history, vocational
objectives, the doctor's recommendation, par-
ticularly as to whether the patient may re-
qure sheltered employment for a long or i
definute period With this information, subse-
quent observation, and discussion, the man-
ager decides which pauent shall receive in-
tensive trade traming and which is to be
taught one or more simple operations Trade
union rates are paid on a production basis
from the moment the patient is able to sew 2
straight seam and his work can be used.

RETURNING To wORK The Jength of stay
at the Workshops is determined by the pa-
tient's medieal and psychological progress
and his work objectsse If he plans to return
to his old job and this 1s not contraindtcated,
he 1s advised to stay unal he has demon-
strated his ability to work the number of
hours that his old job entails. If his interest
1s to return to school for educational or vo-
cational traming, the doctor uswally permits
graduation from the Workshops when the
patient has reached a level of five to six
hours’ work, if he believes that at the com-
pletion of the chosen training the patient will
be ready for normal work Housewnes are
also senved at the Workshops,

AGE ON ADMISSION AND CRITERIA OF ADMIS-
sion, Patients are admitted between the ages
of 18 and 60 Exceptions have been made
when former employers agree to reemploy
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patients. Unfor the space
at the Workshops has limited the number of
pattents who, because of the chronicity of
their disease, cannot be expected to return to
mdustry. However, there is no age limitation
among the limited number of cardiacs in the
long term or permanently sheltered category,
at present mahing up 20 per cent of the total
capacity Patients up to and including Class
11 G, according to the functional classifica-
tion of the New York Heart Association, are
accepted

FACTORS ASSOCIATED WITH SUCCESS
AND FAILURE IN REHABILITATION

The guestion which, 1 a sense, touched
upon or embraced all the purposes of the
project as originally outlined was  “What
factors are assocsated with success and fail-
ure in the rehabilitation of the disabled car-
diac?” To answer this question, two separate
groups of patients who were served at the
Altro Workshops at different periods of ume
were analyzed These included 14 sened
from the opening of the Workshops for the
cardiac disabled m 1948 through September,
1953, and 58 patients served from October,
1953, through August 31, 1955,

‘The two studies were done separately. The
analysis of the first group was concerncd
with four areas: (a) medical, (b) socal-
psychological, {c) experience at Altro Work-
shops, and (d) worh history and education
One hundred thirty of the 144 patients were
also rated on the rebabilitation level by the
supervising caseworher These were the pa-
tients who had completed the period of re-
habilitation at Altro as of September 30,
19533, including those who had become out-
siders, the workers who form the regular staff

1 provided the follow-up in conuat
with the personal interviews that were wed
for the original group of 144 pancnts.

Cases of 144 Cordiac Disabled Served ot
the Aliro Workshops

Follow-Up

While periodic follow-up from 198
through September, 1933, chiefly via mah
had been made from the beginning of the
patients discharged from the Alro Wok
shops, for the present study a more compre
hensive follow-up questionnawe was pre-
pared and as many of the patients as po&
sible were scen in a personal interves. In

dditd a foll P g for
physicians was used. On the basis of ths
follow-up, a judgment by the supersrs
caseworher was made as to whether or not
the patient was a success of 2 failure in ¢
cordance with predetermined enteria.

Record Analysis and Coding

The medical, casework, Altro \\'.orlsl’i'DP%
and other records, follow-up qutsuonn:n“ié
and other available material were analyx
and a profile on each patient was P’C’P":b
on the basis of the over-all code. Sﬂ‘h!
quently, success or falure was related 1.0(1]
various factors m each of four ares' ¥
medical history and history of Cf"dmm
ness, (b) history of work v:.vrP‘-"""”“t he
education, (c) Mistory of expenente ?liﬂ'
Altro Workshops, and (d) psy chosotis
dicators

Over-oll Code p

The final code evohed from 2 ;}aﬂ:‘:ﬂ_
sources It came primarily from ;‘ t:;e o
sons who had worhed dosely: wit o
diac program at Altro since its mcr:;;ﬂbgmy
February, 1918, indudmg the ﬁa hgadof

of the Altro Workshops or per Iy shels
tered, te, those who are able to continue a
productive work life only while in the spe-
cial environment provided by Altro, and
have been accepted on thus basis. The analy-
sis of the 58 patieats served {rom October,
1953, through August, 1955, was not quite as
comprehensive and did not include ratings
on the rehabilitation level. A mailed ques-

the psychutnst, the ad
the project, the casew 4

i €
social psychologst, and the m:
research staff, Schedules and qUesBO

isor, WE
orh superv o’“h‘

mbers

. . Yorhie
(b) the questionnaire used in the
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Study of Mental Health (New Yorh Hos-
pital); (c) the Massachusetts General Hos-
pital Study; (d) Dr Leopold Bellak’s classi-
fication of “Reactions to Illness.”

General Description of Cases
SEX, NATIVITY, AND ETHNIC BACKGROUND.
Of the 144 clients, the vast majonty, 124 or
87 per cent, were male and 29 or 13 per cent
were female. The large number of male,
foreign born, white, is notable (Table 40-1).
Tazie 40-1  Distrisution or 144 Carotac

PATIENTS 8 SEX, NATIVITY, AND
Enivic BACKGROUND

many occupations (Table 40-3) Twenty
seven patients or 19 per cent came from thi
garment operating and associated trades
This was followed in frequency by the fac
tory, clectrical, mechanical, and building in
dustry workers who made up 24 or 17 pe
cent. Only 9, or 6 per cent, fell into the pro
fesstonal or managerial category. This dis
tnbution follows the general occupationa
character of our population,

TasLE 40-3  OccLPATION BEFORE ARD AFTER
TRANG AT ALTRO WORKSHOPS

Number  Numbe
See,natuty, and Magor oceupation before after
ethme background Number  Per cent
and 1 9 2
All paty Clerical 6 15
patients 144 w0 o 12 A
Male, natne born white 54 57 Seruee T,
Male, foreign born white 7 5o Agncultural
Female, natise bown whie " s Truck, bus, and taxi drivers 1 1
Female, f Garment operating and associated
male, foreign bomn white 8 5 e » 20
~ Business owners 13 4
AGE ON TO ALTRO Ninety Butchers, bakers, chefs, food industry
patients or 66 per cent fell in the age ranges worhers 12 4
36-45 and 46-55 Twenty-fivc or 18 per Factory, dmf;w- m=ch:m°='- a0
cent fi building industry workers
at fell in the age ranges below 36, 22 or 15 Muscellaneous occupations (house-
per cent 1 the 55-60 age range Onlv one wises) 12 4
client was in the 61-65 group (Table 40-2)  No work hustory [ 36
Mayor occupation not known 1 16
Taste 40-2 DusrrisuTton oF 144 Attending school — 2
CARDIAG PATIENTS BY AGE
ON Abuisston Total 144 129*

* Fafteen sull 10 rehabilitation program at the
at the tume of the study

Ageon admission  Number  Per aent
All ages 144 100
18-25 1 8
26-35 14 10
36-45 43 30
46-55 53 36
5665 23 16

EbUCATION Of the 105 chents for whom
information as regards education was avail-
able, 43 or 41 per cent had completed
clcmcntary school, 29 or 28 per cent had
some high school, 15 or 14 per cent had
completed high school, and only 9 or 8 per
cent had gone beyond high school

3AJor occuraTion The clients came from

STABILITY OF WORK HISTORY BEFORE ONSET
or wrness The majonty of clents, 111 or
78 per cent, had faurly stable work histories
and were classified as having had regular full-
ume work Only 13 or 12 per cent were
placed 1n the irregular employment category
(Table 40.4)

MARITAL STATUS AND CURRENT FAMILY
stasiLiTy Of the 144 clients, there were 92
or 6+ per cent widowed, 27 or 19 per cent
single, 5 or 3 per cent divorced; and 9 or 6
per cent separated Seienty-four or 52 per
cent were rated as having good current fam-
ily stability, and 37 or 25 per cent as having



Tane 40-4, Distriaunion or Carnisc Panenry
BY STABILITY 0F WoRk History Besors
Onstr oF Ttiness

Num P
Stabilily of work hustory b cent
M patienss 144 100
Regalac fall-ame employment ur 7
Irregular employmens 18 12
Ateeaded school and had never worked 6 4
Housewnves 3 2
No information 6 4
adequate current family stability, and 32 or

22 per cent as having poor current Ffamily
stability.

Most of the Altro clients come from 1he
lower and lower-middle socioeconomic strata
This judgment 15 based on our knowledge of
their educational and occupational bac.
grounds, as well as their incomes and Places
of residence.

Since in this group Altro was selective
sith respect (o age, functional classification,
and other factors, we do not know whether
the bercentage of those i the various age
ranges or in the functional classifications
really reflects the community need

TABLE 405 Distrisurion 5
Funcriovar CtassiFicarion
Fanciranal classification Nuwnber  Per cont

—
All patients 144 100
IB 21 14
s 4 3
I1c 6 4
nc 87 60
mc 23 16
nrc-urp 1 1
o 1 1
Not established 1 1

FUNCTIONAL CLASSIFICATION f functional
classifications as determined by the criteria of
the New York Heart Association are grouped
together thus: begst including 1 B, 1C, and
II B; middte including IT Q; and poorest in-
cluding IIT ¢ and 11T D, we find that 87 or
60 per cent fall in the middre group, while
31 or 22 per cent fall in the best, and 25 or

work CLASSIFICANON.

17 per cent in the poorest classifcations
respectively (Table 40-5).

ErI0L0GY. As regards etiology, 92 patiens
or 64 per cent had arteriosclerotic or arteris
sclerotic and hypertensive heart dear
There were top few instances of hypertenson
s 2 cause for disability from heart diease o
provide a separate stagistical analysis; there
fore the seven patients i this etiologeal
classification are included here. In addion
there were six or 4 per cent who were thst
fied as functional neurosis as well as arteno
selerotic, or arteriosclerotic and hypertensne
heart disease There were 43 or 30 per cent
who had rheumatic heart disease (Table
40-6).

TanlE 406 Disswizurios ev Erowoe

Etialogy Number Ptcct

]

All patients 1454

Rheumatic heart disease
Artenoselerouc and/or hyper- "
tensive heart disease
Congenutal heart disease

TB penicardius

—

Analysis of Factors Assotiafed with
Success and Failure

Examinmg the factors related to suﬁY
and failure i cach of the four areas }‘:'xﬁ
conuderation, this report will give, © XR
the findings for those facm.rs that apptﬂ‘:"
lated, although many additional facters -
studied, as can be seen by the tud;e {nrcw
of the four arcas Of the 130 dmn:n:.(é
were rated on a rehabilitation level, sl'm o
per cent were considered fuﬂy rehabil ;nle“
25 or 19 per cent were considered Ft «cr;‘
rehabditated; and 45 or 3§ per cmt -
rated failures, Fourteen clients weve no e
on a rehabilitation level either bccauzn o
were still 1n the process of rghabduan I
the Workshops or an insufficient pe
observation had elapsed

Medical Faclors e
The most striking. if not unexpected

in the re
tor related 10 success and faiture
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abilitation of the caidiac disabled is func-
wonal classification (Table 40-7)

It is seen that there was a defintte trend
or the better functional classifications (o be
associated with success, 1f Classes I B, I C,
and IT B are grouped together as the best
unctional classification, we find that 26 or
93 per cent were cither successes or partial
successes  Filty-one or 65 per cent of the
I C's or middle functenal classification

Taste 40-7 Reratiov of Fusetiovat
CLasSIFICATION 7O SUCCEss AMD
FAILLRE 1N REHABILITATION

Suwces  Pauoawact  Falun
Num Por Nume Jer Aume Pre

Foctional desnficaon b cst b ant ber et

—

1B1c 1B 0 7 6 2 2 s

ne 7 e s 18 3

nicmn 34 5 a2 15 64
Tota) © 2 .

—_——

were habl. d

y or partially
Finally, the 1T C group or poorest functional
classification showed only eight or 38 per
cent successful or partially successful in re-
habihitanon Ig appears that the chances for a
successful rehablitation after a transition ex~
Pberience at Altro are very high 1f the cardiac
function permats, On the other hand, if the
Physical condition is very poor, chances of
successful rehabilitation are rather small In-
deed, thiee of the cight patients m the
boorest functional classification who were
© d y rek d  were
cither permanently sheliered or employed at
Altro. Functional classification m itself does
not, of course, provide a complete yardstich
3 to potential for success and fatlure Par-
Ueularly does it fail to differentsate the pa-
Uents in Class II C. It also fails to account
for failures in the best and successes m the
boorest functional classifications

LENGTH OF ILLNESS AT TIME OF ADMISSION
0 aLTRO The next most striking, if not un-
xpected, finding was the way m which
length of illness at time of admisston sep-

53

arated the successes from the falures (Table
10.8)

There was a definite tendency for those
who had been 1ll for a long period of time to
fall nto the failure column. If the patients
shown n Table 40-8 are divided into two
groups, we find that n those who were 1ll
from 0 to 29 yems, 46 or 75 per cent were
successfully rchabilitated, whereas m three or
5 per cent rehabilitation was partrally success-
ful, and 12 or 20 per cent were failures In
the group of patients who had been ill for 3
years or more, rehabilitation was successful
m only 13 or 22 per cent, partially successful
1n 17 or 29 per cent, and a failure 1n 29 or
49 per cent

Tabre 40-8 Revatroy Berween Lencti oF
Treness AT Tiue OF ADusssioN anp Success
Anp FatLurg 1V REHABILITATION

Partiat

Succtss success Fauture

Aume P Nume P Aum P
Lowgth of rilness ber mt Yo et b amt
0-5 9 months 7 100 - = - -
6-119 montks 16 84 s 210
1419 sean 176 2 7 8 30
2-29 ycans 6 75 - = 2 25
3-39yeam o 4 4 4y
4 ycars and over 2o 18 3t 29 4

Toral 0 E 4

When length of 1llness and functional clas-
sification are taken together, we have an even
more powerful tool for sorting out successes
from failures. This 15 more striking for the
patients in Class II C than for those n the
best and poorest classifications With respect
to the II C functional classification, 35 of 44
or BO per cent of those in the 0-29 years
category were esther fully or partially reha-
bilitated, as contrasted with 14 of 31 or 45
per cent of those unemployed for 3 years or
more

If the patients in the best functional classi-
fication are considered, 11 or 100 per cent of
those who had been ill for 0 to 29 years were
fully rchabilitated This 1s contrasted with
eight fully successful and three partially suc-
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cessful rehabilitations in 11 of 12 or 91 per
cent of patients in the same functional classi-
fication but who had been 3l for 3 years or
longer Considering the patients in  the
poorest functional classification, it was found
that three of six patients or 50 per cent of
those ill for 0 to 29 years were fully rcha-
bilitated, compated with no fully and five
partially successful 1esults n 16 or 31 per
cent of individuals in the same functional
classification but ill for 3 years or more In
each category there were a few clents for
whom information was lacking

Tant 40-9 Recation Berweens Linctn or
Tuiness aND LEVEL OF REMABILITATION IN

WORK CLASSIFICATION

sclerotic and hypertensie group There were
no failures among the seven patients clasi
fied as having functional neurosis {emotiont
disability) as well as rheumatic, asteroscle
rotic, or arteriosclerotic and hypettensie
heart disease. If age 15 considered separateh,
and distinguishing the cases accordmng to
ctiology, 1t was found that there was ks
chance for successful rehabilitation m p
tients with rheumatic heart disease who wert
over 35 years of age and for pauents wih
arteriosclerotic and hypestensise heart drae
who were over 50 years of age

Always heepmg 1n mind the basic meded
factors related to success and fature in -
the vanables within the ot

major sections of our code were conside

next Both Wosk Hustory and Educetion and
Psycho-Soctal Factors may be judged, at Isasl
to some extent, at the time of applcation
and finally at the Altro Workshops Experr

Work History and Education w
STABILITY OF \ORK BEFORE ONSET OF L
ness There 1s some indication that »or

e IT C F Cu,
Pornel
Success success Falure Total

Lemgth  Awme Por Num- Fer Sume Per Nume Fer

ofdiness bt mt bo amt b et bee cent
. ence
0-293eam 32 7 I 9 20 4 100
3-20 years

adover 5 16 9 2 17 s 3 100

Toal ¥ 2 2 5.

*For 12 of the 87 1n the I1 C fanctional classification, length of
Uiness at ume of admsion could nat be ctsblshed
Table 40-9 shows that length of iliness also
helps to anticipate full and partial successes
or failures in the patients in the II C func-
tional classification Individual cases taking
an unexpected direction still have to be ex-
plained But taken together, functional clas-
sification plus lengsh of 1llness would seem to
offer a pretty good device for predicuon In
comparison, such factors as sex, nativity, and
ethme  backg d, age on admsion to
Altro, and etiology of heart disease do not in
themselves appear strongly related to success
and fallure at the Altro Worhshops It was
noted that there was a higher percentage of
failures i those with rheumatic heart disease
than in those with arteriosclerotic and hyper-
tensive heart disease Fully successiul rehabili-
tation was achieved in only 13 of 35 or 37
per cent of patients with rheumatic heart dis-
ease as compared to 42 of 83 or 49 per cent
of those in the artenosclerotic or arterio-

stab bef is related
ity the onset of tllness 8 lal
tability before the o

to success There were 66 per cent "
for those who had regular fullume Joos
before onset of illness

The stability of work history
onset of illness may help us better to
tate the cases in Class I C In &
tional classification, of those with ““cctss
employment there was only ene full sll; o
as compated o two partial successes an o
failures. Sumilarly, for those with lﬂfg““”
employment in Classes I B and 1€ th;’e
only one full success as com}mred ’;Eh A
partial successes and one iax\urc.h e
that so many of the Altro pauents anmaﬂ
lar full-time employment before the o,]uabh
illness makes this a somewhat less v
index for prediction of results

TIME WITHOUT WORK BEFORE COHt el
ALTRO, There appears fo be 2 deﬂn; Ebe ot
tionshsp between time without \v{ofl
coming to Altro and success or far e
those withous werh for less than l;\a o
49 or 58 per cent were SUCCESSES

Before the
differea-
s funts

anG 10
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per cent swere partial successes; and 18 or 21
per cent were failures. In the group who
were without worh for from two to threc
years, six or 40 per cent were successes, tho
or 13 per cent were partial successes, and
seven or 47 per cent were failures, When the
individual had been without work for three
years or longer, there were no full successes;
two or 17 per cent were partial successes, and
ten or 83 per cent were failures

When all these facts are taken together,
the time sithout work before coming to Altro
appears to be a sigmficant factor determining
success or failure, The chance for rehabilita-
tion of a patient in Class III C out of work
more than a year and of a person i Class
11 C out of work more than three years ap-
pears very shm indeed The length of time
without work hefore comng to Altro 15 an
indication of exther very serious heart discase

ass

I B and I C therc are no married failures.
In contrast with those who were separated
or dnorced, 72 per cent of the marnied men
and 60 per cent of the widowed men were
esther full or partial successes Perhaps in-
stability reflected 1n work experience as well
as in marriage may be the common denomi-
nator for the failure to adjust successfully

TaBLE 40-10 MARITAL STATUS 1v RELATION
10 LEVEL OF REHABILITATION
Partial

Manital  Sucess  suicess  Falue  Total
status (Number) (Number) (Number) (Number)

Married 44 17 23 84

Widowed 5 1 4 10

Single 9 6 11 26

Separated 1 1 4 6

Divorced 1 — 3 4

Total 60 25 45 130

or a severe 1 disorder d
upon less serious heart disease The severe
organic IT C climically resembles a 111 C, and
aless severe IX C is lifted into the II C cate-
gory by supenmposed psychological factors
In thus exploratory study, we are not attempt-
ing to analyze the contribution to the final
tesult of such variables as length of illncss
Obriously, they are related

LEVEL OF rpucATioN There does appear
fo be some trend for better education to be
associated with rehabilitation Thus, only
about 14 per cent of the group who had
finished high school or had gone beyond were
failures. This appears to be a shght trend and
we will not explore 1t here

In companson with the factors mentioned
above, such vanables as major occupation
and work after onset of 1llness (58 per cent
of our clients did not work) seemed to have
little or no relationship with successful re-
habilitation at the Altro Workshops

Psychosocial Indicators

MARITAL sTaTus There appeared to be
some tendency for dnorced and separated
Men 1o be failures smce this occurred i
scven of ten, or 70 per cent (Table 40-10)
Tt will be noted, also, that our two Classes
IBand 1 g failures were simgle In Classes

CURRENT FAMILY STABILITY There was a
tendency for better current famuly stability
to be d with ful rehabil
When the functional classification was held
constant and the ratmg on current fammly
stability was examined in the group with the
best functional classification, of those with
good family stability ten or 83 per cent were
successfully rehabilitated and two or 17 per
cent were partially successful When, for the
same functional classification, current family
stability was adequate, five or 71 per cent
were fully rehabilitated and two or 29 per
cent partially so In those patients of the best
functronal classification whose current famly
stability was considered poor, rehabilitation
was successful in five or 56 per cent, partially
successful m two or 22 per cent, and a failure
1n two or 22 per cent

‘When current family stability was reviewed
in patients in the poorest functional classi-
fication, it was found that complete or partial
rehabilitation was achteved in three of nine
or 33 per cent of those with good family sta-
bility, four of nine or 44 per cent of those
whose family stability was edequate; and
only one of five or 20 per cent of those with
poor famuly stability

There 15 thus a suggestion that if the rating
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15 poor in current family stabiity, successful
rehabilitation is less likely for those in cither
the best or the poorest functional classifi-
cations.

For those whose functional classification
was IT G, the ratings on current family sta-
bility appeared more clearly associated with
success or failure Thus, of those rated as
having good family stability 39 of 48 or 81
per cent were rehabilitated (58 per cent fully
and 23 per cent partially) ; eight of 17 or
47 per cent of those rated as having adequale
family stability were 1chabilitated (35 per
cent fully and 12 per cent parually); and
four of 14 or 29 per cent of those rated as
having poor family stability were rehabili-
tated (22 per cent fully and seven per cent
partially}

TazLe 40-11 \muiry To Core witit Previots
Life Stress AND FuncTionat CrLASSIFICATION
™ RELATION TO REMABILITATION Leviy

Parteal
Suceers success Talure
bty ta e
Fonctuonad cope uth
dacie  premous  Nume Per  Aume Per Aume Per
featon Ufestirs b cont b emt b cent Totad
Best Good 7 8 1z — — 8
Farr 127 425~ — g
Poor T 12 2 50 +
NMuadle  Good 8 TS 3 124 3 124 24
Faur W4 7 14 15 34+ 4
Foor 17 40 ? 64 1
Poarest  Goud 2 50 1 o2 (] ]
Far L A A L
Poor  — — 1 20 4 80 s

Although this relationship seems evident,
further research will be needed on several
questions Is the physical condition of the
rehabilitated Class IT C equnalent to that of
the Class II C failures® What 15 the con-
tnibution of length of illness or length of time
without work to the degree of famuly stability
as rated by the caseworker?

ABILITY TO COPE WITH PREVIOUS LIFE
stress, That ability to cope with previous
Iife stress is related to successful rehabilitation
is made clear by the analysis shown in Table
40-11, which indicates 2 decrease in the num-

WORK CLASSIFICANON

ber of successes in all three functionat clsa
fications as we move from those rated good
to those rated poor.

Before discussing the eaperience at the
Altro Workshops, it may be noted that 13 of
14 clients who were dissatisfied with ther
work experience at the Altro were esther ful
or partial successes as far as rehabiation
was concerned. The satisfied chents did not
do quite as well, 40 of 61 being rehabiltated.
and those who were neither satisfied nor
dissatisfied did poorest with 21 falures &
compared to 14 fully and 10 partally r
habilitated It is also noted that 17 o{ 2
self-referrals were cither fully or partalh
rehabuilitated.

Ending Hours at the Workshop

No patient whose rehabilitation was 2 fail-
ure ever reached seven hours of work daly
at the Altro Workshops and only ane patent
mn functional classtfication IT C who was &
habilitated reached seven hours of \\a{l daly
while at the Workshops. All five patients 2
functional classification II C who reach
only six or six and one-half hours were fail
ures The occupation most frequently €™
sented before and after training at Also 315
garment operation and its assoctated uadl;:
Tuenty-seven clients were in these tr i
before admission to Altro Nine of thest t?ﬂ«
tmued 1 garment operating after leaun;
Altro and five were still at the WorlshOPSh‘
the time of the study. Eleien chients “““7
were in other occupations prior to Altro Xl:m
into garment operating after lexving

d mmost common %
('Table 40-3). The second M s -

ation prior to tramning at i
P 2 d building ¥

tory, electrical, mechanical an i
dursy;’ry There were 24 n this category ;ﬁ:
training and 10 after training at Ah.rt'l -
of the original 24 continued in th]ls (\'m i
occupation after discharge from “e‘hm .
shops In only two occupations “nlassxﬁ
rise in the number of employees solc o
after discharge from Altro Emplgymd @
clerical occupations rose from 6to g
the service accupations the number %
from7t09.

N of
Whatever else may be the significanc®
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these findings, the wide range of occupations
10 which the rehabilitated patient goes points
up, again, the fact that the Altra Workshop
s serving pot as much as & place for voca-
tional retraining but a3 a means for removing
fears and restoring self-confidence in work
capacity At the same time this observation
rases the guestion of whether or not there is
2 need for a more divensified program of vou
cational training,

Summary and Conclusions

Our chief findings with respect to the fac-
tars associated with success ar faduce may be
summanzed as follows:

1. The major factor related to success or
fadure in rehabilitation of those served at the
Altro Worhshops appeated 10 be the fune-
tonal classification, Thus 93 per cent or 26
of 28 of those in the best classification, 65 per
cent or 51 of 79 of those m the muddle class.
and only 33 per cent or 8 of 23 of those 1n
the poorest category were either full or par-
tial successes

2 Of the medical factors, length of winess
apprared to be next most 1mportant in rela-
tion 10 success or falure In the ruddle func-
uonal classification, 55 per cent of these
more than three years were fmlures as con-
trasted with 20 per cent of those 1l less than
three years The three full successes sn the
Poorest funchional classification all had been
il less than three years The five partial sue-
cesses and {2 of the 15 fattures hiad been ilt
for three years or {onger

3. In comparison wath fuscnonel rlasafi-
catton and {ength of fness, such factors as
Sex, natwaty, ethnic background, age on ad-
msuon, and etiology did not appear to be
Tefated strongly to success or failure

With respeet 1o work hustoty, the length
of time without work before admussion was
the factor mast clearly related 1o success or
falute. When this was added to funconal
classification, 1t became an cven more cffec-
e wndex for predscung successiul vehabilie
taton Thus, 7 of the 8 successes m Class
HI C were out of work less than a yeac
before admisnon, 13 of 15 fallures in Class
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I C had been aut of work for more than
a year before admussion. The information re-
garding work history was considered inade-
quate for the ather two failures.

5 Factors such as the stabiliy of work
before cotning to Altso and the source of tne
come also appeared related to success or fail-
ure Only 2 of 13 padents with uregular
worh histonies were full successes Seventy-
two per cont or 13 of 18 of those whose
source of mcome was the Department of
Weifare were faslures

6 Thete also appeared to be a tend for
better eduration to be associated with suce
cessful rehabditation

7 The mantal status appeared related to
success The marned and widowed persons
tended to be more successful than those di-
vorced or separated, and those who were
single d to have an diate po-
wenual for success

8 The moe favorable the current famly
stability and early family background, the
greater was the (hance for success in reba-
bilitation

9 The greater the ability o cope with -
ness and the greater the abilisy to cope with
previons life stress, the greater the rehabili-
tation potentiaj appeared 1o be,

In conclusion, the Altro Workshops ap-
peared to be lnghly effective in rehabuditating
most of those patients in functional classifi-
caton I Band 1 C and the majonty of those
i functional ¢l 11 C Althougt
the Workshops were least effecine for those
sn Sunctional classfication 111 €, even among
these chents 36 per cent were fully or par-
tally sehabilitated Thus 8 belicsed to be an
indication that under sheitered conditions
sotne and of produttive working iife may be
contmued by patients with severely lmiting
cardiac disease

ANALYSIS AND FOUQW-UP OF 58
CUENTS SERVED AT YTHE ALTRO
WORKSHOPS

T the winter of 1935 to 1936, an analysis
was made of an additwnal group of 58
chents served from August 1933 to August



s

31, 1955. The follow-up for 46 of these pa-
tients, who had been discharged from the
Warkshops, was done by mail and telephone
and was, therefore, less intensie than that
for the original group of 144 Nevertheless, it
was possible to determune the employment
status after training at the Altro Workshops
for most of these individuals and to relate
this status to many of the same factors stud-
sed m the orignal group of 144 clients The
intent was to proside a further check on
those factors which appeared to be related
to success or failure i rehabilitation at the
Altro Workshops.

General Description

Study of the 58 additional clients reveals
that they were similar to the onginal 144,
although there were some differences

Sex, Nalivity, and Ethnic Background

While 48 per cent of the chents in both
the onginal group of 144 clients (Group I)
and the second group of 58 patients (Group
I1) were male, foreign born, and white,
among the remainder there were only 2 per
cent of Puerto Rican ongin i the first group
and 15 per cent with this bachground in the
second { Table 10-12)

TasLe 40-12  Distrizution ps SEX, NATvITS,
anp Luanic BACAGROUND

Group 1 Group It

Sex, natiurty, and Num- Per Num- Per

ethmic background ber cent  ber cent

All patients. 144 100 58 100

Male, native born. 54 37 15 27

Male, foreign born 72 50 31 53

Female, nati e born 1t 8 6 10

Female, forexgn born 8 5 6 10
Functional Classification on Admissi

The number of chents 1n the II C func-
tional classification increased somewhat in
Group 11, and they still forn a majority of
the patients adnutted The number of those
in the best category (I B, I C) rose slightly
and there was some decrease 1n those in the
poorest classification (ITI C) (Tabte 40-13).

TEURR CLASIICATION

TabLE 40-13  Carpiac Parieats v mie Tuo
Periops By Fuscriovar Crassricarion

Group I Croap I
Functronal ——

dassification Number Fer cent Number P et
All pauents 144 100 5510

1B 2% 17 W B

uc 87 60 P @

un-ure 25 18 kb 7

Not established 1 1

Age on Admission .
While most clients in both groups fell a0
the age range of 46 to 55 years, there wis2
shift towards an older age level so that thowe
aged 56 years and over formed 23 per cent
of Group I as contrasted with only 16 per

cent of Group T (Table 40-14).

Taste 40-14. Ace DISTRIBUTIOY OF PATEND
ApmiTtEp 1N Two PERIONS
Group I !l

Age on admisston —_—
i Number Per aens Numbet P et

to Aliro
1w
All patients 144 100 £

5

18-25 1 8 3 "
26-35 1410 M
36-45 43 30 13 ©
46-55 53003 8§
56-60 2 5 10
61-65 ! 1 Ly

Efiology )
There was httle change ¥
number of patients in each etiofope ©

n the pelative
g

1porioy O
Taste 40-15 Etiorocic Dmx;“m

Patrents Apmrrrep 1V Two
cropll
o

Graup 1

Nume P N ’:l'
ber et BT

58 10

100
All pavients 1

3%
30 2
Rheumatic heart discase 43
Astenosclerouc and byper= -y 56 o
tensive heart disease 91 L - -
Congental heart diseasc e

TB pericardis



EXPERIENCE WITH CARDIACS AT THE ALTRO WORKSHOPS

although a rise fiom 30 to 36 per cent in the
percentage of rheumatics in Group II was
observed (Table 10-13).

Factors Associated with Employment Status
After Altro Discharge

The 58 clients were not rated on a reha-
bihtation level Their employment status
after traming at Altro was cstablished by
means of the follow-up While this 1s not
strictly comparable to the rating on a rcha-
brluation level that was used with Group I,
some comparnison of findings for the two
groups may be attempted since the employ-
ment status after discharge from Altro was
an imp element 1n blishing rehabil:-
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poorest functional classification, three were
stll at Altre Fne of the remaining eight or
62 per cent were employed or briefly em-
ployed after Altro.

Tante 40-16  Funcrionat CLASSIFICATION 1N
RELATION TO LMPLOYMENT SrATUS
AFTER DISCHARGE

Number Number

Lunctonal  Number briefy  une
classtfication employed emplayed employed  Total
Bese (L B-1 C) 7 t 4 12
Middle (11 C) 12 2 o2
Poorest (II1 C-D) 3 2 3 8
Total 22 5 18 45

tation rating for Group I

Companisons were made in this group of
those who were employed either regularly or
for a brief period after discharge from Altro
and those who were unemployed The finer
distinctions between success, partial suceess,
and failure in rehabilitation were not made
Of the 58 clients 1n Group II, 12 were still
at Altre and no information on work history
alter discharge was available for onc The
follow-up revealed that 27 of the remaming
45 clients or 60 per cent were ather em-
ployed or briefly employed after Altro This
may be compared with 65 per cent fully or
Partially rehabihitated 1n Group 1

Factors in each of the four arcas of our
code were examined

Medical Factors

FUNGTIONAL CLASSIFICATION  Functional
classification did not the em-
Ployed from the unemployed as sharply as 1t
did the rehabilitated from the habn!
tated 1n Group I (Table 40-16) Thus, of the
15 in the best functional classification, two
were still at Altro and there was no nforma-
tion for one Eight of the remaming 12 or
67 per cent were employed, either regularly
ot for a brief period of ume, after traming
at Altro. Of the 32 patients i the muddle
functional classification, seven were stll at
Altto Fourteen of the remainmng 25 or 56
Per cent were employed or briefly employed
after d:schargc from Altro, Of the 11 m the

Of the 18 unemployed clients, 9 or 50 per
cent had rheumatic heart disease, 2 in the
best and 6 1n the muddle functional classifica-
tion Etiology may therefore be a factor of
nfluence here, cutting across functional clas-
sification when we are dealing with but a few
patients If the nonrheumatc pauents, that
15, those with arteriosclerotic and arterioscle-

Taste 40-17 FuncTiovar CLASSIFICATION AND
ARTERIOSCLEROTIC AND ARTERIOSCLEROTIC AND
HxrertEnsivE HEART Disease 1v RELATION TO

EuprLoyMeNT STATUS AFTER DiscHARGE

Artervosclerotic and hypertensie

Number

Functional ~ Number  briefy  Number

dlassification employed employed  unemployed  Total

Best 7 — 2 9

Middle 8 2 5 15

Poorest 1 — 2 3
Total 16 2 9 27

rotic and hypertensise heart disease, are con-
sidered separately, then the positive relation-
ship of classification to employment does hold.
Seventy-eight per cent of those in the best,
67 per cent of those m the muiddle, and only
33 per cent of those in the poorest functional
classification were employed or briefly em-
ployed after discharge from Altro (Table
40-17) Psychosocial factors may be of in-
fluence here For example, the four failures,
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two rheumatic and two arteriosclerotic, in
the best functional classification include one
separated and one divorced patient The 1c-
lation of marital status and family cohesive-
ness to successful rehabilitation is again note-
worthy

The comparison of the rheumatic and the
arteriosclerotic and artenosclerotic and hy-
pertensive ctiological classifications is shown
in Table 40-18 Only 9 of 18 or 50 per cent

WORK CLASSIFICATION

that with the onginal 144 cases thus factor
actually differentiated more sharply between
success and partial success than between suc
cess and failure

TIME WITHOUT WoRK. If not quite »
clearly as with the 144 clients in Group [,2
negative relationship was noted agun be-
tween time without work before comug to
Altro and successful employment after tram-
ing at the Workshop. The percentage of

TasLe 40-18  ET10L0Gy v RLLATION TO EMPLOYMENT STATUS AFTER ALTRO DiscHARGE
Bufly
Employed employed Unemployed

Ettology Number Per cent  Number Per cenf  Numbar Percew Toid

4

Rheumatic heart disease ¢ 3 317 9 50
Arteniosclerotic and arteniosclerotic and hyper- . 3 7

tensuve heart discase 16 59 2 7 ¢ 3
I
Total 22 5 18

of the former who were discharged from the
Workshops were employed or briefly em-
ployed after discharge from the Altro Work-
shops, as contrasted with 18 of 27 or 67 per
cent of the latter

LENGTH OF ILLNESS AT TIME OF ADMISSION
TO ALTRO As with Group 1, the length of ill-
ness at the time of admission to Altro seemed
to be a factor differentiating those who were
to become employed from those to be un-
employed Fifteen of 23 patients or 65 per
cent who were 1ll for 0 to 29 years were em-
ployed after discharge as compared with 11
of 21 or 52 per cent of those whose illness
had been 3 to 20 years in duration. The find-
ings for this smaller gioup are not as clear
cut as for the larger group of 144 patients
but they do seem to show a definite trend

Work History and Education

STABILITY OF WORK HISTORY BEFORE
ONSET OF ILLNESS Since few of the patients
were employed regularly before admission to
the Workshops, it is difficult to judge whether
stability of work was a factor that differen-
tiated those who were later employed from
those who were unemployed It was noted

those who were employed or briefly t‘mpIO)‘“’
after discharge dropped from 64 per cent 1of
those out of work for less than tmo )HHLS
50 per cent for those who had not \'Ol’fot
for two to three years and to 42 per cent ’
those unemployed for three years and Oh‘:s!
Furthermore, 83 per cent or 10 of 12 of t -
unemployed for less than a year bc:[on: ;c'.h X
ing to Altro were employed at the time 0
follow-up study

Psychosecial Indicators
T\umr.u. status In the ‘sscom'i S’;‘;‘:
studied there was again an mdxcatmnﬂmL
marital status is related to work “djusuuhef
Three of four or 75 per cent who “m,;;ﬂcr
dnvorced or separated were uncln];)l;’)zt“i .
training at Altro. In contrast, 18;70{ \0or
per cent of the marricd clients an S car
70 per cent of the single paucntst:! e
ployed after traming. Forty per € o
widowed clients in Group I were l}llﬂ “idu‘:
as compared with 67 per cent of i“uh .
persons in Group II We are dcah{iac i
few subjects to piovide a dcﬁmmdm e
sion but the general trend su.gﬂcmms'
adjustment 1s related to marital staf
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Experience at Altro Workshops

LENGTH OF STAY. As with the fist group
studied, there was much variation in length
of stay at the Worhshops There scemed to be
no optunal ime with the exception that eight
of ten or 80 per cent of those patents who
stayed from 9 to 15 months were subse-
quently employed No other tramning period
showed such high employment There was
only one clieat, unemployed, who stayed less
than one week, As alrcady noted, all five per-
sons n functional Class 11 Cin Group I who
stayed less than one weck were failures

The study of the additional 58 patients
uned 10 substantiate, in some measure, the
belief that factors such as functional classi-
ficauon, length of illness at tume of admis-
sion, ume without work before admussion,
and mantal status are variables that nfluence
the chance of success or falure of rehabils-
tion As regards the use of the sheltered
worhshop for different types of cardiac pa-
tients, the evidence 1s that it is a highly effec-
e means of rehabilitating almost all pa-
tients tn functional classification 1 B and I C
1t 35 also effective in the majonity of paticnts
m functional category II €. However, this
latter classification is one that requres fur-
ther refinement before 1t can be used to de-
tenne the degree of potential for a return
to the worh-a-day world

The Problem of Functional Classification It C
While the Altro Workshops have helped a
number of patients in the functional classifi-
C'atxon II C back to worh, 1t 1s Jeast cffec-
e with these persons Most such ndividuals
may be able to continue a productive worh-
g hfe only under permanently sheliered
conditions Individuals n Class IT C are often
2450 among the aged population and present
a problem for the gerontologist that gots be-
yond the present scope of Altro's functions
As noted presiously, the two classifications
that we hane termed best (I B and I C) and
boorest (111 C) are rather effective tools for
determining the potential for success or fail-
we The middle classfication (11 C) does
not make sharp differenuation possible The
analysis of the factors associated with succews
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or fatlure has indicated which determinants
in additon to functional classification may
be used to predict success for individual pa-
tients Among others, these include length of
aliness at time of admussion, length of time
without workh before admission, marital
status, and current family stability An at-
tempt to use these various factors in one scale
will be made n a following section For the
proper evaluation of these factors the shills
of the psychiatuist, psychologist, socal worher,
and svocational counselor are needed, as well
as those of the cardiologist At the same time,
cardilogssts are faced with the face that the
functional classification II C needs refine-
ment m terms of 1ts basis in the physical find-
ings with respect to the indisidual

Thercfore, an attempt was made to analyze
the physical findings for the funcuonal clas-
sification I1 C alone This analysis is shown
as being worthy of fusther investigation and
possibly to serve as a beginning for refine-
ment of this functional classification

HEART 50UNDs  Abnermal first heart
sounds, mcluding a gallop or accentuation,
ctc, weie apparently a deterrent to rehabli-
tation We cannot draw any conclusions from
our observations of second heart sounds

rLoop pRESSURE The systolic blood pres-
sure did not appear to influence rehabilita-
tion We cannot draw any conclusions as to
the nfluence on rchabihtation of the diastolic
blood pressure up to levels of 120 mm Hg
When the diastolic pressure was above that
level the chances of rehabilitation were poor
Whether bloching agents or the Kempner
regime may change or alter the chances of
suceessful rehabilitation has not been tested
by us

WEART FAMLURF  Dyspnea together with
any other sign of congestive heart failure was
a strong deterrent to rehabilitation Dyspnca,
per se, was only a nuld deterrent as long as
1t responded to digitalis and a druretic regime
Hepaue enlargement together with pulme-
nary congestion was a strong deterrent Pre-
cordial pam rcdated to esertion was a de-
terrent, Precordial pain umielated to excrtion
seaned to favor jehabahitation of this pam
was not due to other serous allness Exer-
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It is noted that both successes and failures
fell almost throughout the entire range, in-
dicating that the scale needs considerable
refinement, However, no failure, cither in the
arteriosclerotic and hypertensive or rheumatic
group, scored below 3. Considered scparately,
rheumattes who scored 59 or less showed a
higher potential for rehabilitation  With a
score of 6 or more their chances were marh-
edly reduced Thus, 86 per cent or 11 of 13
of those who were fully rehabilitated, 62 per
cent or 5 of 8 of those subsequently partially
rehabilitated, and none of those who failed
at rchabiltation recened a score of 59 or
less

The chances for rehabilitation of the arte-
niosclerotic and hypertensive group also fell
off markedly for those scoring above 59, with
only 13 per cent or 6 of 46 of the fully re-
habilitated 1 contrast to 79 per cent or 23
of 29 of the failures sconing so huigh Note,
however, that 56 per cent or 9 of 16 of the
partially rehabilitated feli 1n the range be-
yond 59 Tt must be stressed that this par-
tiaily rehabilitated group did not work n
industry  From purely an mndustral stand-
pomnt the score of 59 s 3 realistic one for
the Altro sample

The latest status of the patients i Group
I as established by a [ollow-up i November,
1955, revealed that of the 13 rheumatics
rated as fully rehabilitated with a score of
5.9 or less, 12 or 92

able Of the two clients in the fully rehabil-
tated category who scored 6 and over, one
was employed and one unemployed

Of the 15 rheumatics rated as failures in
rehabilitation with a score of 6 and over (no
rheumatic failure scored 59 or less), four or
27 per cent were uncmployed, seven or 47
per cent were deceased, and for three or 20
per cent there was no information available
One patient wasa Permanently sheltered case
at the Altro Workshops

The latest survey of those 1n the arterio-
sclerotic and bypertensive group showed that
of the 40 patients rated as fully rehabilitated
and who scored 59 or less, 28 or 70 per cent

WORK CLASSIFICATN

were employed; three or eight per cent we

unemployed; four or ten per cent were d

ceased; and for three or eight per cent the

was no information available, One patier
was a permanently sheltered case at i}
Workshops  Of the six considered fully r
habilitated and who scored 6 or more, tw
or 33 per cent were employcd; one or 17 pa
cent was unemployed; one or 17 per cent wa
deceased; and two or 33 per cent were per
mancntly sheltered at the Worhshaps

The follow-up 1 November, 1953, of 9
arteriosclerotic and hypertensn ¢ patients who
were considered failures in rehabilitation, re
vealed that of the six who scored 59 or les
one or 17 per cent was employed, four or
67 per cent were deceased; and no wforma-
tion was avarlable for one, Of the 23 falures
with a score of 6 or above, there were none
who were employed, cight or 35 per cent
were unemployed, 11 or 48 per cent had
died, one was attending school, one was per-
manently sheltered at the Altro; no mforma
tion was available for one.

As a final word, it may be said that 1
scale can take into account the dynami i
terplay of factors which, 1 the end, mako;
for successful rchabilitation n the cascd
one mdnidual or for fadure in a sccur:‘d
Furthermore, under permanently sheltcrh
conditions a number of patients w"nh hugt
scores on the scale were able to continue pWE‘
ductive lives An example was the rhe\:n;"a
patient with a score of 9 who continue o
superintendent for a number of )e"‘: had
leaving the Altio Workshops because {el .
the ab?e assistance of hus wife Succcj uand
habilitation depznds upon the Lnow e g: -
shills of different d)schllncs m":ig'clbnd
ordination to help the disabled cardia
to productirc hving and self-respect

COMMUNITY NEED: A BRIEF ANALYSIS

ak

Two general approaches were used ::::rﬂ

uate the need of commumity for lhf tlow-up

of the Altra Workshops Fust, 3 fole

was made of 88 clients who were pf‘:n od at
major assessment but who were not s
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the Altro Workshops. A majos assessment
consists of a diagnoste physical, socsal, psy~
chologiead, and vocational esaluation In ad-
dition, an analymis »as made of the pattern
of referrals during the period from 1948
through 3334 nclusive. In conpunciion with
this, interiens were held with twenty-four
physicians whose patients had either been
senved at the Altro Workshops or had been
given a major assessment by the Alteo staff

Follow-Up of 88 Chients Provided Mojor
Assessment but Not Served of the Alire
Workshops

One way of loohing at a communtty need
1 te ash what happens to clients who nught
have, but did not, come to the Altvo Work-
shops Were those who were considered for
Altre services, but fasded to come, able to
male their own adjustment to the working
cammunity and, «f they did, how jong did 1t
tde for such an adpustment® The problem
of when a transition eapenence 1 a sheltered
workshop may prove a “regressne’ expent-
ence for the personality 1s touched upon here
Personalities are i vanous states of integra-
tion and have different e ironmental needs
Thus, 3t may be that often a casdiac needs
only reassurance by the cardiologist and case-
work help n clanifying his problems 1 order
1o be able to return to worh Indeed, 2 wotk-
shop experience for such mdwiduals may be
contramdicated  To answer some of these
Questions, a follow-up by mail and telephone
was attempted for the 151 chients who had
been d by the Altro card from
Pebruary, 1948, through Decerher 31, 195+

Bighty-eight of the 151 were 1eached
through this follow-up Since follow-up was
Tot by personal mnteniew, and sce 34 of
the 88 were deceased at the tume of follow-up,
the wiormation for these 88 patients 15 not
as camplete as for those served at the Altro

Description of Eighty-Eight Provided Major
Assessment

A brief descrspuon of this group will set
the background for the findmegs with rospect

I8

to their stats at tume of the follow-up. The
majority were male, natne or foreign born,
white The largest single group, 42 per cent,
were tn the functional classfication IX C
{Table 4021}

Tanis 4021 TUNCTIONAL CLASSHHICATION OF
88 Carviac Parizars PRovives
Afajor Assesswent

functional classification  Nwmber  Per cent

Mt pavems ) 100
B8 25 2B
uc 43 4
WD 13 15
Not established 7 13

The age qroups of 36 to 45 years and 46
to 55 years predominated, with 25 per cent
and 35 per cent of the pauents faling wto
these respeetive categosies The majority of
chents. 63 per cent, had artenosclerotic and
hypertensne Feart discase (Table 40.22)

Famre 40-22  EvioLocic CLASSIFIGATION OF

88 Canotac Partents Provioen
MajoR ASStSsuRNT

Eholagy Number  Pey cent
Alt patients 88 160
Rheumatic beart disease 3 35
Artenioscierotic and hypertensne
heart discase 35 a3%
Luctie heart dusease t t
Not rstablished 3 )

* Inciudes stx panents with hypertensive heart
disease
The chients cme from many occupations, al-
though there were anly 10 per cent garment
operators i this group as contrasted with 21
per cent amang those wha were served at the
Workshops

It may be speeulated that of those who
accepted traimung, garment OPCIators were
readier to try the Aliro program and there-
fore more 1epresented 1n the group who were
served Most of the clients, 62 or 70 per cent,
wese classified as having had regular full tsime
worh before the onset of thar ilinesses



Results of Survey of the 88 Cardiac Patients
Provided Major Assessment

We turn now to the results of the follow-up
sunvey of the status of the 88 cardiac patients
provided major assessment. It was found
that, of the total group, 51 or 58 per cent
cither had full or brief employment after
contact with Altro or had gone to school; 24
per cent had no employment after contact
with Altro, and ne information concerning
employment was available for 18 per cent.
However, at the time of the follow-up only
33 per cent of the total group were employed
or attending school On the other hand, there
were 39 per cent deceased and 28 per cent
were unemployed A similar analysis for pa-
ttents 1n Groups I and IT who were served
at the Altro Workshops shows that 45 per
cent were employed or attending school, 21
per cent were deceased, 23 per cent were un-
employed, and no follow-up nformation was
available for 9 per cent It should be added
that seven of those considered employed were
worhing under permanently sheltered condi-
tions at the Workshops and that these per-
centages do not nclude eght clients in Group
II who were still in the course of rchabili-
tation

With respect to functional classification, it
was found that in the 88 cardiacs who were
furnished only a major assessment at the
Altro Workshops, the results were simular to
those i the group of patients who were
served at the Workshops Those who fell into
the better functional classifications showed a
higher percentage of ieqular or brief em-
ployment than those i the poorer functional
categories of the patients in whom informa-
tion was labl garding )
after their contact with Altro It was found
that 20 of 21 or 95 per cent of the best, 21
of 31 or 67 per cent of the nuddle, and 7 of
13 or 54 per cent of the poorest functional
classifications were employed There were
seven patients for whom no functional clas-
sification was established; only one was em-

ployed at the time of the follow-up

WORK CLASSIFICATION

Would the patients in the Major Assessment
group have had results comparable to those
found for those who were served at Altro if
they had gonc on to training at the Wod-
shops® Would there have been more em-
ployed? Would fewer of them have died?
The answers to these questions will require
a carefully controlled study that should in-
clude control and experimental groups The
present study attempts in 5o way to proide
the answers to these questions Howeier, we
would like to call attention to the large num-
ber of deceased among this group and to the
fact that ten Major Assessment clients took
at least a year to find employment after thex
contact with the Altio Workshops

Deceased

In all classificauons among this group
there was a large number of deceased 'al tumne
of follow-up, 34 or 39 per cent This com-
pares with 40 or 21 per cent dcce.zscd at
tume of follow-up among those in both
Groups I and II who had been senved at th;
Altro Workshops This percentage 1s bast
upon a total of 194 chents and does oot 1}1‘1
clude the eight clients who were stull n the
process of 1ehabilitation
! A breakdown of the causes of death f0:
both the group provided Major Assessmer
and those seried at Altro discloses that
the former, 89 per cent of the deaths “I":
due to cardiac or cardiorascular causes Fi ?rg
nine per cent were cardiac, 9 per remr:;;c
cerebrovascular, and 21 per cent were & ol
and/or cerebroyascular, 54- per cent ‘(he
noncardiac deaths, and in 54 per cent
cause of death was not established Ao

In the group who were served atd n;
70+ per cent of the deaths were u;mr
cardiac disease, 7+ per cent were Cmgsx-
vascular in nature, 7-- per cent ucrtr pﬂm
operatne cardiac deaths, and 15 pe
were noncardiac deaths. odat

It is of interest to ash whether  per! s
Altro would have helped to prolong th® b
of those mdividuals who were it !h'cl ‘5; s
provided only Major Asscssment, €U ot

iding them with an occupatio? '

Among the that are d for
further investigation are the following.

£ in on theif
would not have proved a strait
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hauted capacities or by providing a testing
period that would have determuned whether
of not, and ta what exient, they could work,

Time Without Work alier Altiro Contact
The salue of a sheltered warkshop may
alio be judged = tesms of the umne it tabes
those served a1 the shop to seturn ta wotk
<5 compared {0 the time needed by those not
servedd These is some indication that these
who were not emed at Alro took a longer
prriod of ume to find employment after con-
tact with the Altre Workshops than dud those
who were senved OF the 28 clents w the
group provided assessment alone, who found
employment and for whoem information as to
length of tiue to find employment was asatl-
able, ten took longer than a year and five of
these ten tooh (w0 years or more Would so
long & penod have elapsed of these ndnad-
uals had gone through rehabiitation at the
Altro Workshops? According so our recards.
only one of the 144 patients m Group T who
were employed ool longer than two years
to find entployment after ducharge None of
thos in Group 11 who were emplojed, and
for shom snformation was asadable, twoh
mare than a year to find emplovment The
analysis of the 88 chients provided majar as-
wsment but pot seeved at the Altro Work-
shops suggests ihat the Workshops may help

kLY

1o speed tecovery and passibly 10 prolong hife
These are questions that cersmnty should be
waestigated more intensively

As with other 1ypes of disablement and ulf
ness. i the field of cadie Tehabilitatior
there 15 no one method of serv ee that is ngh
Sor ol chests Depending on the chent, fu
statuy 2t {ime of application, and tus needs
dilferent hands of treatment and trehabulita
tion are mecessary. For some patents :
orhshoy n extremel
valuable For others, ather tethods of re
habiliation are to be prefecred

The next step for micsugation wauld seer,
10 he to develop the eritessa Tor the differen
uat wethods of rehabifitation 1o be used wat
dfferent Tinds of chent From such an i
Austigation wilt come the brouder view suiths
which the function of a shedtered worhsho
m the rehabilecavon of the cardiac disable
will be more readily seen and the maost aj
prapriate use will be made of the facilin
st offers
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CHAPTER é:m THE SELECTIVE PLACEMENT OF CARDIACS

IN' INDUSTRY*

Neill K. Weaver

For many years certan workers at the Esso
Baton Rouge Refinery who developed par-
tally disabling cardiac conditions have been
permitted to continue gainful employment
During the past five years a formal program
for the placement of handicapped employces
has been i operation This program utilizes

The practicing physicians n the com‘m\;r:'?'
have come to accept the refinery medlca\d e
partment as a classification center for car l:
vascular diseases, and refer their employﬂm
patients to it for evaluation of ability "
work In this settng, the refinery physi

! en-
have been able to follow a practice of T
at work whener!

c

the matching of the worker’s with
the physical demands of the job to achieve
proper placement.»? An understanding refin-
ery , which fully r the
importance of the worker, “the company's
most valuable asset,” has contributed greatly
to the success of tlus program * Company
pohicies of self insurance and hiberal employee
benefits have tended to lessen those legal and
economc factors which may act as significant
d to cardiac rehab In addi-
tion, the placement program has enjoyed a
high Ievel of co-operation on the part of the
plant employees and their union officsals.

* Analysis of Experience at Baton Rouge Re-
finery of the Esso Standard Onl Company.
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such a c:urse appeared to be i the l;est ::;
terest of the patient’s total health ar}xl u:\;hr
being It is believed that this approac o
cardiac rehabilitation problem 1s m' B e
with the viens expressed by Master B-l u-i’n
Kreshy & Goldwater,® Franco,®” Helless!
and Goldston,® Denmson,? and otliers

Jarly aferc
far div

The physician 1n industry 15 partics u
to the early detection of cardm\ascmn o
case through the periodic examina o
gram. The average refinery cmp)o)”thz o
four such health insentories dunng
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Hue years, and workers with suspected or
Lnown discase may be examined much more
frequently, Patients report their symptoms or
dnesses to the medical department at any
time, Workers obsersed in apparent distress
on the job are seat to the medical depart-
ment immediately by their supenasor Pa-
tents presumed to have heart duease are
weleed for study and placement by thewr
personal physiciuns, as mentioned previoushy

Evoluation and Placement of Workers with
Heart Disease

Once recognized, the cardac worker s
eatuated by appropriate clinscal technique
a careful history, thorough physical examma-
uon, cl i bai) d:
Xeray study or fluorascopy, laboratory tests,
pulmonary function  studies  {veaulatory
tests), etc The first objective of this evalua-
ton s to arrite at an accurate ctiologic and
anatomic diagnosis of heart disease A sccond
and more unportant objectise 15 to mahe a
vald apprasal of the patient’s functionat
capacity. We consider repeated wterviews
and examinations of utmost importance This
» particutasly true in resolsing cases of pos-
stble heart disease

The patient's functional abthity 1s deter-
mmed m relation to those ordsary physical
apacitics which make up our actwities on
and off the job standing, walking, clsmbing,
Witng, carnyng, etc A Physical Capacities
Analysis { PCA} form has been devused, upon
which the physictan mdicates the number of
hours permitted for each of these actnities
during the work day He 1s then able, using
practical, meaningful terms, w0 aduse the
patent, hus farmly, and supervisor regarding
the actisities permatted

The vanious job assignments i the refinery
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Certun general aspects of the placement
procedure are worthy of comment The wel-
fase of the patient should always have first
consideration The job should always be a
lemtumate one, not a maheshdt or tohen as~
signment whese the worker will be carried by
felflow employees The worker should be
qualified or able to gualfy for the job in
terms of Anowledge, trawung, and expernence
The final deasion or announcement shoutd
be made by a supenuser We have found this
pomt 1 larly nng n ob ac~
ceptance by all parties concerned  the pa-
uent, s wnmediate supervisor, hus fellow-
warkers, and his union representatne Thus
1s not sa if the decison 1s made by the pa-
tient humself, fus own doctor or the indus-
trial physicran It 15 usually desrable for the
older worker to return to the same job or to
a tpe of work suntfar to that done prior to
the onset of disabthiy In additson, 2 carcfel
system for follow-up, bath on the job and 1n
the medtcal department s essential to wsure
suitabthity of the assignment

Anatysis of Results of Program far the
Setechive Placement of Emplayees with Heart
Disease
To evatuate the results of the cardiac re-
habiwanon program, an analysis was made
of all employees on the acuve toles of the
rofinery durmg 1956 whom the company
physiians conmidered hmited by heart dis-
case It should be emphasized that this study
1 not concerned with employees m whom
there exsts merely some medical evidence of
a cardhac abnormalty All cases included for
analysis have ssmptoms or findings on exam-
maton that warrant restrictson of physical
activies In the nomenclature of the Cn-
teris Commutiee of the New York Heart As-
ation, they would be classified 1 Fune-

have been subjected to an analy~
5% based on the same capacities, ths s
baown as the Physical Demands Analysss A
r{xed:cal management team, hnowing the pa-
tient’s qualtficattons and capaciues, considers
demands op tequirements of sanous jobs
Proper placcment of the hrted employee 18
carried out by matching tns capaciuies with
the demands of the job (Fig 41-1)

tional Capacaity Class 1l or 1If, and m
Therapeutic Class B {a few cases), C, or D
{majonty of cases)

The study revealed 200 worhers disabled
by beast disease, representing 28 per cent of
the refinery's 7,140 employees During 1956,
19 new cases were added to the refinery’s
pool of disabled cardiacs, and 13 left the
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group: 11 by way of setirement {one by
regular—age 63—retirement, three by carly
voluntary retnement, and seven by disability

retirement) and two by death,

Ediologic clasificauon of the 200 employee-
patients is shown in Table $1-1. One hun-

Tamze 41-f  Lpowocse
Crasstrcation
Pateents
Enlogy Vumber  Per eent
Arterioscleratic 150 75
Infarction a1 46
Angina 59 29
Hypestensive 0 15
Rheumatic 1 5
Luene 4 24
Miscellancous 5 246
Twral 200

dred and fifty had arteriosclerotic heart dis-
ease, 1 with proved mfarcsions and 59 wuth
angina or coronary msufficiency The hyper-
tensives, 30 m number, made up the second
largest group Eleven cases were of theumatic
ongin, fous cases were due to Iuetwc heart
disease, and the vemaming five were due to
other causes Two of these had calaific aortc
stenoss, two had arrhythmuas {one with
baroxysmal supraventricular tachycardia and
the other with Woll-Parhmson-White syn-
drome with runs of tachycardia} with bonts
of congestive fatture, and the Gnal case was
one of congenttal heart disease {presumably
an interauricular septal defect)

Chiucaf Status of Cardioe Workers

The antenesclerotse heart disease group de-
seres special attention, since tt represents
such 2 challenge to the phyuician and the
employer The findig that three fourths of
Al the cardiacs discussed are disabled by
3ﬂtl‘.losclemllc heart dsease 15 not surprsing,
M siew of the agmg plant population—30
Per cent of the refinery workers are over 438
Yeam of age The age at onset (age at first
nfarcuon, o age at which work restnctions
were mposed 1 the other mstances) 15 shown
i Table 41-2 Ten of the group with artena-

I
Tagtz 41-2  Ack ar Ovser of Disasiars
wun
et
Inforcts Angins sension
@ 3 (30 Rhewmane  Lwnis  (ther
caier)  cases)  cavex) (M caser) {4 raiest {5 caser)
WP 1t a0 ' o 0
2 <30
40-49 e 2 22 2 N E) 3
Mo 6 28 2 4 + z
0 64y 3 P 5 s a

sclerotic heart disease were dabetics, and 14
had hypertension or a past secord of tugh
blood pressure One case of myocardial in-
farction occurred 1n a patent with essental
hyperhpenma. and another 11 a patient with
Buerger's disease Less than one fourth of the
cases of mwocardial infarcion with a clear-
cut sympromatic onset occursed dunng works
g hours

Symptoms encountered 1m the vanous etto-
lomc groups arc summarized 1 Table 41-3

Taste 413 Simerows oF Hzart Diseass
Aaps Faiture
Mild Soderate Severe Dvpase Edeme

ASHD (150 casesy 75w o 2% W

Tnfsrcnom (91 ® v g o2

Argina (89) IR = S (LY
Hiperwonve HD (30 casesy 5 0 O (PO
Ruamabc HD (1l casesy 3 & @ 4 .
Fuene H D (4 cuent o1 e ' '
cee etiology (5 cases)

Calofit st stenean () 1 0 © Y

Acehy thimas (3} ° El 2 2

Congemtai (1) [ [

Of the 91 employees w1th healed infarces, 43
were essentsally asvmptomatc on the amount
of physical actity they followed on and off
the job Fourteen complamed of exertional
dyspnea, and twe had expenenced episodes
of frank nght and left vemuwicular {alure.
Thrty-five noted episodes of chest pan com-
pattble with angna pectosis, thss was cons
adered muld (infrequent) m 28, and mod-
erately severe (attacks occurning at intemvals
of a few days to monthly} i seven cases
Patents with severe angna were not per-
mitted fo contsnue at work
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In the angina group, bouts of chest pain
occurred at infrequent intervals 1 47 and
at frequent mtenals (every few days to
monthly) in 12 Fourtcen patients had sul-
fered one or more definite episodes of coro-
nary insufficiency, and 12 had experienced
myocardial failure (predomunantly Jeft-sided
in four, and both nght and left-sided in
eight).

Fourteen of the patients with hypertensive
heart disease had symptoms of congestive
failure, and five had angma Practically all
the patients m this group had X-ray cvidence
of cardiac enlargement, and electrocardio-
graphic changes approaching or compatible
with left ventricular hypertrophy or strain
patterns

WORK CLASSIFICATION

had experienced bouts of failure. The pa-
tient with congenital heart dusease, a female
clerh, was asymptomatic; however, she ex
hibited X-ray evidence of an engorged pul-
monary conus and possible nght-sided en
largement of the heart. The only other
female mcluded in this seres was a Negro
maid with hypertensive heart disease and
failure

Work Status of Cardiac Employees

"Table 41-4 shows the distribution of cardac
patients among the major job classifications
Actually, we have been able to place themn
all types of refinery jobs, from executire 10
laborer Of the 16 patients with miact
worhing as supervisors, 11 were m the fore-

Taeee 41-4  Worn CLASIFICATION
ASHD
Total
2 )
Infarction  Angina Hypertension~ Rheumatic  Luctic  Other  Number Fer
10
Superuisory 16 3 2 0 0 0 2 y
Techmcal 8 3 1 5 1 0 18 ]
Clerical 8 4 0 1 0 1 uo
Shalled 42 37 9 4 0 2 Z: M
Unslalled 17 12 18 1 3 2
100
Total 91 59 30 1 4 5 200

Four of the patients with rheumatic heart
disease had overt symptoms of failure Nine
of the 11 had murmurs of aortic as well as
of mitral valular involvement, and three
had a fixed rhythm of auricular fibrillation

‘The four patients with luetic heart disease
had the typical murmur of open aortic m-
sufficiency and radiologic evidence of cardiac
enlargement, but only one had expertenced
symptoms of failure. All had posttive sero-
logic tests and a history of syphilis many
years before the availability of penicillin or
other modern methods of treatment for the
condition

The two patients with calcific aortic steno-
sis complained of dyspnea and weakness, and
one had angina and claudication; both had
evidence of left ventricular hypertrophy Both
patients with the paroxysmal arrhythmias

five being at a higher X%

man categol
5oy, work scales

tive level. At the other end of the
over one fourth of the entire group ¢
cardiacs 15 m the unshilled worber cattg";y
(mechanical and process he]pel:sx labo:,e;
etc.}, and nearly half 15 1 the skx]le(f}:‘«‘:m‘
category (comprised of craftsmen of Cd -
ous mechanical trades, and operau.:rs anTha‘
sistant operators on refinery units). =
three fourths of our cardiacs are able to :s '
safely and effectively in.thesc camgt;l‘ o
hughly sigmificant This is, undoubt}: dZ:ﬂtb
part a reflection of the relatively hig! \;on'
of mechamization and of the d :’;nuoﬂ
mental control (presence of aur-con lm .
mechamical shops, control rooms, elcl )cemﬂ’“
refinery. It is also the result of a'};:rs .
program that recognizes an nds uhis il
pacities, rather than merely stressing
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snations We have found that approsimately
one third of our emplogees are able to con-
unue in the provious assignment with Intle of
any change, and over half are able to do the
same job with some alteration of its required
actnaties The remamder (less than 20 per
cent) must be assigned to a nci¢ job.

The frequency of occurrence of cardiac
worbers 15 conmstent throughout all job cate-
gorses of the sefinery male populauon (Table
#-3) Those differences which are present

Taste 415  Incivence oF Disamne Heart
Drease 1% Rerrvery Mare Lupiovess

SASHD i HD
Gronp Percent  Precemt
Supervisory-adminusteative 25 28
{765 emplayeer)
Techawcalclencal 22 29
(1,047 emplay ces)
Ulsalaned 23 29
1,812 employecs)
Skifled 26 340
3,059 emnploy ees)
Unshilled 16 27
(1,990 employ ees)
All wage carners 21 29
(5,049 crnployces)
All male workers 22 29

(6,861 cmplaycer)

would seem to be readily esplained on the
basis of age, the shiled wage eamers (26
Pet cent with artenosclerotie heart disease)
being a signtficantly older group than the
unskilleq worhers {16 per cent with arten-
oscleratic heart dusease}  Consequently, we
feel that o particular wark group is vulner-
able to heart disease

Cardiac workers are effectse on the job
1t 15 noteworthy thas the parually diabled
employee can be properly placed with no
tesultant Joss m effectiveness or productisity
Osly four of the 200 casdiac woshers wese an

e supenvasors’ list of substandard employees
duing 1956 Tn one of these, a machinist
assigned to mamntenance worh on a unig, the
Physcal  disability resulung from  made-
Quately controlled copsestive failure was the
“use of meffectiveness he recened a dis-
ability rettcoment an early 1957 In two cases
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a cardiac neurosis was a major contrsbutory
cause of substandard wark status The fourth
case appears (o be purely one of poor motna-
ton for work

The amount of sichness absenteeism attrib-
utable to heart discase for the whole group
was not high, Excluding absences that were
the direct result of myocardsal smfarction (sec
below} or disabdity retirement, the average
for cach employee was only one time on sick
report for a total of seven calendar days each
year No figures are avadahle for a suitable
contrel group, but this represents an absen-
teetsm expertence roughly equsl to that of
the average vefinery worher for all medical
causes An excellent study of this subject has
recently been presented by Thorpe *¢

Tamz 416 Mowvus SNt On
Sica Report Beroxe
Resusmsvts Wozk
191 Paticots with 96 myocardial
wwharctionst

Vumber of months  Number of patrents

Wone 5
i Month 12
2 Months 16
3 Months 28
4 Months 1
5 Manths 1z
& Months é
7+ Months é

Table 41-6 shows the number of months
spent on sick report by panents following 2
myocardial mfarction That 17 were off the
Job a month or less {no tune lost wm fine
cases) may seem surprising In many of such
cases, the mfarct was cliucally slent, and the
diagnosss made in retrospeet In other un-
complicated eases wuth esidence of very
ramor myocardial damage, the patrent may
he permatted to reswne part-time work of a
very hight nature (clerical warh, for example)
after s or esght weeks of comalescence We
feel that the majority of patients with un-
complicated farctions ¢an setwrn to Dght
worh after three or fous months It has bren
our experience that patients with prolonged
wnaldism are often unable 0 return o
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worhk, owing to a disabling cardiac neurosis
or symptoms of severe angina or failure.

The period worked by the partally dis-
abled cardiac employces is shown in Table
41-7 The ascrage number of years worhed

Taste 41.7  Yeans ar Work wie
Carotac DisasiLiTy

Number of patients

'g 2 ¥rs 2-5 ¥ 54 b
ASHD 32 n 35
Infaccton 16 39 29
fmax 11 years)
Angina © 3z
{max 12 years}
Other cvalagy 4 34 9

(max 8 years)

by each employec who has been successfully
placed 1 an assignment six months or longer
is as follows myocardial infarction group, 4 3
years, angina group, 33 years (39 years for
the whole group with artenosclerotic heart
disease }, and 3.4 vears for the other ctiologic
classes The entire cardiac group has a total
work expenience of 702 man-years of pro-
ductive employment

Summary

Experience with the selcetne placement of
industrial workers with heart disease 15 re-
viewed Methods by wiich employees with
cardiac disabihty may be identtfied 1 an m-
dustrial population are descbed By means
of careful clinical evaluation, their capacities
for wark may be determined Availability of
an engqineering analysis of varous jobs, ex-
pressed 1n the same capacities, permits proper
placement by matching the patient’s capaci-
ties with the demands of the job

WORK CLASSIFICATION

The clinical status of 200 workers with
1mpared cardiac function who hase recensd
job assignments m a large refinery m such
manner is described in detail. Their ok
status is reviewed with respect to job elisi
ficatton, job effectiveness, sickness abseatee-
ism, and the number of years worhed with
cardiac disability

The data presented indicate that industnd
worhers who desclop cardiac duability msy
continue to work effcctivcly throngh proper
placement
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CHAPTER @2 A STUDY OF EMPLOYEES WHO DEVELOPED
MYOCARDIAL INFARCTION*

C. A. D’ Alonzo and Sidney Pell

On January 1, 1956, the Medical Dn iston of
the Dy Pont Company mitiated a company-
wide, long-term follow-up study of employces
who developed an acute myocardial infarct
A case 15 included 1n the project 1f there 1s no
Prior history of a myocardial infarction and
W the diagnosis of the current farction 1s
confirmed by clinical evidence with typical
electrocardiographic findings, or by post-
mortem reports The observed population
comprises approaimately 90,000

located throughout the country, ranging 1n
2ge from 17 to 64 years The present study 15
zl\gsaﬁnal)sxs of cases that were reported during

Sources and Nature of Data
Cases are made hnown ly by records

msurance and another that furnishes funds
for medical expenses 1 the event of non-
occupational disabiity whose duration ex-
ceeds seven consecutne days To be ehgible
for health msurance, an employee must have
at least six months of continuous service The
plan s voluntary, and requires 2 nommal
monthly premwum payment The participa-
tion rate among those eligible 15 about 96 pex
cent Life msurance 1s available to all em-
ployecs who have at least one year of contin-
uous service The entire cost of the plan 15
paid by the company, and participatien 1s
unnersal among those chgible Since em-
ployee participation mn these insurance plans
1s very high, one mught expect very few, if
any, cases to go unreported because of non-

ion The 1 base used to

Mamtained for two of the company's em-
Ployee benefit plans one that provides hfe

N A study of 209 employees of the E 1 du
“:mt de Nemours and Company who deve'opsd
Yocardial infarction dunng 1956

par T
compute madence rates 15 adjusted to 1n-
clude only those employecs who are covered
by one or both insurance plans

When a case 3s made known to us, the
medical records of the affected employce are

P



I7e

obtained from his company physician. These
records contain clinical and laboratory find-
ings of the annual physical examinations pro-
vided by the company for ail employees,
reports of visits to the plant dispensary, dates
and causes of sichness absentceism, corre-
spondence with the fanuly physician and hos-
pitals, and other mformation relevant to the
health of the employee The following stems
of mformation are evtracted from these rec-
ords for use in the present study* sex, year of
birth, occupation, blood type, height, and 10-
year record of body weights, blood pressure
readings, and pulse rates Note 1s also made
of findings ob d from electro

and chest x-rays The records are reviewed by
us for confirmation of the diagnosis of myo-
carchal mfarction,

Objective of the Present Study

It is hoped that, eventually, the follow-up
of cases will provide data to investigate the
effect of a myocardial miarction on the work-
ing life of the afflicted employec and to
wentufy factors that affect survivorship rates
At the present stage of the project, however,
the study objectives are limited to an inquiry
into the following questions:

1 What 15 the magnitude of the problem
s 3t exasts in our company?

2. How do incidence rates vary according
to age, sex, occupation, and season of the
year?

3, To what extent are the chances of re-
covery refated fo age, excess body weight,
hypertension, and a history of tachycardia®

Incidence

During the year, 1956, the cause of dis-
ability or death was described on 252 in-
surance claims as one of the following: “coro-
nary occlusion,” “coronary attack,” “heart
attack,” “myocardial mfarction,® or “coro-
nary thrombosis ” After a review of the medi-
cal records, 43 cases were excluded from the
study, 13 because of msufficient evidence of a
myocardial infarction and 30 because of a
history of myocardral infarction prior to 1956
The remaining 209 cases comprise the sub-
ject matter of this paper.

WORK CLASSIFICATION

Geographical Distribution

The subjects were employed in 49 com-
pany instalfations i 18 states. About 70 ps
cent (146 cases) were reporicd from loca-
tions situated m five of these states. New
Jersey (46), Delaware (41), Virginia (22,
New York (19), and Tennessee [18). Ap-
proximately 90 per cent of the subjects s
sided 1n the Middle Atlantic and Southeast-
ern states

Age and Sex Variation

Of the 209 cascs, 207 were males and two
were females, The mncidence rates in the g8
range 25 to 64 years were 29 cases per 1,00
male employees and 02 cases per 1,000
female employees Both females were between
60 and 64 years The wide difference between
the sees in madence of the discase and fhe
absence of any female cases 1 the premen®”
pausal years demonstrate well-hnown phe
nomena Age-specific incidence rates art
shown in Table 42-1 and Figure 42-1 Below

IncipENCE 0P Taiian MrOGARPIS

TasLs 42-1 1056

InFARCTION BY AGE AND SEM
Male Female
-

Cases per Castt 1

1000 00
ogr Number emploas Number nployee
25-34 3 0
35-44 43 1
45-54 37 5.
55-64 1

moeoo
[N

w e

Total 207 29 2
the age of 35, there were three €ases ;‘“:}“’:j
the male employees The youngest &
was 26 years old. In the age group Joyes
the incidence among the male Cme
was 18 per 1,000 The rate m"msclslj -
w the age group 45 to 5% and to
tween the ages of 35 and 6%

Seasonal Variation dur

"The number of attachs that 0““’;;" Tade
ing each month of the year ¥ sho\ﬂ; et
42-9. The Jargest number oceurT!
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the month of July, when 30 were reported,
while February, with nine cases, had the ow-
est tncidence, It is very unhhely that the ob-
served monthly variation could have ansen
as a result of chance alone {P < .01)

The pattern of seasonal variation may be
seen graphwally i Frgure 42-2. It 35 clear
that the incidence was highest during the

Tasiz 322 Incmence of
fnriar. Maocarout Inearcrion
2v Mowin, 1955

Sumber of cases

Xakly  Quarterty

azr

summer months, July through September.
During this period of time, 76 cases were re-
ported The winter months, January through
March, with 36 cases, had the lowest seasonal
merdence. These data suggest that the sk of
developing a myocardsal mfarction s about
twice as great during the summer as it is
during the winter.

The seasonal differences obsenved in this
study ase contrary to those reported by severa
other muestigators In their series of 240
cases, Bufhings and his associates? found that
the meidence was highest during the wnter
and lowest during the summer Bean? noted
a low wmcdence durtng the summer, but no

h { differences among the other sea-

Jaacy B sons, Data presented by Mintz and Kate!
f‘;::h"y ‘Z " show muntmal monthly anation throughout
},pn‘ 14 the year, except for a shght increase during
May 17 late fall and early winter McVay! on the
June 13 44 other hand, reported 2 seasonal low durnng
Juty 3 the wanter In fus study of 47 cases among
‘5‘:15:: ;bn g % Aur Foree personnel, only four occurred from
October 7 December through February

November 23 There daes not appear 1o be any explana-
December 15 s3 tion for the mconsstencies in these findings
They may have ansen hecause of differences
Total 209 9 i the selection of cases The seasonal pattern

WG OF CABES

ren no0

IMPLOTEES

12

/

y
l Soies

/

2 /MW "d

/

[+]

L’
PP FENALES

-~

25 30 3% 40

45 L] €5

AGE

50 35

Fiz 42.1. Age-spectfic mardence rates of imtial myocardial nfarcnion, by sex, 1856
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NUMBER
OF CASES

WORK CLASSIFICATION

Fic. 42:2, Incdence of muud
myocardial  infarction  durirg
each month of 1956

we observe duning 1957 should help clarify
1his problem

Factors Associated with Recovery

For purposes of this study, the subjects
have been divided mto two categories with
respect 1o survival after the attack An em-
ployee 15 classtfied as a “recovered” case if
he survived 30 days or longer, while an em-
ployee who died within 30 days of the attach
1s designated a “case fatahty * Of the 209
cases reported during 1956, 139 recovered
and the remammg 70 died withuin 30 days
This 1s a case fatality rate of 33 5 per cent

In this section of the paper, the data on
the male cases arc analyzed to determune
whether the chances of surviving 30 days or
longer are associated with the following fac-
tors age, hypertension, excess body weight,
and a history of tachycardia

Age

The case fatality rate i each ten-year age
group is shown i Table 12-3 Although the
rates increase in each successive age category,
differences among these rates can be attrib-
uted to samplmg vamation It is possible,
however, that as cases are added to the study
the present pattern may persist. If that does
happen, a positne association between age
and case fatality will be demonstrated statis-
tically. Increasing mortality with age has
been reported in the lterature ¢

Ace-Sprcinic Case Fatatm Rans

TasLe 42-3 n
Avioxa 207 Mare Cases oF Inmiac
Msocarpiar Inrarerioy, 1958

___ Mvocarom veATCTn S ——

Cat
Jatalitr
e
Age Totad  Recowaed  Dud® Gl
o - -
25-34 3 3
35-44 43 32 _H ;5 g
45-54 87 57 30 b
55-(4 74 45 bl
8
Total 207 137 70 33

e
* Died wathin 30 days of the onset of the &
atrack

Hypertension .
To classify the cases as h)penm;\\e‘:r .
hypertenste, reference was ma ekm o
blood pressure readmgs that were m(dw o
ing the past ten years at the ime omm "
ployee’s periodic physicat e\mmmi\e i
employee 15 designated a hypertew‘xsv -
medical records show 1o s“u[js“tmh[, .
readngs of 150 mm Hg or more, by
94+ mm Hg or more, diastolic. o e
According to these eritend, 54 cas“& "fhe
study were classified as hypertens et
case fatality rate mn ths group Mssm e
cent Among the 133 nonhn)eﬂ?\ nc; e
rate was 32.7 per cent. The duffere!
tween the two rates is rot slgmf\::‘.“}me o
Several other imvestigatoss™>™

ot



Tanry 424
Cases op In,
A\p Winioyy Histogy oF ")nnn:nslov,' 1956

Case

NUnber of cases Jetatiry

rate
Total Recongreq Dedt (per conyy

Hypertensy e o 4 370
ot bypertensy o 5503 g, 327
Tota) 207 137 70 338

Two Successp o Adnua) Teadingy of 150 mm H,
O IO, systaic, op Jmm fap o more, diastol

ted within 3o days of the onsey of the acute
2ttack

hy Pertension

a
°ars no Zelationgp,, D to

reported that p.e-c\xsung
it Prognosss folion ing
yocardia) infarctiop,

Excess og, Weighy
To Study e effect of Cxcess body weight

™ chances of surviyy, 2 coronary attack,
the Subjects ore clagsified as Overneighy o
their body 2 A5 measyrog Within g yeqy
Prior the ¢ ack, exce, ded  the,, ideal
“eighe by Per cent or mope OF Purposes
{ thys gty Y5 the ide) weight for 5 spectfied
hejghy weight g, “3y between gho
allowapje s for 5 p, on of medyym

{ practica} ciffi
© obtamn (he em-
types or Spectfic gravties, o

PER cent
30

Fie 435 Aepeafie o,
Iauhly fates AMong mape Cases

o gy ™oCArdial g
tion, 1950

and 1 ghe
Sroup classifieq as nor memmght, the rage
was 326 Per cent T, Afference of 35 per
cent can pe attnbuted 44 chance Vanauen

Tapeg 425 Casz Fatagrrm Rares Avong Marr
Cases op Inerigg, A\hOCARDML Inunc‘now, Wirn
AND Tour Excrgg Bopy Weigur, » 1955

Case
Jatalyy

rate
Total Rerpsereg Diedt (per eem)
N

Numéer of cases

Overnegy, 24 g

361
Not Overwerghe 135 91 44 326
Tota) 207 137 70 338

+ Tucnty pep o 0T Over idea) e
t Dieg within 39 days of the ongsep of the acute
attact,

analyreq further 4, deter.
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rate among cases without a history of tachy-
cardia was 347 per cent The difference
between the two rates is not significant

Taste 42-6. Cast FataLiry Rates Amone Mare

Cases oF Inrmat Myocakoiar INFARGTION, WiTie
Anp Witnour History of TACin cARDIA,* 1956

Case
Jatality
e ——— rate
Total Recovered Daedt  {per cent)

Number of cases

History of
tachycardia 34 24 10 29 4
No history of
tachyeardia 173 13 60 347
Total 207 137 70 338

* Two or more pulse rate readings of 90 or over
taken at periodic physical examinatons duning the
ten years preceding the attack

+ Died within 30 days of the onset of the acute
attach

Thus, there is no evidence m the present
serics of data that the chances of recovery
are associated with age, hypertension, excess
bedy weight, or a lustory of tachycardia

Study of Preinfarction Electrocardiogrom
Eighty per cent of our cases had one or
more clectrocardiograms prior to their attack
The number and hind of abnormalities noted
Numper oF Cases \With CeRTAIN
171ies NoTED oN LLECTROCARDL
GRAMs TAREN PRIOR TO ATTACK

TasLe 427,
A

WORK CLASSIFICATION

prior to the attack are found m Table 27
Of particular interest 1s the fact that, of the
168 subjects who were given electrocardio-
grams prior to the attack, approvmately 8
per cent showed no evidence of carduac ab-
normalities. These data illustrate the well-
known inadequacy of the elect d

as a means of predicting a coronary attack
or detecting the presence of atherosclerosss.

Location of the Infarct

The location of the infarct was known w
121 (57.9 per cent) of our subjects The dis-
trbution of the location, as shown in Table
42.8, indicates a preponderance of postenct

TasLe 42-8  LocaTiow oF InFarcy

Number Pt cent
—

Posterior 82 ; f
Anterior 4 e
Antero-septal 14 l5 s
Posterior-lateral 7 32
Antero-lateral 2 I
Anterior and posterior 1o
Lateral intramural t
Total- Location known 12 1000
Locaton unknown 88
Total number of cases 209
to anterior,

infarets. The ratio of posterior 2
specified as such, 1 182 to 1 (6210 .
Other studies, however, report 2 'mﬂjfg \
Jocated 1n the anterior wall.+* This L?xfci
ence may be duc in part to our tach of inf®
mation in 88 of our cases

Num- Per
Abnormality ber  cent Oce ional Variation in Incidence of
Bundle branch block Myocardial Infarclion o divided W2
Rght 2 t2  The company emplojecs a%® (0
Mined of ncomplete 2 12 twobroad categortes for payroll A"
Heart block 3 18 5 the wage roll and the other, zh)e's?i 3’3) "
ST-T abnormahiues 6 36 1l group consists chicty
T wave changes e e alicd and siklled podie
Premature auricular contractions 2 12 borers and shille of the salary ™
Premature ventricular contractions 7 42 worhers The occupations i matare
One or more abnormalities 27 161  employces are mostly scdcnl-’lfyl i
No abnormalities 141 839  They include clenical, professiond ’F ¢ pur-
trative, and supervisory personnel Fo

Total who were given one or more
EKG's prior to attack 168
Nutber with no EKG's prior to attackh 41

100 0

Total number of cases 209
ISR ———

: ecs
poses of this study, the sataried cril\[)}:"zmv
hase been subdivided into four ca ts;ﬁam
cach one desriptive of how the Occ‘ipm o
within the categary are rated with sesp
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am

HGMICR OF caSES_reR 1,000 fupiovies
v ] 3

.
SALARY
GROUP D
SALARY
Fie 424 Age-adjusted 1n- GROUP ©

adence rates of initial myocar-

dial wfarction by occupatonal WAGE RoLL

dassfication (Male employecs,

5564 years; 1956 ) vl
SALARY
GROUP A

thelr rclative degree of responsibility, The
Categonies are designated A, B, C, and D
Group A includes the top-lev el managers and
executves; D, clerical workers with a mm-
mum of responsibility; and B and C, em-
Ployees whose job responsibility hes between
the two extremes

Incidence rates of myocardial infarction 1n
«ach of the five occupational groups described
above are shown 1n Table 42.9 Because of

Tasie 429 Act-Aojusten Incipencs Rates o
Ivimian Myocaroiar Inrarcrion sy
Occupationar Crassirication
{Male employ ces, 25-64 years, 1956)

Occupational Number of  Vge-adjusted
classifieation cases sate
Salary rol
Group A 5 23
Croup B 20 27
Croup ¢ 36 37
Group 16 37
Total salary ol 86 32
Total wage roll 12t 27

* Employees on the salary rall are classified
2e0ding 10 degree of job responsibility on a seale
xtendiag from A, the highest level, through D

the lacge dufferences n the age distribution of
Wese groups, it was neccssary to adpust the
Tales to remove the effect of the age differ-
Cnces *
Vanation in incidence of myocardal in-
*The ratcs were ad
justed by the indirect
tmethod The srandard rates used tn the calculs-

4088 Were the age-specific attack rates for the
ompany 24 2 whote

Acsorarng To Qugen
A The Higheat Lovel, Thraegn

farction among the five occupational cate-
gortes 15 not any greater than one might ex-
pect to find as a result of chance alone It is
mteresung to note, however, that the age-
adjusted rates, as shown graphically 1n Figure
424, were highest i Groups C and D, the
salaned cmployces with the least job respon-
sibility, and lowest 1n Group A These find-
ings are not consistent with the hypothesis
that executives and other high-ranking per-
sonnel are most susceptible to attacks of
coronary thrombosis

A sumilar conclusion was reached by Stam-
ler in his analysts of mortalty due to cardro-
vascular-renal diseases in Chicago, Illinois *
The deternunation of any real differences
among the occupatonal groups described in
thus study must awart the accumulation of
additional data

Summary

Two hundred and ninc employees of the
Du Pont Company in 49 company mstalla-
tions located 1n 18 states developed an acute
myocardial nfarction during 1956 In the
age range 25 to 64 years, the madence was
2.9 cases per 1,000 male employees and 02
cases per 1,000 female employecs Only two
of the subjects were females, and both were
between 60 and 64 years of age. The youngest
male mn the series was 26 years old. Incidence
of attacks was observed to increase sharply
with age

Further analyss of data revealed the
following:

! Incidence was highest during the sum-
mer and lowest during the winter
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2. Appronimatelv onc third of the subjects
died within 30 days of the acute agtack

3 The chances of dying within 30 days
of the acute attach appear to increase with
age, but our experience in the present study
is not large enough to exclude the possibility
that age sanation in case fatality is due
solely to chance.

4. There 1s no evidence that the immedi-
ate prognosis 15 affected by overweight, a
pre-exisung  hypertension, or a history of
tachycardia

5 No significant differences in incidence
of myocardial infarction were found among
occupational groups classified according to
degree of job responsibihity
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CHAPTER é}@ EXPERIENCE IN SELECTIVE PLACEMENT AND
FOLLOW.UP ON CARDIACS*

William E. R. Greer

Tt has heen suggested that under proper job
Placement and satsfactory mentat and emo-
uor331 states cardracs in industry should ex-
hubit 2 gaod report insofar as worh efficiency.
absenteeism, accidents, and need for special
tonsiderations are concerned  Morcover,
there 15 ncreasing evsdence that the etology
of artenosclerotie heart disease rests more
with poor health habits and sedentary hving
than wath hard work, overexercise, or 0cCU-
Ppational stress

Working capaaity evaluation of the car-
duc worker must rest on careful clincal
Judgment and mental capablities of the em-
Ployee in relation to the requirements of the
Job 10 which he 15 to be assigned or e~
asigned

Ttis imperative that the cardiac warber be
cquainted wath his physical status and that
PPropriate health counsehing for mais-

.
Analins of 202 worhers with cardsocascalar

drase emp)
Compay ployed at the Gillette Safety Razor

tcnance of optimal heaith from both physical
and i dr accomphished

In the pilot study of a plant of 2,600
waorkers that we have undertahen, a number
of observations would appear to be of in-
terest The wmeodence of cardiac disease in
the plant population was about 8 per eent
of the employees examined {Table 43-1) Tt

Taste 43-1  Incipencr OF CARDIOVASCULAR
Drseasz Anone 2,600 Guaerie Esrrovess

Totol

P
Males Tomales Nunsher evar

Essential I pertension 6 37 W 5
Astenioaclecots beart discase ) 2 s o2
Rbecumaue heart docase [T T R VT
Hyperternne cardwosascular dsease 33 5 13 9
Abnarmal clecreorardingeans 2 1z 6
Comgenctal heat dicase 3 2 3

t
[ioaei
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should be noted that there are about twice
as many males as there are females in the
group surveyed The incidence of cardio-
svascular discase in any group carcfully ea-
amined averages about 10 to 12 per cent.
It is sigmificant that 65 per cent of the
group are in the age group 40 to 60 years
{Table 43-2) This is the time of greatest

‘Tase 432 Ace Grove IncibEnce of
CARDIOVASCULAR Diseast

Loder 30-30 4049 50-50 060
R

w

Essentual by pertension
Arteriosclerotic heart disease
Rheumauc heart dusease:
Hypertenswe cardiovascular

17 n 36 13
2 "

~e
-
%

duease ' ¢ 4« 8 s
Abnormal electrocardiogram 1 1 3 s [3
Congenttal heart disease 1 2 o o o

Percentage 13 13 25 a0 14

responsibility and a time when earning capac-
ities are most important The 19 per cent
of employees with cardiovascular discase
under 10 years of age may represent a sig-
nificant future disability or compensation
problem

Since we have not examined 100 per cent
of all the employees, the total significance of
the figures in Table 43-3 is not forthcoming

Taste 43-3  INCIDENCE OF CARDIOVASCULAR
Diseast By Occupational CATEGORY

Vane (XS
agement Clerieal Shilled dulted

Essentia) hyperiension 18 10 48 24
Arteriosclerone heart disease 1% 1 16 15
Rheumatic heart disease 1 8 5 12
Hyperteatne cardiosascular dusease 1 T
Abnormal electrocardiogram 5 2 3 2
Congenral heare duscase ° P )
Percentage 19% 136G 0% 29%

However, there are approimately 100
members of the management group, and, as
indicated, 38 per cent of them have evidence

WORK CLASSIFICATIO

of cardiovascular discase These are the Jead
ers or ones with greatest responsibiit
There has been no restriction of advance
ment in position because of evidence of ca
diovascular disease. There has been o
evidence of aggravation of the duea
process.

Arferiosclerotic Heart Disease
Arteriosclerotic heart disease has occupie
a major position in discussions of the cardia
worher. In this pilot study s have noted !
employecs 1 this category There was
significant family history in 12 (26 per cenl
of this group. Three of these employces ha
diabetes mellitus There was one mstance {
hypercholesterolemia in a 36-,53:—015. sale
man who has had two myocardial infav
tions but who continues to perform
vigorous schedule Tuenty-fous {33 p

TabLe 43-4  Incpence OF
My OCARDIAL INFARCTIONS
¢
Number of cases in artertosclerotic group, 27 (60%
JAge at the tme of first myocardial infarction

Age in years Number of employecs
30-30 2
40-49 9
50-59 12
60-69

Fears of work since suutial myocardsal wnforchiss

1- 4 years 13 employecs
5- 9 years 10 employees
10-15 years 4 employecs

5
Tmplayees usth mulieple myocordial snfareionty
Change 1n employee statu sinet 1955

Deceased
Cleared 1 {not cardiac rmomg
Retired 2 (a0t cardiac reasons

1
cent) of this group exhibit angina peclu::‘ ‘
some or marhed degree. Ten (?2 per .
of the arteriosclerotic heart d.xscasc %sﬁ‘
are under ireatment for chroni¢ c'o;i; ’
heart fatlure Concerning body \«m(g! 1’10\
of interest that 11 per cent \mg*;t;o hy?
140 pounds; 35 per cent \tughed it
pounds; 22 per cent weighed 180 o
pounds; 18 per cent “nght.-d ‘d or p
pounds, and 13 per cent ‘\\elghl‘
pounds on {nitia) observations.
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atic Heart Disease

re haie apparently been few studies
fate of the employee with rhewmatic
disease It is almost routne in most
nes in the arca to reject any pre-cm-
ent applicant who has a heart mur-
Industry 1s worricd ahout the possible
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Tapte 436  Incipesce o AcCmEnTs i 202

CArDIAC LupLotes

Sumier of v
emplovees scardowis oiidents

Magar

we disability problem 1f ¢
ied In the group under study there
nenty-four hnown cases of theumatic
disease {Table 43-5}. In the employees

Aure 435 Ruzumanc Hearv Diseasz
Number

o5 of salunlar disease n 2000 emplayees  of cases

1stenosis 3

1 stenosis and ssufficieney 3

$insufficiency 14

1aad aoruc stenesis and wyaffieiency 3

2 stenions 1

Toral 24

+ rheumatic heart discases, five exhibited
ience of congestne heart falure Eleven
doyees showed sgnificant cardiac €8~
ement Four cmployees had embohe
nomena Eight of these mdwnduals were
siving digitahs and other caxduac medica-
15 One of these employees had successiul
ral valve surgery Since 1935, one of
se employees has died and two have been
ared but not for cardrac reasons Over 3
8 period of study this group may repre
@ a potentially greater mdusimal mish It
of mierest to note the atmost equal distet-
om of cases m this groap by age decade
‘able 43.2), employees with evsdence of
wbohe phenomenen are the worst risks
1 group

ccupotional Accidents or Injuries

There have been few studies of the car
ac emplojee with yegard to hahbty of
sceptibility to occupational accidents of
juries In this study cardiacs scemed to
ave mote actidents than the plant average
Ithough none were stgmficant These have
cen no cardiac death clamns or clamms for

Savenuat by pericason 100 3 i)
Astesionclecatic heart ducase ] » s
Rheumata heart sharase 4 2 1
4 far ducase 18 u 1

Abparmal glectrocandiogram 2 » 2
Congeniral hean dimease a 0 0
Acedenss s 2

Sncidence of major accidents, 2 6 pes cens (Over 2
weeks’ abseneer

Incutence of mmnor accidents, 14 0 per ceat (No
ume lost)

Inedence of major acewdeats m 100 unselected non-
cardisc employees, b per cent

Incidence of munor accidentsn 380 unselected non~
cardeac rmployers, 2 per ¢ent

agrasation of evsting heart diseases (Table
436}
A in Cardioe Empl

The brezhdown of absenteaism in the
plant population for 1936 n regard to em-
ployecs with speaific cardiovascular disease
as compared to the so-called average em-
ployee 15 shown Table 43-7 These statis-

Taste 43-7  ARSENTEESSHW

Average daye lost

per year bt

emplavee
Average employee 13

Niate 8 98
Female 153
Fasential by pecteasion 113
Artenoselerotic heart disease 13 3
Rheumatic heart disease 36
Hypertensne cardioraseular duscase 10 6
Abpormat clectrocardiogram 66
33

Cangemtal heart discase

nes o a small conhnuwing study certainly
reps t a most I b

If one pursues reasons for even these low
absenteeisra rates for cardiac  employees,
other interesting obsesvauons are noted
There were 253 days' absenteersm in the
esseatial hypertension group for reasons un-
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related to hypertension. About 50 per cent
of the employees with hypertension had less
than three days absenteeism for the whole
year  Twenty.one of the employees ac-
counted for 785 days out of 1,077 days' total
absenteersm 1 the group In the group with
rheumatic heart discase there were cight
employees who accounted for 240 out of 314
days total absenteeism There were 87 days
lost for noncardiac reasons. Nine employees
(40 per cent) had less than three days’ ab-
senteeism  In  the arteriosclerotic group
twelve employees accounted for 462 out of
600 days’ total absenteeism There were 152
days lost for noncardiac reasons Twenty-one
(46 per cent) of this group had less than
three days’ total absentecism In the group
with hypertensive vascular disease five em.
ployees accounted for 148 out of 212 days’
total absenteeism There were 78 days lost
for noncardiac reasons  Thirteen (72 per
cent) of these employees had less than three
days’ total absenteeism

In this pilot study to date cardiacs would
appear to exhibit a good record where ab-
senteeism is concerned In our studies of
total long-term absenteelsm diseases of the
musculosheletal System, respiratory system,
and female reproductive system represent a
much greater cause of time lost from work
than do discases of the cardiovascular
system

and 50 per cent regular workers. The work
performance of the cardiac workers 1n this
study compares most favorably with the
average healthy employee (Table 43-8), 36
per cent of the cardiac employecs were

Dber cent unsatisfactory It s of nterest that

WORK CLASSIFICAT
TaBLE 43-8  Work PerroRmANCE Ram ¢
Carpiac Evproess

P Rgw L
mumar Beg ug

—_—

Lssential by pertension 9
Artenasclervuc heare disease
Rheumauc heart disease
Usperensive cardion ascular dusease
Abnarmat electrocardiogram
Congenual heart ducasc

e NwueE
e liy

i
]
0
0
]
[l

Percenuge % s o1 o1
-—
hypertension  show premium  performance
when the average for the plant population 1
20 per cent. This 15 in heepmg with 'the
“hypertensive personality” of aggressite,
conscientious, hard-dnving charactenstics.

Instances where special considerations had
to be given were rare These induwiduals have
not represented a safety hazard, have pro-
duced at a profit, and usually have excellent
morale effects on fellow worhers There ha;
been no objective evidence of aggratation o
the disease process

For indusptry as a whole studies should be
made on a broad basis as to the relame
hazards, the accident proneness, the cump:]ﬂc‘
sation risks, the work performance, and a;_
average absenteeism of the worher with th
diac disability. Thesc factors will rary “M
certain industries Care and p'hnnm;' :k
salvage much saluable prod.ucuury Il :‘uns
now being wasted Industrial popula o
present ideal situations for obsemmonsc i
research in certain features of cardiovas

disease,

a
Su:’;droyz study of cardiovascular disease 183
plant of 2,600 workers 1s pnsentcd.l .

About 8 per cent of the emp O)ascular
amuned exhibited evidence of cardio
disease. i .

It would appear that the cnrd::t“”t’;’l
ployces in this group showed an pevil
record insofar as work perfonnancce,td or
tecism, hazards involved, and dll
iderations are concerncd.

31 per cent of the employees with ial

special



CHAPTER é]é] MYOCARDIAL INFARCTION IN GARMENT

WORKERS

CHARACTERISTICS AND RELATIONSHIP TO TIME LOST FROM WORK

Leo Price®

CHARACTERISTICS

Introductian

Myocardial wnfarction that occurs among
worhers deserves the mterest and discusston 1t
5 Dow recening Smee this discase has a
definfte ecanomic and social impact upon our
soclety, shere is obvious value in studying the
influence of coronary heart disease upon 1n-
dustnal worhers

In the past, myocardral infarctions with
sunnal usually imphed serrous loss of health,
Z";longcd temporary or pesmanent disabality,

2 an outlooh of a Imuted fife span They
0 implied distressingly high smedical ex.
];‘Emes and long penods of confining illness

Toreover, they were associated with financial

.

Me T;" appreciation of the Author 15 extended to

Unoy ey Sameth, Chuel Staustician of the

sohvay Wealth Center, for the stanstical problems

Hargty 3y he course ‘of this Survey. and to Dr

then arcus and Dr Alexander Oscharoff for
¥ Participation 1n the study

losses both to the worhers and to the em-
ployer  For the former there were serious
immedtate losscs of wages, and family hard-
stups because of unemployment For the lat-
ter there were production losses owing to
absences of older, shilled and dependable
worhers 1 whom the employer had heavy
capstal myestments

Published reports concerning acute and
subacute cases of myocardial mfarction gen-
erally deal with the hospital patient This
study of garment workers with coronary
heart disease who have experienced myocar-
dial infarctions 1s based upon medical super-
vision of the ambulant pattent who visits our
clime at regular intervals

Inciuded m this study are some worhers
who were employed when the infarction was
discorered, 1t was found that some continued
at their employment regardless of medical
adwvice to rest dunng the acute or subacute
stages of coronary disease actnity It was

87
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found that 85 per cent of the patients sur-
veyed in this study went back to work after
recosery from the attack.

Background of Industry's Medical Care
Program

The paticnts under consideration are em.
ployed in the ladies’ garment industry, which
has 200,000 workers in the New York Cuity
arca These workers are provided with pre-
paid ambulatory medical care at the Union
Health Center During an average day, the
Center sencs between 1,400 and 2,000 pa-
tients, who are primanly in the older age
groups  The Center's medical service em-
phasizes preventive medicine and utilizes
frequent laboratory examinations, as well as
mintature chest X-rays

In 1955, 46,000 70 mm  fluorographic
chest films and more than 15,000 electro-
cardiograms were tahen While about 80 per
cent of the workers in this industry are
women, only 60 per cent of the paticnts at
the Center are female Most of the male
patients are 1n the older age groups

Heart discase has always been an im-
portant entity that has faced the physictans at
the Ceater, as evidenced by the large number
of claims for sichness insurance for temporary
and partial disability owing (o heart disease
and the large number of cardiac cases treated
in the chnic In addition, the examinations
of retirement applicants showed this category
of disease to be a leading cause of Premature
retirement at age 60 and over Furthermore,
the greatest and most frequent cause of
death in the industry has been from heart
disease, averaging 46 per cent of the 1,300
annual deaths for the last five years.

Material Presented in This Study

In 1955, 15,112 clectrocardiograms were
performed upon 13,184 individual patients,
11,613 persons had one electrocardiogram

WORK CLASSIFIC

graphic tracings in 19535, 732 showed |
cardial infarctions; 1,703 had myoca
damage, and 767 had other abnormahtie
dicating heart discase There were 3
patients with abnormal tracings and 9
patients with normal readings

The 732 cases diagnosed as showing
eleclrocardiographic pattern of myocarc
infarction were carcfully reviewed by |
Marcel Goldenberg, our Chief Electroc
drographer.

A Myocardial Infarction Register was 1
wiated with these 732 cases and every su
sequent case of myocardial infarction d
covered among the patients at the Cent
has been added to this record. A tota'I of 8
of these patients hase died at this writing

Age and Sex of Palients with Myocordi
Infarctions
Table 44-1, analyzing the age and sex d
732 infarction paticnts, shows that myocar
dial infarctions occurred predominantly 1
the fifth and sixth decades of hfe i both
men and women Among the men, 51 pf{;
cent occurred 1 the 60-69 age group and 3[
per cent in men between 50 and 59 years ::
age Similarly, in the women the Ia'rft?s
number of infarcts occurred m lhu'r sL\l-
and the next largest group of infarctions o¢
curred in women 1n therr fifties. -
The ratio of nfarctions in.all these *
patients was 52 1n men to 1 in wor}rller:am
patients more than 50 years of age U emm
of infarction was 58 in men to 1 md\\oonw
Many of the patients examined ha o
more of the complications usually 1m1lc ot
in older age, chronically ill persons. : :n o
frequent  complication was hni;ranuefy
followed by diabetes, obesity, an
state, ) . ’c"‘ﬂ"
Study of 204 Cases of Myo.cardlal'}h‘ls:m)o’
In this group of 204 patients who!

he first
i i vas discovered for t
cardial mnf; was discov

done, 1,295 had two el f in
the course of the year, 215 patients had 3
elcctrocardiograms done that year; 60 pa-
tients had 4, 5, or 6 electrocardiograms done,
and 1 patient had 7 electrocardiographic
tracings in the course of the year,

o
time in 1955, it was found that 733“‘?::’”
358 per cent, were venfied 5;15! had o
acute mjyocardial infarction t ka of the
curred within eight \\ecks. of the tal rgu'arl o
electrocardiogram, This is the P“’P: dial i
which ambulant acute cases of m)oc:

Among the patients who had ¢l
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TabE 441 A AGE anb SEX 0F PATEATS witt Myocaroir [nearcttons, B AGe aso Sex of
Panipnts Atrenoine ir Hearm CeNTER
A Infarctien palients eegutered B Patients attending center dureng ane
n 1855 month 1 1935
Male Female Male Female
1ge groups Number  Percent  Number Petcent  Number Pereent  Number Percent
M8 over 81 132 2 17 1077 196 279 30
60-69 314 510 54 46 2 2341 42% 2137 232
50-59 188 306 45 385 1119 203 3392 367
-4 27 44 14 120 479 87 2058 223
Vader 40 5 [ X3 2 16 492 89 1365 148
Total 615 100 0 n* 1000 558 1000 9231 100 0
Per cent of male and female x 840 « 160 x 37 4 < 626

farction were encountered mn this health
center (Table +4-2),

The balance of the 131 cases showed on
dectrocardiographic diagnosis either subacute
or chromic myocardial infarctions that were
sten for the first time in these patients,
although most of them had visited the Center

cause of the electrocardiographic depart-
mept's consenative and realistic view, and
because of the great volume of work, 1t is
felt that additional routme leads may be
omtted for the present

Chaoractenstics of Myocardial Disease
Encountered at Center
Many of the cases encountered at the
Union Health Center gave the unpression
that they were “bemygn” 1n character, when
one considers the lack of symptoms and signs,
the work history, and the suninal period
the D were so muld and

Tasie 442 Msocamoiar Inraxcrions v
AMBULANT Patients Finst Recoapeo
™ 1955
Numbes of  Per
batents  cent
:xcul: myxcardial mfarcnons n 358
L other my ocardral snfarctions 131 64 2
Total myocardial infarcuons 204 100 0

Previously and had had electrocardiograms
which did not show an infarction pattern
7312‘"rom this group, and from the rest of the
miaretion cases, registered in 1953, the
atenal for the disabulity study was secured

Eleclrn:ardiogmphic Procedure
m:]&?ugh the .12 lead electrocardtograms
here ing done in selected cases, the data
Presented are from the following 7

134

3“;'h:ha limb leads, the unipolar lead AVF,
5 e following chest leads Vi, Vi, Vs
ccause the 7 lead electrocardiogram 15
'© bass of the data, it 1 possible that some

th
infarcy]
arctions were overlooked However, be-

few as to be 1gnored or not recogmzed by
the patient Sometumes the unpression gamed
after persistent quesuomung was that pain
and other symptoms of coronary discase were
altogether absent Apparently we meet a type
of myocardial nfarction that either ivohes
a small area or else the infarction develops
slowly Moreover, because of the age of the
patent, he 1s Mhely to hase good collateral
circulation

In some mnstances the mfarctions occurred
wn patients who had been under long superi-
sion for arterioscl coronary insufficiency,
myocardial damage, or angina Nevertheless,
when an acute infarction in the ambulant
pauent was demonstrated electrocardio-
graphically and clinically substantiated by
some new or unusual symptoms such as a
new type of pain, cold perspiration, vomiting,
or “weakness,” 1t has been a problem at tumes
to convince the patient that he had a critt-
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cal illness, that he should discontinue work
immediately and accept hospitalization,

Thercfore, this tpe of infarctuon seen
among older workers differs from the typical,
serious, readily recognizable case of myocar.
dial mfarction in which the symptoms vary
from severe shock with Pan and breathless-
ness, to the moderately severe forms of coro-
nary attachs comentonally described While
the conventional type was also encountered,
many of the cases i this seres did not have
an immediately sertous Prognosis, some had
relatively short periods of disability, and 27
per cent had no disability whatsoeser

The assumption 15 that n these ambulant
cases of acute myocardial infarction a leston
deseloped any tune up to eight weeks prior
to the performance of the electrocardiogram
at the Center. This ume period 1s based upon
the observation that even the larger lesions
will have healed within two months !

All other cases, which include subacute and
chronic mjyocardial nfarction, are grouped
together Heremn are included cases who had
normal electrocardiograms duning attendance
at the Center unti an electrocardiographic
tracing taken during a subsequent elinical
visit showed an infarction pattern that had
no evidence of recency It also mcludes a
‘arety of cases with no Previous electrocar-
diograms 1n theyr records, and whose first
clectmcardxogram showed a pattern of past
nfarction

Many of the cases were of the subacute
type and while under obseration continued
to show changes n the Ppattern of the electro-
cardiograins taken pertodically Regardless of
the progression or regression of the lesion, the
very presence of wmstability implies extension
or contraction of a myocardial lesion, and
underlines the serious nature of the condition
and the need of careful supervision, partic-
ularly when the patient insists upon working.

Sometimes 1t 15 utterly mmpossible to verify
chnrcally the date of the occurrence of the
actual attach This eludes the physician re-
gardless of the care, persistence, and time
taken to investigate the Iistory and to record
the symptoms The 1nability to fix the clinical
date of the incident is because the patient
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was not aware of the attach and sough
medical attention, Either he attended
clinic irregularly or there were long inter
between visits, Whenever the Ppatient had
perienced symptoms venifying an infarct
the actual clinical date was noted In case
acute infarction, with no symptoms, |
electrocardiographic date was recorded as
date of mnfarcuon In subacute or chro
cases who reported no symptoms, the date
the infarction was arbitranly fised at 2 m
point between the date of the electrocard
gram showing an infarction pattern and 1
date of the presious visit at which an electr
cardiogram showed other than an infarcto
pattern, providing it was less than two year
Some of the patients denied having e
any pain whatever, m spite of persisten
questioning  Some recognized r.xothmg up
usual in the mild to severe pain they ev
pertenced prior to or during an attack O{te;
no history could be obtained of change ;
pain location, radiation, or ln!{'ns}t)‘; :
whether the attack was accompanied by
symptoms other than those pre\mus%' l:?)'
perienced Some patients were complel L
“unaware” of experiencing a heart .aua;:
although we have c]ectrocardxogr?phx;; CK.
dence either of an acute m)ocardxal 1 er
tton or of an infarction that h?d OCC‘;’;?.
sometune during the extended mzcnaf -
tween visits to our institution 'Som::h‘:te o
patients refused to accept medxcalfam ot
stop work, and thus lost no ttme fro:
usual employment
sh \muI;d )appear that a far nu‘mbwhnl-
ambulant patients experitnc.e no pain Some
ever during the myocardial mfnrcnon‘om"'
may have symptoms such as n.mse:;\,ms o
ing, vertigo, or an attack of Mcamms it
fainting But these identifyng 5)""1’]"](‘s i
comparatively uncommon m the pa
ion incidents e
rn;::)sencc of pam has been Y.EP""C:{}‘;"N[L
Iterature, but absence of pain 1s'n0tour s
Its frequency of occurrence ln5 oo
bulatory chnic is higher than the
t reported.? 5
ccx\‘Vc }ll):\*c focused our auen]u:)ir‘le‘]l){j”’;s
primanly, although not exclu

er of

pam
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ying sy in myocardial infase-
non. We seeognize the numerous v aricties of
pan, sanging from mild distress to the everus
caung, crushing pain thac brings fear of
mpending death. We have considered the
location of the pain, its radiation, and the
time factor. It is well recogrized that some
persons are highly insensitive to pain It 15,
haweser, only the indefinite, mildly distress-
ing types of pain that might be overicohed
by the patients studied. The crustung, severe
upes of pan with pressure on the anterior
ehest, with or without radiasion to the arms,
would not result in 2 questionable or negatine
hustony,

It is not necessary 1o deseribe the many
other symptoms and signs that ase charac-
tenstic of acute myocardial infarction But
repeated physical examinations, with all diag-
zostc facabities nsed, have given assurance of
the aceuracy of the diagnosis, in spite of the
ahsence of fever, biood pressure changes, m-
cieased sedimentation rates, or evidence of
heart failure,

The pesmary purpose of discussing pain,
although other symptoms are explored and
considered, iy that 1t has been most common
and useful in sdenufying which cases were
{‘:’3‘\:'6‘ ’Of the oceurrence of an infarcton

1

3%

and/or routine clectrocardiograms of workers
vising the Center for chech-up examinations
or for medieal care for complants other than
heart disease

RELATIONSHIP TO TIME LOST FROM WORK

Disability

For the speaific purpose of estimating loss
of tune from worh because of disahdity, we
made a suncy of actne pauents with a
recard of a single nfarction who were in-
cluded i the 1935 Infarction Reguter Data
were gathered on these patents who attended
the Center for medical care, not necessanly
for cardiac complaunts

In the hmited time avasable o perform
this Study  {October, 1936, to Febsuary,
19571, 219 patuents and thew secords were
1eexammed  Among the group were 33 who
had capemenced the infarction after retre-
ment ftom the wdustry  They were el
wated {som the tabulations

The study and re-esanmmation of these
patients was necessacdy perlfarmed during the
day hours of the health tenter services For
this reason actn & working patients, who seck
medical seriice n the evening chnws after
worhing hours, were not reached 1 sufficient

troc In studying
dsabihity, %o have ot included cases show-
g auncular fibnllauon, keart block, and
other cardiac icregulanties

hThxs study, therefare, emphasizes not only

5

i The selecuon, therefore, was not con-

sidared wholly representatie of a cross sece

uon of the industnal group, simce it con

taned many workers who seeh medscal care
f

that acute myocardial
fecur among ambulang patieats, but also that
some such patients are “unaware” of the
currence of a heart attach The symptoms
nd signs devalop i persons who are esther
Msemsttive to mild pain or are accustomed 1o
TOre severe pam and are not prone to seek
medical care for “minor” complazts
. It also inctudes so-called silcat cases of
Oronary disease that may be entirely free
:on; SYOptoms and signs Among garment
OZxers attending an ambulant health center,
ANy such cases continue work through the
ﬁ:x:df of a heart attack and lose httle or no
dm‘mt?:r\ wosk The discovery of the con-
a3 only possble through frequent

more ty than the aserage chme pa.
tient, a3 well as some worhers who ate the
first to quit at the close of the work season
and the Iast to seel a return to thear machines
as the new season commences

“This current Study 15 bemng continued to
clude 2 larger and more representative
number of patients who worked w the 1w
Bustry after mnfarction

For our purposes the “disabilnty persod”
was consedered time Jost from work because
of liness Due to the scasonal nature of the
wdustry, the disalubity perod in some m-
stances may have been lengthened by the
sfack scason m which no worh was avalable

A total of 202 of the 216 patients were
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Taste 44-3  Pemiop or Disamiury Causen av [nearcrion
(216 cases: 157 cases with disability, 59 with no disabiliry)
Cumulghzz prcentzyes
Total Per cent Per cent
Disabilnty Total Patients weels of patients  of patients Total Haps,
n uceks patients  hospualized  disabisty  surieyed  hospitalized  patients (15T)  ponents B
Nene 59* Q Q % x < 3
Up to 3 wecks 12 6 20 76 50 0 76 65
4- 6 weeks 20 9 101 127 450 203 13
7- 9 weeks 23 2 181 147 371 350 %1
10-13 weeks 32 22 341 20 4 68 8 55 4 500
14-26 weeks 50 3 215 319 620 873 87
27-52 weeks 20 15 70 127 750 100 ¢ e
Total 157 92 2,334 100 6 586 - -

* Cases that had no disability are not included 1n 10tal or percentages

Jewssh, 10 were Italian, two Irish, one
Spanish and one Negro There were 191 men
and 25 women in the group Among them

TaBLE 444 Cowparisov of Disamumy Pewox
ToraL 216 Muocarpiat Insarciov Cases Cox-
PARED WiTit 157 Cases Wro Hap Desain¥

2,334 weeks of worhing ime were lost owing Toral 1576000
to the infarction Fifty-nine of these patients, 216 "z”
27 3 per cent, had lost no time from work at n__—_vﬁ“__‘f:’__d,m_‘_
all

Table 44-3 shows that of patients who had P “f,l § m;x;.u e 528 350
disability about one thud of the cases (35 poy oour panents under 13 _
per cent) lost nine weeks or less of employ- weeks disability 67 6 554
ment owing to the infarction Of the 55  Per cent of pauents 586
patients disabled nine weeks or less, 24, or _ hospiahzed :s :Mb 14 9wis
43 per cent, were hospitalized; 102 patients ,I\"’:;?i;;::;’i\s':bxlxw
were disabled 10 weeks or more, of whom 68, percentages
or 66 per cent, were hospitahized. No disabrlity 273 g 5

Ths high hospitalization rate for patients Up to 3 weeks ; i 127
disabled for a relatively short period may be 4-6 ““t’ 106 u1
mdicative of the tendency of these worhers to “7;‘::: :; 148 04
take advantage of the better medical care 14-26 weeks 23! f.l, ;’
available in recent years In this mndustry the 27-52 weehs 93 i
prepaid hospital insurance program now aids 000t  1000%
‘hospitahzation, and generally better economic ’

ions may be ov the rel

of these workers to accept hospital care. Survival nt of

It was found that the 92ppatients hos- Table 44-5 reveals that 529 n}:ﬂ’“‘:ﬁ
pitalized spent +311 days in hospital, an the patients studied, 125 Pt:':,rzyo the in-
average of 47 days per patient years of age or more at the £ workers

The average disability period for the pa-
tients who were disabled was 14 9 wechs (see
Table H-4} The disability among the sur-
\eyed group of 216 cases with myocardial
infarction was 108 weeks.

farcon Thirty-two of this group © 1o yeas
over 60 had infarctions from 6to o
earher. Thiee patients over 70 years

49 between 60 and 68 years of age
infarction within the last tho years.



MYOCARDIAL INFARCTION IN GARMENT WORKERS

Of the 216 paticnts studied we have found
shat 112 are worhing now and 104 are re-
dired, all of the latter over the age of 65
Thiry-thrce retired  nmediately after the
attack, while 71 weat back ta work after the
smfarcion and eventually retived.

In the past decade, with the development
of an industrial pension program in this in-
dustry to supplement federal Social Scurity
pyments, garment workers have become
more pront to accept the idea of retrrement,
although at this time better wages and
shorter hours mahe their jobs more attractive

Tante 443 Aoz or Worskss a7 tue Tiue oF
Inearcnion A Lrassep Perton

Age ot ime of the snforstion

Keors dopsed
sracr
bevber et oot Under O inforction
o ps oftd 4 -5 GG 10 Ceref 1050)
» 02 8 1 Ll E) 1-2
5 241 2 2 3 35
& B3 4 23 k) 2 610
1 sy 4 a 0 135
1 es o ° ) 1620
4 19 1 i e 21-30
Be - LT Y
Paum W60 93 29 541 37

To this industry some older worhers are,
because of thesr shills, welcomed back hy
ther employers after therr illnesses However,
ll who wish to return to worh can do so
Pomanly because their union contract guar-
anlrfx Job security.

Disabiity claims do not always reflect the

8ree of seventy of the heart condutions of
the claimants, The reasons for the length of
bme lost from employment are complex,
¥a1ied, and subject to many influences, Work
%8 condiions, wage lesels, yob secunty, in-
Surance coerage, savings, mantal status, do-
::;u:; environment and satisfactions, the age
o ¢ sex of the panent all seem to share

ctemining the time lost from work be-
Cause of altness
4 © 2 most important degree, disability is
c;‘l";ﬂde'm upon the attitudes and the medi-
Tice of the attending physician Recent

v

adhvances 1 medical treatment, the avail-
abihity of more medical care to worhers, pub-
haty and health education concerning the
serrousness of heart disease also seem to affect
the ume taben by cardiacs for conyalescence.

Therefore, 1 reviewing the sich benefit
program of the last ten years in the garment
ndustry, we find that when maxunum dis-
abiity benefits covered 10 weeks and pay-
ments were small, the average nme lost from
sorh was short When maaumum benefit pe-
rrods anereased to 13 weeks and weekly pay-
ments were advanced, the average disability
penod fengthened Now that disabiiity pay-
ments have further mcreased and the perod
has been extended to 20 weehs, the time lost
from work m ail hhehhood will be further
prolonged

Back in 1950, when the motnsation to re-
turn to work was great because of himited
chsability benefits and low anaual income
owmg 1o short seasonal work, disablity pe-
rtods m general were short At that time the

d for disability was $26 a
week for 13 weekhs a year (having been
raised from $15 weekly for 10 weeks) and the
average disability pertod for coronary disease,
including hypertensne and artenosclerotic
heart disease, was about 6 weehs

Because in this industry the worhes has job
secunty through hus union contract, if he is
able to produce he may return to hus former
job regardless of the time lost from disability
On the other hand, 1 spite of the present
fugh industnal employment records, worhers
m other wndustnies without job securtty are
not assured of a return to their former em-
ployment after a heart attack Moreover it is
with difficulty that they secure 3 job else-
where

The nsing costs of Workmen'’s Compensa-
tion Insurance for heart disease disability has
caused considerable alarm mn industry, and
there hase been several reports released and
recommendations made for the solution of
this problem.

In the State of Utah a plan has been
adopted by common agreement under which
28t clanms for disabifity owing 1o heart disease
are referred to a panel of cardiologists recom-
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mended by the medical societies and ap-
pointed by the industrial commissioner. The
panel determmes the causal relationship be-
tween the heart attach and the claimant’s
employment and adsises the industrial com-
nussioner concerning the compensability of
the disability It would be premature to pass
Judgment on whether such a plan could be
wholly acceptable However, continued trial
15 merited.

It would be well 1o study the intent and
purpose of the Workmen's Compensation
Law and to review the recent trend whereby
a large section of industry has accepted
responsibility for the health and welfare of
employees, as well as for the costs of hos-
putalizaton, surgery, and medical care for
the farmihes of its workers

Industry already in part accepts the con-
cept that it must provide financral protection
to employees with long records of senice
who age and deterorate 1n harness and suc-
cumb to degenerative diseases with ensuing
disabilities Apparently there is a parallel to
the depreeiation that results from long wear
and tear on machinery, which 1s added to the
costs of operation Ths growing realization of
industry’s responsibihty for the health and

WORK CLASSIFit

welfare of employees covers temporar
partial disabulities resulting from both
pational and nonoccupational illnesses,

Further proteetion for the older emp
is now provided by the federal Social Sex
program, which has extended the pe
program to cover worhers permanently
abled after age 50. Recently the additi
total and permanent disability clauses tc
dustrial pension programs has helped sp
the costs of heart disease in the older wor
who may be unable to return to employm

The integration of the many voluntary
governmental programs for the assistance
disabled workers might help to still the a:
and remove the basis for the controver
concermng the problem of whether the ca
of disability from heart disease 15 occy
tional or nonoccupational,
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CHAPTER @5 EMPLOYMENT PROBLEMS IN PERSONS WITH
CARDIOVASCULAR DISEASE

E. A. Irvin

’ !
The Blems

these individuals at work and show an atti-

with the individual with heart disease are
somewhat different from the problems con-
franting us 1n regard to many other diseases
Howeser, the general poncples of job place-
ment apply in this condition as in any other
Phystcal condution of the employee Psoper
19b placement 15 the heynote to the efficient
Utibzation of the cardsovascular patient We
hm::; remember that a successfully placed
. ieapped worher ceases to be handi-
apped from the standpoint of earnings or
Productivity
mg::bpmblex'ns invohed in this question
e (nc considered fm{n the standpoint of
n dusln:,]pal}:mt’» {2) private physician, (3)
aboy Physician, (4) employer, and (5)
spestal “‘“mn. The private physician, the
an a:d, ;‘he employ e the ndustrial physi-
scious of the labor unions must be more con-
ndn it ‘l e Golden Rule m relation to the
who has heart disease We must

tude of fairness to the patient and the em-
ployer 1n recommendations that are based on
our medical hnowledge and expenicnce We
shoufd place the indiidual on a job for
whuch he 15 physically qualified sithout put-
ting an extra burden on his cardiovascular
system  Recogmtion must be gnen to the
humanitanan and economic factors from the
viewpont of the patient—he wants worh—
he must worh—and he will work if ginen an
opportunity

The private physiian usually understands
the patient’s physical condinon but often
lachs a true understanding of the patient’s
problem 1n regard to his work This may be
due to many factors Frequently the paticnt
desires to work and mn many mnstances "
cconomic status is such that he will mir
the effort required on ts job i order to
the approval of bns physician for his ret
work Many physicians have very

eXerei,
©ise good jud i the t of

hriowledge of the varous jobs within
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tory and ate in @ poor position o approve
the patient for his tegular work Much of
this could be avoided if the private physician
would contact the industrial physician in re-
gard to the patient’s work and also inform
the mdustrial physician relative o the pa-
tient’s condition.

1t is embarrassing when there is a conflict
of opinion, as, for example, when the private
physician approves the patient for regular
work only to have the patient disapproved
for return to his regular work when ex-
amined by the plant physician The patient
naturally questions the wisdom of one of the
decisions This could be avoided easily by
closer co-operation between the two physi-
cians Another factor that must be considered
i relation to the employment of the cardiac
is his means of transportation to and from
work Does he have to stand on a corner
waiting for a bus, mahe several transfers and
then have a long walk at the end of the
line? Does he have to walk upstairs to s
locker room? These all sound like simple
quesuons but they are {requently very im-
portant to the patient

The industrial physician plays a very im-
portant part in any job placement program
However, it 1s frequently difficult for the in-
dustnnal physician to evaluate the pauent’s
physical capacity for work when he has not
had the opportunity to follow the patient m
the course of his illness In such cases, con-
sultatsion between the pmiate physician and
the industnal physician proves helpful to the
patient We believe that a1l advice and 1rec-
ommendations to a patient or employee re-
turming to work should be 1n writing to the
industrial physician. If this is not practical,
a telephone call is helpful

A sound examinagon plan is the basis for
a good health mai nce p The

WORK CLASSIFICATION

to perform within hnown limitations, We
cannot order manpower to specifications so
we must utilize to the highest degree of eff-
ciency the manpower that is avatable, I e
are to succeed in the utilization of manpower,
we must be prepared to use all the lnown
means to determine man’s probable success in
a given job. The wmdustrial physcian plays
an important role in the utilization of man-
power

Job placement is founded prmanly oa tao
basic prmciples first, the physical require-
ments of the job and, second, the physical
capacity of the individual The first principle
can be determined by a thorough job ana\)s'xs
or by using the supervisor's Lnowledge
evaluating the job at the time of each place
ment. The second principle can be deter
mined only by a thorough medical examina-
tion. i

The medical examination is the basis of
all programs of job placement, By means‘“f
this examination an esaluation ?f the in-
dividual's physical abilty and disability B
wsed 1o determine his capacity to pesfor
work. The examination is made k;eping four
points in mind- (1) medical histort, ﬁ’;
physical examination, (3) laboratory ;‘“ ‘W
including X-ray, (4} personality swdh
evaluation of emotional stability

PHYSICAL EXAMINATION

The obyectives of the physical eﬁ"“,‘:;“;.':
are: (1) To acquaint the worker “’; Sl
physical status; to call attention 10 Ped ya
abnormalitics that should be correct e
to stimulate in hum the responsiility for iy
maintenance of his health; (2) t 5“‘;3‘:&“"
the health and safety of others by ;*;“w,j
those physically unfit to worh or ti ObXN\ .

icable disease; (3) To et

physical examination 15 essential to a job
placement program and selective job place-~
ment is the keynote to the effective use of
manpower, We must recagnize the fact that
the ideal use of manpower is impossible, ow-
ing to the individual variance of MAN We
order machines, tools, jigs, and fixtures to
spec'\ﬁcations and we expect these machines

record of the dividual’s condition {2:&‘155
time of employment with pamc'ular I: e
to exiting handicaps, disabaleties, °ml o
tions, and (4) to facilitate placer i
advancement of worbers in acmrdiagmess
the individual’s physical and ental i

In order to be successful, a0 pm-opeﬁ‘
program must have the complete
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tion between the employment department,
medical department, and a)) the supervisors
i the plant, The physician, knowing the
physical condition of the individual, will en-
deavor properly to evaluate that physical
condition and to approve the employee for
all types of work or to restrict um in a way
that will Iimit him to worl. that 1s in Reeping
with his physical handicaps The supervisor,
informed of this hmutation, will evaluate the
work and will endeavor to place the in-
dwvidual 1n work that is commensurate with
the dividual’s physical ability

Classification of Worker with Cardiac Disease
By means of this examination, the in-
druidual may be classified as follows
Group 1, Unlimited: Acceptable for any
type of work in any department,
Group 2, Lumtted: If 5 physical handicap
or defect exists which may-
I Limtt an indrvidual’s working abihty
2 Constitute a hazard at worh
3 Be serously aggravated by certain
types of work
An ndwidual with a physical handicap or
defect may be classified as fimuuted and placed
I one or more of the clagses outlined in
Table 451, which are intended to describe

TasLF 45-1 Liyeations anp RestricTiONs

Group 2, Linuted, seven classes
Class T No hazardous machinery
Class II No heavy Lftng
Class 111 Ground-tevel work
Class IV Avord dust and fumes
Class V Avod shin irmitants
Class VI No eatensne walking or standing
Class VIT Restrect to relats, ely nowse-free areas
Group 3, Individuals with a severe handicap that re-
aures special attention for safe placement These
tndividuals must be placed on a specyal typeofwork
and remain on that Particular job unnf a special
placement 15 considered 1n changing them from one

10b to another

in lay terms to the department supervisor the
type of work which the employee should
avoid The reason for the Limitation to any
of these classes 15, of course, a confidential
matter between the patient and the physi-

WORK CLASSIFICATIO!

cian. The reason for the Testriction is of n
practical intercst to the supervisor so long
as he is informed of the restriction placed on
the employce. The restrictions imposed upon
the worker because of heart discase may be
indicated in a form such as that llustrated in
Figure 45.1,

Preplacement and periodic examunations
are used for placement purposes as well s
for advising the patients in regard to health
problems that need attention These exami-
nations can be used for case finding of vanous
diseases, such as tuberculosis and hean
disease,

Some ndustries have incorporated fairly
complete heart studies with routme clectro-
cardiograms whereas others only xecor&? elec-
trocardiograms on selected cases or in se-
lected age groups It has been found to beof
great value to run routine electrocardiograms
on all patients or at least those over the age
of 40 yecars This study is of great \alluc for
use as a baseline for future reference in cae
of need for comparison We have found that
our clintcal findings are the greatest assistance
to us in placing cardiacs on the job.

DISCUSSION

A recent study by a Detrout industrial p';)]'
sician was concerned with 180 wmndniduals
who had been diagnosed as ha\ufg a cor:-
nary occlusion with myocardial mfarcnord
Of this group upon recovery, 108 Y.?(;‘"‘n
to work, 90 returned to their former Jg S\‘(re
returned to lighter work, and only 6 ¥ of
considered too disabled to work, m spxle,z'
the fact that they had been approved to "
turn to work by their personal ph)sncx:::; o
follow-up study after a 3- to 6-year perx“Clrl
the 102 cases allowed to return ":) e
showed that 56 were stdl worhing, 1 Ji‘nnz
living but retired duc to age, 3 “J”‘;' - L
but disabled, 6 had quit and were dosdwd o
as follow-up was concerned, 23 ha o
heart disease, and 4 died uffn dxscaseﬂ ot
than cardiac in nature It 1s lnlercsnﬂ: i
almost all died away from worh t\hlkl'hﬂc pio
In regard to recurrence following o
cpisode, 60 per cent had no recurrc
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40 per cent had one or more recurrences
Seventy-two of the patients were studicd 1e-
ganding their work attendance, Considering
an absence of + days or more to he signif-
icant, 1t was found that 32 had none for 3 to
6 years, 21 had one significant absence per
year, 16 had more than one sigmificant ab-
sence per year, and 3 were disabled,

The employability of all persons depends
on the emphasis placed on the individual's
abidity rather than on his disability. It must
be recognized that industry employs ability
and frequently prospectine employees who
apply for work have no special ability but do
hase some problem with theur health In
other words, they have no traning or shill,
and yet they are not qualified physically to
do general laboring jobs,

We need more research on some of the
basic problems in regard to a practical way
1o detenmine what jobs cardiacs can safely
pesform, There 15 a golden opportunity to
make studies of this type among the large
groups of employees in mdustry today

Many employers have a great fear or ap-
prehension about hiring employees with heart
disease, This fear 15 based frequently on the
Liberal 1ng of the c
laws Some employers fear great absentecism
and prolonged illness among thss group
Hnwe\er, many suneys have shown that em-
Pljees of this group have excellent records
\regard to attendance, quality of worh, and
Yabor turnoy er This 15 especially true 1f the
mployee 15 Properly placed on the job

With the progressive aging of the popula-
Yom, heart disease is becoming more common

and, therefore, needs more consideration tha
ever before, Wath the dramauic increase i
average longevity from 47 years in 1900 t
almost 70 vears at the present time, we rugh
say that an dge of .ge 1s here If this rat
continues, by 1980 approximately 40 per cen
of our population will exceed 45 years of ag
and nearly 26 per cent of the total populatior
of the Umited States will be 1n the two dec
ades from 43 to 64 This agmg of our work
force presents more problems to industry be-
cause with advancing age we hnow there 1s a
higher mcidence of diseases of the cardio-
rascular system

CONCLUSION

We believe that the ndnadual with cardio-
vascular discase may be cmployable Such
employment requires the full co-operation of
the patent, the personal physician, the cardi-
ologist, the industrzal physician, the employer,
and the labor union The patient must have
an esammation that evaluates his capacity to
work and he must be placed mn work with
demands that do not exceed his work ca-
pacity

There 15 need for rescarch to develop bet-
ter means of evaluating the pauent’s work
capacity

There 1s necd for revision of legislation
which, 1n some states, practically prohibits
the employment of cardiacs

There 1s a nced for a better understanding
of the problem of the employmcnt of the
cardiac by the general medical profession,
employers, and labor unions



CHAPTER @@ HEART DISEASE AND FITNESS FOR WORK

A. Moigan Jones*

The problems encountered m - helping pa-
tents with heart disease to find and hold
suitable employment are g ined to some

sons to give work to disabled persons on a:
quota basis, and forbids him to cmployh
hand person unless he has hs

extent by the social, legal, and industrial con.
ditions that exist in the community in which
they Ine In the United Kmgdom the em-
ployment of disabled persons 1 greatly in-
fluenced by the “Disabled Persons (Employ-
ment) Act, 1944 * The aim of this prece of
legislation s “to make further and better
provision for enabling persons handicapped
by disabl to secure ! , or
work on their own account” The Act re-
quires the appropriate government depart-
ment to establish and maintain 2 register of
disabled persons, and lays down the condi-

*1 wish to achnowledge my indebtedness to my
associates who have Co-operated in this work, and
H Malunson and Dr JL
Taylor, who undertook most of the clinica) work,
and to Mr L A Briggs, who was responsible for
the whole of the social and haison wagh Figure
47-1 13 taken from “Services for the Dusabled,”
HM Stationery Office, 1955, with permission of
the controller of H M Stationery Office
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quota of disabled employees This quota i ::
present generally 3 per cent bu.t I3 cax:nm
varied by the gosernment from umcdko -
and in specal cwrcumstances n fm e
cases The Act also mahes provision t;l’[m
financial support of compantes {Dn;,:;bkd
the purpose of gning employment to o
persons, and 1n 1945 the gmemml;!tmploy
such a company (under the namlc DU
Ltd ), which has factories over the e
giving sheltered employment to suital <P
sons The Act also made financial pro

. N ce
recently, under the National Hca[d: gs:l:or
provision can be made for transpor e
in the form of motorized m\ahd]i&:c e
and, i some circumstances, €ars, Mx‘mbk I
lic transport 15 not adcq}mlc or SI: Rl
every locality there is a Disablemen! P
ment Officer (D.R.O), whose dl;‘)'mcm ot
advise disabled persons and to help
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find employment; much of his work is done
by creating a close liaison with the hospitals
and with the employers and 1t is his bustness
to bring into operation the facilities provided
by the 1944 Act His success depends to a
large extent upon his ability and enthusiasm
but fortunately many of these officers have
the qualittes that make for success in a very
difficult and exacting job In 15 places scat-
tered over the country “Industrial Rehabili-
tation and Traming Centres” have been set
up and their purpose 15 to resettle in employ-
ment persons who through illness or other
causes have got out of touch with working
conditions They also set out to retram for
new occupations those who have through ill-
ness lost the ability to follow their previous
employment

Facilities of this hind Fig 46-1) have
considerably simplified the tash of the physi-
cian whose patient has dfficulty in following
his employment, for there is a well-developed
machinery available for finding suitable em-
ployment for the patient and for traming
him n shilled work when this 15 necessary
and possible So we have been more con-
cerned to find methods of deciding the kind
of work that patients with heart disease are
fit to do This imolies two problems- first,
assessment of the energy cost of various types
of work, and secondly, assessment of the worh
capacity of the patient with heart disease
During the years 1948-52 my department, in
assoctation with the Departments of Occupa-
tional Health and Physiology, attempted such
a survey

THE ENERGY COST of CERTAIN
INDUSTRIAL OPERATIONS

Around Manchester we have a wide vari-
ety of occupations, for the traditional de-
pendence of Lancashire upon the cotton m-
dustry 1s a thing of the Past Thus Turner,?
who undertook this work n association with
my Department, was able to assess the energy
cost of varied operations in chemical ndus-
tries, storage battery works, light and heavy
engincering, plastics, office machinery opera-
tors, watch and clock repairing, tailoring,

WORK CLASSIFICATION

machinists, boot and shoe repairing, ete, His
detailed observations have been published.
He followed the scale of metabokic worh used
by Orr and Leitch? but conserted it to total
metabolism per square metre of body surface,
instead of excess metabolism over resting
level for an “average” man of surface area
177 square metres On this basis the various
operations were diided into four groups
Light work. Up to 90 calories per square
metre per hour,
Moderate work.
square metre per hour,
Heavy work. 135-220 calories per squ
metre per hour .
Very heavy work  Over 220 calories
square metre per hour
Turner's objects were, in particular, top
vide clinical workers with 1nformation abt
the relative sevenity of a variety of occyf
tions in the arca and to try to decide wheth
m assessing the severty of work, 1t was it
essary to measure the energy cost or wheth
assessment by simple observation of the wo
was accurate enough for practical pufP"sj
A separate assessment of cach pmms[“i
therefore, made by simple observation of l)
work and the process classified mto ligh
moderate, and heavy or very heavy “".ﬂ"x i
Work classified by simple 3PP”:;“[:
heavy or very heavy turned out on m )
ment to mvolve an encrgy ependiture
between 120 and 230 cal fsqm /hr. Wor
that scemed to be moderate varied hetwf:r
70 and 130 cal /sqm /hr and appm;m
light work ranged from 55 to 80 cal /s "‘m
An observer with some experience t;f W i
ing ndustrial operations can thu{e t:l;cu .
sify the work with a fair degree of :)‘louc\"
Two qualifications must be made,] s
It 15 essential to appraise the actud Pm e
for working methods may so d'ﬂ-}ﬂ; encsgy
same process in two factores that t :cmndb’
cost may be considerably different; See
in worh requiring mtermustent effor & e
tumation of average oxygen "P'“l‘cﬂ_"'m’ d
a falsely low assessment of p'(‘al‘ « obc’ bel-
in this instance simple appraxszl mﬂ}'; "
ter than actual measurcment of aver3g
ergy cost

90-134 calorles -~
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ASSESSMENT OF THE CAPACITY FOR WORK

1 bcheve this (o be a very difficult problem
1t has been the practice to assess capacity for
worb by the ease with which effort evohes
symptoms. This is the basis of the classifica-
von introduced by the New York Heart Ase
socaation, which has achieved international
acceptance,

Class 1 No finitavon; ordinary activity
causes ho discofort.

Class 11 Shght w0 moderate {imitation,
ordinary activities cause discom-

{ore.
Class B Considerable limitation, unable
1o undertalhe ordmary actnvities
Ciass IV Symptoms at vest.

It ve classify the energy cost of various
Jobs ag

Group A Heavy or very heavy wark, more
than 135 cal fsqm./hr

Graup B Moderate work, 90-13% cal/
sgm.fhr,

Group € Lught; up to 90 cal jsgm fhr

then it might be espected that Class T pa-
tents might do Group A work; Class 1
fatents might do Group B worh, Class 111
patients might do Group C work, Class 1V
Patients are not generally crmployable

Tnu“ 461, Cowpamison op Sykproms wimy
Exprerso” Sutramuty or WORk

Symptoms at work  No symptoms ar wark

Funetiop of

i Gopd B¢ Owps B C
1 .10 . %9
n 9\2 0 lV 24\
w 2 5\0 1 0\3

—~— T

mz“b;“, this expectation does not work out
Hoyed ly in practice In my chnic 125 em-
C’n‘il Patients were studied on thus basis
a mi:ndnd one were {ree from symptoms
s %énd 24. had symptoms at work In
wih 1 their actual worh s compared
"¢ predicted worl on the basis sug-
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gested above The groups jomned by diaganal
fines are those i which the actual work
would be regarded as suitable on the basis
suggested  Fugures abose the diagonal hines
indicate that the work s lighter 1than pre-
dicted  below the diagonal fines the work 15
heavier than predicted Of 63 patients in
work Lighter than predicted only one had
symptoms, whereas when work was heavier
than predacted 16 of 18 patients had symp-
tomy (Table 46-2)

Tasie 46-2 Reeamioy of WoRk TO Sumproms
Number  Per cent
Nymber with wtth
of  symploms  symploms
Work cases atwork  at work
Laghtrr than predicted 63 1 t
“Correet” 44 8 18
Heavier than predicted 38 16 89

In cases “conectly placed the position is
far less satisfactory for 8 of 44 had symptoms
at work It may be that the standard s too
figh, and 1t x notable that 64 of 125 patients
had obtained work lighter than this system of
prediction would have indicated

Other Cardiac facfors i Assessment

Although since the days of Machenzie it
has been generally accepted that the seventy
of heart discase is best judged by the pa-
tient’s capacty for cffort, Machenzie® him-
self laid down certan qualifications, for he
reahsed that m acine cardiac lesions, such as
acute rhewmatisin oF 2 recent coronary
thrombosis, cxer(ise may do barm although
the patieat may be able to uudectahe st with-
out any distress Unfortunately, in receat
years st has becarme plain that it & often very
&ifficult to be sure when ischaemic or rheu-
matic heart disease 13 1n an active phase In
rheumatic heart disease a corparatively high
proportion of auricular biopsies taken at
valiotomy show evidence of active carditis
and there 1 evidence that the presence of
such changes i the auricle is a good ndica-
tion of sumlar changes in the ventncles*
Sumilarly, in ischaemuc heart discase the recs
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ognition that acute events in the coronary
arteries are not only manfested by the clini-
cal syndrome of coronary thrombosis but also
by far less dramatic symptoms has led to the
dwvision of ischaemic heart disease into acute
and chronic phases (which might be better
named active and quiescent phases) instead
of the older subdivision of coronary throm-
bosis and angina pectoris® It has also
emerged that in obstructive valvular lesions
very severe heart disease may be present with
httle n the way of symptoms For instance,
a boy with pulmonary stenosts, scen recently
in my Department, had a systolic pressure in
the night ventricle of 280 mm Hg but he had
an almost normal pulmonary artery Ppressure,
a normal heart output, and was entirely free
from symptoms, even when playing football
In aortic and mitral stenosis, very similar
Patterns may be scen

There 1, therefore, no short cut to the as-
sessment of the patient with heart disease:
no sumple mquiry about the capacity for ex-
erton will sene to avoid a full and exhaus-
ine mestigation of the patient. In the end,
fitness for work can only be judged as an
mdnidual matter in each case, and each
ptece of information gained from the history,
exammnation, and investigation is only one
brick to be used in building the final picture
This 15 one reason w hy we have fatled to find
any very satisfactory correlation between fac-
tors like cardiac size and wvital capacity with

TasLe 46-3 PERCENTAGE OF
PATIENTS wirn Ruzumanic Anp
Iscuacsuc Heart Disease
N EmpLovment

Lmplayed  Unemploed

Rheumatic
Ischaeme

96 (799%) 25
9 (20%) 36

the ability to work It has been pointed out
that there is some correlation between the
ctiology of heart disease and the abihty to
work; Kreshy and Goldwater® found that 70
per cent of male patients with rheumatic
heart disease were working, as contrasted
with only 26 per cent of Ppatients with degen-

WORK CLASSIFICATIO

erative heart disease. Our own figures ar
similar (Table 46-3).

This difference may be partly a matter o
age, for taking all our cases together many
more of the younger patients were in em
ployment, urrespective of the type of hear
discase (Table 46-1).

TABLE 46-4  Percenrace Evproven
IN Vanious Ace Grours

Age Enmployed  Unemployed
Lessthan 35 75 83%) 15
35-55 41 (s45) 35
Over 55 9 (32%) 19
- V7

Increasing disability with age is an imp‘
tant though not the only factor in reduci
the proportion employed in the older a
groups (Table 46-5).

TABLE 46-5 ReLatiov of
Disasiuiry 10 Ace

Functional clast

Age Ionouew
Less than 35 65 29 9
35-55 19 56 44
Over 55 3 12 13

EXTRACARDIAC FACTORS INFLUENCING
EMPLOYMENT

The relation of age to emplo,mcm‘leadfs Zo
some consideration of the extracardnaclh;
tors that influence employability, for -
are probably at least as xmporfan! hnc; in
cardiac condition We have studied U o
2 chnic orgamized for this purpose anmo‘h
patients were under supervision for fm .
up to thiee years These patients »
ferred to this clinic mn three ways:

1. From the Munstry of Labour, s r;-[a::

tered disabled persons ;:luldl )!0 be su
m heart disease !

2 ;\nlilir‘;ancnu referred from other &b
ies in the Hospital (151}

3. Patients, scen in my Depart p
currently with the sunvey, 1 X
help with employment {60)

ment €O
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The source of these patients 1s important,
for most of them werc seen because there was
considered to be some employment problem,
cither by the Ministry of Labour, other
chnics, or myself or my associates in our De-
partment It is to be expected, therefore, that
employment difficulties will be the rule, and
will exceed in number those in a simular
group of unselected paticnts with heart
duease,

Tt was necessary to exclude 72 of these
patients from the analysis either because they
were found to have no heart disease (36),
owing to fallure to attend regularly (35),
and one patient who was not of employable
age The group with the highest percentage
of rejections because no heart discase was
found was that referred by the Ministry of
Labour as Registered Disabled Cardiacs (26
of 111),

The remainmg 230 patients were fully sur-
‘tyed chucally, and followed up regularly

th by a clinician and by a soctal worher
who recorded particulars of any changes of
n‘ork, and other soctal details He also wnter-
viewed emplojers, and developed a close
baison with them, with their medical sers tces
and with the Ministry of Labour services Of

TABLE 466 EsprosmenT CHANGES 18 250
PATIENTS 1N 3 YEARS

Remaned 1n same employment n

Work changed or adjusted bt
\otor gave up wark and not re-employed  15*
eeneloy theoughout 2

otk fourd and remaincd in employment 1
ork found but later lost an
Total 20

*Th "
'cse groups include 15 who dicd

lbe 250 patients, 25 had congenutal heart le-
sions, 160 acquired iheumatic or (rarely)
Syphilttic heart disease, and 65 had ischaemic
T;;" disease. At the begunning of this study,
Wh were employed and 120 unemployed
men the final suney was made 3 years later
daadt‘"c employed, 59 unemployed, and 13
- Thc' employment changes that oc-
- ed during the three years of the suney
Swmmarized 1n Table 46-6.
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120 M2n Unemployed ot Beginning of Survey

Of the 120 unemployed, 92 (77 per cent)
found work. Of the remammng 28, only 9
were still trying to obtan work at the end of
the suney, 13 were oo ill to work, and 6
were dead But of the 92 who obtaned work,
31 did not hold 1t and of these only 9 con-
tinued to seeh work, 11 became too 1l to
work, 9 died, and 2 retired Of the 61 who
appeared to be satisfactonly resettled 1n work
at the end of the suney, 42 had been at
woik for over 12 months Of the 92 who
found work, 47 did so through the efforts of
the DR O (Disablement Resettlement Offi-
cer), 9 were placed directly by the clinie, and
36 found work by their own efforts

Factors Influencing Resettlement in Work

The most important factors were age, dur-
aton of unemplovment, stability of previous
worh history, personal attributes, and finan-
cal considerations Although we have, as
part of our education n this subject, studted
these factors fairly fully, they desene only
brief consideration here, for this problem is
not peculiar to heart disease but exists in all
forms of disablement, and has been widely
studied

ace Excluding pauents who died, jt was
found that satisfactory resettlement was
achicved 1n 41 of 56 patients under 45 years
of age, but in only 20 of 49 over this age
Of 22 patients who had no work at all dur-
ing the sunvey, 18 were over 45 years of age

DURATION OF UNEMPLOYMENT Of 61 pa-
uents satisfactontly resettled, 32 had been un-
emploved for less than 6 months, and only 10
for more than 2 years Of the 22 who were
unable to find any work, only 3 had been
unemployed for less than 6 months and 10
had not worhed for over 2 years (Table
16.7)

STABILITY OF PREVIOUS WORK HISTORY. It
1s difficult to express this in simple figures,
but the most useful indication seems to be
the number of jobs a man has held; unfortu-
nately in the present suney this had little
meanmng for during much of the relevant
period wartime regulations prombiting free
change of work were still in force. In fact 25
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(41 per cent) of the 61 resettled men had
had more than 6 jobs during their life, but
of 22 who found no work 12 (55 per cent)
had had more than 6 Jobs The circumstances
of the survey thus present any satisfactory
conclusion on this point

TaBLE 46-7  Periop o UNEMPLOY MENT AND
RESETTLEMENT AT Worn

Number Temporary No

Leriod unemployed  Number resetled — work  sork
Less than 6 months 43 32 8 3
6 months to 2 years 40 19 12 9
More than 2 years 22 10 2 10

-_——

PERSONAL ATTRIBUTES Mental ability and
social standards both have some influence on
the possibilities of resettlement but our figures
are not large enough to provide convincing
evidence on these points The attitude of the
man to his work and to his heart disease 1s,
however, a sufficrently important factor to be
clearly demonstrated 1n the number of cases
available This atttude was placed in one of
+ categories

Good- Acticly seehing work and co-oper-
atse in attempts to help him

Fair- Sull with the will to work, but
doubtful of lus abihity to do so
Poor. Not seehing work, and mamntaming

that he had difficulty in workig

Bad  Obstructine of attempts to find him
work, and claiming that his heart
made him unfit to work,

Resettlement 1 these categories 15 sum-
marized in Table 46-8

TasLe 46-8 ATTITUDE To Worn AND

HEART Drscase

Temporary s

Attitude  Number  Resetttod work work
Good 52 34 12 6
Farr 29 20 2 7
Poor 21 7 6 8
Bad 13 0 2 1

WORK CLASSIFICATION

Thus of those with a good or fair atitude
to work two thirds were resettled, iof the atg.
tude was poor only one third, and none wis
satisfactorily resettled when the athtude to
work was bad.

FINANCIAL CONSIDERATIONS These were
studied in some detail and include oml
status, number of dependents, and other
members of the family contributing to the
family income Although the results suggest
that financial need to work plays a part in
successful resettlement, the differences ae
not large enough to be very significant. The
nced to support a farmuly is obviously a con
siderable stimulus to obtain work, but the
operates much more in shilled workers who
can substantially increase the family mcome.
On the other hand the unshalled worker with
a large family, and conscquently large family
unemployment allowances, may gain ser
Iittle financially from work This only applies
however, to those with the lowest eaming
capacity and, for the majority, uncmploy
ment 1s a very serious hardship

The reasons for difficulty in ﬂndu.lg e
ployment may be summarnised by considermg
the + men i this group who were unem-
ployed at the end of the suney The pros
pects of employment in these men uc‘re:;
garded as good 1 4, fair in 4, poor m’Ifhey
and there was no prospect of worh in 8 e
primary reasons for the poor or nr%,'lgm
prospects of worh n 38 are summanz
Table 46-9.

TaBLE 46-9 REAsoNs For Poor OR

NEGLIGISLE PROSPECT OF
RE-EMPLOVMENT

Severity of heart discase l‘;
Mental attitude to work "
Age X
Lack of opportunity o expenence >
Low mental ability

38

Total

[
i s
Thus incapacity to work owing 1o :li::ufY
venty of the heart disease was thch;:n i
reason for unemployment in less L
the cases, and mental attitude to wor
age were both fmportant factors
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130 Men Employed ot Beginning of Survey
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TasLe 46-12  CompaRISON OF ATTITLDE TO WoORK
N LupLovED AnD UNexzLOVED GROLES

1
d ¢

These men prcser " y minor
problems, and 71 continued 1n the same work

without any major
the penod of study Forty-four changed their
work, or major adjustments were made in 1t,
often on tedical adsice. Of the remaining
13, 11 were dead when the final assessment
was made, 2 were ill, one was seehing work,
and one had retired. For the purpose of com-
paning this group wath the unemployed group
and for reviewing the reasons for major ad-
Justment or change of work it is, thercfore,
!)mposed to consider only the 115 men work-
ingat the end of the suncy.

Comparison with Unemployed Group

e This has already been consdered
(Table 46-4). Of 115 employed 63 per cent
were under 33, and only 16 per cent over 45
(compared with 29 per cent under 35 and 45
percentover 45 in the ununployed group)

STABILITY OF PREVIOUS WORK MISTORY
The diference between the two groups was
stiling (Table 46-10) Age may have been

Tal
BLE 4610 Stamury oF Wonn HISTORY iv
EurLoven anD UneupLovep Grours

724 More than
Aumbr  job  jobs  4jobs
Employed
us 24 83 8
Unetnplogeq 105 6 25 74

Number  Good  law  Poor Bad
d I 1 -
Employed 15 106 N 2 o
Unemployed 105 522 31 3
gencrally better o the emploved  group
{Table 46-131

Tapir 46-13  Couparison oF MEATAL Amiumy
AvD Social STANDARDS v Emproven
AND UNEMPLOVED

Acers
Igh age

Employment \um-

status ber Low

€ haracienstic

Mental Employved 115 38 61 16
ability Unemploved 105 6 64 35
Social Lmployed 15 23 N 1
standards  Usnemployed 105 6 6% 30

CHANGES AND MODIFICATIONS OF WORK

In 53 of 130 cases there was some umpor-
tant unsatisfactory feature of the work, this
ranged from excessne travellng, to long
hours or too strenuous work In 30 of these
cases these factors were regarded as suffi-
ctently important to justify advising a change
of work In the end, this advice was followed
m 19 cases (3 of these men died during the
survey) In addition, 27 of the 77 men i

aohcmr in the smaller number of jobs in the
:n:nger employed men but shill 1s probably
¢ mportant (Table 46-11)

T.
ABLE 46-11,  Coumparisox oF SRILL IN
EsrLoy

ED AND UnEmproven Groups

Number Shitled Semuskilled Unsholled

f: y worh changed 1t for a variety of
reasons that included tramning, promotion,
chance, and preference for another job for
reasons unconnected with the heart disease
It 15 often very difficult to discover why a
man changes his job, and one sometimes
wonders if he knows humself'

A man was never told lightly he must
change his job, this was adiised only after

Emplo,

yed 15 55

- 20 40
Unemployeq 105 23 19 63

u :;R:;N?L AtmrisuTes  The atutude of

a0 1 J’l oyed to work was naturally better
Me 0s¢ unemployed (Table 46-12)

ntal ability and ‘social standards were

careful id and only when 1t seemed
essential following a full discussion by all the
members of the clnic staff and full assess-
ment of the pros and cons with the patient
Then either the man humself or the clinic
soctal worher approached the employer. A
very y degree of i# was,
exhibited by almost all employers and the
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majority of the men were resettled with the
same employer A few obtained work with
another employer, naturally, this was more
likely to occur in the case of younger men
who were more acceptable to a new employer
and had less clamm to consideration as old
employees Two examples may 1llustrate the
sort of problem that has ansen 1n our experi-
ence

A man, aged 47, had heen with a firm of
cable makers for 24 years and was a charge
hand when he first came to the Clinic His
worh mvolved considerable physical labour
mcluding the manual mixing of matenals,
which required some shill and experience but
clearly overtaxed hm He was dubious of
approaching the management but agreed to
do 50 1f the Chinic social worher undertook to
confim to the employer the necessity for
adjustment of his work His employer will-
ingly found him routine clerical work, which
he continued to do very well until the end of
the survey

A boy of 17 had been apprenticed for 2
Years as an engineer His worl imvolved the
dismantling of cement muxers but he would
later become a mamntenance engineer., travel.
hing the country and often beng required to
manhandle the muers With the consent of
his parents an approach was made to the
firm, who confirmed that the boy’s future
work would mvolve heavy exertion and sug-
gested that he was in any case unsuited to the
work In view of thys the boy was resettled,
with the help of the Youth Employment
Bureau, as an improver matmtenance electri-
can, a job that he preferred and was well
within his capabilines,

In our experience 1t s wise to consider
carefully before advising a man to change his
work, for it may well unsettle him and will, at
least temporanly, raise doubts in his nund
concerning his ability to earn his hving For
this reason 23 men with work that was un-
satisfactory to some eatent were not advised
to change their occupations  Many of these
were engaged in highly shilled or very spe-
cialsed work, and in some of them it was
clear that the work would become more
responsible and less arduous in the future. A

WORK CLASSIFICATION

man of 28 was employed as a shot-firer 1n 2
coal mine, He was obviously a man of mtell.
gence and ability who was well on the way
to becoming a Deputy. It was likely that
within a few years he would gain an admins-
trative or technical post and it seemed better
ot to unsettle him, although he had some
dyspnoca at work Three years later he had
gained his Deputy's certificate and was in
line for further promotion

CONCLUSIONS

In the United Kingdom reasonable statu
tory provisions exist to facilitate employment
of the disabled These provisions melude the
legal obligation of all large emplo)fl’s o en-
gage disabled men on a quota basis, liason
services {by the DR O's) between the medr
cal services on the one hand and, on the
other hand, the State rehabilitation or re-
training facilities and the cmployers The
medical services are, therefore, primarily con-
cerned with assessing the ability of the pa-
tient to work, and m cncouraging'h.lm todo
so But it is important for the physx'uan tobe
conversant with the sort of industrial optllﬂ'
tions that his patient nught undertahe. l:
assessing the energy cost of indu'suxalbol’":r
tions, simple appraisal by a practised o Siﬂa]
can rival or, in some cases, excel ph)s;nt?;:a]

by the o "
energy expenditure A survey by both "“(::s
ods of a wide range of industrial operat
m the area served by the clinic has pl’lz:k‘
useful bachground information 1 rest!

en;

" Intassessmg ability to worh, no §m51° factor
can be iasof p 1P .
though the most useful simple melfwd l;’:i‘k
functional classification of the New s
Heart Association Objectne mc:xsurcmmore
such as the vital capacity,. have Jnm‘c
limited usefulness. The If'abxhty :: ;:m( s
phase in rheumatic and ischaem B
ease is an additional facnzr that ount’m
individual cases, be lal\tin into a:imma“"
practice, there is no satisfactory ot gy
to a full assessment of all l{m facm:dm Fan
a part in the cardiac condition an
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indspensable preliminary to intelligent reset-
tlessent i worh.

Iu adduion to the cardiac factors that in-
fluente employability, there ate equally im-
portant extracardiac considerations Of these
the mare important are age, duration of un-
employment, stability of previous work his-
tory, pessonal attribuics, especially attitude to
work and financial considerations. Age and
awtude to work may play a dominating part
in emplayability,

Haman is already in employment, change
of work should be suggested only after very
careful consideration, especially if his present

p is of long ling. S
ot this Lind can undermine a man’s confi-
dence in his ability to eam his hving, and
way senously unsertle older men, who usually
continue in thejr origmal employment or
$hve up altogether. In our experience, em-
plojers have been co-operative and thewr
legal obligation to employ a quota of dis-

led men exerts a useful pressure upon
them g provide alternatise work for old
¢mployees

One of the more important fields of worh,
nof considered here but of considerable prac-
ficat consequence, s the special employment
problem of disabled young people This has
itm studicd by Ferguson, Macphail. and

{eVean ! who pointed out how loss of edu-
Fation through illness in chuldhood may force
Youths into unsuitable manual worh, and
xtressefi the danger that unguided choice of
work in adolescence may Jead to subsequent
Hemployment with ats demoralinng cffect
at this age Physicians may add their quota
1o the burden of the handicapped child by
utamanted restriction af acuetty, which
:;17*); fead to a Iifelong fear of 1l effects from
[mm“’m} of physical activity The transition
e 'Chlldho'ud to adult hfe is thus a period
- its spec:lal‘hazards {or those with heart
beda:’ and it 55 at this time that most can
wort ‘;Z:nguxdannc'in the choice of su)}a}ﬂﬂ
aciitn ¥ Providing appropate training
h::m“)’. 1 think the most useful thing we

gamed from studying these problems 15
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an attitude of mind Facihties for assessment
af patients with heart discase and an organg-
zation for tramning and placing them m suit-
able employient are mdispensable tools for
this work. but they cannot replace a personal
and lasting interest in the welfare of each pa-
went by hus physician on the one hand, and
hus employer on the ather Physical abulity to
work 15 no guarantee of success 1 resctile-
meat, nor s serious physical handicap an
mevttable bar, for the man’s will to work may
be a deminaung factor Some pauents with
heart disease need httle help to enablc them
10 become or to remam self-supporung and
useful members of their communaty, others,
despte esery effort to help them, and possthly
considerable physical ability to work, reman
useless and dependent upon the support of
the community But between these extremes
there are many who can be helped to regamn
their nelihood and self-respect hy the wise
use of proper facilines for the work of re-
sewtlng them, and by the real interest and
serious endeavour of physicians, social work-
ers, and employers who believe this work to
be worthwhile
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REPORT OF PANEL

Leonard Goldwater

I would Iike to preface my remarhs as some
of the other moderators have done this morn-
ing by eapressing the appreciation and ad-
muration of the members of our panel for the
arrangements made here by Dr Belknap and
his colleagues As a2 result of the Ppapers pre-
sented, and the discussions which followed,
the panel on work classification wishes to
present the following report

The field of interest of those concerned
with work classification ncludes twe major
arcas. first, study of the effects of employ-
ment on the course of heart disease and its
obvious comierse, the effects of heart disease
on employment, and second, the methods of
mproving the employment opportuntties for
cardiacs This includes both the acceptance
and the retention of cardiacs m ganful em-
ployment These concepts have been stated
before and were unammously reconfirmed by
the panel as sulf being valid

We will direct our attention,
effects of employment on heart disease. While
a small amount of information is available on
this subject in the medical hterature and
some additional data were Ppresented at this

first, to the
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conference, the panel felt that a ncrdu{('lf
further facts sull ensts Research studies ;
can yield the desired materral must be c“]:,,g
out over long periods of time, perhaps as su;
as ten to twenty years, Unfortunately, p
tained financial support for such smdxumt
difficult to obtain A number of groupsly :’a\c
of which were represented on the p:m; ,m o
already collected a hmuted amount ollle P
mation This Conference represents i
time that this materal has been bmug,;ddn-
gether from all parts of the counbtryDr "
tional data were brought to usE Z[and o
Morgan Jones, our guest from Y;DCerlw
can be stated now that hundreds o o
representing thousands of pers;ﬂ n)ed a
productive activity have been ol sE’dcme p
wide variety of jobs with nofc:i:nir ot
adverse effects on the course ol e e
disease In fact, it can be .stated t mcasrs o
substantial evidence that in many ement
ployment actually resulted in xml;:o g
not only in emotional status but nbsent'd pl
ical condition, The mdn.xduals ob et
cluded some with heart disease '&(\):1 oy
to employment and some for wh
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pent had been retaived and who resurned 10
orh following a heart attack, It should be
ainted out that persons upon whom these
beeparions were made were placed or hept
it work through \arious Worh Classification
Unus. To achisve these results two simple
andwsons had 1o be met First, employment
was selected with reasonable intedigence, and
weond, the subjects remamed under adequate
medwcal supervision It would be extravagant,
of course, to maintain that all cardiacs may
contiue in employment or that all types of
wark are switable for those having heart dis-
ease. On the other hand, evidence has been
;{xcwnlcd that, under the conditions men-
tioned above, a sast majority of cardiacs can
work and that there are relatisely few types
n[‘occupalion that peed be interdicted No
ﬂ{dmcc was found that wark per se was 3
primary cause of heart disease. Among the
mrdx?cs whoe have been wasuccessful
seeuring or maintaining employment, there
are many whose falure is due to numerous
laflms other than heart disease Emotional
dxfkurhancns, menal attieude., age, lack of
\ill o expenence, fack of jobs, low mental
ability, as weli as many other ilinesses, are
some of the noncardiac reasans fos employ-
ment difficudty. Factors such as these mflu-
:";m: the cmpla)mcm status of all segments of
© population as well as those with heart
dscase,
axfm‘lzf(su(;‘n of return to work followang
don 'ai of ischemic heart dlfcas(‘.\\aj
Immfzcmb attention in our discussion's
@3 tﬁ:l 1;: evidence has been adduced
many o m: of those who survine the attack
cignt most, are able to return to their
tgnal yobs with safety, A change of job

;‘:n:[‘i;: Ea idence was presented fo the
dial m(ammarfy ngiy I‘duals sustain npyocar-
e ns \‘;xth max.ufesmuons that are so
Tnsome o & loss of time from w:ork occurs
e s c‘se cases that were discovered i
Hudin hwo routine c\cclrocardx?graphlt
I sﬂ; 3 even impossible to cheit any of

‘btoms of ischerne heast disease Thus,
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incidently, 1 m hne wuh what we yust heasd
m the report of Dr Eduards from the panel
on pathology about the discovery of mfarcts
of the myocasdmum i persons dymg of other
causes and 1 whom no history of heart dis-
case was obtaincd.

The panc spent a considerable amount of
ime discusstag #ork Clawfication Units.
Reports were presented by directors of several
of the more successful units and a summary
was presented covering the experience of 1%
addstional unuts These reports permitted the
panel to armne at a number of conclusions
There was complete agreement among the
panehists that the $8ork Clasnfication Unit as
onginally canceted at Bellevue Hospual m
1941, and subscquently developed and im-
proved by others, 15 an unportant ana practs-
cal device for mmproving the employment
opportuntties of cardiacs as well as for study-
g the offects of employment on the course
of heart disease The evidence presented in
the first part o this reportas based largely on
data collected at a number of work classifi-
cation umits The Work Classification Unit
approach has been adopted by a few medical
departments wn ndustry and perhaps else-
where It s safe to s3y, however, that sthe full
potential of tus type of program has not
been developed The panel agreed chat there
is a place for addinonal worh clasmfication
mts as well as for addwwnal apphcations of
the 1dea tn dustry, w vaion health centers,
other cardiac climies, m rehabilttation facilities
of all types, and by individual physicians
Such expansion, if properly carried out, can
be expected fo yield much peeded forma-
tion on the cffects of employment on the
course of heart disease and, at the same tme,
to improve emplopment oppertunities far
cardiacs The stipulation properly carsied out
implies, among other things, that provisions
be made for long-range follow-up and for the
correlation of the course of the chsease with
occupational factors. The pane} feht strongly
that no new work classification units should
be established wathout proper prefimmary
study as to community needs, without ade-
quate preparation, and without assurance of
an adequate staff and financial support It
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was made clear to the pane! that a number of
work classification units presently existing
may be characterized as being marginal or
substandard This suggests the desirability of
cstablishing minimum standards and of de-
seloping methods for up-grading those units
which fail to meet these standards There
was some feeling that there 1s no justification
for the ensstence of a substandard unit, par-
tieularly since such a unit may tend to dis-
credit the whole Work Classification Unit
idea.

The possibilty of setting up a central
agency to which all work classification units
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untt has considerable independence and free-
dom to develop those relationships v hich ane
necessary for effective action. This does not
mean that it should exist i a state of sola
tion, but rather that it should be free to
establish its own policies on such questions as
acceptance of referrals, financing, hours of
operation, staffing, and other sumilar matters

In 1ts discussion of possible future develop-
ments the panel felt strongly that since prob-
lems relating to the employment of cardias
are national in scope and of major propor
tions, agencies that operate on a nation-wide
basis must assume increased responsibihty for
future devel “There 1s a proper place

might report therr results was di d by
the panel Assuming the adoption of umform
records and reports, such an agency would
make possible the pooling of data with the
obvious advantages to be derived therefrom
It was felt that the American Heart Associa-
tion would be a logical organization to de-
velop such a program

The educational possibilitics of the Work
Classification Unit 1dea were discussed m our
meetings  Evidence was presented to the
panel that work classification units and activ-
ties arising from them have had an appreci-
able effect on the thinking of many indi-
viduals and groups Thus has been accom-
phshed through drrect participation in the
actities of the umit, by the publication of
reports on research studies, lectures, articles,
lay publications, cardiac-in-industry confer-
ences, seminars, and other similar meetings
Tt was agreed, however, that much more
must be done to demonstrate to physicians,
employers, employees, and the public gener-
ally that cardiacs can worh The suggestion
was made that a work classification unit
should be connceted with every medical
school, since most of the patients of future
doctors will be employed persons, and since
diseases of the heart will be among the most
frequent ailments the doctor is called upon
to handle. Among the most important educa-
tional possibilities of a work classification
unit is its value as a de; i

for both voluntary and governmental groups
to be concerned Greater financial support 5
needed to expand the research, educationdl,
and service actnities i the field of wok
classification and selective placement of o
diacs The matter of proper vocational uid-
ance and vocational training of the ad?kv
cent cardiac has scarcely been touched Wide-
spread dissemmation of information suig )::
that brought out at this conference w0t
most desirable. using vanous medxcﬂld
nonmedical medsa, Intensified efforts l; 1:
cate physicians on matters of hca;it (I)th .
and employment are surely need e
groups such as employers, socaal workel >oﬁ-
cational counselors, personnel duoctoﬁ};hy
cials of Jabor unions, nurses, and rehal n\h!
tion workers must also be tncluded 18
educational efforts, |
Ld;'he First Wisconsin Conference o8 :;\x‘x:;
and the Heart has made it poss@; l:n o
together the best and the latest 0! stmw
in this field and the most competent e
working in this area. Ths Conferen® ¥

Dr. Rooney Beagp: I want 10 m:wmwf
on the preceding report, n'o.ldﬂsﬂ"’ e G
of a panel but as an mdis idy; o cadeé
water hinted at the mcoml.)letcness o bt
work classification units in lcrm( et

P
The demonstration includes both theory and
practice. The panel felt that the functions of
demonstration can be carricd out best if the

because of their lackl :ork Tt
vocational counseling and sog:;im s
mit that cardiac work clas pipe

often incomplete, Jaching the S
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longed rehabilitation counseling and social
worb, since these units often are basically
dagnostic centers rather than rehabilitation
centers. I wonder if there are any compdlling
reasons for heeping rehabilitation of cardiacs
separate from rchabilitation of people with
other hinds of disorders. Are we to go on and
have specialized rehabilitation units and
work clasafication unus for diabetes, for
athrins, and for all the other classifications
that mught be so concerned? 1 think I will
kave that as a question that may or may not
be answered here this morning

De. A Moroax Jones: I would like to
s33, first, how much I have enjoyed this con-
ference and how grateful I am to Dr Gold-
water and the panel for giving me such an
iteresting time. I have learned a great deal
here.

Tam avery strong believer mn the idea of
the work classification unit, and I fec! thae
s room for a great deal more cffort in ts
social way, in the social aspects of heart
disease, certainly in England, and I smagine
;r:u,lu;o The thing I am not quite so happy
o o’:h whether it should also be segregated
p er aspects of other problems 1n heart
::“C I.am sure work classification unuts
Seam;“m:l]al for development and for re-
ot én as an example of how the Job

e done. However, I would lihe to sce
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extent on this, because I doubt very much
whether they can sene as work classification
units to the whole population of any country
This 15 my mterpretation of their purpose
with their espenience to all those who work
m this ficld This would be my ideal of the
way the worh classificatron unats should go m
the future with the presenvation of a con-
siderable numbcr of high-grade centers that
can sct standards and develop the research
aspects of the problum as well

Dr Leo Price Dr Jones has gnen me
courage to mahe a few addiuonal remarks
concermny classification units T believe their
value and effect 1n ndustry have not been
cmphasized as much as they should be The
matertal you can accumulate would be far
more valuable within industry than within
classification units I tlunk the value of the
cassification umits that will, peshaps, be
addcd to industrial groups will be very help-
ful T thmh it is only m those large corpora-
tions that have a large number of employees
that we are gomng to find out, as we did in
our mdustry, that 35 per cent of the am-
bulant patients had coronary occlusions and
that 25 per cent of them lost no time what-
ever from ther work One more thing T
wanted to add is that, while you mentioned
three tests for fitness, fitness to work, a test
for the mmparment of the heart, and a test
of Iafity, I belicse we omitted a test of

the ideas deseloped in them J more
g:fi‘::\‘dy mta the routne clical work
frlagy cveryhere and in il cardiae

heir success really depends to some

productivity The employer is going to settle
this queshon
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CHAPTER él? MAGNITUDE OF THE PROBLEM OF THE
CARDIAC-IN-INDUSTRY

Harry E. Ungerleider and Richard S. Gubner

INTRODUCTION

The problem of heart discase 1 industry
may be stated very conasely Persons with
eatt disease can work, do worh, and should
work, Their employment should be under
medical guidance without prejudice or e~
striction other than that theiw Jobs not be
hazardous to themselves or others, nor mmpose
: le Liabiliues upon employers and
auxihary agencies, private or gmcmmemal,
which assume a share of responsibiity for
their welfare Like all principles, this 1s clear
and simple. But between principle and prac-
tice there is a vast breach, and 1t is our pur
Pose 1o explore this breach That a problem
and a serous one exists 15 not basteally the
fault of the patient with heart disease, nor
the physician Rather, 1t 1s a social and

financial issue, one which has arisen from
mad ided lat: and an

or
understandable indisposition on the part of
wdustry to assume unwarranted potential
fnancial msk 1 may stress oW, and will

Mlustrate later, that the unhealthy state of
affairs that now exists can be remedied, quite
Iiterally, by calling m the doctor 1 have been
ashed to survey the magmtude of the prob-
lem This may be approached 1 two ways,
one to indicate the extent of heart discase 1n
the industrial population, and two, to indi-
cate the extent of mterest and attention the
problem 1s currently receiving

INCIDENCE OF HEART DISEASE IN INDUSTRY

It has become almost tnte to preface dis-
cussions of heart discase with imposing figures
of its frequency, but this 1s the very hey to
the magnitude of the problem of heart
disease in the industnal population It is esti-
mated that some ten mullion of the United
States population have some recognizable
form of heart discase Beyond this, there 1s a
vast reservoir of heart disease, unrecognized
or unrecogmzable with present methods In
the study conducted by White, Edwards, and
Dry* at the Mayo Chnic a few years ago,

a7
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comprised of an autopsy vy estigation among
persons dying of causes other than heart
disease, it was found that a severe grade of
coronary arteriosclerosts was present in well
over two thirds of persons above the age of
50 Simularly, in a chnreal study which we
conducted among a series of 320 msurance
applicants in the Diagnostic Laboratory of
the Equiable Life Assurance Society? we
found evidence of artenosclerosis in fully
half of the subjects between the ages of 51
and 55 years, and in 75 per cent of the cases
above the age of 55 years. By far the most
common sign of arteriosclerosis was caleifica-
tion of the abdomnal aorta as seen 1n \-ray
studies  Additional abnormalities were re-
vealed by x-ray studies of the chest, including
roentgenhymography and electrocardiogra-
phy, the electrocardiogram being abnormal
n 9 per cent of the group studied The age
group mcluded m this investigation 15 pre-
cisely that of the industrial population and,
in farr measure, may be considered to reflect
the prevalence of arteriosclerosis 1n the indus-
trial population Now, of course, the cnor-
mous prevalence of arteriosclerosis does not
signify that this dusorder assumes clinical
significance in all or even more than a frac-
tion of the population However, tahing a
single complication of arteriosclerosis, coro-
nary occlusion, which 1s a type of heart
discase occurring predomunantly among males
during ther worhing years, it has been in-
dicated by Master and his associates,? using
samplings of New Yorh State death certif-
scates for 1942, that there occurs m the nation
as a whole about eight hundred thousand at-
tachs of acute coronary occlusion yearly Ad-
Justing for population trends in the twelve
years intersening since this study, it must rea-
sonably be concluded that the number of at-
tachs of coronary occlusion yearly now pass
the one million mark As pomted out by
Kline,f if even half of these survivors return
to worhk, which 1s most certamly the case,
some five hundred thousand persons with
coronary disease of chnical significance are
being added yearly to the labor market Ths,
then, is the situation for one type of heart
disease alone. If other forms of heart disease
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are considered, such as hypertensive he:
disease, a similar array of imposing numb
may be cited, To this may be added rhe
matic heart discase, congemtal heart disea
and less common forms of heart disease su
as syphilitic heart disease, cor pulmena
myocarditis, etc, all occurring in small
numbers, it is true, but still of real agn
1cance. Several of these, although not i
portant in the total, assume particular signi
icance in individual industrial situations A
example is cor pulmonale, as it occurs |
workers in fields carrying occupational ha
ards to the lungs

EXPERIENCE WITH CARDIAC WORKERS

Let us tahe a specific illustration of t
problem by considering the experience a{
single large industral organization that i
cludes a wide duersification of ]ObS,Ylh
Consolidated Edison Company of New Yor)
Franco® has recently reported the results
a cardiovascular survey covenng the nea'l
25,000 cmployees of Consohdated .Ednson fz
the year 1952 In penodic examination ’
apparently normal persons over :}0 )ea;!m
age who had no medical complaints r:{nsem
apparent symptoms, evidence of heart ldu(‘-
or conditions potentially capable of pmd ¢
ing it, such as hy pertension, wese .fougmm
15 per cent of those examined Slgﬂl7 r
cardiovascular disease was found in c:'-
cent, almost half this number, 2 figu:mey
responding closely with an eatlier e
made at the Eastman Kodak Campa?) u.
36 per cent the heart dlsc.ase was ‘t)m:l n
cient degree to requirc mcdxc.a] am‘n‘ o
the total of 896 cases of' sngmﬁc;:inm pol
disease, coronary artery disease Jex e
quency and accounted for 58 pm;i Cc:sc o
group. Hypertensive \ascu]::\r xs; ot
next in frequency, occurnng i 32 P:c T
of the cases Rheumatc heart dlst‘lﬂ o
present 1n 7.2 per cent of the tomri ol
Franco powts out that the rel:m\is o
incidence of rheumatic heart d:sc;\slﬂ g
ably attributable in part to carc :s Thercb)
ployment screening in former yea ,)’uum-\ﬁc
excluding many persons with
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valvular desions This aspect of eaclusion of
ardiacs from cmployment is at the very
cose of the problem of heart discase in indus-
u3, and one to which we will return pres-
ety Some further findings . the Con-
sohdated Edison study are of interest, Fifty-
fous per cent, more than half of the total,
bad an unblemushed attendance reeord over
perod of a full year. The rate of absen-
et of those emplogces with heart disease
“3s approximately 25 per cent belosw the
general aerage, On the other hand, the dis-
ablity and severity rates were above the
@npany aerage, Approvimately 30 per cent
of those with significant heart disease were
able to hold their regular full-time jobs with-
Qutany physical restriction Of the remaming
@ per cent who were an limited duty, about
half retaned their regular jobs, winle the
ohers were tsansferred 10 lighter duty. A
pount gf Particular interest in this organiza-
tion with a stable working population was
thar the majonty of worhers with cardio-
suscular discase had been on the Job for over
AJ years. The high point came at about the
Stg: of 33 Jears, when the average length of
; e ha§ seached 31 years. I is evident,
“:;io POIlts out, that heart discase affects
b ™ i their most productin e years, when
it shill and experience are of the greatest

tse t mdustry,
umque(?g:so'hdazed Edi%.on expericace 1s not
v ﬂia ;‘xs broadly snm‘ﬂar to other sur-
udy o, 212 been carried out, Thus, a
Umtedys © Bureay of Labor Statistcs of the
be el tates Department of Labor may also
o ety ‘35 X)'pxc::l: Obsenations were made
Itcheg vorhers with heart disease, who were
”"”Tlpair:; fo age and expenence with 3,055
gy T‘}:Dde“' performing jobs of the
fl;hcr)ra{ e cardiae .workcr had a shightly
oup, £ e of absenteeism than the control
oy ax:.d Ut s difference amounted to only
ot ha::ﬂ;alf days more per year. On the
Hay g the cardiac group did not dis-
dlsahlmg i:‘ Proneness to disabling or non-
can, g ()J:trwz:dand what it more sigmfi-
a1 Produced the healthy controls
study 3 ‘Q{SE of 24 per cent In another
4, at the Lockheed Aireraft Cor-
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potation, Poole and Bent' found that the
clams of 777 cardiacs for lost nme payment,
hospitalization, medical and surgical benefits
were fewer, on the average, than those of the
general plant population

REHABRITATION AND JOB PLACEMENT

With these random comments on the prev-
alence of heart dwcase and on the pertorm-
ance record of cardiacs i mdustn, as a bach-
ground for our discussion, and manted that
heart disease 1s immensely prevalent and
that cardiac workers perform well 1n -
dustry, why, then 15 there a problem? There
is but one problem mn the matter of heart
disease in sndustrs bat there are many, many
facets As stated by Whitehousc® at the first
meettng of the Rehabslitanon Commutree of
the American Heart Association, * The nature
of our problems range from proper education
of the young cardiac to Worl men’s Compen-
saton, from services at the bedside by the
private physicran and nurse 1o industrial
medicne, from occupatienal therapy m the
home to sheltered workshop, the Rehabiita.
ton Center, the Custodial Home " White-
house personalizes some of the problems by
wndividual comments he has encountered,
such as the mdustnalist who said, “I don’t
believe in a heart association Why can't you
ler the Lord take those he wants? The
union man who said, “T don't care, we’re out
for all we can get " The physician who said,
“It's creeping socialism 1 can do the best
Job nght in my office” The cardiac who
sard, “Let’s face it, I have nothing left 1
might as well quit and let my hids support
me Nobody wants a guy with a bum heart

Let us begin with the physician As far
back as 1913, Sir James McKenzie® wrote
his classic book, “A serious responsibility is
thrown upon every practitioner, at times, m
advising upon certain questions Should a
man ginve up his business? This 1s a question
m which advice 15 constantly sought and
whether the individual be a statesman or a
laborer, the greatest care is necessary in form-
ulating an answer.” Esen before this remark
of McKenzie's, the story of the cardiac in in-
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dustry began in this country in New Yorh in
1911, when Dr. Hubert V. Guile organized
an evening cardiac clinic for working adults
at the Bellevue Hospital. Ths ultimately
developed into the New York Heart Associa-
tion and, as Kossmann?® has pointed out, the
whole cardiac clinic movement arose from
the endeavors to make the indigent cardiac
patient cconomically mdependent by keep-
ing him on the Job Meanwhile, 1 other
centers throughout the United States, the
problem of heart discase in industry was
receiving wide attention Many investigators
addressed themsehes to the question of heart
disease 1n mdustry, particularly between 1921
and 1924, In 1935, an important contribution
was made by Stroud,! whe publshed a re-
port dealing with the rehabilitation and
placement n industry of those handicapped
with the cardiovascular disease

In 1941, an important forward step was
taken at the Bellevue Hospital, where the
first cardiac clinic had been organized some
30 years earler, by the organuzation of a
Work Classification Unit, which has since be-
come a mode! for many other such units
throughout the United States An important
contribution to the problem of heart discase
n mdustry was made in 1952, when members
of this group reported their comparison of
working and nonworking cardiac Ppatients 12
In brief, Goldwater, Bronstein, and Kreshy
found that 1n a group of 580 cardiac clinic
patients whose cardiac Jesions had been pres-
81 per cent had

on the course of heart disease A simular study
by the Work Classification Unit of the Cleve-
land Area Heart Soctety® has yielded similar
findings In brief, in this study comprising
350 patients obseryed over a penod of 2
years, 1t was found that cardracs who are not
too severely disabled to return to work and
who do so with a Ppositive motisation are
more likely to mmprove than to deteriorate,
provided their work s adjusted within the
limits of their physical capacity Ozer the
period studied, 236 per cent of this group
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showed an improvement m cardiac status,
contrast to deterioration in 117 per cent.
total of 883 per cent erther improved o 1
mained the same during the period m wbi
they performed work,

These observations that not only can th
cardiac work in the vast majority of mstance
but that his clinical condition may actually b
tmproved by working have been given strony
support by recent studes in England con
ducted by Morris and his assoctates M Thes
observations have received wide attention 1
the United States recently, and I need not
describe them in detail Conducted by the
Soctal Medical Research Unit of the Medical
Research Couneil of Great Britam, they sho‘\v
in effect that middle-aged persons engaged in
more strenuous occupations actually fare
better, in respect to coronary artery disease,
than those in more sedentary types of work
Comparison was made, for example, betseen
bus drivers who sit at their worh and bus
conductors who move about actiely; be-
tween sedentary postal workers and mail cal;-
riers who are actne, between amputees with
very limited locomotion and those not s
handicapped

ATTITUDE OF THE PHYSICIAN

It is evident, thercfore, that mu'ch “hlldgl
has been learned requires modification of 1 1L
dismal view that the medical pr?fcssxon KIOO‘
concerning patients with hcnr.t dns:::;sedn:laj)7Ic
few decades ago There remans conzx e’ e
i among physici: g}
United States coiccrm'ng the activities ;zﬂflihf
patient with heart disease It may be Sham
without fear of contradictron, that lc;s o
1s bemng done to cardiac patxcr{nshm{. b
diagnosis and mismanagement o o
ease than results from fear and alarm, e
trinated in the patient by the doct.ory o

. cob-
to his family as well, A segmen! of :::;Pmu
lem of heart discase 1n mdqur,y o urgent
within the medical profession with
need for education
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ATTITUDE OF THE PATIENT

The nest facet of the problem of heart dis«
wase 1 mdustry 15 the problem of the attitude
of the patient ‘Thus has been very elearly pre-
sented by Jezer and his co-worhers in the
seew of their experience at the Altro Work-
shap 1 New Yorh City, a philanthropic man-
ulaturing plant given over to the rehabilitas
ton of patients with heart disease and tubes-
coss™ In a four-year period, 615 appli-
«nts 1 the age range of 18 1o 53 years were
studied. Of these, 100 who were self-referred
vere not working because they beheved
temselses seriously all with heart disease.
The 613 persons studied by Jeser represent a
s section of totally disabled persons of 18
10 33 years of age, and of lower and lower-
mddleclass economic ey els, who do not
work because of heary disease, or breause of
uher disturbances  confused wath  heart
oy His findings in this presumably dis-
o 2;3"1):10 group are interesting 1n that

¥ % per cant of them had heart disease
:]‘”‘g cnough to cause disablity The re-

[m €T were able to return to gainful em-
P:)mem with reassurance, education, and
ﬁli}:}:t:mm Jezer emphasizes that in fully
s o ' patients studied there was a sigmif-
b dmolufmnl factor superimposed upon
ated \hﬂ l:;mg !.leart disease, which aggra-
bra Tth isability n.r was solely responsible
el Lh::’ t(ha attitude o'f the patient as
b of the doctor is a part of the

em of the employment of the cardiac

ATITUDE OF INDUSTRY

“;}’e;t :MA; factor, and the major one, in
heat :et e emplnymcm‘of the patient with
dutry N;M‘x i the position taken by -
g o only 1 an unreasonable attitude
e hz\emg‘:‘g ph)sxcmfxs and patients, as
tengg g ated, but this feeling may char-
Mwatcrx:“-‘w as well. As posnted out by
n Ydaﬁm’( in his discussion of heart duease
Pty 0‘; employment, employers fear the
Tpensen, Property damage, Workmen's
e b " or Hability claims, and eaces-
B thegy M and, not uncommanly, ex-
2ttitades bluntly as follows: “Why
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should ¥ hure a sich person, 1f ¥ can hire a
healthy one? The association of frar with
wnorance 18 as true in the case of heart
ducase as 1t 15 10 other disorders There are
many reasons why ndustry fears the emplov-
ment of cardiacs Sote of these are unfounded,
but there are some Jegitimate grounds for
contern One hine of evidence 15 the growing
use of pre-employment examinavons that -
clude the use af special diagnostic wnstru-
meats such as the elecuocardiograph These
esaminations disclose a large number of -
stances of heart duscase that pose a problem
to the emplover and it 1 understandable that
where the labor sarker 1s plenutul he pre-
fers 0 avoid emploving peaple with any
physical disability A an nsance of the
frequency with which the « lectrocardiograph
alone may twrn up ndicanens of heart
disease, Khne and Hew' 1cported 209 dis-
dnctly abnormal electrocardiograms among
2,000 taken 1n the course of pre-employment
and health suncys in a large idustry in the
Cleveland area

Although we bnow that electrocardio-
graphic abnormalities hase lutle beaning on
physical capacity, the employer daes not
know this, and frequently the medical ad-
s1sers upon whom he relies may make recom-
mendations agamnst employment In the field
of 1surance medicine, where my own actii-
wes are chiefly concerned, we have, our-
sehves, undergone a very profound change in
attitude with respect to electrocardiographic
abnormalities For esample, buadle branch
block, formerly considered an ominous sign
foreteling a relatwvely bnef life expectancy,
was found, n a swtudy we carried out at the
Equisable Life Assurance Society, to be much
less senious than as 1s usually supposed, clini-
cally®™® As a result of our mortality study,
which indicates that people with bundle
branch block who have no other major car-
diovascular impairments have a lfe expect-
ancy that 15 almost normal, we now insure
such people Physicians in industry must be-
come more aware that the hife and activity of
the cardiac need not be compromised, so that
he can more properly advise the industry he
serves



PROBLEMS OF LIABILITY AND
COMPENSATION

The real crux of the problem of heait
disease in industry 1s the question of liabality
and compensation, and here the fears of the
employer have a substantial basts This 1s
now bemng recognized and some attempt is
being made to remedy the situation We may
address ourselves to a brief suney of the
problem

Industry’s problem with the cardiac 1s
largely a financial one Some idea of its scope
1s indicated by the report of Gafafer' that
industnial absenteeism as the result of cardio-
sascular disease 1n the first half of 1952 was
exceeded n incidence only by respiratory
diseases Goldwater and Weiss?® remark that
n New York State, Workmen's Compensa-
tion payments for heart disease amount to
about $2.000,000 annually and account for
nearly 4 per cent of all compensation costs

What 15 industry domg 1n practice about
employment of cardiacs?® Olshanshy and his
associates conducted a survey in 1954, mn an
attempt to gather information on some of
the problems of the employment of cardiacs
mn Massachusetts.” This study covered 100
employers in the greater Boston area, repre-
senting 176,000 employecs, 1n various types
of business and n companies ranging in size
from 100 to 20,000 employees Of the 100
companies, 25 had a stated policy of exclu-
sion of all cardiacs, but, actually, only 51 per
cent of the companies were found to hire
cardiacs 1 actual practice A study of the
factors determining the hinng policy regard-
ing cardhacs disclosed that 45 per cent of the
firms gave Workmen’s Compensation as their
first or second moue, followed next by the
effect on health and sichness insurance lia-
bihty, then low productuity, absenteeism,
and linuted 1n-plant mobility, n equal pro-
portions Although Workmen’s Compensation
claims were not of any great magnitude, it
was the sense of threat of cardmac clums
under Workmen's Compensation rather than
actual expenience with them that was the
greatest deterent to hiring of cardiac worh-
ers, A smmlar study was conducted by

WORKMEN'S COMPENSA

Kline,” who obtained responses to quest
narres from 100 medical duectors of
tnal organizations throughout the Un
States, 1epresenting sonte 20 states, and ¢
panics that employed 1,340,000 workers
summary indicates that only 10 per
never employed cardiacs Half of the
ployers occasionally employed cardsacs .
other 23 per cent regulatly engaged card
without prejudice. These figures pertam
new employment It is of interest that 8
cent of the 100 medical directors report
remarhed that their companies always
tained workers with heart disease that :
peared after employment As in the st
carried out in Massachusetts,?" the reason’
failure to employ cardiacs was not that
are poor or unsafe worhers. Thir.t)-faur;
cent of those responding to Kline's questic
naire explained their unwillingness or t
hesitancy as being due to the threat of mor
tary loss arising out of Compensauon.c]au.l
What are the facts of compensation !
surance in regard to heart disease? SKLU
simply, they are as follows. Unwise leg: (
tion, enacted without the benefit ‘ol 50\;
medical knowledge, has resulted in 2 L‘
service to industry and employees dﬁlslu
Physicians, cardiac patients, and mn:“
have all become victims of a situation }
their own creation Seriously cnoush-{:"‘
pattern has been the same in \:mau:r :"Dr
throughout the country A few musRirhm
will indicate what has happened Dr -
J Clark,®* Chatrman of the SuerOD‘::‘mn
on Workmen’s Compensation of the i
can Heart Association, reports (lmt. ::nsu
past few years Board and Court df;" e
Massachusetts have so Iberalized l'; e
pretation of the law that pmcumll)r p
diacs developing acute cplsodf.s D“ard :
while on the job are assured of bcmg ahy e
compensation, It has been statclm !
Supreme Court of Massachuselts lm{d o
pational strain giving rise to mjury o, and
be unusual or the result of heasy ® “’mm
it has also been stated that the sucS\si :r) dors
brought on by worry, fear, or am
not differ from that of phy

t

sical exertio™ 1

t cmot

has, furthermore, been ruled thal
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f3ctors need not be proved by direct evidence,
but may be established by reasonable in-
ference In other words in Massachusetts the
floodgates are open wide for decisions in
faor of the worker, Uader these circum-
siances, says Dr. Clark, and n view of our
Anowledge that at Jeast half of all men over
15 years of age hase coronary discase, can
we justly blame the employer who says he
wil have no past 1n hiring cardiacs or people
m the older age group? Commenting on the
atation sn Massachusents, Sprague™ states
dhat e decrsion of the Supreme Court of
Masachusetts in 1951 has resulted, essen-
wlfy, 10 closing the door of employment 1n
that State to anyone hnown to have heart
diease, no matter how minor, no matter
what type,
Stout™ has ¢ d on another Sup
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although moie than 10 per cent had Anowl-
edge of pre-esisting heart discas, the second
injury law was imvohed m onh one case,
Goldwater and Weiss conclude th ¢t «mploy-
ers w New York State and elsewherc are be-
commng tncieasingly reluctant to hire cardiacs
partly hecause of the manner 10 whu ki com-
pensation clamy for heart disease are ad-
Jusdecated  In Cahforma, sunilarly av o re-
sult of an Appellate Court deasion a v tious
problem ha« arnen As stated by Howard |
Scott® of 1he Loy Angeles Bar Awsoastion
for all pracucal puiposes the requircrent
that the cemploament cause the heart inpury
has been ehminated, and the condinon that
compensation babvhty  anse out of the em-
ployment” has been ehmmated  The cases
are now dectded purch upon the bass of 2

i that the mjurs occur “in the

Court Decision, in dus case in the State of
Wahington, which has set a precedent in
il;lnl a’rca A few 3€ars ago, a night watch-
- or 2 company in Scattle bad a heart
hacl whie sttng at his desk, and dred
:h:rgy thereafter, The majonty opinion of
- hui;m Cfurt of the State of Washmg-
e s; d that lhc. heast attack was due to
il ;m of lhe' job—that no matter how
Pt € stram, xk’.n were oo much for the
T cm his (-Axshl"l,g condition at the time,
s :n:lpensablc In New Yor} State, the
Woug i not far diffcrent. Goldwater and
Gt b ;'an that 10 80 per cent of 104

elore the Worhmen's C i

7
course of the employinent ' This means sin-
ply that if a man has the oasct of his acute
symptoms while he s working, the claun 1s
probably one that will be held o be com-
pensable Scott beluses that the interpreta-
ton may be extended so that all that s se-
quired 15 that 2 man have heart discase and
that he have a job Thus, Scott concludes
that a tremendous obstacl to the employ-
ment of any person who is hnown to have
heart discase has been raised, and the change
1n the law has had the cffect of nulifying all
the efforts that have been made and are stil
being made to encourage mdustry to employ
such h ed people  Comg ion 15

E‘:"j L::I “i\'ew York, the onset of symptoms
dhiduag 10 have occurred while the -
erted . %as at work. Among the contro-
nt o a;fs, clfiun; were allowed in 75 per
while ‘hz Oft, in which the onset occurred
cnt of ::hcam\ant was at work Forty per
et g ose had knowledge of pre-existing
s ma:':S: 'Akhuugh a second injury law
eneousa ie in 1945, with the purposc of
oy A8 cmployers to hire persons pre-
oy - eally disabled by placing only
furthey i;‘:‘P""Slbﬂyy on the employer, if
otk J."“/ or disability occurred while at
Wm;d m{tSpm to hemt discase, at least, the
¢ case Jury ‘.aw has proved inadequate In

® Studied by Galdwater and Wess,

the major bugbear There are others, such as
the question of group surance, Persons who
are ble for life 3
caily become eligible for insurance coverage
when they are employed m industries having
group surance plans Surprisingly, group
nsurance expericnce has not been parucu-
larly bad, and 1t 15 questionable whether any
appreciable increased cost 1 coverage results
from the employment of cardiacs

Progress i the clanfication of the various
aspects of heart discase an industry and in
bringing about sound and just practices must
come primarily through cducation  and
Lnowledge The Amerscan Heart Association
has assumed a very active role in this fune.
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tion. Work Classification Units, of which
about 34 are now functioning throughout the
nation, exemplify what can be done. In addi-
tion, many of the affiliates of the American
Heart Association have special Cardiac.in
Industry Committees, composed of physicians,
personnel men, union representaties, peoplc
in employment services, rehabilitation, and
other social agencies The American Heart
Association Rchabilitation Committee, as
already stated, has a subcommittee on Work-
men's Compensation Its Chairman, Dr.
Richard Clark*" recently presented a survey
of the problem of Workmen’s C:

WORKMEN'S COMPENSATION

panel of nine experts from which he might
select three members in rotation to review
each case before a hearing, While the deci-
sions of the panel are advisory, the Commis
sioner mahes it clear that he 15 inclned to
accept the panel’s opmion, The net result hiss
been that an orderly and sound scientfic
basis has been established for the handhng of
claims. Ivan C Rutledge, Professor of Ad:
ministrative Law of the University of Indus,
summarizes the cardinal principles of the
Utah Plan as follows:

1. The rel hip of industrial effort ©©

1n relation to heart dsease before the Con-
gress on Industnial Health in Washington, in
January, 1955 It appears worthwhile to
quote the resolution passed by this Commit-
tee of the American Heart Assocration: “Be
1t resolved that this Commuttee of the Ameri-
can Heart Association go on record as recog-
nizing that certamn compensation laws and
decisions appear to operate as deterrents to
full and proper rehabilitation and employ-
ment of cardiac patients and, therefore, urges
that appropnate reforms be studied and in-
stituted in this field Because of the broad
implications of this matter 1 relation to
other disabling conditions as well as cardio-
vascular disease, 1t is our opinion that over-
all medical details of such reforms should
emanate from the Amencan Medical Asso-
ciation

This, then, 1s the magnitude of the prob-
lem and, obviously, the problem has not as
yet been satisfactonly solved However, m at
least one state a noteworthy beginning has
been made In 1952, the Chairman of the In-
dustrial Commission of the State of Utah,
recognzing the chaotic state of affaws in
decisions where heart disease was involved,
requested assistance from the Utah Heart
Association Together with the Salt Lake
City Society of Internal Medicine, a com-
mittec of wternists was designated to draw
up for the Industrial Commussion a set of
guiding principles or cniteria for compensa-
Dility in heart disease. With these criteria as
a worhing basis, the Commissioner then re-
quested that the Medical Society suggest a

heart attach can only be detersuned by
1ecourse to expert medical opuon
Each heart claim is reviewed and eral
uated by a panel of physicians
Medical opinion must utilize the most
advanced hnowledge in the ﬁc]d“)[
heart discase and must be of high
cahber.

Medical opinon must be based uped
complete data 1n each case.
MedI:c:ﬂ opinion must be unbiased !
Medical opuon 1s obtained before cot
troversy des clops.

Medical optnion is gien &
affected by it, including the W
or his benefictary, the employefs
msurance carfer.

Medical opinion does not deny
process of law.

g
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o all pastes
orkman
and the
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The Utah Plan has been widely com

othes
mended and may serve as 2 n}l]cdesla xf:: s
y 1t has .
States to eaplore Certanly S eepton

which have become clear ince

CONCLUSION

uney
In concluston, I have attempted :; shearl
the magmtude of the problem

cets
i R any-sided {2
disease 1 industry from its 51 S) bt e

The problem remams 2 seriou: e 2
obstacles are not msupcrab}t. e,
single moral to be drawn, “ﬁl:: i
physicians, can no fonger conl sty it
to a simple physiclan-p:mcnt rel B e
snust tahe cognizance of and Jeade!
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nany social issues that arise from problems
mohing the health of the population
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CHAPTER @ CAUSAL RELATIONSHIPS IN HEART DISEASE IN
WORKMEN'S COMPENSATION CASES

Meyer Texon

Causal relation between an industrial incident
Or trauma and heart disease 15 a key question
m Workmen's Compensauon cases, It must
wnclude reference 1o many contiguous fields
While mindful of legal, social, and economic
implications, physicians should consider their
Proper province to be the medical and scien-
tific aspect of this problem

Causal relation between trauma and heart
disease is part of the study of the etiology of
heart disease A better understanding of this
subject requires us to marshal and correlate
the pertinent facts established by Ppathologists,
physiologists, Physicists, hydraulic engineers,
and statisticrans, although we may depend
primarily upon the accurate and detailed ob-
servations of clinicians

The physician as scientist must consider
and appraise all the facts n a given case In
amnving at his diagnosis or opinion, he must
state his conclusions as scientific truth with-
out equivocation and without regard to any
social, economic, or legal consequences, Scien-

Came

tific truth does not always provide suenui;
proof but science may well fomf a cham y
logic leading from fact to opmion wb:ip
and so strong that no speculation 'C:m] o
serted  Scientific proof does not xmpyd“I
final answers are available for nll.nﬁ l; "
problems that anse 1n court. There is \'\n’)‘
room for honest differences of. opumion. I
outer limits of justifiable dnﬂemncctsas ;
eventually reached. We cannot nccc}: e
certamty what medical science l:inm;m o,
conjectural and as yet without a'cq‘ e
perimental or clinical proof. All tme. P
expected 15 the benefit of the bes n‘: -
that science can supply at the prese e
Under current Jaw 1n most states, coa .
sability for heart dise:lxsc ‘chenif “[I;l“w‘
blist of causal et
an occupational mcident and 2 S‘ﬁ’\’:‘}‘m
disability. Some states h.’l\t? PxesumzuIcs ot
The Calfornia Presumptive Act oan 8
heart disease in any fireman or P‘f“n e
to be considered of industmal orig
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unequivocatly prosed otherwise. New York
Suate has Jegally defined an accident to have
occurred within the meaning of the Work~
wa's Compensation Law, f it is so miter-
proted by the Yconunon sense of 1the ayerage
man® It may be emphasized here that scien-
ufic facts ase established nat by definition or
legad authonty but by experiment. The law
way define o intespret an Wnews or acadent
a s sees fie but the law cannot aler
wienfe facts reganding the cause of illness
or dsease The physicran s not responsible
for making such laws; he meyely deals with
the medical aspects of the problom  When
ol forces alfer the interpretation of the
Lw, the leguslators should amend the law
;nthnux compromising sctenufic truth and
lact

DEFINITIONS OF TRAUMA

Trawna in its usual sense means Injury ar
vound due to physical force This concept
fanges from the most trnsal effect of a
shange i the envaronment to the disastrous
efect of the Hebomby In sts widest sense the
Soncept of tranma may range from an wjury

¢ {0 emotional factors wihout physical
contact 1o the effects of the most vwlent
Pesetrating or nonpenetrating bluat farces
t oay also mclude stress, strawn, and effore

tese may be physical or mental, usual or
Uasual, severe or mifd, and of either long or
fhort duragion
4 The quesuon of precipitation or aggrava-
10 of an altered cardsac status by the traus
Walie exporience must abo be comswered

?"’ fequires the physicran to be fambar
i the prior medical status of the heart and
4 the pertinent cireumstances of the npury
The phyucian must also have a thorough
Mawledge of the hustory and natural course
€4l the varsous forms of heart disease Only
then can 1o wentify as precisely as possible
What agent, disease, or cucumstance could be
%‘Q‘d responssble an a causatne sense for the
1njusy or altered status found an the heart Tt
™3y require a Jong expenence and a judicial
mind 10 evaluate and allocate the degree of
Uness due 10 5 disease process and the added
ditabulity attribusabte 210 2m myaTy
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TYPES OF HEART DISEASE IN WORKMEM'S
COMPENSATION CASES

The o cardiac problems mast frequently
encountered 1 Waorkmen's  Compensation
cases cancern the cffect of nonpenetrating,
blunt force myury to the chest and the effect
of cffort on coronary atherostlerosis These
two categories comprise about 90 per cent of
cases and may be the subject of divense
medical epiaan The remawing 10 per cent
of cases imsolve other hinds of trauma and
other hinds of heart discase Medically, they
are generally fess controverstal

Penetranng wounds of the heart by gun-
shat, stabbing, or wnpalement do not ords-
narily present grounds for medical disagree-
mient regarding causal relation betneen the
acadent and death or disability A fataluy
due to electne shock of the heart cannot be
demied In such 2 case causal relation 1s
obvious f the pattent survives the smmediate
effects of clectric shock, the residual cardiac
desability 15 usually due to the sfatus quo
ante, its progressie natural course, and the
emotional sequelae When pulmonary disease
of mdustrial ongin causes cor pulmonale,
causal refawon 15 cfear w alt Trauma and
strmn do not ordmanly cause sheumatic
heart disease Howeser, the natural course of
rheumatic heart discase may be adversely
affected by severe strasm when the heart
disease (s conuderable

Congestive heart faslure may be induced by
severe or prolonged exertion 1 the presence
of heart disease Such an epuode of conges-
tve heart fasure may be consdered an
agaravation or preaprtation of heart fatlure
that sught oceur also as the expected com-
mon and natural sequela in any case of ad-
vanced heart disease Thus, strenuous effort
may be causally related to acute congestine
heart falure i any type of heart disease,
such as congenwal heart dhsease, rheumatic
heact disease, syplaline heart disease, byper-
tensie  heart  disease, pulmonary  heart
dusease, or artenosclerotic heart disease, etc
Such an episode of acute congestne heart
faslure may quickly be fatal owing to the
attendant massne pulwmonary edema, cardiac
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arrest, or sventricular fibrillation. In some
cases the fatality is ascribed 1o the physiologi-
cal effects of acute myocardial insufficiency,
smce acute organic changes are absent or
appear too mild to account for the death If
recovery occurs, the question of residual dis-
ability may, in some cases, be resolved only
by accurate obsery ation and cvaluation of the
subsequent chinical course of the pre-existing
heart disease In other cases 1t cannot be
resolved

Nonpenerruting Blunt Force Trauma to the
Chest

This subject is a controversial one Each
case requires a detailed analysis of the history.
physical findings, laboratory data, climcal

WORKMEN'S COMPENSA]

cumstance cannot be called upon to expl
the numerous cardiac symptoms  that r
follow nonpenetrating chest trauma

Arteriosclerotic Heart Disease—Coronary
Occlusive Disease

The natural history of arteriosclerotic he:
disease in the worhing population is the sar
as it 15 m the total population, It is not s
prsing, therefoie, to find that the major prol
lem of heart disease as encountered m Wor
men’s Compensation clams 15 conceme
with arteriosclerotic heart discase m all i
varied forms, In a recent study of 100 con
secutive Workmen’s Compensation cases
volving heart disease there were 78 instances
in which sigmificant coronary atherosclerosi
was di d* In 11 other cases coronary

course and, when lable, Y
findings Evaluation of all the facts can usu-
ally allocate the degree of damage due to
pre-existing heart discase and the added dis-
order of the heart attributable to injury to
the chest

The earlier hterature on this subject s re.
plete with cases of alleged trauma of the
heart owing to blunt force chest imjury Many
of these are so poorly documented that a
scientfic appraisal is not possible The more
recent hterature on this subject reveals gen-~
eral agreement regarding the exceedingly re-
mote probability of a blunt force injury to
the chest causing coronary occlusion with
myocardial infarction as an isolated finding

ath 1 was dered relatively
asymptomatic, the principal etologic factor
being hypertension, rheumatic fever, s)phlhsl,
or pulmonary disease In the remaining 1
cases, no sigmificant organic heart disease 2t
all was diagnosed

Symptoms mdicative of coronary occh;lsn:
disease appear when the coronary de,do;]
1s 1mpaired or is insufficient for myocard:
demand. The evolution of coronary athero-
sclerosis may produce a variable clinical If:s
ture owing to a variety of pathologic Ch?n:},e
leading to dimmution of the caliber o -
lumen The chinical picture may rcprese:m.
physiologic response and in ma?yvusuﬁnd‘
not be lated with the p

There 1s also growing at ding
the ranty of isolated trauma to the myocar-
dium following nonpenetrating blunt force
injury Most cardiac mjuries are assocrated
with other severe chest and body injuries and
are immedately or rapudly fatal Blunt forces
severe enough to crush the chest produce not
only cardiac but other intrathoracic injuries
These may be found in vehicular accidents
and after falls from a height Contusion of
the auricles or ventricles and mjures to the
coronary arteries are rarely encountered and
never occur as isolated findings. The precipi-
tation of coronary occlusion following a non-
F g chest injury depends on the rare
instance in which the coronary artery itself
is directly mvolied This most unusual cir-

ings. A report discussing the m"d'almz;e:f
chnical and pathological findings m: e
cases is being presented elsewhere a
meeting.? !

The Bdlminution of the cahber Offaslf;:\r;
nary artery is usually the lresult of ot
progressive coronary occlusive dnsc-j)sf o
thickening of the intima The :o‘:)',mmbosﬁ
may be altered more abr.upxly ); et
at the site of atherosclerosis or by hem o
into an atherosclerotic plague. Th]escmn "
however dramatic or even fatal, e
shown to be comphcations in the r.-d i
of atherosclerosis We cannot pmcccmnmg
question of causal relation without e‘c)lrhght o
at this time recent findings that she
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the Jocabization and inherent pathology of
atherosclerasis, A recent study appears (o
demonstrate the prmary relation of hemo-
dynarsics to the atheroscleratic process ¥

Hemodynamics. The Primory Foctor in
Athecosclerosis

The faus of hydrodynamics apply 10 the
creulatory system. Hemodynamic factors can
count for the localization and progressive
pothologic deselopment of arterial occlusive
discase 1 the toronary artenies as well as
the 30rta or other arternes,

The distsibution of atherosclerotic lesions
wdeates that certajn points of predilection
2 determined by the nature of the motson
of the blgad, Arterial blood flow 15 generally
Swamline or Baminar i character (1) In
sueh tubes v yqh ronuerging boundaries, veloc-
y of fow mereases and statie pressure de-
T3 1n accordasnce with Bernoull's Law
@I curtdlinear motion, static pressure e
Creases along (he outside curature ow ing to
sentofugal force whule there 1 a decrease 0
baeral pressre on the inner curature that
Sdhrectly Proportional to the same force (3}

e e velocity of flow 1 greatest m the
al fine, 40 impingement of the more cen-
;;‘l:zljod stream upon a site of branchung or

ton causes an increase m seloaity
ﬁ:c\mrc 20d decrease fn stauc pressure at
¢ medial walls of 1he crotch zone
o ‘;}E Pphysical Ia::-mrs clanfy the predilce-
mcuhuazhcmdcrouc }e&mns for areas 1 the
o0 characterized by converging
b"und.mes, branching, burcaton. abrupt
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to the formation of the characteristic athero-
sclerotie plague Thus process imvolves lining
endothehum,  subendathelial  fibrous layer
polifecanon, vanable lipsd accumulation,
cellular nfiltraton, fbrosss, and frequent
calefication Capiflary vasculanization from
the fumen and the vaso asorum may occur
The atherosclerotic plague 15 subject to mo-
tion. owing to the varying suction effect that
is dependent upon the elocity of blood flow
at the area of nanowmng and nat necessanly
directdy related to the systemie blood pressure
When the pathologic degeneratine changes
w the atherosclerouc plague have reached a
critical posat. the usual velonity and Jateral
picssures or a ocal increase 1 veloaity of
flow with corresponding decrease in static
pressure may cause detachment of the intimal
layer This produces a raw or ulcerated
atheromatous surface which, tn contact with
the flowing hlood. may resuft i the forma.
tion of a mural thrombus at this sue

Thus, the composite effeets of blood flow,
external attachment, cabber of the ey,
degree of eumature. and branchig chay.
acteristics determine the sites of predileciion
and pathotenesis of atherasclerosis ag wjf as
us complicatons It appears that the bee
havior of fnds i accordance with the Fews
of flurd dynamucs accounts for the Tocution
of an atherosclerotic plaque and jiy PEoitrrye
sie pathologic evolution

Varying types and degrecy of A Sinringy
develop as a result of variations in ff,. Jothor
gertesss (1) Coronary occhusion Hiay retfy
m!f}} from proglr’ess‘n? )r.mm.ﬂ (mdn,{,_z or

:u““; and pomts of extesnal h At

¢ Ponts the bload flow is subject to an
erease iy velooity and to a decrease m
YNE Pressure, The foeal decrease 1 sfatic
Pressure may be consuderced a sucton effect
B3t broduces the smtial fendemey for the
essel to by narrowed by movement of the
*2ll toward the center of the Jumen This
Bes tise 19 loosening of the itimal stroma
22 the mitial seaction of mumal thickenimng

Faising the cells of the mtimal surface At
Suclt areyg of intimal change, continued ex-
Pare to he sucuion action of the blood
*eam stimulages fusther changes These fead

Kdrinatiny of
such occluded COronary artcpjey Wik el ton

that the atheromatous Process gy, o lf'
stte of predilection snfhunceg by ,',':,,: ';
blood teloctty, impingemmeng oA byt ;u
atachment, of curvauye, 4 patop o Bura,
and straight vessel M2y shery o,
rHore concentric athcmy!,,,,;‘

of flow mn a zone of lhar;, ‘. ,).

mmes the greater degges e ;‘ ali e /.'r*.ff:
the internal raduyy ":"""*”’"»' o«
extemnal radws Thc(;p,_,_;/":"’_’; wi-j:»z
imohed coronary artery ’_’»: wirliel are aﬂ{

than the attacheg Fren ;,: i’ Irte 2T ==
SCC L T =

s melingl
Vi patiee

in g,

are
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duced lumen at the sitc of such athero-
sclerotic change will be, of necessity, eccentri-
cally placed (2) The local increase in blood
velocity and decrease 1n static pressure at the
site of an atherosclerotic plaque cause move-
ment of the vessel wall with a tendency for
the plaque to be drawn toward the center of
the lumen  This mechanism may account for
hemorrhage in the adsentitia, media, or in-
tima of atherosclerotic vessels Intramural
hemorrhages occur most frequently in asso-
ciation with atherosclerottc plaques The oc-
currence of a subintimal hemorrhage in an
atheromatous plaque 1s a complication that
may contnibute further to the occlusive
changes (3) The mcreased blood veloaity
and decreased static pressure at the site of a
soft atherosclerotic plaque may shear off and
embolize the superficial intimal layer or the
contents of a plaque This exposes a raw,
irregular atherosclerotic ulcer surface to
which blood elements become attached to
form a thrombus, which may then become
occlusive.

The flow of blood 1n the coronary arterics
1s intermuttent as a result of systolic contrac-
tion The stream is subject to rapid changes
in veloaity, mncreased flow occurning during
diastole, and markedly reduced flow during
systole The coronary arteries appear to be
umique in the body with respect to such
phasic vanations in blood flow It 1s also no-
table that the caliber of the etramural coro-
nary arteries tapers rapidly These may be
significant factors mn their predisposttion to-
ward atherosclerotic changes

Tt appears from the above-described hemo-
dynamic mechanisms that occlusive changes
in the coronary arteries are the sequelae of
fluid dynamics apphed to the natural condi-
tions of the coronary circulation

Relation to Stress, Emotion, and Effort

The velocity and volume of blood flow in
the coronary arteries are increased when the
body requires the heart to mncrease its rate
With increasing tachycardia, the volume and
veloaity of coronary flow eventually dimmish
owing to the shortened diastole

Sumilarly, a strict correlation between heart
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rate and cardiac output docs not take place
the output rising with increasing heart rate
until a critical point is reached at which the
cardiac output is reduced by the small strohe
volume. If the velocity of coronary blood flow
1s increased by episodes of exertion, emotion,
or stress, then the possibility exusts that a pre-
viously existing atherosclerotic plaque could
undergo anatomic change as a result of the
decrease in static pressure at this site. Ths
effect would be immedrate with respect to
intramural hemorrhage or ulceration of an
ath ic plaque with thrombus forma-
tion, From the standpoint of clmnical correla-
tion this could be the mechanism of some
sudden deaths resulting from acute coronary
occlusive disease with antecedent progressne
coronary atherosclerosss This may be the
mechanism 1n the few cases of acute coionaly
occlusion with myocardial mfarction that
appear to follow upon very strenuous exer-
tion or extreme emotional distubances It
should be emphasized that sudden de.alh can
occur from coronary msufficiency incident 10
exertion or emotion without sufficient tme
for myocardial mfarction to result Cor(;n:ln_
insufficiency may precipitate a fatal ardl l)ll
mia such as cardiac standstill or ventricuiar
fibrillation Also, coronary insufﬁcitncy mJ)t
progress to myocardual mfarction w ithout aenr)
additional acute occlusive process An €
tional or emotional episode that produ‘f‘;
hemodyname alterations sufficient 10 G:B(.
acute occlusive complications i the prc-cv =
ing sclerouic disease of the arteries nl]?rpl-
sult in bridging symptoms between l;nt ”
sode and the subsequent dmelt;pmsuch a
myocardsal infarction or death 1o b
case, the causal relation appears P -
and cannot be excluded. If an ;Tolo!:\,
clapses without significant s)-mpwr]"dm .
the causal relation would be specu s
the absence of bridging symptorms (:‘c::m‘ o
not seem to be sufficient reason {0 1< ;;dus;\ﬂ
cardial infarction or deafh due l:; e
coronary artery disease, \»!Lh or Wi 1 homor-
luminal thrombosis or mtmml;r:mss it
rhage, to a presvious epxsudf’. t: e in
may have produced a transien ke o
velocity or decrease in static P
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tormary blood flaw, The natral course of
wihaise coranany artery disease, influenced
by die wsuat wide ramge of hemodymanue
changes of velocity and Saterat fressures
e coronary cuculation, cat account for all
but the most exeeptional cases of myocardsaf
nfucdon or death resulting from corenary
ooclusive diseass,

SUMMARY

foe Question of causal relation m Worke
ueds Compensation cases imsolsing heart
dssase requires the correlation and erzhua-
Yon of scientfic facts established by physiole-
51y, patkologists, physicists, hydraulic engi-
neers, mtismians, and clinicians,

R neeessary to baow the natusal history
o 4 forms of heart disease before attnbui-
g 30 altered cardiac status to any traumatic
EPenence
o rgileﬂlekufning blunt force injuries to the
it me ¥, 5 ever, cause coronary occlusion
i yocardial ’ infarction as an isolated

g Myocardial contusion or laceration,

o c;::.dnc: not ordinasily oecur as a result

teauma unless the ingury is sevete

enough to crush the chest and produce severe

::‘:I;;Primjunm to the chiest wall, ribs, and
Tacse organs

mﬁ:;blmna\ sequelae of traumatic espe-

s 0 sunulate organic heart disease

mancally,

mm’:ﬁishm hearf fahure with subscquent

on of cardiac reserve can be precin-
y lormsewre exertion m the presence of
p of moderate or adianced heart
isease

Arterosclerotic heart disease w all 1ts
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saried forms accounts for about 90 per cent
of alt Workmen's Compensation cases unole-
ing fteart dueace

The causal relaton of stiess, offort, and
emotion to coronary occhisne diease 15 dise
cussed The central role of hydraule forees
applied to the coronary crrculation 15 de-
seribed The hesnods namse factor 15 presented
as the primary cause of atherosclerons The
question of causal relation betwecn a traus
matie experience and an acute episode m the
course of coronary occlusne disease 1s dis
cussed from the standpomt of hemodynamic
and chiscopatholome correlations It appears
that the natuial course of corenary occlusne
disease due w0 atherosclerosss s prunanly -
fluenced by the local hemodynamics The
usual local hemedynamics can account for all
but the most excepuional cases of coronary
occlusne disease yesubting i myocardia) in-
farcuion or death

BIBLIOGRAPHY

t Texon, M dleart Ducase and Industry, unth
Particular Reference to Warkmen's Campensas
tron Cases Forewords by 8 A Levne and
H W Swrn New Yerk, Grune & Stratton,
1954

Wriveeks, & A, and Hereera, M Sudden
death and ctreumstances it COYonary artery
and other types of heart discase Frrst Wise
consin Confcrence on Work and the Heart,
Nrw York, Faul B Howber, Inc, 1959, Chap
13, p 268

Teason, M Hemodynamie concept of athero-
scleroas wath particular refetence to coronany
occlusion, 4 M A Areh Imt Med 99418,
1957

)

-



CHAPTER @@ EMPLOYMENT OF THE CARDIAC

Irvin Klein

Until recently, the shills of physicians were
directed primanly to the treatment and cure
of physical disease Mental and psychic ill-
ness was almost entirely neglected The re-
habilitation of those who had been injured
or were sich was given little thought The
effects of the illness on the patient’s industrial
capaaity and future hivelihood, on his morale
and on lus social and familial welfare were
httle considered

The loss or duminution of acquired shills
as a result of injury or disease deprives the
patient of an essential prerequusite for earn-
ing his living, and for mamtaimng his physi-
cal and mental well-bemg It deprives indus-
try and society, also, of the fruits of these
shills. For mdustry suffers more through the
npairment of a worker's health and the
consequent loss of his talents than through
the breahdown of a costly machine The
latter can eastly be replaced The former
cannot.

To overcome the unnecessary diminution
of these special skills is one of the aims of
rehabilitation medicine, of vocational guid-

ance, and of selective placement. Relzu:l)_’
few patients are permanently, totally o
abled The great majonty have only 3 pat h
disability, either temporary or permane;ls .at-
is essential, therefore, that the pnhenb]ucs
{ention be focused on his residual cap2 li’md
rather than on hus irreparable dnsabx]l(yio
that these residual capabulities be cmga glh'
and be further deseloped. ‘Through reas -
tation an attempt 1s made o resto;'e;nmm[,
as is possible, the maximum physical :1, !
and vocational capacities to 2 han
patient
In orde
to have the thoughtful an
tion of the gencral practitiol
in diverse ficlds—medicine, o
gery, social service—as well as ‘ining .
of those qualified in the retrad 8 e
handicapped, of employers, an
mental agencies. i ol o
The general practitioner 1 it:]f :sggplimn“
portance It is he who unm! e plnts 31
for worh in the smaller ndustr P et
who decides on whether 10 accep

it is necessary

r to achiese this end, it is ne w0

d willing co-0P .
ner with exP<T

psychmry, sur-

assistance

e
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the applicant, 1t is he who nust learn that
physical petfection is not a sine gua non of
tmployment, and that a vehabulitated, par-
wully disabled worhingman can and ofien
does out-perform his physical betters, Tt 1s the
generad practitioner wha, together with the
employment specialist of small industries, de-
ades on the working fate of the sichly or in-
1ured, Tt 35 he who usaally rejects them, for
frar that a second myury may be too costly
 2umpensation benefits

“Each of us,” it has been sad, 15 an un-
pregnable fortress, which can be Imd waste
only from wathn * Unemployment and sdle-
ress~espechally unnecessanily enforced die-
fiess—~are among the more 1mportant destruc-
tive factors They produce personal debase-
ment owing to the resultant worry, want.
ad privaion. Self-esteem 13 lost too soom,
mozle brohen oo ofter, and famuly tes
napped 0 frequently, Unemployment must,
therefore, be ayvoided whenever possible But
3 handicapped person's employabiity de-
pends not only on his own willingness to
vork sithin hus physical it de-
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seems wise to do so, and in as oplumistic a
manmer as 1s commensurate with the existent
condition A closer view of any problem and
a greater understanding of the problem dissi-
pate much of the feas mherent i it

Complete functional cure of coronary ac-
clusion is a rather common finding A partsal
dssabihity usually results, from an weomplete
functional cure Most such patients can re-
trn to full- or part-time work especally af
st 15 not of oo strenuous a nature, since work
only rarely demands the maxunum of one’s
normal functional capacity

Those who suffer from the wntermediate
syndrome of coronary msufficency or from
occasional attacks of angina pectorss may
resume highter work They can be avured
that most such attacks can be prevented by a
judicieus avosdance of the preapuating phys-
ical stresses and emaotional strawns, and by the
use of mtroglyeenn before and dusing an at-
tach The willingness—even the unwise eager-
ness—of a sufferer from heart disease to worh
can casily be affected by the sage counsel of
hus ding physician Would that it were

Pends dn great past, as well, on the willng-
chs of smaller industrial plants to employ
"M, since the majonty of the workers m

the entire Tabor pool are used i small m-
dustry

The em
fected in
faragly,

ployee’s willingness to work 15 af-
great part by his physician and his
Commonly, as n cardiac discase, the
Physicat disability is not of overwhelming sig-
wficance But the fear of hears disease and of
;J“ dread consequences, thoughtlessty tnspired
¥ the 2ttending physician and carefully nur-
fored by the patent, his wife, and fos chil-
dien, 35 the \mportant cause of the pro-
Slaimed disabality and of the unnecessarly
enforced wiencss

An effort must be made to rane the spint

4

as easy to induce smaller employers to engage
handieapped cardiac patients

Al endeanors that affect the entire com-
mumty and are subject to public scrutiny
must have, as their base, good public rela-
tions A smaller employer can hardly be ex-
pected to engage a handicapped cardiac
he has httle farth in the statements that the
physwian makes, and f the monetary com-
pensation risk he is asked to take is beyond
reason ‘The employer must be impressed with
the honor, the ability, and the unpartiality of
the physician He must be wholly mbued
with confidence i the physictan, and must
wrustfully aceept the medscal data presented
to um and the medical conclusions based
thereon He must be assured that the medical

of hope from the deep valtey of &
Atontion dhould neer. therefore, be focused
solely on the heart condition The physician
Wust consider the pauent and should not
treay only the disease Smce most working-
Men can ynderstand simply espressed facts
“onterning their disease and sts outlook, these
facts should be clearly stated, as soon as 1t

reports furnished are adeq in that they
adhere to the known facts, and that the
medical testimony given i beyond question,
in that ot expresses the views held by a ma-
sority of authoritative cardiologists

To attam this end 35 difficult Individual
general practitioners, striving alone, will
rarely be successful They must seek the help
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and guidance of local heart chapters and the
local medical groups, who must present the
medical and social problem in its best pos-
sible light, from the view of both the patient
and the employer. Together, they must pub.
licize the problem of the unemployed cardiac,
they must dwell upon the bencfits that both
the employer and employee will reap from a
solution of the problem, they must attract the
co-operatnve efforts of government, labor, in-
dustry, and the medical profession, and they

must p de the entire to have
confidence in their good faith and good
Judgment.

The usefulness of the disabled cardiac in
industry has already been sufficiently estab-
lished by ewperience Each sufferer from
heart disease who has been permutted to re-
sume work has evinced an ability to do his
assigned task, and has shown a devotion to
duty that compares very favorably with that
of lus healthy co-employces Absenteersm
among employed disabled cardiacs is rela-
tnely low, as 1t 1s among all rehabilitated
partially disabled workingmen Industry thus
also gams through giving jobs to those who
are handicapped

Expenience has also taught, however, that
employment of disabled cardiacs should not
be a chance, haphazard matter The Job
must suit the particular employee and each
employee must suit the particular job to
which he 15 assigned

Occupation, like education, should tend to
promote a happily sufficient life for each in-
dividual Vocational guidance, which 1s an
essentral component of rehahilitation, seehs to
find for cach disabled person not only the
Job for which he 15 best qualified physically,
but also the job in which he will be most
contented.

The great forces that the larger industries
can muster must here come mto full play All
avalable jobs must be carefully studied and
classified This does not mean a mere listing
of the various jobs under ther various titles,
for this is worthless when a disabled cardiac
is to be assigned to worh It does mean a
carefully detailed description of the work en-
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tailed in each job and the duties that des ol
upon the prospective emplojce

The cataloguing of the different jobs
cach large industrial plant must be under t
concerted supervision of the personnel of
cer, the immediate foreman, and the pla
physician

As industry must scrupulously determi
the exact physical demands that each jc
makes, so must medicine and its allied ar
scrupulously determine not only the exa
physical abiliues of the handicapped, bt
also, 1f possible, the psychocmotional effe
that a contemplated job may hate upon his
This is probably among the most dxlfﬁcu‘
tashs in medicine, but if successful it is fxls
the most rewarding, for upon the conscics
tious accomplshment of this task rests th
entire program of re-cmployment of the car
diac Its successful achies ement must depen
on the close co-operation of the nnendm‘g
physician, the cardologist, the plant physi
ctan, social service agencics, sheltered uorl\:
shop directors, work Classiﬁ(atior'l units, 20¢
other localized community enierprises Chuﬂ;ﬂ
of course, will 1t depend upon the acme,d\"'
untary co-operation of the patient, an' on
his entire attitude tow ard resuming work. x

The physical ability of a cardiac 'p?llf"'e
can be determined by varous cnrm:l.d s;_
physical exammnation, the frequency 2}" o
werity of attacks of pam, the degice o ; e
that results m pain and dyspn.ca, HS e
results of tests of cardiac funC!xgﬂ,A o
performance is not contrandicatc: o
physical diagnosis is essential Vab’““wk
ments concerning the presence of a oy
heart” or a “fant murmur” aic 1ot

be harmful They
valueless but may even e of an
may unnccessanlylhmu .|h¢ activ!
individual whose heart 1s no
ally, or may needlessly pcrmlt‘a C):::)ily o
work at a job for which he is %
quahfied,

The re-employment o
and the vocational guidance that fe:
rehabulitation, are dependent not on
physical capability. In n}ag.)’ ‘Sf"‘if:v‘mm
plete retraining of the indisi

s normat function”
iac 10

f a cardiac, howesesr
ads to his
fy on his

a o
s
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Tamiz 49.1. Meant Cans Usoer 1o Stcosn InjLRy Laws®

dnludable a5 * ooy Injwy”
Callornia
Distnet of Columbua
Flonda

Kentucky (although discase™ excluded, unless
from sayury, or from service in armed forces)
Minnesota {although daubitful as 10 “drgenera-
tve discases,” a3 1n Semsde case)

Missourj

Nebracka although prsor disabwhty dae 1o *Dise
vase” excluded)

ew Jersey

New York

“arth Dakata {although must have been cansed
by employment)

Ohio fwherein carduac dusease and cerebral 1a1-
eular accideat ase specafically wncluled)

Otlalma fincludes *any disability,” of preva
sty 45 determuned by the Commussion}

Rhivde Island (although progressve deterorative

U;L;lndmom o diseases are ruled out)

Watungion

West Virginia (although must be a “defintely
scertainable impassment® caused by a previe
Pus1nury}

Weconsin {although limted 10 a pertnanent dis-
3bdty which alone would huve rated 250
0O benefits, kess 215 per cent cach year

. O age 50, up 19 50 per cent deduction)

< Belidable a5 % Secong fyyurys

Cabfornis

Distact of Columbna

Flonda

Kentucky

Mussqury

Nebrasa

New Hacpshure (must be
Giabileyy
o Jersey

New Yack

North Datta

Ohig

“further permanent

Ohlahomg
s

n

<

Washingwon

West Virginaa

Wisconsin (same as 1)

Wyoming must hie “sulkequent compensable
spury” )

Includabls as Both Prior amt Second Inury

Cahforma

Dustrsct of Columing

Flonda

Kentucky tsee I

Mussount

Nebraska (see [)

New Jersey

New York

North Dadota {ser 1)

Ohso fsee §)

Oklahoma tsec [)

Utah

Washington

West Virgua (sce [)

Wisconsin (see 1;

nstudable ar Etther Prior or Second Ingury (or both) but
Where Prrmanent Toial Disability Iy Required for
Contrbutym by 1 und

District of Columbra

Munnesuta

Nebrasta

New Jersey

Rhiode Island

Washington

West Virgima

Tneludable ay Both Prior and Second Inpury and 1 here
Pesmuent 7 otal Disabulity I Not Requered fos Con-
trebution by Nund

Californta

Tlorida

Rentucky

Massours

New York

North Dakota

Ohio

Oklahama

Utah

Wisconsin

———

CONGLUSIONS

<t of Columibra) in wlich a keart injury
ly concelyably be considered a “prior 1n-

" -
Compiled for the Amerrcan Heart Amociation

L There are 17 states (ncluding the Dis-  jury” or “impawment.” It is important to

note, however, that in eight of these there
are mutations placed, either by satute or

——
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TasLe 49-1 Heart Cases Unoer TiE Scconp INjury Laws (Contnued)

case law, upon the defimtion of “prior in-
jury” which may, therefore, eaclude heart
njuries *

2. There are 17 states (including the Dis-
trict of Columbia) in which a heart mjury
may concenably be considered a “second in-
Jury ¥

3 There are 15 states (including the Dis-
trict of Columbia) in which a heart injury
may concenably be considered as both a
“prior injury” and a “second mjury ”

4 There are only ten states where a heart

injury may conceivably be considered as
both a “prior injury” and a “second mjury,”
where the combined disability need not be
permanent total for the second injury fund
to come into operation These ten states, as
listed in V, above, are to be considered the
most liberal or broadest w thew possible ap-
plication to heart cases, from the pomt of
view both of contribution by second injury
funds and of aiding the cardiac who 1 not
permanently and totally impaired and may
be a candidate for rchabilitation

* NoTE The 17 states mentioned in Conclusions 1 and 2 are not the same in all cases Of those 17
Lsted in I, above, Minnesota and Rhode Island are not included i II, above. Of those Lsted 1o
1I, New Hampshire and Wyoming are not included m I Hence, we arme at the listing of the

15 states in III, above, as gnen in Conclusion 3

unperatne In relatnely few cases, when con-
gemtal heart disease or early acquired disease
had prevented the patient from seehang work
previously, education for work is necessary
If the determmation of a patient’s physical
capacity for work 1s difficult, how much more
dufficult 15 1t to determine his Iihes and dis-
Dikes, hus aputudes, his psychic reaction to the
work contemplated, lns personal and familial
background, his formal traming, and his
knowledge Various psychological and intelli-
gence tests should, of course, be undergone.
But the results obtained are too often obscure
and not too rarely erroncous Great care,
much competence, and an unusual under-
standing of the patient and the problem are
essenual, 1f the examuner 1s to reach the cor-
rect conclusion 1 each particular case
Should an ncorrect conclusion be drawn, the
training to which the patient had been sub-
Jected will be in vain; he will be a failure at
the work given him, and an entirely new
course of training will have to be instituted,
with even greater hardships and greater dif-
ficulties in readjustment

Having been carefully studied physically
and psychologically, and having been trained
for a particular job, which also has been
carefully analyzed, the cardiac is now ready
for his work This constitutes selective place-
ment, The employer must then be mduced to

engage the services of the tramnee at the par-
ticular work for which he has been found to
be qualified The employer must be made t0
understand that job changing is not per-
mitted without the approval of the plaut
physician, the personnel director, and the
foreman—all of whom hnow the peculiar de-
mands that each job males. For if 2 disabled
rehabilitated cardiac is compelled to do worh
beyond his capabulities, the cnli.rc selectne
placement program wll of necessity fail The
failure of an mdividual disabled worker will
mahe more difficult the future placement ©
other worhers Several such failures may lea
the employer to decide never to engage e
disabled.

Industry will thus lose mi
the worker will Jose his income and Ius -
esteem, and society will not only Jose 3 s]jcd
sustaining citizen, but will also be compe’ p
to help n the support of hun and his fa;ﬂuz’c

In order to foster the employment ©
cardiac and to diminish the incxcas.cd com-

i loyer resulting fro™
pensation cost to the cmploy s
partally disabled employees, for ‘)"‘hm:l y
have enacted some form of “gecond "ljcm
Law® The New Yorh State Law ha;m e
outlined bricfly recently? It pm\]lgf‘:mb o
employer is responsiblc‘ for onl);l oy 5%
compensation ben.z:ﬁls in seconbv:‘ n] o ied
certain prerequusites having

uch-needed shalls,
self-
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Whether such a diminution in the cmployer’s
fubshty wail stimulate his employment of the
diabled Is not yet clear.

The nverage time loss of work-connected
fi.nbxhq is often much below this figure I
itwere possible o bold the cmployer of the
Iusbled responuible for only 26 or 52 wecks®
wompensation in second injury cases, an mn-
Jetu might be given to a more widespread
kg of disabled men and women by -
dustry

9[ the 43 states that hase enacted Second
Irjury Laws, refatitely few, unfortunately,
mlf any provision for the re-cmployment of
ardiacs (Table 49-1) This appears to be an
sawise omission The abiluty of an indwdual
lfdn some particular work cannot always be
setemuned by his physical status alone Aptt-
tudes and shils are not pecubar to those who
iuﬂfr from itlnesses or injuries that are es-
xcially mentioned in the Law An alert
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wedical profession should urge that thss legal
ovessight be corrected

CONCLUSION

The re-cmployment of the duabled car-
diac, as well as of other disabled workers, 15
a consutmmation devoutly to be wished What
rehabilitaion has already done 15 prase~
worthy What vocational gusidance and se-
tectwe placement can accomplish further
depends, 1 qreat part, on the general prac-
utioner and his willimgness to learn a new
and valuable method of therapy

The cmployment of the partiafly disabled
15 a boon to him, to his family, to industry,
and to the commurmty as a whole
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CHAPTER 5@ WORKMEN’S COMPENSATION—AN INDUSTRIAL
AND SOCIAL MECHANISM

Henry D. Sayer

It 15 approprate that a panel d. of

the that a workman may re-

Work and the Heart should be inttiated with
a consideration of the entity that we hnow as
Workmen's Compensation To that end, and
as a preliminary to a review of the whole
subject, it is well to make certamn that we
understand just what we mean by workmen’s
compensation and the relations 1t has to the
subject matter of our thoughts here today
We find workmen’s compensation being
brought into the discussion most often when
the impact of heart discase upon industry 1s
being considered Let us then ash ourselves,
“What is workmen’s ion™ To

cover from an employer m case :af accxdcpl
(and sometimes of occupational disease) aﬂ:
ing out of the employment, gi.vmg toa “0:1(,
man, except when an injury is \nl!fu]ly 5 ;
inflicted or caused by intoxication, indematty
according to a defimite s;hcdulc "::f,}:.m;m:
ard to fault.” [Enlarged by permis:
‘gVEdBSTER’S [NEW INTERNATION:\I‘I;
DICTIONARY, Second Edition, cop);§7
1934, 1939, 1944, 1950, 1933, 1954 19
1959 by G & C. Merriam .COJ ad
This definstion 15 prosocative of the m)f "
that it suggests but does not fully

P
many of us that seems an unnecessary ques-
tion; but to many others the term is used
without a complete understanding of the sub-
ject or of the history, background, objectives,
and philosophy of this system, which has be-
come a characteristic of the modern indus-
trial hfe that mnfluences so greatly our cco-
nomic and social thinhing.

Webster defines workmen’s compensation
act as: “Any of various State statutes fixing

. i tement
answer It is impossible m a bricf sta

i istate
¢ idea of what this m.uhma

:L‘a' give a clea -

ing workmen’s p .
tem 1s. The ]oaw in each state differs l'l’oaﬂ‘r:i :2
laws in all the other states in some p:“vc o
lars They differ in benefits, m cmcrl;[;an'
procedure, in administration, in sccuA“d o
visions, and in many other ways. fonper
they all are clearly recogmizable as

sation statutes.
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HISTORICAL DEVELOPMENT

Accordingly we may welt Iook back over
e yeart in order to attan a perspective of
de st of worhmun's compensation and
aployers’ hability. In doing w0 we may note
what the employer had to meet in the way of
tabdty to his injured cmployee and what
nhts against his employec the injured
worher had before the opening of the com-
P(Illaﬂoﬂ e

Hwe go back far enough, we find that the
engloyer owed no specific duty 1o his em-
ploee other thas that which he owed (o the
stranger  This concept began o undergo
::zge ‘;ln later years, and the emplover began
oy arged with n.spuciﬂl habshty to tus
sumu»te as such, This was wot a matter of
- ;hlt was the common law Adyances
- 2 this hne were pamfully slow, but the

ustriat d'a)- had scarcely begun to dawn
dwi’“( principles of compensapon came
ot vom the earliest times, for we find A

us, Chapter 21

m\“in; n;. And af men stne together, and one
bos other with 2 stone, or wath tus fist, and
"’e oy, bt Leepeth his bed
m;n:nls 3 he nse agan, and walk abroad
- stafl, then shatt he thay smote fum be
wd “Y he shall pay for the loss of his ume,
all cause him 1o be thoroughly healed

[T:;;c‘,‘: ste that the basie prnciples of the
wher heaucn law were enunciated by Moses
Th came down from e Sma
mn; first faws with which we need concern
wal ‘:ﬂ nere the laws setting up an ndus-
. arck"‘“’a"ce plan m Germany under Bis-
et gy ;hé carly 1830's The German sts-
one N‘;‘ iwided into two major divsons
whethe, ated 10 nonoccupational dssabslity,
diiu&et it resulted from an acculent or from
tated 1"" even just old age. the other re-
and io“ accidents that wese workerelated,
Cmamr ‘;h‘th the emplover was charged with
dean d'zbihty This was probably she first
and i:’ heﬁned }«mkmcn‘s compensation faw
th ad an important wfluence on wortd
ought
hx;,rm was at about the time that the Eng
common law was supplemented by the
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statutory Employess’ Luability Low of 1880
The proof requured nnder shis statute, fhow-
ever, was so nignd and its provigons o dffi-
cult to mett that velatneds few persons
aanled themselues of w. and the foree of
public opmion brought about an abandon-
ment of the 1B80 taw n favor of the English
workmen's carnpensation statute which was
enacted in 1897 The 1887 Workmen's Com-
pensation Act howeser, did not mspire great
confidence ; the pubhe mind It was 2
soluntany sstea, 1t did not debar workers
from swny under the old common jaw where
neghgence could be proved and its coverage
was narsow and confined to small areas of
hazardous emplostent A few vears Iater 3t
was supcrsedcd and the coverage extended m
4 new enactnent. the Workmen's Compen-
sation Law of 1906

Qur Federal Constitubion recogmized the
common law of England as the law this
countrs on all matters and questions 2s 1o
wiich the Congress or the legulature of the
seneral states had not by statute eapressly
provided Accordingly, the field of em-
plorers habihty the Enghsh common law
presatled until such tme 35 the states made
enphicit provasions In ume, such state stat-
ates were generally enacted These Taws,
however, procecded on the general principles
of the comwmon faw, that 1, they all were
based on fault or negligence on the part of
1he employer, though to some extent motli-
fymg the harshoess of the tommon law de-
fenses Rather generally they gave a right of
action n case of death due to accdent,
whereas the common law of England did not
Thus was then the situation m the United
States prior to 1908 Widespread dissatisfac-
won was bwilding up n mdustry and Iabor
pecause of the nadeguacies of employer’s
faability taws Relatnely few cases suceeded in
tmeeting the requirement of proof of the em-
ployer’s neghgence and the cmplayee’s en-
tilernent

With all the uncertamties, with all the
delays of coust procedure, with hungry
mouths to feed at home and other expenses
10 be met, settlements under pressure became
the rule. setrfements often improvident and at
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figures far less than were warranted by the
circumstances Even when settled at a frac-
tion of the correct value of the case, deduc-

WORKMEN'S COMPENSAT)

MOST ALL ciuilized nattons have enacted I

lation embodying the complete recognition of

principle which places the entire irade nsk
d !

tions had to be made for | of the
lawyer’s fee and other espenses, including
medical care When he got his net share of
the recovery, the employec sometimes won-
dered who 1t was who had been njured

Is it any wonder, then, that the minds of
the people, workers, employers, and others
alihe, sought for a better, a fairer, a more ex-
peditious way of dealing with the problem of
the worher injured or hilled at his Job? It
needed only a leader, a clarion call, to rouse
the conscience of Amenica Such a call was
sounded On January 31, 1908, President
Theodore Rooserelt, in a message to Con-
gress, declared it to be a national duty to
enact laws that would bring relief to work-
men injured in thewr employments The
authonty of Congress to act i such matters
was imited under the Constitution to em-
ployees of the government itself and em-
ployees of mnterstate carrers engaged i inter-
state commerce

The President, mn his message, referred to
the Employers’ Liabihty Law for railroad
worhers, and then went on to propose and
recommend an act for government workers
injured m their work to provide for them and
their dependents hnuted benefits without re-
gard to fault as a cause, and such benefits to
be extended 1 a speedy, summary manner,
without technicalities such as prevailed in
actions in the courts He went on to say:

I also very urgently advise that a comprehen-
sive act be passed providing for compensation by
the government to all employees njured in the
government service Under the present law an
injured worhman n the employment of the gov-
emment has no remedy, and the entire burden
of the acadent falls on the helpless man, his
wife, and his young children This 1s an outrage.
It is @ matter of humiliation to the nation that
there should not be on our statute books provision
10 meet and partially to atone for cruel musfor-
tune when 1t comes upon a man through no Jault
of his own while fashfully servmg the public In

no other prommnent industnal country m the
P T P D,

ding, of course, ac
dents due to wilful musconduct by the employe
on the ndustry as represented by the employ
which wn this case 15 the government. , ., .
actly as the working man 1s entuled to his wag
<0 he should be cntitled to indemuty for the
juries sustained in the natural course of his labe

The rates of compensation and the regulatio
for its payment should be specsfied in the [
and the machmery for determining the amou
to be paid should 1n each case be provided
such manner that the employec is properly repr
sented without expense to him . . .

The same broad principle which should app
to the government should ultimately be mac
applicable to all prwate employers Where th
nation has the power it should enact laws to th
effect Where the States alone hate the poit
they should enact the laus.!

This was the call that was needed. Con
gress promptly passed a United States Em
ployees Compensation Act applying solely «
government employecs, and at the same ses
sion re-enacted a Federal EmpIO)cr's’ Lmbﬂ'n)
Law applymng to employees r_af railroads m:
Jured in work that was in interstate m[r)x:e
merce  Following this message from
President, the legislatures and th'e gor ermors
of various states became active in planmn%
laws for their states to provide a system ;.
workmen’s compensation for cmployres suOf
Ject to state laws. Following the me%sags o
the President, commussions were appﬁlmfmm
study the subject m New Yar.ln “"‘“’mb_‘
and Minnesota At the same ume mc}ﬁ ot
lem was being studied m other states oy
state of New Yorh, Governo? Cflﬂl'u‘;e .
Hughes, in a message to the legs! :ud)
January, 1909, urged action for a

the subject as follows: e
nade
I also recommend that provisiont b:c:nans -
special and expert inquiry into |:e gmpnmwﬂ
lating to cmployers’ labality an [‘mtdladl ot
for workmen'’s wjastes, Our prescnt T 0o
in injustice. - -
wasteful and result in injus b vt
restricuions which stand i
et
odore Roose
1 Special Message, President Theos

constitutional
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o sare of the gemedses whith have beent devived
zuther countnes; but the subject should be thor-
nily camned 1o the end dhat the present
st 25d ngustice should be mitigated to the
fulled cxtent that may be found ta be at onee

im,nkah!c and consitent with our {undamental
»

I atcordance with the Gosexnos’s recom-
mfndamn, the legidature created 3 Com-
uisson o Employers’ Liabilty Laws, of
which Hon J. Mayhew Wainw right, a state
snater, was chairman.? This Commission re-
sorted ta the legslature on March 19, 1910,
sa \‘oluminous and significant report with
mnﬂ tables, reports of various SUNCYS,
. c; . expert opmions on many subjects
) ereto, with the complete testumony

!Wk‘pcd a deaft of compulsory work-
:‘:;:D;:pmmdun faw for cestain hazard-
e ployments and a voluatary faw for

’tmvplnymems generally 4
mﬁ: New York Jaw thus became the first
. mng!f compensation law to be enacted
v }z{mrd States o ering private employ-
tonsﬁ;m'g“mu, his Yaw was declared un-
Py u‘sz by the New York Coutt of
’;i:i!dm 1911, in the Tres case® At the
s wasm pcssxb\e'(hcrcafler. the Constitu-
mltmm?ndcd in 1913 by sote of the
N l\ahdmte a workmen's compensation
s o 911, sr;:vcral states enacted worhs
J !§rptnsahon Jaws, among thent Was-
Wzshl;; X ew Jersey, Massachusctts, and
The m‘( Zz, a'nd other states soon followed
st L“ New Yark Workmen's Compens
s aw b!ca.me effectine on July 1, 1914
i “mc‘gstuuuunahly tzs e en sustamed by
o fre States Supreme Court By the end
hor\mc)fm' at teast 20 states had enacted
fer w's compensation laws, and within 2
- )?n thereafter, alt 48 states had such a
me& ongress had enacwed the Longshore-
s and Harbor Worbyrs Compensationt

s

) ‘;\nm\ Message of Gov Chatles E Hughes,

Yy xl:gn)nun, January 1 1909

1y

l‘.”éﬂ"‘ en Nagp{))nitd under Chapter 318
Ny mpulsory faw Chapter 674, Laws of 1910,
NY. and Veluntary Plam of Woskmen's Com

by iom, Chapter 672, Saws of 1910, NY.

tes~ 3o Bufslo Ry Co, 218NV 271
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Act, and that Act was fater extended to all
employees of prisate cmployers M the Dis-
trict of Columbaz Workmen's Compensation
fans have abo been enacted by Havain
Alasha, and Puerto Ruce There has thus
come about an acceptance of the prineiple of
workmen's campensation 30 EYery cormer of
this country and its ¢erritonal possessiany

1 ike to think of workmen's compensation
as a system of laws rather than as a particular
law In truth, 1t is 3 systexw There are m this
country? 48 state faus, three federat Jaws and
three teyritorial faws All of them are desig~
nated by the general term worhmen's com-
pensation jme Probably no two of 1hese laws
are sdentical i all yespects, even shough some
of them are cut 1 the same pattern But as
we hare sud above, they all have that some-
NG, that unpersal quahty that enttles
¢them to acceptance as W orhmen's compensa-
ton acts and part of & carmon system A
pranciple that seetns to we to underhe all
campensation faus. without excephon. 18 that
the nght ta compensation arises wathout 18-
gard to fault as @ caust That smyle, sunple
phrase, smphaat and expliat in all compensa-
non faws has, over 2 perod of shightly Jess
than half a century snce the introduction af
{he systern in this countty, worhed a momen-
tous change w Our whote ndustral, eco-
nomic, and sociat hfe Once we remore the
squabbling element of fault. we find we cant
approach the problem of the wdustria) acei-
dent in a broader, more comprehensite and
more wieligent manner

PHASES OF WORKMEN'S COMPENSATION

The workmen’s tonpensation system in its
entirety, a5 We VieW it, dindes itself into three
distinct phases  first, acadent prevention,
and m that, of course. we include mdustral
hygiene, second, curatine, which tncludes not
alone medieal and surgcal care, but wust
saclude rehabibtaton or restoration; and
thrd, compensatacy of rehef I put these
phases i what ¥ beliere is the order of their
Impostance i our CCOROMY

*The conference on World
iy ‘orld and the Heart was



Prevention

As to the first, prevention: it is far better
for everyone, if the accident is prevented, We
all talk of the preentable accident or the
preventable occupational discase. Not all
acadents or occupational discases are pre-
ventable, But as to the preventable injury we
need education, foresight, leadership, and
constant vigilance It was recognized early as
one of the prime motives for the compensa-
tion system, even i the nursery we were
taught that “an ounce of Pprevention is worth
a pound of cure

In England, before the compensation day
had dawned in the United States, we find
thus principle espoused by the highest and
most responsible statesmen Speaking in the
House of Lords on July 20, 1897, in a speech
advocating adoption of the 1897 English
Workmen's Compensation Law, Lord Salis-
bury smd  “To my mind the great attraction
of this ball 1s that T believe 1t will turn out a
great machinery for the say ing of lfe This is
the real history of this law of compensation

nr

So completely had the principle of acci-
dent prevention been accepted that it was
first written directly mto the constitutional
amendment adopted by the legslature and
the people of the state of New York mn 1913,
authorzing  the compensation laws That
amendment opened 1 ths wise  “Nothing
contained 1n this constitution shall be con-
strued to himit the Power of the legislature to
enact laws for the protection of the lives,
health, or safety of employees, and for the

WORKMEN'S COMPENSATIC

creasing the cost of compensation insurang
‘This suggests, so far as awards of compens
tion for cardios ascular diseases are concerne
that the cost to employers in many fa
fetched cases only theoretically or abstract
related to the employment or any incides
thercof takes on the aspect of a penalty in
posed upon the employer for conditions be
yond any possible preventive measure an
conditions oxer which he has no control. Thi
fear of the escess cost of the huinng of kaow:
cardiacs often operates as an almost insuper
able obstacle to employment, and constitute
a hindrance to their rehabilitation.

Only when employers learned that under
compensation laws accidents were costly to
them was there any consistent or intelligent
approach to the question of acadent presen:
tion It would almost scem that, under the
carly concept, human Ife was somewhat
Iightly salued Perhaps that aspect of the
value of life and hmb stemmed from the
wars that recurrently, wave upon wase, swept
over all Europe and, in fact, all over lh.e
world, 1 which a man’s value was pn";l'
pally as a umt m the fighting forces of his
country or of his feudal lord -

So long as the employer was requir d
make reparation only in case of s P“;l‘:‘e
negligence, and then only when the .lﬁ:d
strong common law defenses were s[a]‘md to’
the employer and his business could al ;l;{ e
take chances, and not until later years di o
seck secunity in insurance for that Ixmllhe
liability But when negligence and fault olr:jyrc
part both of the employer and the emp

. the
were ehminated, business found that

Payment,” etc of c I It
dtes the further powers necessary to provide
for the payment of compensation for those
injunes, regardless of fault, which despite
preventine measures do occur, for security,
and for everything else necessary to make the
system workable

Compensation is not designated as a puni-
tive measure to be tmposed upon employers
who fail to prevent industrial injuries, al-
though in effect 1t does that through in-

*Hansard, Parlamentary

Debates, 1897, Vol
51,p 555

most effective way to heep costs dou;l ::il:'
good safety practices Out of that :safﬂ)
born the great safety T?O"emeff’ :: d neces-

ing became an r ced
sary profession Many industries have ';d:m,
their acaident ratios and their effor! 1th all
been most rewarding 1 \cnk)urc th:'f““ ol
tho highsped machines, the wilaton
ast pz\mr, and the great ‘,""m‘sc l:au]d
number of employed people, indus fw].{e and
grind to a halt because of the loss o rcasures
serious maimings were it not for lhf‘:d effec-
planned by the safety engineers
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ively casried out by mapagement and Jabor
ooperating together. Thus the compensa~
100 system, with all its preventive measures
swell as 1ts benefit provisions, has beeome
2 esential of the indwstrial system, and is
onstantly proving s worth by instilling
alety into the minds of both wanagement
ad the workers.

Curative Function of Workmen's
Compensation

The second aspect of the compensation
yem fs the curative funcuion I place 1t
nest in importance o the prevention of acci-
dents and discases because hese, again, in-
dustry could not survive in its present state
without the intelfigent and shillfid sesvices
of the physican and the surgeon and tus
vho!e-.hmmd co-operation I no other re-
spect is the difference between the old and
X.hv:. new gystems pointed up sa obviously as it
& in relation to medical and surgcal care
Under the common law and under em-
Ployerd hability statutes, no obligation was
placed on the employer o furnish any hind
of medical care, atthough, under employers’
lublhty insurance contracts, there was usu-
ally some provision to cover first and m ease
of accident on the job X a recovery was fad
agamst the employer, that recovery was based
0 part upen the cost to the mjured person of
medical and hospital care Other than that
there was no labiity

Howeves, the most important aspect of the
cadent iy 1o restore the mjured person as
promptly as possible to hus former earming
Aoty or to the greatest cammng capacty
of which he may be capable s physical
condition Of course no one in s nght
mind would trade off hus earmmg capacity far
the moiety he would receive 1 compensation
Nor would anyone trade off a member, 1€.2
fingee, hand, or an eve for the compensation
provided by law for the loss of any such
member The loss of sn anatomcal member
or the funcnian of an ear or a vutal functon 38
beyond monetary calculation or price Such
loss can be judged m compensation only by
the sesulting impurment in physical effi-
«iency measured by earning capacity:

Few doctars m practice today have had
any experience in the treatment of a worker
serionsly injured on the job e the days before
compensation It meant tme-ronsuming care
and effort, most often on the prouuse of the
injured man to pay if and when he rould,
with the vight of the doctor to share in the
vecovery ar seitfement to the extent of tus
charges. Often, however, the case was settled
Lehing his bach. If he was called to come to
tesufy, he had a good chance to rcene
sometlung on account of hus biit provided his
patient got a serdict But no verdict, no pay’
This ind of practice quite understandably
did not attract the most skitled men i the
profession The care the worher recerned was
largely chanty worh. the ospral mizht col-
teet a part of s bill, but the doctor, very
seldom

Al that was changed by the mtroduction
of the compensauon systess When Hatnhty
for acadent was no longer dependent wpon
fault, medical care and treatment were ako
recognized as the obhgater of ndustry
Medicat service 15 not provided i the same
manner or to the same degree @ all gursdie-
tons Limits i length of treaiment or 0 an
over-all mammum 1w dollars are common
restrammits In a few junsdictions, medieal care
s required without fimit except that the
charge shall he reasonable and the service
necessary In many jurssdsctions the employer,
who 15 charged with the cost of freatment. ss
gen the legal nght and responsibihity of
selecuion of the doctor, with appropriate pro-
visions for those eases where he dechines to
furnish a doctor or where the ticatment 18
nat adequate In other states we find the m-
jused emplosee quen aher complete free-
dom or & mited night in the selecuon of the
docter to treat am Where such complete

freedom of selection exssts, it has been found
aecessary o provide a standard authontatne
fee schedade tn arder that the employer, who
pays the bill may not find humsell helpless
m a suuaton where the mjured man, who
éocs not pay the bill, msght (ngage the serv-
ices of a doctor of unreasonable character or
questonable shatl,

It sppears that the muajonty of wmedical
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bills 1 compensation cases come within the
limits imposed by law where limits are ex-
pressed, and, to that extent, we may be confi-
dent that prompt and reasonable medical
care is being rendered At the same time we
must recognize that serious cases do arse
where the doctor 15 pad up to the limut
provided m the law, but the injured person
may still be urgently in need of further treat-
ment, There should be, as there is m some
states, at least the right of the doctor of the
injured person to apply to the state authority
for an extension of authonization for further
treatment We have seen mnumerable cases
where a stubborn mfectton or some physical
condution requires treatment far beyond the
time imited by the siatute of the particular
state Streptococet do not read law books!

The accomplishment I am most proud of,
during the time I was Industrial Commus-
sioner of the State of New York, 1s that upon
my recommendation, with the agreement of
labor, management, and the Medjca] Society,
the Legislature amended the law to place
the obligation on the employer to furnish
medical treatment and care for an unspeci.
fied and unlimited time That was m the
year 1922 and, since then, the New York law
has required medical treatment for as long a
time as the nature of the njury and the proc-
ess of healing may require. For many years,
the doctors and the hospitals haye recened
full payment for their services and accommo-
provided the bills are rendered in
accordance with the charges set out 1n the
fee schedules or agreements and the cases
are such as come under the law,

Doctors hike the system because, totally un-
like the old days under the Employers Lia.
bulity Law, they now get paid in every proper
case. Medical expense js Paid now n the
State of New York to the extent of many
mullions of dollars each year This in tumn
leads to better understanding and fuller co-
operation between the doctors, the workers,
the employers, and the msurance carrrers

Rehabilitation

The subject of rehabilitation must be re-
garded as a definite part of medical treat-
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ment, although much of 1t is ot of a strictly
medical nature In the sense that rehabulita.
tron 1s the restoration of the injured person to
the greatest usefulness 1n industry of which
he may be capable, it is medical care and, as
such, becomes the obligation of the employer
or his agent, the insurance carrier Rehabih-
tation calls for evaluation by the surgeon at
as early a date after the injury as 1s possible,
In fact, it should be in the mind of the
surgeon from the start. Often it happens
that a choice of operative procedure may be
mvolved: which operation will offer the best
opportunity for job resumption and greatest
earning capacity? Some contend, and I thn
rightly so, that the job of rehabiitation «
restoration begins with the first treatmer
but that is not the general practice Ut
fortunately, too many cases are allowed t
run on for long periods without the start ¢
definite rehabilitative procedures,

In an address in St. Louis in 1949, on th
occasion of the Thurty-Fifth Annnersary o
the International Association of Indus(fm
Accident Boards and Commissions, at which
I had the distmguished honor of being the
guest speaker 1o review the accomplishments
of the first thirty-fise years of the .comgibm;'
tion era, T referred to rehabilitation in the
following language:

In the development of the compensation ::sy—
tem, we have made astounding progress m]m "
of its aspects But n one field we ha'\'c'{;ffix
and have somewhat “dragged our feet, s
the 1mportant field of rehahlitation. T hJ‘\l; o
hearing talk of rehabilitation for )me:}md P
and there something has been accompl: o
sides talk But, by and large, we have ;, -
plished little when measured by Ihkc T:chabth-
the apportuntties There has been tal OI' s
tation that misses the mark complclf)mwm
little or no better than good medical uc:ﬂmm

Rehabilitation 1s not just medical "ypn.:rh o
It is tramng; it 1s the mntelligent lfil’[l’fds s
each case as presenting its mdmdu:”‘n!orhxadm
1f you wall, applied psy chology. It ;ﬂm e
ship, the inspiratron of the injure o of co
self, the mstlling m the amjured ;ml fer all be
fidence 1 himself, and 2 feeling ¢ JI( et
has & scful place i the warld It SR80
forced on anyone You can't rehabi
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habili

who Is d d not to be 1. For-
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Rehabili

of the Cardiac Worker

wnsteh, there are not many who, when the sy
tem s nightly explained, do not want ta improve
ther lot and stewve fasthfully and tirdessly to ac-
complish thete physical and emotional trauung.
But they need guidance, encouragement, and a
fpe of Jeaderdip that has too frequently been
tacking Men need centers of rehabilitation—not
bomework They do their best, whea working
somwhat - groups Trieadly contacts and
Inendly raaly arc important means to best
seudis L,

I pmare industry and fnsurance, yes, and seff-
wsared emplojers, do not undertake an intelhe
£ent peogeam of ychabilitation, the State will step
wto the picture, putting up the roney, which it
wili rase by taxation of andustry, and monopa-
tae the whole field I#'e cannot go on addng ta
the tonstantly grouing human serap pde without
doing something eflectie to reclaim those who
are copable of being reclamed *

In the years that have elapsed since these
words were spohen, much has beert done to
advance the whole cause of rehabilitation
The subject of rehabilitation is a chapter
Yato itself and tme does not permit of a
fall presentation in this paper 1 can do no
more than indicate the importance of the
subject, and speak of jt as one of the great
factors m the problems presented by the
workmen's compensation law It is high-
lihted by the umperatne nceds of the mil-
hoas. of people who hae cardiovascalar
thsases

Qf course, rehabilttation 1s not a problem
o workmen's compnsation alome It 1
qually smportant fc the cupple whose m-
€apacity results from ke automobile aco-
dent or the all-too-frequent home acadents
OF; agawn, from the devastating diseases 1n-
volung pasalyses, spastic manafestations, or
nene wjuries, These people, too, must be
Tedaimed and made useful citzens to the
fullest possible extent However, these prob-

However, there is one aspeet of the re-
hatulitation problem that should be men-
tioped here 1t 1elates to the cardiac worker.
The Amcriean Heart Association has a
Committee on Rehabifitation, which func-
tions as a unit of the Division of Community
Service and Education of the Association,
This commitee has made studies and has
encouraged the establishiment and operation
of Cardiac Worh Classification Climes Shalled
personnel an these clinics, including doc-
tors, 1ndustrial experts, and employment ad-
visors, make studics of the physical capa-
bilitsies of recovered cardiacs, make work
evaluations, determne the hinds and Jimiis
of work activity that may safely be under-
taken, and aid in the placcment of persons
with heart disease The work of the Reha.
byl C js i d and co-
ordinated with the work of the Committee
on the Effect of Stran and Trauma an the
Heart and Great Vessels, whose chamrman is
Dr. Paul D White This committee has
undertahen a project for the study of the
medical-legal, insurance, and industrial as-
pects of cardinaseular diseases The Chatr-
man, Dr White, bas long been an advocate
of work for the cardiac witlun his capa-
bihties Dr Whtte said, a httle more than s
years ago  “A second consideration which T
would fike to cmphasize 15 the bencfiaal
effect of work on body, mund, and soul in
any occupation in which st 15 posuble for a
cardhac pauent to engage Idleness brecds
unhappiness and s actually bad for the
health It 15 a rare patent, indeed, who 5
fit for nothing It greatly pays to make every
effort to find somethung, either vocation or
avocation, into which to fit the sich man or
woman "*

Thus aspect of the problem of rehabitia-
inon o{ the cardiac has iecened very wide

fems do not impose statutory on
crployers or compensation mnsurers  and
Tieed not be dealt wath here

‘Address, W D Sayer, Proceedings of the
{4I4BC, St Loun Mo, Oct. 3-6, 1949 US
Dept of Labor, Buseau of Labor Standards, Bull
119,p 33

It s a ic aspect of the
problem  Hege it is possible for the layman
to be most helpful It 15 not to be thought,

'I’aulvl) White, M D, “Rehabilitation in Heart
/?ntaxg, Pﬁs:mszaz the Annual Mecting of the
mencan Heart Assoc Vi
Seniean, i soctation at New  Orleans,
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of course, that lay people, entirely on their
own and without medical gurdance, should
attempt to give recovered cardacs Jobs for
which they may not be fitted by reason of
their physical condition But employers
should be encouraged to give work, if they
have it, to recovered cardiacs, preferably
with the advice and guidance of the medical
advisor Moreover, it 1s well for the attend.
ing physician to keep in the mind of his pa-
tient the thought of becoming well enough
to resume work, so that he may lead a happy,
contented Iife, notwithstanding his  heart
disease

Not every job s good for every recovered
heart case Here is where the w orhk classifica-
tion umt can do its most useful Job. Exten-
sion of the number of such units would seem
to be urgently needed They are available to
employers willing to give employment to a
cardiac, and can advise, after examination
and work evaluation, the hind of job for
which the apphcant is fitted.

Compensation

What to many is regarded as the most 1m-
portant aspect of the compensation system is
the compensatory side It 15 the aspect com-
monly spoken of, and 1s loohed upon by most
people as the whole sum and substance of
compensation In the first place, it touches
upon the Ines and the happiness of the
8reatest number of persons, for every com-
Pensation clamant there are probably an
average of at least three or four persons de-
pendent, in some measure, upon the com-
pensation paid  Secondly, 1t is the money
part of the system- the money paid by em-
ployers directly or through insurance, and
the money recened by the injured persons
for themselves and their families, or by the
widows and children of the men who are
hilled Thrdly, 1t is the tangible, demon-
strable evidence that is ever mn the hands and
in the minds of the recipients  Week by
weck, as the instalments of compensation
accrue, its importance im the way of heeping
the family together and of providing all the
necessities of living is most apparent. At the
same time, as heabng goes on and the
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services of the doctor are needed less, the
importance of the doctor’s part in the situa-
tion is forgotten. Espccially 15 this true if he
1s not the personal selection of the claimant
It is a curious phenomenon, bus one that
most admunistrators have obsers ed, that often
the injured person is a very different person
at the time of his first treatment from the
one he becomes later when he is no Jonger
worried or frightened. At the time of injury
his thoughts are centered on recovery. He
tells the doctor m meticulous detail what
happened and 1s frank and truthful in hs
past history He wants to confide m the
doctor and have confidence in him Af[cl: he
has recovered from the first shoch of njury
and has time to think about his future, he
becomes a claimant, often with a completely
changed point of view His recollection of
events sometunes becomes dim and confusm?
At the time of the settlement of his case it
1s to be expected that he and his repr;sttnm-
trve, if any, will try to manmize his injury
The employer, on the other hand, who at
the time of the accident may hase been most
solicitous and msistent that the best of care
be provided, may later take a dxﬁ'f_rant dal-
titude when the final settlement is under
consideration. Joped 10

Every safeguard should be empl ozle .
present the accident However, fvhen CSP:S
all care and precaution an accident ocew
we look to the physician to caze for the n':i
jury, to see that the care is :n‘lequilme ;"n
promptly furnished After medical car o
been rendered, or at least started, ;ed e
to the compensatory side. Here we r:iurcs
greatest varnation in the laws, 1 proce m):
benefit levels for payments, and mces
other details Notwithstanding dxf{cm:l u-’
we find much that is ahke in the compe

on laws of all the states .
“ We have seen from the foregoing ol
thing of the history and backgl:oun ;Ol:mlt‘d.
men's compensation, what is sup }; e
and what it was intended to accomp I;Ho d
1ts relief provision it was dcsl'gncld [:)ccdu"
a speedy, informal, nontechnica xplnigwusx
in lieu of the former controversial,
and highly technical system.
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The domi feature of comp is
e absence of fault as a cause of injuny
Ths does not mean that every injury, vee
gardless of canse and its relationship to em-
ployment, s included as a compensable -
ury. There are proper and necessary fta-
s as 1o the injury that may bring it within
the punview of the law, These Himstations are
expressed in the wellnigh universal prose-
sion that injuries are covered if they “arsc
out of and 1n the course: of the employment ”
This simple clause is gravd with meamng
It would scem at a glance to be smplicaty
uself, yet it has been the provision of the
compensation laws most prohific in the pro-
ductzon of Yty and court mntery
This exact formula or uts practical equna-
tnt i found in ali laws A
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employment are more compheated The law
books are replete with coust decisions on
some of the most bizarre and fantastic &eats
that have occurred 1 the employment but
as 1o which there may be a very real question
whether or not they were work-caused, in-
cludmg all manner of esenis that are normal
and modental to the dady hie and contacts
awmong worhers There are wide vanations
m the attitude and interpretations of com-
misstons and courts on some of these ques-
tions

It scems to me that these words “ansing
out of and m the course of cmployment”
have other sianuficance too From tme to
ume, arguments are heard for hberahzng
the compensation laws, increasing benefits to

frw states have omitted from the formula
the zequirement “ansing out of”, 1t 55 con-
sidered sufficient that the myury “arise o the
tourse of” employment The difficulty has
bren to detesmine precisely what acts are
d and what ¢ exist only
because of the employment and just what 5
mterded by “in the course of employment”
Actually, almost all munes to worshers do
oreur in the course of employment, that s,
duning the hours on duty and at a place
whete their worh requires them to be or
ordinanly tales them Questions may anse
3t whether an employee has stepped out
of his employment for the tune being, aban-
doned s wosh 1o go to some place to satisfy
his natural cugiosity, for enjoyment, or for
something in the nature of a personal er-
rand A umple exunple mght be an em-
ployee seat aut on « job who took time off
on his way back to watch a ball game, and
was struch on the head by a batted balt
Travelling between home and work raises
Sifficult questions at times While generally
:'gmng to work” accdents are not deemed
in the course of employment, there may be
cirtumstances where they might be cosered
An example 15 the salesman who may be
bis employment contmuously while he is on
the road, practically a 24-bour exposure
The many cascs where controversy €xists
2 10 whether a happening anises ous of the

i figures 1y without regard
1o the ability of employers individually and
mdusiry as a whole to mect the increased
costs unposed thereby, widening the scope
of the Jaws and thesr coverage, and, in effect
(whether so ntended or not}, transfornuag
the compensation system 1te a general
health and accdent law for workers That 1s
not the philosophy of compensation, at least
as far as 1ts ongnal concept and background
are concerned, nor the basis upon which 1t
was accepsed by the people There are some
who advacate hmeting coverage for mjuries
only to those ansmg “in the course of” em-
ployment The relation of the injury to the
ployment need not be app 1t being
sufficeent to locate the accident or the onset
of the disease to time and place that brings
1t chronologically and physially wathin the
employment The formula m most of the
exsting laws 15 “ansing out of and m the
course of employment™ These two clauses
are conjunctive and to satisfy the Jaw both
condinons must be met The plea for this
new concept seems to be based wpon the
postalate that workmen’s compensation is a
socral wstumentalty, having hinle regard
for the matter of the ewployer's Habiity 1
think the facts set forth above amply demon-
strate the fallacy of that concept
T would not assume to discuss here whether
there shauld be such a social insur
1f 3t 15 deereed by the people

w
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that they want such a law, it should be
enacted dircctly, and not made a charge
upon a system that was otherwise conceived
and adopted by the people The maintenance
of such a system of social relief becomes a

WORKMEN'S COMPENSATION

the fact that benefits are not only pajable
promptly as they accrue, but that people
shall be treated alike in the same circum-
stances To effect such treatment, it was
provided wisely that benefits shall be paid in

d with certain formulas The equa-

matter of taxation The comy premi-
um dollar is not a tax It is the contribution
by each employer toward the relief of in-
juries for which industry 1s directly hable,
and is proportioned to the number and cost
of mjuries sustained by his employees and
employees 1 the same type of operanons
This contribution 15 a charge upon produc-
tion and, as such, 1s met by each and every
one of the users of the product or service,
Therefore, when the total of all costs of
production nises to a point where the prod-
uct or senvice i1s priced out of the market,
what becomes of our employment® When
t cannot be ined because
of high production costs, the worker out of
a job becomes our first concern and he is the
first to suffer

It may not be amiss to mention, at this
point, that it 1s a truly American principle
to accept the compensation laws in each
state as being considered by the people in
that state as bewng best swited to the particu-
lar needs and customs of their industries and
people There have always been those who
advocate the centrahzation of all authority
in the central government. 1n the compensa-
tion field we have not been without such
wishful thinking by some We should view
the compensation laws of cach state as
representing the majority thinking of the
people in that state—labor, management and
the people generally, who in the last mstance
pay the cost of all compensation No two
states are exactly the same in their climate,
their natural resources, therr industrial and
agricultural potentials and opportunities. It
is, therefore, not surpnising that we should
have many dnersities in our state T
tion laws Uniformity of the laws is not the
primary consideration, and umform provi-
sion in all states could lead to some difficul-
ties not now envisioned

Other fundamental principles and phi-
losophy of compensation will be found in

mployr
oy

tion reflects the earmings or the eaming ca-
pacity of the individual, ascertaned w each
case in accordance with the applicable law
Benefits arc payable for the period of dis-
ability, whether the disabilty 1 total or
partial, temporary or permanent In the
fatal case benefits are payable in accordance
with the relationship of survvors and for
such periods as cach state may provide Un-
like the old system of jury trals, benefits are
not left to the judgment of jurors or, more
frequently, to the guess, whim, or caprice of
the jury. Once the entitlement of benefits
has been determned, the rate will be x:nalhc-
matically determmned m accordance with the
law The period for which benefits are pay-
able becomes a medical question wn.hm the
himits of the law and will be determined by
medical cvidence of disability

Disability
What constitutes disability? Do we al\»a);
distinguish m our munds whether “E'th:;],,
of disabshty in the economic sense of in e
anatomical or physwological scnse"V:ll'lc "
of the laws declare that compcnsauon‘;:}av
be paid during the continuance of dx]sa ;( 12;
usually with an over-all maxn'mum fint o
with 2 maximum expressed in dollards.ﬁan
general, disability is accepted as a con ;:ms
resulting from an mjury that mczy;]aca! e
the worher from earning wages SUct, .
earncd at the time of or prior to the m‘J‘ "
It may be total, that is,Amablh(y tomhl’
and earn any wages, of it may be Fd -
that is, inability to do regular work a: gl
full wages but with ability to earch i
wages at a Jess laborious Job Inﬁsu o
the rate of compensauon benefits L
por(ioned to the actual earnings or:cily "
eamning capacity. Wages ;md. Tﬂ‘[’;aorsm
carn wages are the two esscntl: -
the measurement of benefits to be pai¢ |

i ime to UMe
Difficult questions aris¢ from time
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od confusion is sometimes ntroduced by
rason of considenng disability on a purcly
aatomical or functional basis, without re-
@rding wage-caming capacity as the true
wt. For what do we compensate—an
watomical and  physiological impairment
dat may not result in any loss of earnings or
g capacity? Or do we mean disabulity
i the sense of cconomue and wage loss? In
the vanous laws, disability and the right to
tompensation have been related to wage-
amng and caming capacity. This is the
wéalled “wage loss™ concept, Of late years,
:a}:a:bb;con'le the fashion to urge that the
xhi; pnncnp!e is all wrong, that some-
: mj st be paid, and paid generously, for
md.cuc dc(c?ls, for functional disturbances
mm‘:rl’lnial dca[r.wss, with no loss of
ﬂ\;slng n:\or ;ng.ablhly, and any condition
e o cntal dl}ln:ss, on a purely phys-
anatomic basis. More and more,
:iexﬂl;;fioticgcncmu\c changes are becoming
dstblis v;r:;nly asserted as compensable
“Chedle foun e slu: law. The so-called
ragg st ul: smd as the authonty for
il of o nditions u.ndcr the law re-
ge loss, This argument does

Tot sag
ot ‘I“f)' me. It seems to assume that the
we provides a d inabl
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English law, upon which our Tuss were
fargely patterned, there was no w bedule loss
The injurcd worher was paid tor «ual dis
ability only, and the disabihie oo ot was
that immediately following tht viurs dur-
mg which the worker had s stop work
When the worher was able to 1t o worh,

Ius compensation stopped  One way con-
sidured by those who drafted the law was to
pay compensation for hfe (snct the loss con-
tinues throughout hfe) but at a lesser than
the full rate, such rate bemg detersnined as
such proportion of the full rate as the actual
disability mught bear to total disability This
idea was not gencrally adopted Instead the
practice adopted and written into the law in
most states was to pay the compensation at
the full rate but for a proportonately shorter
period of tme The schedule 15 designed to
reflect the relatve ndustrial importance of
the member lost For instance, the loss of an
arm, concedely the most serious loss of any
member so far as working is concerncd, en-
titles the wjured person to compensation for
312 wechs in many states These schedule
allowances are proportionally scaled down
until we find that the loss of a lttle finger
calls for compensation for only 15 weehs
This 1s payable when the de-

[{ N T
::::,:nal:ofmcal loss regardless of its effect

e usa l1lluy. Such 15 not the case
ad 1y € the term “schedule loss” famuliarly
uh‘du]cg‘]‘m‘l?'y but what does 1t sigmfy? A
tug] :xﬂsf is a bodily loss that assumes an
carming 2‘“&;'“ potential future loss of
“hlchumpamy’ the compensation for
the Ly AC:]:sured by'a schedule set forth 1
o Joss of oss that is scheduled 15 the loss
2 tecgber “Sff, either complete or partial, of
of which : the body, the loss or loss of use
fota iy, permanent but not resulting in
Pecfed in“)' Such members are ordmanly
4 the law, the loss of an eye, arm,
» pm’_ngx; or foot or part thereof. The loss
fulty up:md‘" the sense that 1t cannot be
Properly red or replaced. Compensation is
may ], FEY3bIe for such a loss But how
s a loss be measured in terms of

y?

Iy
of interest 1o note that in the early

it
fect 1s finally determined without regard to
whether the mjured person presently loses
ume from worh or not, although, in any
scrious case, 1t 1s a practical certanty that
he will lose ime from work until the site of
the injury has completely healed and he
returns to work

Why 1s this done? It will not be denied
that the amputation or loss of use of a mem-
ber will more or less senously impair the
working capacity of the worker. For that he
should, of course, be compensated. He may
be able to do eserythng m his work that 15
required or, as often happens, the employer
Reeps him on, after the healing is complete,
and makes due allowance for the reduction
in his productne capacity. However, his job
may not always be available to him and,
the course of tume, he may have to seek work
elsewhere. His handicap then is real and
his disablement becomes very important in
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a work sense. The time of this job loss may
be only weeks later or it may be years after
the ongnal injury His case cannot be held
as an open case indefinitely for payment of
actual disability compensation The em-
ployer may no longer be in business or work
may be slack, hus insurance carrier could not
be expected to put aside a large reserve for
each such case and carry it on the books
perhaps for years, as it might have to do, if
the case were not officially closed

So 1t was determuned, and wisely so, that
the disabihity d by the reduction in

WORKMEN'S COMPENSATION

Disability and Compensation in Cardicc Cases

This discussion of schedules and wage loss
may seem far removed from any considera-
tion of the heart in industry. But is it? How
are heart cases that occur among wothers
and related to work, actually or seemngly,
compensated under the workmen’s compen-
sation laws? There is a great vamance in
practice in the states; some are very hberal
in the mierpretation of the law and in the
establishment of accidental disability whereas
some others are more technical in the re-

i of proof. Whatever may be said

hus earming capacity 1s conclusiely presumed,
and that disability 1s compensated 1n ad-
vance of an actual demonstration of a Joss
of carning, now for then, so to speak How-
ever, the compensation rate is always a func-
tion of wages at the time of wjury, and the

compensable penod 15 always exp in

of the fatal case of heart failure and the ad-
judication of cases msolving such claims, 2
very different situation is presented with re-
spect to disability 1n the nonfatal case \\hefx
the claimant recovers from the acute condi-
tion presented by his heart attach. Is hus

L 1)
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terms of weehs at the wage rate.

It is a completely different legal concept
from the theory of damages for a wrong
done The discretionary lump sum compen-
sation for facial disfigurement 1s pointed to
as an illustration of the nonwage-loss com-
pensable disability. However, even in the
case of the ) for disfigy
we must not overlook the fact that the justi-
fication for a facal disfigurement award is
that 1t may be so unsightly or repulsive that
1t may have a marhed effect on wage-earing
capacity or getung a job It is not just a
generous handout The allowance for serious
facial or head disfigurement was no part of
the original compensation system and was a
subsequent departure from the original put-
pose and intent of compensation recognized
only in some states. It surely 1s no justifica-
tion for a radical departure from the intent
and purpose of the compensation system as
it was represented to the people

The rates for compensation insurance are
a function of wages m the various types or

1 ift of il je ! and
reflect the cost of injuries in each classifica-
tion Wages and the wage-loss concept are
the only reasonable, the only fair, and the
only practical measure of compensation
liability,

and mta]]; disabling? Can a legal conelu-
sion on this question be based upon such
proofs? Clearly, even though the condion
be addged to be permanent, it cannot
made a basis for a schedule award. Should 1t
be legally regarded as 2 schedule and
awarded as a schedule injury? This could
not possibly be done In a number of states,
settlements on a lump sum basis are made
in heart cases and death cases are often
settled at a fraction of thewr full value be-
cause neither the claimant, the .\ndo\v or
children, not the employer is sufficiently sl:hI:
of his position to be willing to trY out e
issue in a legal proceeding Hence the setile
ment Personally, 1 do not like the 1dea orl
such settlements; either the claim 1s goods l(
which case it should be pad in full, '-;::
the heart condition was i 1o W3y "‘""d ‘;w
able to the worh, no payment shoul
made There is no nuddle ground Ledale
If the heart case 15 Jikened to a'st lhould
injury, then the payment, sf an),hs o
close the case In the death €ase ll :mm_
ment, made on an agreed basts, wou! i he
pletely release the employer. Howereh
disability case, where pa
aver a period of tme, a very
tion may arise, if the disability
Then the question arises anews
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terminat result can be ateributed to the orig-
mal work incident that made the disability
case compensable. These are but it i
of some of the imponderable questions that
are precipitated by consideration of the heart
tase under workmen's ion Jaws,

they are entitled, no smatter for how many
years the claim may run. There arc many
cases today in which payments are being
made and have been made for more than 25
years The resenve funds to continue such

Security for Compensation and Administration

We have touched upon some of the funda-
mentals of compensation as 1t 15 found i the
Unuted States and the philosophy uaderlymng
them. Two points remamn concemning which
some comment may be useful These ate
secunity for compensation and admunistration
of the laws. Compensanon is not pad or
payable 1 a lump sum, as a rule, with a
discharge of all further hability upon such
Payment, as in a case at law On the con-
trary, the accepted basis for compensation
payments is peniodically during the contmnu-
ance of disability In theory, and in fact,
the extent of compensation payments cannot
be determined unul after all medical care
has been rendered and the worker 15 able to
return to worh That would mean, 1n many
cases, walting a long time to adjudicate and
adpust claims So periodic payments start
early and continue regularly dunng dis-
ability The lLability of the pl for

I are required by the Jaw to be
maintamed at all times Thus security for
the employer’s obligation 1s made certain

The magnitude of the problem of work-
men’s compensation s apparent in the
number of workers corvered by the Jaw in
one state or another The Federal Security
Admunistrator in 1953, after a most careful
and painstaking study, estimated the number
of workers i this country who are subject to
worhmen's compensation to be 39,000,000.*
In 1956, the Sccretary of Labor of the
United States issued a public statement mn
which s Department calculated that the
number of persons gainfully cmployed at
that tume was 66,500,000 The number of
persons presently covered by werhmen's
compensation 1s somewhere between these
two figures

Another feature of workmen's compensa-
uon 1s the matter of the administration of
the law The general rule, with but few ex-
ceptions among the states in this country, 1s

these payments extends for years m many
cases The solvency and business stability of
the employer are hazards that the injured
employee, or the widow and young children
of the deceased employee, cannot nightly
assume Therefore, the obligation of the
employer must be supplemented by the obli-
gation of an msurer, be 1t a state fund, a
private insurance company, or a qualified
seif-insurer  Insurance and  self-tnsurance
perform a necessary and vital function in the
operation of any workmen's compensation
law Through such means the lability of the
emplover 1s supplemented and his habilibies
tahen over completely by his wnsurance car-
uer It is the service and the solvency of -
surance that makes possible the operation of
the law and the assurance that any serionsly
disabled person or dependent of any de-
ceased person will recene the periodic pay-
ments of the compensation to which he or

n and adjud by boards
or commissioners who form a part of what
we have long recogruzed as admunistrative
law Four decades or more ago, our common
law or statutory courts were bewng swamped
with actions at law brought against employ-
ers by therr employees Court procecdings
were long delayed, and many cases of hard-
ship occurred where no real money was paid
out for two, three, or more years after the
acadent A pnncple of compensation was
developed whereby prompt payment was
made possible, not of a Jarge final sum, but
penodic  payments of compensation made
much as wages, promptly and as they ac-
crued Trals by [ury were ehminated Sunple
and nontechnical procedures were established
Administratne officials were clothed with
power to hear and deternune the facts of
clayns and to make legal conclusions In
wetting at the facts, technicalities and tech-

© Socral Secunty Bulletin, 17 212, March, 1954
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mical rules of evidence were pretty generally
done away with Hearings were held before
these officials where necessary,  Different
forms of procedure were authorized 1n differ-
ent states. Generally, the findings of fact of
the administratine officer or board are final
and may not be reviewed by the courts on
appeal Appeals to the courts from such
officials are generally permutted, but only on
questions of Jaw

In some few states adjudication of claims
and inforcement of orders is charged upon
the courts Upon a petition or an action at
law, such cases are brought before the court
in a prompt and summary manner Charac-
tensucally, we may say that adminstrative
law prevails n the vast number of cases to
the extent that 1t may be regarded as the
characteristic procedure  Differences are
found as to many admunistrative matters
Vanations are found in methods of payment,
in hearings and adjudicatne Procedures, as
to lump sum settlements, as to appeals, and,
very importantly, mn the matter of statistics
and statistical reportings

DISCUSSION

Looking back on my more than 40 years
of close association with worhmen’s com-
pensation, T am proud of the development
of this great compensatory, preventive, and
curative system, and of the opportunity I
have had of participating 1n st Tt has worked
mighuly in the public interest Whyle ac.
adents may haye increased in number, 1t
Is certamn they have been held down 1 the
face of the greatest upsurge of industrial
activity and industra] production in the his-
tory of mankind The national cost to in-
dustry has been in the billions of dollars over
the past 40 years Ty has extended relief to
untold millions of persons and has made
possible the development of industry. Three
years ago, the benefits paid in compensation
to claimants, exclusive of medical services,
were calculated under the New York Worh-
men’s Compensation law, from its inception
m 1914, down to December 31, 1952 at the
sum of $1,594,702,376 by insurance carriers

WORKMEN'S COMPENSATIC

alone.* A possible 10 per cent would ha
to be added to these figures to include pa
ments by self-insured employers

To these figures must be added mulltons
dollars to cover the costs jn other stats. ]
would be a daring man who would attemp
to calculate or estimate the total benefi:
paid out in the nation as a whole, including
private insurance, state funds, and self
insurers, in addition to the government, both
state and federal It staggers the tmagination
to think of the billions of dollars of relef
afforded

To these monetary benefits should be
added the cost of medical service to the mil-
lions of worhers who have received, without
cost to themselves, the finest medical arfd
surgical treatment accorded to worhers in
any part of the world Medical and hospital
payments at the cost of industry may con-
servatively be estimated at billions of dollars,
in addition to other benefits in the more
than 40 years of compensation .

This is the system of the compensation
liability of United States industry Thlshls
the system that, as a senice to mfiustr)',ff;l!
hept the wheels of industry turning at “n
speed with the greatest posstble pmtecu?.
to the workers We have not, hower er, sats
factorily solved the problems that arise ;n
the heart case These problcm§ fall 'mau;l ly
into two classes, the fatal case in \\hALZI :}.:
problem is principally concerned wit o
determination of lability, and the r;?nmo
case, which presents not only the pl’;" :bnhly
hability, but also the problem of dis p
and the even more difficult problem of
habulitation and employment. dsuhe

As to both classes of cases, we shou' o
for some general understanding of th e
ditions antecedent to the fatal o}: cr:Pz’m;
attack, which may or may not i“m hne
about during work. It 15 xmlw"‘l" hat
some clear thinking on ‘hf prob ""'o! work
often presented as to the mﬂucnjc 2 pethes
on a discased heart or blood vessel ;, " s
the worh constituted the usual an! :s there
activities on the job or whether » ;

“ 40th Annual Report of New York 75.0”‘”
tion Insurance Ratng Board, 1954, P
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some unusual event, Need the unusual event
be something unespected, unforeseen, acci-
deatal and fortuitous, or may it be some-
thing of a commion expected occurtence? We
cannot put our whole reliance upon court
decssions in these problems, for the courts
are confined largely in their review of cases
to questions of law, not questions of fact. If
there 1s evidence in the record that supports
the conclusion reached by the admunistrative
authortty, no matter how fanciful or far-
fetched, the courts as a rule will not, per-
haps cannot, disturb the administratne find-
ings. Sometimes we find court decisions that
seem to be utterly conflicting, when the
difference may have been i the purely fact-
finding function and decision of a board or
commussioner

In the nonfatal case, where the worker has
made a satisfactory recovery from the im-
mediate effects of a heart attack, we are met
with a very different situation The heart
case 1n compensation is a high-cost case
That cost has an immediate effect upon the
rates that the employer must pay for hus in-
surance, if he is insured, and it has a very
direct and continuing effect on the self-in-
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sured employer. The anployer who has ex-
penienced an increase in his insurance costs
by reason of heart cases understandably,
perhaps unfortunately, reacts to protect him-
sclf by refusing employment to workers with
a hnown history of cardiovascular disease.
This conflicts with all our hopes of rchabli-
tation of the heart case. If employers are to
be severely penalized in their comp
costs by reason of being held able for di-
seasc conduions that have been acquired
over the years and over which the employer
or the employment had little if any control.
some method would scem to be necessary
whereby the cost may be spread over the in«
dustry, rather than be charged wholly to the
immediate employer. This, however, raises
a subject to be discussed by others at this
conference rather than in this paper

It will not be dented that the heart cases
under compensation have a profound effect
upon our industrial hfe The extent to which
they have deseloped in recent years compels
us to give heed to the problem and to dedi-
cate our best efforts to seehing a solution,
fair alile to industry, 1o the workers, and to
the whole public.




CHAPTER 5ﬂ CAN WE REHABILITATE WORKMEN'S

COMPENSATION?

Kenneth E. Pohlmann

When the opporturuty was afforded me to
participate an this Panel on Workmen's
Compensation of the First Wisconsin Con-
ference on Work and the Heart, T accepted
reluctantly Knowing how well Mr Jerome
Pollack could have armsen 1o this occasion
among such an impressie list of Pparticipants,
my feelings of mnadequacy increased 1n geo-
metnc proportions as the deadline for the
delnery of my remarhs came nearer How-
ever, taking a lesson from my mitial ex-
perience 1n learning to swim, I said to my-
self, “You're in 1t up to your neck, and you'd
better thrash about 1f you want to stay above
water.” You can judge whether or not I'e
sunk after reviewing my remarhks

Dr Belknap, n his letter of invitation,
made it even more difficult for a reluctant
participant when he emphasized that “this
conference will not deal with generalizations,
It will bring together qualified people in-
terested in the entre field of work and the
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heart, and offer an opportunit'y l'or”fl";xt
discussion and interchange of xdr,:las. o
words that stuch m my crop were, qu.a]xat.
people,” because by no slretch of the lI:]dQ"I
nation or propping up with pillons ! o
fit into that category The opponumz'w"
“frank discusston and interchange of :,hz '
was another thing again Here, I thoulDd ;;ct
the one place where a nonexpert cn:apm.
in a word edgewise if he waited for a
g, and was quietly persuasive
To begin with, my inabulity toLh oo
ments of medical arguments m]\ :n's o
cardiology as they relate m'“mzhmn ol
pensation is even more hmited ;O e
a compensation hearing referee » " ] po
basis of conflicting medical t?szxmoa)r,o e
least, and often does, rule in fﬂl\ it
claimant. 1 do recogmze, nnd. e
others do also, that among physlenm exit
questioned competence there oo g
differences of opinions It was

pass on the
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ago that it was vommonly held that excrtion
durectly contrit 1o coronary di

there is a swing of opinion which holds that
it doesn’t But this is not hikely to be the last
oscillation on this and other medical matters
relating to compensation, As recently as
March, 1936, there appeared an article!
which in a small way helps to support the
often-expressed claum, even among physi-
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which they have never recovered;* and the
usual plans of administration were not equal
to the tash posed by the legislation "? The
history of worhmien's compensation during
the past (our decades is replctc with earnest
a istrator:
(om;\rd'loohng lahor leaders, competent
medical authonties, and cnhghtened man-
agcmcm to bring it nto focus with the

aurs, that the practice of medicine has not
jet become an exact science Thus article also
mnimizes the role of heart claums mn the
over-all claims picture under workmen’s
compensation in that state Perhaps we need
further to examine other state compensation
programs in the same manner, and learn
whether or not we are making a mountam
out of a molehill Too often we tend to deal
with issues m nonquantitatine terms From
such labors we may desvelop opinions and
even policies, but the net result 15 that we
are not, in this manner, meeting basic prob-
lems

In the workmen's compensation field we
operate on the assumption that mnjuries and
diseases can readily be scrlcd out nto non-
occl 1 and
This 1s a fine dm‘mcﬁun that no longer bashs
mn the aura of mfalhbmty, thanks to the fact
that cl 11 are
wmedieine and some physicians, 1 a pinch,
deem to practice law I believe, on the basis
of reading many hundreds of cases in the
course of my work, that there now exists a
less fim medical base for workmen's com-
pensation decisions than has been assumed

We are dealing, 1 workmen’s compensa-
tan, with an ating form of social insurance,
concenved 1 an era when “the capacity of
the economy to support an adequate remedy
for work injuries was presumably not yet dem-
onstrated, when socal leguslation was in
s infancy, and when the status of the ine
dustnal worher left much to be desired, The
faws bon under these circumstances had
achnowledged congemital defects. the ecarly
benefits were verv modest: serious restrice
tions were placed on allow's, « {or fon
term disability and death: -«
wisions suffered from an ¢ M

1 and social order, but it
has remained, for the most part, bogged
down 1n a morass of piddling reforms, always
too little and too fate It has yet to catch up,
wn many states, with the diseases contracted
in new industrial processes, to award physi-
aians and hospitals their just dues for servs
ices rendered, or to reimburse the industnally
wjured workher anywhere near lus lost weekly
wages, or to pay his sunivors anything but
a very modest death benefit,

‘The sad plight of thus first social insurance
scheme on the American scene has fong been

cognized by those who ad; it in the
vanous states—the members of the Inter-
national Association of Industnial Aceident
Boards and Commissions—who, year after
year, in their annual comentions soul-scarch
for answers to their problems They cannot
be accused of not having some of the an-
swers, for, as Dr Herman Somers told them
at their forty-second Annual Convention in
Charleston, South Carolina, last December,
“the records of your proceedings are enough
to disarm any cntic, Whatever shortcommngs
the outuder may point 10 n workmen's com-
pensation, you can show on the record that
you said it first!?”

TIn many respa s workmen's compensation
has turned ou a bad bargain for labor

in return gihven up ll‘z\( nght to
*1 sion, declared
the law of
19 unng
t occu-

sty
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sue the employer for negligence in the courts.
Undoubtedly, when the program was orig-
inally proposed the worher was with few

WORKMEN'S COMPENSATIC
ing the prevailing deficits in workmen's cor
pensation. I commend them to your seno
study since, with your professional standi

exceptions in an especially disady

position, with low wages, a minonty status
in society, and lutle if any political power.
However, 1t is hard to believe that the propo-
nents of workmen's compensation could be
as shortsighted as they have turned out to be
m farling to bring this program m line with
an expanding economny, the improved status
of the worker, and the knowledge we have
(for 1 } of rehabilitati hniq
It 1s becoming mcreasingly evident to many
mjured worhers that, with a weal work-
men’s compensation program, they might
be actually better off to resort to common-
law suits since, m general, worhmen's com-
pensation serves more to lmit the employers’
hability than to protect the worker The
creation of the National Association of
Claimants’ Compensation  Attorneys, prob-
ably ble under the cir pre-
vailing in many state compensation Jurisdie-
tions, and the success with which its forays
into the courts on cases have met, leads one
to conclude that the old farmer was right
when he said, “Problems have an uncom-
fortable habut, if they are not solved, of sols-
ing them who 15 responsible for creating
em

Workmen's Compensation’s failure to Leep
pace with progress does not foredoom it to
oblnion, but it 1s later than we think to
legislate the basic reforms necessary to bring
1t into tune with the times Too many years
ago, I remember siting m a heaning room in
a state legsslature histenmng to testimony for
and against certan proposed changes in
workmen’s compensation statutes It is inter-
esting to note how little the scene has
changed in the decades that have interened;
the same forces for change, the same crowd
against, despute the tremendous advances we
have made in medical knowledge, rehabilita-
tion concepts, and the like Certain reforms
have finally been proposed by two outstand-
ing medical groups, the American College
of Surgeons and the American Medical Asso-
ciation, which could go a long way in meet-

in the ity and the nation, an eame
effort on your part to co-operate with othe
elements in the population nterested 1
improving workmen's compensation, woul
do much toward breaking down the appos
tion to change altogether too presalent
this field.

Many of the current victums of inadequat
worhmen's compensation benefits become th
public assistance cases of the future W
either meet the problem when we are face
with it or it comes to haunt us at a late
date There is a rich field of stdy open t
some bright researcher as to what happen
to serious accident and disease cases sub
sequent to adjudication of their compensa
tion status. Certainly, the story, from m}
observations, has been a sad one for the
severely disabled coal miner

The interest of all segments of the populs-
tion of the United States in social insarance,
whether voluntary or compulsory, h»?{gm‘l‘nn
at a phenomenal rate since the 1930's. The
depression years had a profound effect upon
the American people that no amount o
Madison Avenue “hoopla” to the cnnﬂfhf:
can now completely cradicate, since .
population group of the depression )C;"‘he
now the older-age group of today :“;d o
decades ahead They have epenenc o
cial security, unemployment comP‘““soI’
Blue Cross, Blue Shield, and other fa:::m‘
insurance against disease and dcp:ducm‘
they have been mpressed by the p o
capacities of our United Smcs]mm oo
system and our farms; many Ofd‘"‘;"h e
that our nation is c'ommmtdl " ;mcm'
legislative and eaecutive bmnc.wf Thag et
ment to a full employment policy- “acot, bt
talk ghbly about too much g?‘im;slato 10
in a showdown they urge their k& al sec
support measures for improving sodc ro1ces
i i facilities and ¢
rity, expanding health ! ‘e olderace
and for doing something Srgmh‘h of supr
population. The phex.mn.leﬂ . S s of the
port for the rehabilitation S taton P
Federal-State vocational rchabi
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gan and the fact that 1t was the one item
1 the Health, Education, and Welfare Ap-
propriation Bull substantially unaitered by an
wonomy-minded Congress should give all of
wcause for reflection. Perhaps the American
people, through the orderly democratic proc-
eses, are “cutting themselves in” on some
of the benefits that our human and natural
resaurces have deseloped,

Organized labor, through collictive bar-
suning, has negotiated income benefits and
kealth insurance for nonoccupational dis-
taxs, at a much faster rate than they have
made gains 1 workmen's compensation Tt
& not inconceisable that, in time, this ex-
panding field may simply tahe over most, if
ot all, of the workmen's compensation

45T

In the Middle Ages, T am told, theological
debates reached the stage where emunent
clergymen  worked themsehes up wmto a
lather over the question as to how many
angels could dance on the head of a pin. In
some respects, we, in the most highly indus-
trialized nanon 1 the world, are emulatng
these medieval purists, we are dong our
d dest to blish a dict v of dis-
cases and injurics, one group occupational,
the other nonoccupational, one bl
the other not In the process we have fost
sight of the basic problem What happens to
the man® To lus famly® And, at what cost
10 our soclety”

The effects of dependency and disease upon
our economy occupy volumes of testimony

labilty 1n fact, an ciminent

the meeting of the 1 i
of Industrial Accident Boards and Commis-
sions at Charleston, South Carolina, m 1936

diologist at  hefore ¢ our educa-
1 Associ tional are filled with learned
tomes d the close rel: ip be-

tween dependency and disease, and our col-
leges dreds of people cach year

e went a step further 1n
tat in the cardia case 1t mmight be desirable
1 deelop a disabilnes bencfit program,
ostensibly through gosernment, to rehieve the
workmen's compensation system of the
Burden of such cases a more radical depar-
ture, please note, from that of any spokes-
man for organized labor! In theory, it would
bpear that organized labor omginally sup-
Ported the concept of separate accountabihty
for worl, wnjuries on the part of the employer
1 order 10 have the economic incentives for

who are supposed to be qualified 10 cope
with these problems A whole new language,
sprinkied wath cleverly phrased chehés, has
emerged 1n psychuatry, social work, and re-
lated disciplines, to descnbe the ills that flesh
s heir to, but the mjured industrial worker,
the superannuated employee and their fam-
ilies still must have the means to purchase
grocerics, to pay rent, and to clothe their
nakedness Whether or not these essentials
are provided through uck benefits, unem-

disability awards,

safety and peg p 1 hygene
fon such an arrangement In practice, merit
Taling leaves much to be desired The costs
of workmen's compensation, on the whole.

P }
grants-mn-aid, or just plan poor relief 15 not
for the purposes of argument essential, but
1t 15 essential that they be provided

1t beh us then, it scems to me, to

are really lgible when comy iy
oher funge benefits and social securtty
(Cuttendly, employers are paying a lutle
Tore than half of 1 per cent of payroll for
vofnes compensation ) This low level of
Xp

examine workmen's compensation as part of

a total group of services available to the

disabled worker He may need additional

services, not provided through esisting state
i if he 18 to o

with relatinely P
‘aratons—ang Y might add wn passing that
the heart. discase component 13 entirely neg-
Mgible 2 a cost ttem—lras reduced the effee-
teness apd significance of ment 1ating

S may steam up a few of my fellow pancl-
B but T throw 1t 1n for what they want 0
ake of j,

re,

tis disability and, perhaps, return to produc-
tive employment agamn Some of these serv-
ices, mcludmng prompt payment of weekly
benefits, physical rehabilitation, guidance
and counseling, retraining, and job place-
ment are now available to myured workers
through certain mnsurance carriers who pro-
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vide “eatra coverage” for added p
They can be provided through co-operatnve
arrangements between state worhmen’s com-
pensation agencies and the state vocational
rehabilitation programs Some self-insurers
have demonstrated the value of providing to
injured or discased workers prompt treat-
ment and after-care, under competent medi-
cal management, beyond the legal require-
ments of the state workmen’s compensation
statutes, with resulung re-employment and
a salutary effect upon the morale of the entire

tre was neither benefiting the patx
nor the carrier. In short, the strength a
support given to rehabilitation, both med
and nonmedical, has come m large meas
from outside the medical profession, alb
with the enthustastic co-operation of a sm
segment of outstanding medical leaders
The impact of rehabilitation upon wor
men’s compensation practices is Just beg
ning; the “parochialism” of state workmel
compensation programs still presents some f¢
barniers to the more effective use of rchabi
tation in gettng a Job done, b

work force, labor. g
exist 1 many areas that provide for special
consideration being given to re-employed dis-
abled workers with regard 1o semority rights,
job clasnifications, and the ke It goes with-
out saymg that such negotiated contracts
presume that adequate first aid and medical
and related benefits will be provided the
worher from the time of injury until return
to work

Claims adjustors, solo practitioners, and
others deahng with ndustrially injured or
diseased could learn something from the
experiences of such carriers as the Liberty
Mutual Insurance Company, the American
Mutual Liability Insurance Company, and a
handful of others, who have pioncered either
through their own resources or through such
facilities as the Kessler Institute of Rehabuli-
tation, the Insttute for the Cnppled and
Disabled, and the Institute for Physical
Medicine and Rehabilitation, in bringing to
bear upon the problems of the injured indus-
trial worker the latest that medicine and the
related disciplines have to offer Organized
medicine, 1 1ts zeal to maintain free choice
of physictan, except for the mnjured indus-
trial worhers under worhmen’s compensa-
tion, has not always looked kindly upon
group practice clinics and teamwork con-
cepts, as these techmques have come to be
used in the practice of medicine and in the
furtherance of rehabilitation Some insur-
ance carriers, through their medical depart-
ments, have had real difficulty m persuading
practicing physictans to accept additional
medical services or procedures in compensa-
tion cases where it appeared that prolonged

there are many forces at work among 1s
ance agencies, medical groups, and part
ularly within labor and management circle
which ate tending toward more ‘hopel
possibilities. Concurrently, the mfiltration
rehabihtation concepts into voluntary 2
official social welfare programs, some of i
newer public health actnites, the tun'mlj'
tive cffects of the Federal-State vocation
rehabilitation program, and the PresldmfI
National Employment of the Physicall
Handicapped program, are giving real ™
mentum to the attach upon disablement 2
dependenc
%he tm)l'e has long since passed “E;"
piecemeal solutions are applxcable :{Otm)
problems of disablement and depen

h heart 48
th blem of the patient wit
o o any other disabled poron
15 no longer only B

d problem ith a ‘P

case, as with
compensable or not,
concern or an isolate
solution.” Whether or not he vmale;(ab.
readjustment necessary once again "osociel)'
Lish himself as a productne ¥ orher in .
has become the concern of many ;or;:[;hm
a vast new group of services :mhm o
are becoming available t0 assist ‘(; n
doing Our society can no langc;“hm“m“
dependent and half producu\e‘“ne o
taxes have taken care, in part, 0 Y
in the population who aie nonpl:h bt
acardent of birth, and 'n.e\ser lw.ah7 o
fare approaches are being dc‘eogucrrs
habilitate those who are nonpr

cause of injuries or discase. s of 17

Out of the productne

capac it
n shapifs’
¢ United States ha

beel
people, th o



CAN WE REHABIUTATE WORKMEN'S COMPENSATION?

slowly but surely, constructive measures for
meeting the nceds of those who have been
sruch down by disease or dusability. For
those who cannot tahe their place in the
production  line, the hopelessly cnppled
and disabled and the older worker, we
have diability insurance and old-age and
suniors’ insurance. Some segments of our
population will continue to resist such cfforts,
but 50 long as the United States pursues lh(:
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tinue to find hope and new opportunites for
our diseased and disabled
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CHAPTER 5@ WORKMEN'S COMPENSATION AND IT$
RELATIONSHIP TO THE HEART

Theodore C. Waters

You will pardon me of I begin my presenta-
tion in the first person because I would like
to wentify myself, my background, and my
relationship to the administration of com-
pensation laws You will find that I am
prejudiced m some of the views hereinafter

stated
d

cases molving the heart. We will not find

all the answers to this problem during the
course of the excellent program thet ha;
been prepared for this meeting Howeren .
believe that the meeung affords an appf;“c
tunity to brng out mnto the open some of lll-
basic 1ssues imvolved 1n the matter of wof
men’s ¢ 1on in heart cases

As a lawyer, I have always reg
insurers and self-insurers under our worh-
men’s compensation laws, except in those
cases where employers have employed me
to represent their employees 1n claims against
the company At the trial table I have the
employers’ pomt of view. Therefore, you
may justifiably consider that my views are
prejudiced in therr behalf, In preparation
for this meeting, I had read countless opin-
ions of Commissions and Courts dealing with
the subject of our discussion It is not my
purpose to deal with those decisions m detail
because that would only mean confusion
confounded. American industry faces a seri-
ous problem in dealing with compensation

460

My professional practice has been llx)r:;l:d
to a few states from the castesn scal Ne“,
Maryland, Virginia, West er%rm;a,Thm
Jersey, Pennsylvama, and New Yor] i
are others far abler to present the legal o
tails of issues in these cases presented mlodo
Compensation Commissions Howerver, L
have a few thoughts that may reprc;t N

ibution to our cousid o
complex problem.

In addition to my study of
and Court decisions mvolving heart ;ﬂSC‘Sl;‘g
have also read a number of ar.uclcs ‘r;l e
with the medical, legal, and mduzrz‘l -
pects of our subject Agam, 1t would be

f Commussion
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possible within the time alloted to me to at-
tempt to mahe more than brief references to
these articles. Only to mention the names of
Dr. Paul D. Whte, Dr. Elston L. Belhnap,
Dr Leonard ] Goldwater, Mr Benjamin E
Kucchle, Dr. Rodney Beard, Dr. Charles D.
Marple, Dr John W, Ferree, Dr. Leo Price,
Dr Henry Ungerleider, Dr. Norman Plum-
mer, Dr Howard B, Sprague, and Messrs Bar-
nett § Fox and Henry D. Sayer, makes brief
reference to those who have contnibuted so
much to our thinking in this matter, I cannot
refrain from reference to the eacellent
Papers presented at the recent meeting of
the International Association of Industrial
Accident Boards and Commissions i Charles-
ton, South Carolina, last December by Doc-
tors T W Mattingly' and Rachard J Clarh.?
All of us should read and reread these valu-
able contnibutions. The Amencan Heart As-
sociation and those doctars who are specialists
m this field have done much to clanfy our
thinhing The vice of the matter in my think-
g 15 that the legal profession, State Com-
missioners and Courts, while willing to re-
cene that advice, do not properly evaluate
it, with the result that those of us 1 my pro-
fession are permittng workmen’s compensa-
tion statutes to become health 1nsurance stat-
utes and 1mposing upon mndustry the legal ob-
ligation to provide compensation for all ills to
which the human flesh may be subject, trre-
spective of the relatonship between the hap-
pening of an accident, the potential aggrava-
tion of a disease that existed prior to the
happening of the accident or whether or not
the wnjury that 1s the subject of complamt
arose out of and in the course of employment.
Unless and until our Commussions and Courts
are properly educated with respect to this
matter, the existing chaos mn the administra-
tion of compensation laws will continue

If 1t 1s socially desirable, let us amend our
laws, divorcing our legal thinhing from the
concept of workmen's and
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the course of employment. Query: Do we
propose to mahe our workmen's compensa-
tion laws health insurance laws? If so, let us
call them that and not delude the employer
and the public by misnomer of the statutes
that may be involved

Tuming now to the sccond person, may I
direct your attention to certamn basic funda-
mental prncples involied in  workmen’s
compensation These statutes were originally
designed to remove from our common-law
courts disputes arising between employers
and employees for industnal injuries The
origmal concept contemplated coverage for
acadents, that is, trauma occurring at a
spectfic ume and at a speafic place and
while the employee was in the employ of a
specific employer By judicial construction
and legislative amendiments these statutes
were extended to cover occupational diseases
What do we mean by the term “occupa-
tional disease’”? While this term is subject to
many definitions, the one that appeals to me
is a disease that is characteristic of and pecul-
1ar to a given employment It 1s needless for
us to be reminded agam that by Commussion
decision and Court construction many dis-
eases of human Ife that may be contracted
by the employece’s extra employment have
been the subject of awards of compensation
under our statutes, Is this theory to be ex-
tended to heart cases? What criteria wall the
medical profession adopt as a guide to our
Commussioners and Courts as causative fac-
tors or aggravation of existing heart impair~
ment?® What criteria will the medical profes-
sion adopt as the basis for recommending
that certamn heart cases should not be com-
pensable under our statutes® What will our
Commussions and Courts do with respect to
the acceptance of these criteria? What will
become of the mechanics for the disposition
of heart cases by our Commussions and
Courts m ruling upon the compensabality or

mpose upon an emplojer the obligation of
awarding compensation for any and all
Mllnesses, srrespectne of the causatne factor
of that illness and irrespectne of the issuc
3s to whether or not it arose out of and 1n

y of heart cases? To state
these questions of necessity indicates the
magnitude of the problem facing us Agan
to return to fundamentals, may I call your
attention to the defimtions of the terms
“myury” and “disability” as construed by our
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Courts There is no uniformity in these def-
mitions Counsel may readily find numerous
defimtions that may suit the parucular claim
woled in the case at bar Do not think
that 1 am criucal of my brothers on the
other side of the table representing claimants
It 1s their duty to represent their respective
clients to the best of their ability in an cffort
to attain the objective for which the clam
1s filed My criticism is directed to the status
of the law, the attitude of Commissioncrs,
and the attitude of our Courts In the ad-
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Here is a typical case with the construction
of the definition of the term “mjury”:

An employee, helping to crect a stone crusher,
made several tnps i carrying water 1 budets,
and then underteok to carry, from a wagon to 2
car, bags of coal cach weighing approvimately
150 to 200 pounds. The first to be taken was
handed to him and carrred to the car The next
bag was rested by the passer on the nim of e
wagon wheel The cmployee reached to fake it
from the wheel, and a minute later he was Iying
on the ground 1n a dying condition The medical
testified that the employee’s heart mus-

ministration of our comy i laus
throughout the nation we face a growing
d to ider the ion laws

)
as the media for domg everything that can
be done to assst the claimant 1n receiving
compensation for the mnjury complained of
Peisonally, I am i sympathy with this gen-
eral philosophy but I am cnitical, should T
say supercritical, of our Commissions and
Courts that place upon the employer and
insurer the heavy burden of disproving be-
yond all reasonable doubt the compensabihity
of a given clajm

At random, I have chosen the following
definitions of the term “injury”.

“Inpury” as used in Workmen's Compensation
Act and as apphed to a human being, includes
whatever change i any part of the system which
produces harm or pain, or lessens the facility of
natural use of any bodily activity or capabtlity
MeLean’s Case, 93 NE 2d 233, 234, 326
Mass, 72,

cle was ured and exhausted at the time of his
last work, and that his final exertions caused the
inability of the heart to pesform tts work Testr
mony of two physicians justified thus asumption
Held to sustam a finding that the death ,"l the
employee was caused by “mjun” within the
Workmen's Compensation Act. Tn e Fisher, 108
NE 361, 220 Mass 581

Summarizing my own thinhing 25 1 the
legal aspect of this term, I would say ihﬂ
our cousts generally construe the term ::‘
jury” to mean “harm to any part of the
body ™

Let us now turn t -

ym “disability” as used 1
:ieon statutes, }:em agam we hax.e mum]ti:
definitions for that term and I will cal )"‘;
attention to only a few Before downg ni:
howeser, T would like to revert to the ;ufn
inally basic purpose of the fom};cn 5
statutes relating to compensauon for

§ coms
” ¢ all hnow, the amount
ability ¥ As we al e gt

o the concept of B
n our compensd

Again, we have the following :

In common speech the word “injury” as ap-
phed to a personal injury to a human being, in-
cludes whatever Iesion or change m any part of
the system produces harm or pamn or a lessened
facility of the natural use of any bodily acunity
or capability Furlong v O’Hearne, DC Md,
144 F Supp 266,270

Acceleration, aggravation, or lighting up of pre-
existing disease as a result of employment is “in-
Jury” for which full compensation is recoverable
for cnure disability suffered Tanenbaum v In~
dustrial Accident Commission 52 P 2d 215, 216,
152 Or 205

geen sta(ecll u: the terms of 2 pcrccm:ﬁc m!:f
the loss of wage This is peculsar t0 2 "
statutes and follows the‘prcccdcnlni o
laws adopted by the English }*Iouiethc horid
mons, which form the pmced:nf of s
tion of our laws* Therefors, it ;]s Om)u oy
to state that we started out iR this

ot
with the purpose to relate c(')mp:m:;f; o
disability arising out of and in :l:) he ¢
cmployment to the wages €arme mx);la)mrnL
ployee during the rourse of his ¢ .
e See Dodd's Admumstration of IWorkms®
Compensation, p 16
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Again, we find that our Conunissions, Legis-
latures, and Courts have diverted from the
concept. In summary, three distinet concepts
of the term “disability” are used by our
Commissions and Courts:

! Inability to cam full wages,

2. Total inability to perform any other
work

3 The event of an employee becoming
actually incapacitated from performing
Ius worh 1 the last occupation in which
he was engaged

Again, we face a tendency on the part of
adnumstrative agencies and courts to divert
from the principle of wage loss and to com-
pensate for *myury” arrespectne of wage
loss To be brief, T have faced this result in
my own professional practice In those states
where T have practiced and perhaps 1n many
others, industrial commissions have become
identified with a most unpleasant name, “gift
shop” In the admumstration of compensa-
tion laws, some states permut trial de novo
before junes and we find oursclves governed
with a new phase of common-law admunstra-
tion, except that the employer is stripped of
all legal defenses The sole 1ssues are the
following.

1 Whether or not the claumant sustained
mjury ansing out of and 1n the course
of employment

2 The nature and extent of his disability

Does 2 make sense for cases of this type
to be tred before juries with attendant
prejudice to the > My
answer to that question is “No” To revert
to the term “disability,” I quote the follow-
g random concepts of various courts

ol ofend
P

The word “disability,” as used m Workmen's
[ Law, means of earn-
mng capauty, and not loss of a member, and 1s
that which disqualifies an employee from doing
work an whole or 1 part  Comp St 1929, sec-
tions 48~101 et seq, as amended Ialion v
Broun-M¢Donald Co, Neb, 278 NW 254, 261,
16 ALR 702
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“Disabiliey” may result as well from the con-
dution of the ymnd and nerves as from other
causes, and where a man 1s so inattentise or for-
getful as a result of mental disorder that he can-
not be trusted to carry on even simple forms of
work be is as “disabled from eaming a Ineli-
hood” as onc who must refram from work on
account of the condition of his vital organs.
United States v Taylor, CCANGC, 110 F.2d
132, 134

“Disabality” within Compensation Act occurs
when employee is disabled from rendering fur-
ther service by present physical mability to per-
form work 1n usual and customary way, and mn
absence of such disabtlity, employee sustawns no
< njury though employment may have
subjected hun 10 exposure which econtributed to
ultmate disabulity from occupational disease. St
1931, §§ 10201, 10203(1) (a) North End
Foundry Co v Industrial Commussion, 258 NW.
439, 217 Wis 363

‘The test of “disability” under the Loumsiana
Workmen's Compensation Act 15 whether cm-
ployee can do same type of work he was dong
at tme of his acadent in the customary way
without any unusual difficulty or pain  Strick-
land v. W. Horace Wilhams Co, CALa, 230
F2d 793, 797.

The fact is that we face a growng tend-
ency in the administration of compensation
laws to treat clamms for compensation as
claims for damages and, n my opinion, this
is grossly unfair to employer, employce, and
the general pubhic

Unless and until this trend 1s reversed, the
potential of clamms under our compensation
statutes 15 staggering Take, for cxample,
claims involving injury to the heart, aggrava-
tion of the heart, or the sequelae of heart
discase

Indicative of the significance of my last
statement, I can only refer to the excellent
paper prepared by Dr Mattingly,* 1 which
he stated and I now quote

Fmally, there 1s one type of heart discase -
cluded i the so-called unusual causes of heart
discase which fs very important to you~—namely
that of rraumatic heart disease. In the present era
of high-speed transportation and mechanization
of industry, there 15 an increase m the types of
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injury which results in direct trauma to the heart
and great vessels. Where there are direct injuries

WORKMEN'S COMPENSATI(

Commisstoner in controversial cascs, but ti
presents legal problems that may well defe

of the J type to these , such
traumatic festons are readily appreciated and ap-
propriately handled With nonpenetrating in-
junes and ndirect mjuries, however, the efio-
logical relationship to trauma 1s often overlooked,
cither at the time of injury or when latent com-
plications occur from such injunes,

In a recent study of 207,548 autopsies on file
at the Armed Forces Institute of Pathology, evi-
dence of trauma to the cardiovascular system was
found i 1,125 autopsies or 05 per cent, and was
considered scvere enough to cause death in only
0.1 per cent of the total studied

There are no existing data hnown to me
as to the proper percentage of heart cases
that should be compensated, but T hnow and
you know that compensation 15 being awarded
w many of these cases where there is no
direct causative relationship between em-
ployment and the occurrence of the heart
attach.

In my remarks so far, I have attempted to
deal with certain bastc philosophies with
respect to compensation, knowing full well
that many 1n the audience, or those who will
read the record of this proceeding, may be
1n disagreement with some of the views that
I have expressed However, I have no
apologies for the statements made nor do I
mean to mnumize the mmportance of this
problem to employers, insurers, and em-
ployees Having stated the problem, I have
ashed myself and this panel, What are we
going to do about it?

The Utah plan with which we are all
famuliar has been carefully considered by
various groups While I am 1n sympathy with
that plan, I am uncertain of its legality It
is not within my province to express an
opinion as 1o the entena established by the
Utah Heart Association and the Salt Lake
Saciety for Internal Medicine for compensa-
tion in heart cases My good friend, Otto A.
Wiesley, the Commissioner m Utah, has done
a stupendous job m ks effort to resolve this
problem. Properly an autopsy is required in
all fatal cases. I am an advocate of the plan
to provide medical experts to advise the

the of the plan and would c
tamly meet with great resistance in other :
dustrial states However, something can ar
must be done about this matter. Perhaps |
statutory changes medical panels may |
granted the necessary powers properly to a
Judicate the medical issues invohed in hea
claims As an advocate of such panels
medical boards, T have met with repeat
resstance to this subject in various st
legrslatures in the east, not only by represe
tatives of employecs and employers, but al
representatives of insurers and self-insurer
That criticism, however, has only strengt}
ened my behef in the socal need for ¢
resolution of medical questions by 2 comp
tent, totally independent Board of Medi
Examiners completely drvorced from any ¥
terest 1n the case at bar. I have such hig
regard for my brothers of the medical pre
fession as to believe that they can and w
effcctnvely handle medical issues myolsed 1
any given claim Basically, they are far mor
competent to serve this function than 2 laf
commissioner, lawyer, Judge, and certamly :
jury If T am il and consult my doctof “h:
diagnoses my case and prescribes treatmed
1 da not then ash lay persons, of twehe mer
tried and true, to tell me whether or not )
doctor was correct in his opinion It is ad
mitted that some panels or boards and som¢
doctors will make errors. We are alt l\\ﬂ“ﬂTl
but should strive to attamn the bf“ possxb.e
administration of our compensaton Iﬁc‘;‘ »
the dispossion of contm\crle&.i I‘; ’;‘
jssues The fact 15 that in the trial od mwr
cases involving medical issues,.somc] izan!
may be willing to testify for a given €2 oo
or for an employer and express such ‘T p
as his patient, or counsel for %ﬂs P“fm]’mu_
desire. Assurning that there 15 mcdlczim i
mony in a given case 10 support & cli o
tendency of an administrathe ﬂb'f"nt' wen
award compensation for some a.m?:s ‘)n .
though the most reputable Ph)s:“:' o
given locality would fcsu{y at
opimons the injury did not
course of and out of employmen

he
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llow the general principle that if there is
idence in the record to support a claim
ey will not distib the decision of the
ommission, even though the personal opin-
0s of the jurists may duffer. Agawn referring
 the Utah plan, I would like to make brief
ference to a rule adopted by the Court of
ppeals of Manland granting authority for
e appomtment for neutral medical wite
esses by tral judges in controverted cases.
or the benefit of the record I quote the
llowing Discovery Rule 5-1 of the General
ules of Practice and Procedure now cffec-
v in my State, applicable to all courts of
e State*

Wheneser the mental or physical condition of
party 15 matersal to any matter involved m any
occeding, the court may, upon mouon by any
arty and notice to all other parties, for good
use shown, order such party to submut to a
ental or physical examnation by a physician
- physicians The order (1) shall speafy the
me, place, manner, conditions and scope of the
amunation and the person or persons by whom
is to be made and {2) may regulate the filing
f a report of findings and conclusions and the
stumony at the tnal by the examiming physician
t physicians, the payment of the expenses of the
xamination and any other relevant matters

Commenting on this rule, I quote the
ollowing comment wn the Daily Record, a
Baltimore mewspaper, under date of Tues-
day, January 11, 1955,

Although the court may not have power m the
bsence of an application by one of the parties to
ppoInt an expert witness, i most cases where
here 15 wide disagreement between the parties as
o the extent of a medical disabality, 1t will prob-
ably be found that one of the parties 1s anxtous
to have a neutral cxpert of high standing ap-
ponted, and 1s willing both to make apphcation
for such appointment, and to guarantee the pay-
ment of the expert s fees Whether or not to grant
the apphcation 15 mn the discretion of the tnal
Judge The power of the judge to select an expert
of Ius own choice and without the agreement of
counsel as to his 1dentity 15 confirmed by a num-
ber of decisions 1n junsdicuions 1 which a sim-
tlas rule 1s 1 force
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We are blessed in Maryland with two of
the nauons’ outstanding medical schools:
Johns Hophins Upiversity and the Uniser-
sity of Manyland It has been my privilege
to have served for some years on a Medical
Legal Committee of the Maryland and Bal-
umore City Bar Associations, and the Medi-
cal & Chirurgical Faculty of Maryland, our
State medical society You may well ask as to
the practice followed pursuant to the adop-
tion of this rule, The Chief Judge of the
Supreme Dench of Balimore City, Judge
Emory H Niles, has expressed himself pub-
licly advocating the use of the rule How-
ever, as a matier of practice, we find that
m the absence of agreement among the par-
ties to given htgation the courts will not
appoint independent medical experts. Un-
fortunately, in the greater majority of cases,
counsel pnmarily, or litigants secondanly,
will not agree to the appointment of such
experts Therefore, we are left with the ad-
munistration of the law wherein Dr A for
the clamant-plamuff expresses one opinton,
presumably Iiberal to the plaunuff, and Dr.
B for the defendant-employer expresses an-
other view entirely at vanance with that of
Dr A and presumably hberal to the de-
fendant How can a court or jury properly
evaluate such tesumony?

Having poscd the question, I shall attempt
to answer it in a few words In my opmion,
the only method to correct this situation is
by statutory enactment Having appeared be-
fore various legislative comunittees as an ad-
socate of this plan, and having had my ears
pinned back time and tme agan, 1 am
dubious of successful effort 1 this direction
unless and until the general public becomes
educated to its importance and msists that
therr duly elected legislatne representatives
should take affirmative action Perhaps the
most significant role to be filled in this con-
nection is that played by our medical socie-
ties They have or should have the con-
fidence and the respect of the varous com-
munities i which we hve and upon them
rests the primary burden of tahing the initia~
tne to the end that some solution to this
problem should be found.
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Perhaps I have gone somewhat afield in
the subject that was assigned to me, but I
would Iike to close with one further thought

Again, I pose a question What about the
cmployee who has an existing heart condi-
tion? Is he disqualified from employment?
Are employers willing to aceept him hnow.
ing that they will pay a potential compensa-
tion claim® Must he be relegated to the
human scrap heap and denied the right to
work? Why do not our brothers of the labor
movement recognize the significance of this
problem and join with employers, medical
groups, and the legal professton to find a
reasonable, constructive answer?

It has indeed been 2 privilege to partici-
pate in this panel discussion. 1 hnow that I
have profited by wformation received from
other participants whose views I respect,

WORKMEN'S COMPENSATION

even though I may disagree with them as
well as having them disagree with me,

The Commuttee sponsoring this Confer-
ence deserves the thanks of the general
public and through the media of such con-
ferences we may look forward to the day
when the problems of cardiacs in ndustry
may be resohed
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CHAPTER 5@ MEDICAL WITNESSES IN WORKMEN'S

COMPENSATION

Tvan C. Rutledge

The essential characterisuc of workonen's
compensation schemes has been their elumna-
ton or de-emphasts of the notion of fault on
the part of the employer® One of ihe in-
tended effects of the eliminat

sotiety, there 15 no authorsatue morality
except as it is pronounced m law by pohtie
cally selected officers, so questions of fault
are peculiarly adapted to resolution by ad-

o

of fault was to accelerate the disposion of
contested cases, as well as to make 1t easier
for the workman ta chtan benefits 1n az least
some amount Questions of fault having been
either elimnated or largely reduced, the
focus has shifted to medical questrons  the
nature of the mjury or disrase, tts relatton~
ship to the cmploy . and ats bl

versary b In medicine the contrary
15 true, the authonty of Science tends fo sus.
tun the pronouncements of one who can
claun its authomty on the strength of his
profession Processes of htigation as we hnow
them today were developed in the context
of guestions of fault, but such questions have
receded i workmen’s compensatton and

effects In the current outlook of our secular

*An alernatne emphaus has been placed upon
their funcuon as part of a system of income pro-
wetio by insurdnce, a phiosophy esperally
germane to calculaung the monetary level of
benefits and calculating disability by occupationat
rather than physical or mensal imparment See
Arthur Larson, “Changing Coneepts 1n Woskmen s
Compensation,” 14 NACCA L Jour 23 (195%)
Stefan A Ruesenfeld, “Contemporary Trends
Compensation for 1ndustrial Actidents Here and
Abroad,” 42 Cabf L Rer 331 (1934

Ithoagh ht was d 1o newly
muvented trbupals, it was presened So o is
thar httgation has been presened for the
resolution of medical questions, for which
st s 3} adapted 1t is not necessary to demons
strate that Iitigauon looks most clumsy when
1t undertahes 1o deal with questions of cxpert
opwion?® It may be possble, howeser, to

*Fos example in Flowers v State, 236 Ind 151,
168, 139 NB.24 185, (1936) at 195, the court
appsosed thi anstracton ¥ the jaw of
Indiana recognizes temporany ansandy You are

467
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examne the admimstration of workmen'’s
compensation to determine what, if any,
opportunities it may afford for somehow
avording the notorious batile of the experts

Three parts of the problem may for con.
venience be taken as ways of seeing into it.
Furst, the determiation of the nature of an
injury or discase with particular reference
to its connection with an employment, and
to some extent with reference to the extent
of its disabling effects, depends in large part
for its rehability upon the acy lation and
presennation of mformation upon which
medical infercnces leading to the determina-
tion must be based. Second, the reliability of
the determination may, 1n some of the most
difficult cases, equally depend upon the
quality of expert opimon brought to bear on
the data that have been accumulated and
preserved. Finally, even with the most thor-

hgoing § of 1m ion and re-
cording, and the employment of the best
current medical opinion, the final results
may be unsatisfactory unless the method of
organizing the processes by which expert
opuon 15 brought to bear upon the data are
such as to provide safeguards against 1ts mis-
application These aspects, then (1) the
accumulation and preservation of informa-
tion, (2) the mobilization of expert opinion,
and {3) the organization of the methods by
which 1t is brought to bear upon the infor-
mation, are the three windows chosen here
for a view of medical testimony m the ad-
mimstraton of a plan of workmen’s compen-
sation.

Although questions of fault are less prom-
inent and questions of medicine more so
under workmen’s compensation plans, it
would be a mistake to suppose that the con-
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clusion should be in favor of placing their
administration in the hands of medical ref
erees or panels. Perhaps the most significant
argument for lay administraton can be
suggested by relating an cpisode in Jenfins
v. Industrial Commission.® A workman was
handling an automobile battery when it ex-
ploded, causing hum to jerk hus head back
suddenly and slap at his eyes with such force
that the frames of his spectacles were bent
Three wechs later an operation to correct &
separation of the retma in i nght ee
failed, and he subsequently recened com-
pensation for loss of vision in the nght eye.
Four months later a physician observed loss
of \ision in the left eye, which he estimated
as 75 per cent {in terms of loss). In pro-
ceedings for compensation for injury to the
left eye, the commission appointed three &y¢
specialists to examine the record in lhc.casc
and gne an opinion on the relationship ?f
the accident to detachment of the reuna It
the left cye In their report they said:

‘The files state that Mr. Jenkins (1) was 2
high myope, (2) had bilateral cataract nlr;\:)-
uons, (3) had bilateral capsulotomics, and E“
had penpheral retinal degeneration of the cus
eye between 5 and 7 o'clock with many ireot
floaters, as wndicated in Dr. Irvine's Teport « «*
4 months after the wjury, nr{\d :;“hmh ume 00
eudence of detachment was 10w

We, the undersigned, fecl that 1) m; ab::
findings are miore contributing €auses of ;(2)
tachment than was the indirect mjuy an o
since no evidence of detachment was foun '
months after the njury that the resultant dmm
ment 2 months later, or 6 months after d:‘ "
jury, was due to pathological dnsarga:mmlll e
the retina rather than to trauma. We /.;7: .
the Commusston was very ENEros and I ui -
accepting the detachment of the nght ¢

not to be mnfluenced by the statement of any medi~
cal physician who testifies, if they tesufy that there
1s no such thing as temporary msamty There 1s a
distinction between the definttion of temporary in-
samty m the law and 1o medicine and it is the
law in Indiana that if a person 1s temporanly
nsane at the hme of the commussion of the alleged
act then you must find him not guilty.” (Of course
no court would so reprobate medical tesumony

tcheds
that there is no such thing as bcxar}f ::"mmc
even if the code denounced wn;:cxb e 308
€f Reg v Machekequonabe, b

! "
(1898} —takng judicial notice that e, G,

n . il spurit
such thing as a Wendigo, o €0 W0 gy See
human form which eats h““"g:‘ Supernatusal

Thayer “Tral by Jg.ag) of Thin
Essays 325 (1908).
L"g% 1\’::’.‘377, 272 p.2d 601 (1954}
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compensable as all these types of cases present
en element of doubt. We are of the opinion that
the detachment of the left eye 15 not related 1o
hus mjury whatsoever. (Emphasis added )

On the other hand, the other doctors (who
testficd by deposition) found a probable
connection between detachment of the left
¢je and the injury, No point is made here
whether obtaining an opinion by written
report is less reliable than obtaining an
opmion by teshmony subject to cross-

i It is also y to char-
atenize the language italicized above as
representatinne of medical opinion in any
degree. The question is how this language
aided the triers of fact to reach a decision.
On the one hand it suggests that the com-
mission had erred in the other case and that
both cases were subject to the same or a
sumifar degree of doubt. Thus the expression
can be taken as a way of advising the com-
mission about the degree of doubt that ob-
tains on such an issue as a general scientific
fact, On the other hand it suggests that the
commission should make p ise awards

469

without adequate procedural machinery to
determine the accuracy of the legal opinion.*
The day-to-day work of adminustrators of
compensation, although it docs not deal ex-
tensively with questions of fault, is devoted
to administrative processes that much of the
time require no medical expertise Among
these processes are those that sene the first
function d above, the i

and presenation of informatien. In the
Jenkins case® the history prior to the explo-
sion was nearsightedness as long as the pa-
tient could ber, and an ext psul

cataract extraction performed on the right
eye five years before the explosion, with post-
operative experience of irritation, redness,
and pam for some time The certamty of
opinion could perhaps have been improved,
especially with reference to the right eye,
had it so chanced that medical examination
had intervened between the operation and
the explosion, and the nearer to the explo-
sion the greater the probability of consistent
medical opinion expressing a high degree of
confidence in the existence or nonexistence

in doubtful cases. That is, when there is
doubt whether several injuries should be at-
tributed to an industrial accident, compensa-
tion should be awarded for less than all of
those wjuries nstead of resolving the doubt
as to cach of them. This interpretation of
the italicized language amounts to an inter.
pretation of the statute, which is not within
the special competence of a medical expert
Tt therefore casts doubt upon the reliability
of the medical opinion given, that the sep-
aration of the left eye was not connected
with the accident, because this may be a
legal, or medicolegal, rather than medical
conclusion.®

The use of medical experts as triers of fact
15, of course, subject to numerous objections
in addition to the risk that the medical
opinion may be consciously or unconsciously
affected or displaced by a legal opwnion,

“The court, from a comparison of the opinions,
durected the commssion to et aside its order deny-
g compensation, one justice dissenting Tord

of with the explosion ?

* What professional quahfications could be hured
for the salaries pard compensation commissioners?
Would the possessor of medical quabfications be
content to spend his days deciding issues that re-
quire no specialized knowledge and giing 2 fair
heanng to the parties to those issues®

* 77 Anz 377, 272 P 2d 601 (1954).

* The function of expert opinion on the relation-
ship between two events 1s to estabhish 1ts exstence
or nonexistence within a described range of cer-
tainty The trier of the fact 13 then to determine
what has been established with what degree of
certainty and resolve any doubts accordingly by a
finding of fact or perhaps by a dental of a finding
of fact Legulatures and courts seek to maintamm
Iegal control over this process by the creation and
apphcation of presumptions and burdens of proof
lhatjprtscnbe degrees of certainty, such as “pre-

evidence,” evidence,”
“scntilla of evidence,” “speculation and surmise”
. . - -

1 - ort

. ' T ]
the process of resolving doubts that anse 1n the
face of incomplete knowledge This “resolution” of
doubts after all available information 1s in, if de-
Iiberate rather than impulsive, can be thought of
2t 2 process of reasoming them away, or putting
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ACCUMULATION AND PRESERVATION
OF INFORMATION

Economic considerations limit the activity
of collecting information that may improse
prospects of certainty in determining causes
of disabulity. It would be wasteful to conduct
medical surveillance of all employees on a
level that assumed that all of them would
become parties to contested cases concerning
thewr disabilities A scheme of workmen’s
compensation does, however, apply to a
situation that 1s clearly enough defined to
mahe 1t admimstrausely feasible to maintain
a system of accumulating information The
extstence of an employment relation nself
yields certain recoids, such as payroll records,
which may be suffictient to show days, and
even hours, on the job Administration of
claims provides records for the future, of
facts gathered on previous investigations.
Public offices outside the compensation sys-
tem, such as courts, public health and wital
statistics and coroners’ offices, may have in-
formation Hospitals and medical and legal
practitioners’ offices are addiuonal reposi-
tones, although some of this nformation
may be confidential Initlative of the em-
ployer in requinng medical exanunations
upon beng hired and occasionally or period-
wally thereafter can gne information that
may become useful ® This regime, because of
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considerations of cconomics and emplojee
relations, should be selective in approach, so
that intensity and frequency of examination
arc guided by the apparent needs of the case.
(For example, there may be a correlation
between absenteesm  and  compensation
ncurosis. )

Many compensation systems mclude a re-
quirement that the workman report the
occurrence of an injury to his employer
Although by the time of the injury badly
needed nformation may be lacking, it may
have been imposssble or impmcucabls to
have exeraised sufficiently selective prevision
to have assured an adequate record of such
information. Yet certainly upon the occur
rence of an injury a specific signal for selec-
tion 1s important It may be impossible thea
to gauge how mportant it is to sclect the
mjured employee for devcloprent of bs
medical history, but without the signal an*
other opportunity for obtaining grealer e
lLiability of medical opinton will have been
lost .

The main problem in administering .!h‘i
requircment 1s how much notice of injur
must the employee have had before he li
obliged to report it to his employer: In mof

jsdcti which the re-
yurisdictions the pcnod within ¢ -
port must be made does not begin :; "
until the njury manifests disabling etec

them out of attention for purposes of decision or
of concentrating upon them to the exclusion of n-
ferences that might be drawn 1n their absence The
purpose for which the decision 1s to be made,
eg, payment or demal of payment, radical or
comseriative treatment or no treatment at all,
{urther exploraton to obtain further knowledge,
etc, will influence the tnier of fact, and as ex-
plained 1n connection with the Jenhkins case, may
wnfluence the witness, regardless of verbal legal
controls Litigation 1¢ no less than a procedure for
rasing and evaluating doubts, and when witnesses
anticipate the trer of fact by an opmion that
evaluates what ought to be the disposition of the
case a3 distinct from an opimon that describes the
degree of doubt on the issue, the procedure 1s
perverted, {The “mlumate fact™ rule, now prop-
erly under general attack, presents a related ques-
tion See Ladd, “Eapert Testimony,” 5 Vanderbilt
L Rev. 414, 423435 (1952), for a discussion
leading to the conclusion that a viclation of this
rule 13 an “imaginary error ”)

., 08
“There 15 a teference to the rul‘;:;l ?,:m
practice” of conducting a thorough m;:al N
ination and imestigation of thecmz e Topuy
for latent physical condstians, o Tmmb e
to the Deceased or Dméled Em::;; e
Cahfornia Workmen's Compens s
Cal:,‘. L Rev. 548 (1956) The Commlswf‘: 0
out that the rule n Cablorma gnr': pgity
this practice because it 1mposes. :Sm e ok
Labity upon cmployers < b
man 1s apparently well but 18 ot by
cases where he 1s obyviously suﬂ'cn;g Sl?h ¢ S sound
or where he 15 actually m good hea -
s Harbot
w:‘ccl:‘::zr;a, under the Longshoremen's and
Workers' Act, at least when ;l,le r;rb_n
of some impury. Pillsbury v United 278 7.1 e
US 197 (1952) Other cases to chnmeY:
found m North Carolin, Ilinoss, BEW 0 e
Pennsylhania, under seatutes (hat PIECClqn,,
beginning of the period a3 the

“accudent i
noing o
homa and North Dabota also start the 1
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This means a possible tme fag within whick
the opporturily to obtain valuable informa-
tiont is lost, unless there is an examination by
chance Moreover, the statutary period itself
constitutes a simalar rish of Jost opportunities
The purposes of the sequiresnent, howeser,
w0 enable the employer to provide treatment
that will minimize the seriousness of the m
Jury, as well as to make possble an early
mestigation, must be balanced against the
hardshsp®® that would be smposed upon the
workman if @ shorter period were gnen or
if he were required to have a degree of fore-
knowledge of disability that could not be
enpected of him The latide afforded the
workman by the reguirement as st 1s usually
made argues for a program of health and
safety education on the job that includes
encouragerent of voluntary reportng to an
office or aid station, where the mformation
will he mtelligently handled and folloned up
when praf { 1nv or
seems to be tcheated

The accumuiation and preseriation of m-
formation upon which evpert opmion can
be based begins an an mtensive fashion when
treatment hegns, or at the latest, when a dis-
pute about hability or extent or permanence
of disahtlity has reached such a pomt m hu-
gation 2s to mahe it necessasy The most
prorument issue for medical 5 the
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beyond the qualificattons of the wrter as
well as the scope of this paper to eaplore the
approach of aither the clinician or the expert
1 whom a subject s referred for eaamina-
tion pending litigation. Two aspeets of the
problem of accumulating mformation at this
stage must, howeer, be emphaszed One is
the desirability of a high degree of complete-
ness of nsestigation and the other 15 the
necessity for systematic and durable records
of the wformation obtamed.

Tdeally, when for the first tume a potential
medical witness examunes 3 workman 1n the
content of posstble mdustrial injury or disease,
ouisting mnf relevant to
what 1t 15 and whether it 15 connected with
employment should be collected at one place
This clearing-house function 15 essentsal for
pury of 1 ion, even when di
is obvious from objective findings alone,
although in such cases {assumung that such
eases occur) the hutory eliated from the
workman may be summary and other types
of informatien, such as thar contuned m
hospttal records or records of other doctors,
may be explored only o the extent of wenty
fyung thewr sources At the other extreme are
cases m which the most sweeping and
random techniques of exploring the past are
called into play, the workman is searchingly

blichi

connection between the work and the wjury,
with 1ts disabling effects Professor Small has

hasized that the d of em-
plovment as a “risk factor” mn disabl

Cross-ex, d, the recoll ang records

of members of the family, asocates on the

job and elsew here, other doctors and profes-

stonal men, puble offices, hosputals, etc are
red. :

s uncongenial to the medical discipline,
which fooks for “canse” in etwology®' The

15 0 minute
detail with ngid adherence to the form n
which 1t was ongwally cast, the physical

factors that range beyond pathology are out-
side the responsibility of the doctor as 2
scientist, although it may be that diagnostics
<an never entirely dispense with a degree of
autonomous, free-hand detective work It s

s detadled and comprehensne,
employing tests and tactics that may be ea-
pensie and even unpose nishs on the work-
man, extensne resort 15 had to the labora-
tory, and specubsts and comsulants are

the period with the “injury” regardess of zppar-
ent effects See 2 Laron’s $Werhmen’s Compensas
non Low § 7842(b). pp 264265 (1932} The
penad ranges from 24 hours to 6 months when
specafied n terms of 2 quantity of tme A few
Jensdictions further spectfy 3 Mmaxmum term 10
Which delay may be excused, rangmg from 30 dase
to a year Some statutes say “mmmediately,” forth-

with” or “as wan as practcable ” 12

pp 534-355 » Ao C,
““Shocking justice,” according to Penchak v

Simmons Co, 15 NI 13, 103

Smmo A4 88, 834
" Smalt, “Gaffing at a Thing C:

Medico-Legal Conflicts in the Cin‘;l‘ci‘ CC:\:::A-

ton, 31 Texas L Rev. 630 (1953)



472

drawn into the investigation. Medical in-
vestigators will appreciate the significance of
these two extremes because they superficially
indicate the range of measures that arc ap-
propnate as guides for treatment. The pros-
pect of litigation merely opens up more lines
of relevance than when only the question of
treatment is in view The universe of investi-
gation in workmen’s compensation adds the
question of employment as a risk factor in
whatever disability may be feared from the
mjury or disease that is revealed.

Little needs to be added for present pur-
poses concerning records of these investiga-
tions The principle is that the memory of
the examiner 1s unreliable (at least without
means of refreshing 1t) and the labor that
went into the investigation should not be
wasted for lack of a system for finding the
records, lack of a record of what could easily
be recorded at the time, or lach of durabulity
of the record 2

The object of gathenng such information
as will obviate unnecessary resort to infer-
ence, expert opinton, and surmuse justifies
the suggestion that medical practitioners wall
respond to a social obligation to find out
whether htigation, either of a tort or work-
men’s compensation claim, is likely to be in-
volved, and if so, to mvestigate for htigation
as well as treatment Of course it is the duty
of the lawyer also to investigate for liagation,
but his investigation will be more fruitful
and litigation may be avoided morc frequently
if it can build upon prior medical investiga-
tion that was timely and under expert direc-
tion  The responsibility of the doctor to
whom a workman is referred for examina-
tion 1n view of litigation is clear; and espe-
cially when the referral 1s partisan it 15 with
equal clanty the duty of the lawyer to con-
tribute what he can to eatending the scope
of m ion in the d d d by
the needs of Iitigation.

The statutes generally require the work-
man to submut to examination, although they
vary as between examination by a medical

*See Medical Economics 66-67 for a 13-point
checklist for records, quoted in Physician 1n the
Courtroom 78-80 (Schroeder ed 1954).
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practitioner selected by the board and one
selected by the cmployer or insurer. Many
of them are deficient 1n that they lack provi-
sions requiring post-mortem examination
and allowing for exhumation m proper
cases.”® The importance of autopsy informa-
tion 1s great enough to justify explicit statu-
tory rules regulating the balance between the
need for information and the sensibilities of
the sunvivors

MOBILIZATION OF EXPERT OPINION

“Our inexpert use of experts™* presents th':
paradox of the layman evaluating the quali
fications of the professional. The necessity for
shilled assistance in the trial of a factual
issue was bom of an awareness that the
common hnowledge and experience of j:uors
would not be adequate to deal with the issue
This awareness and this clam of qualfica-
tion under present practice arise from partt-
san assertion of the deficiency of common
hnowledge, and partisan proffer of qualifica-
ttons that will fill the gap 3

The 1ssue of the need for expert assistance
may be ilustrated by Thoreau v Ind.uxtrml
Accident Comm’n'® The workman in the
course of his employment sustained 3 uolen‘;
blow in the pit of his stomach from the er;l
of a large timber Eer after that ume 4
suffered intense pain m the stomach are}z:
and was unable to heep food on his stomac
or to do any work A complete chmeal rhe;
view revealed to the specalist to whom
was referred a pyloric stenosis, of narrcw:;:i
of the opening from the stomach into e
small intestine Now if 2 nomnedxc,:ll \«nneor
had undertahen to testify to the e\{slen;c o
the pyloric stenosis, 1t would l:t:rr:thlymlﬂ0
been requircd that he mahe some snow hi“-
his abihity to percawve or infer it Thfxs sm "
ing would have had to take the for

“See Petition of shlsmzd Farms €o, 22 NJ
54?.‘\1'2:112133, ?E\Sn(f:?iu)muu o x[hec xrilar:lll:;f she

Experts: Hospital Examation o rob-
fc:l:ieants Before Trial,” 2 Law and Conternp

- t
1,.:..:1%9 gﬁaagspp. 67, 7 Pa2d 767 (1st D
1932).
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endence of specaal eapenience, because it can
be judicially noticed that comunon eox-
penence does not enable witnesses to detect
ploce stemesis, That 15, the tribunal can
yudicially hnow the meaning of the term in
4 general way, sufficient to raisc serious
doubts, at least, whether a witness without
special tutoring or enperience would per-
«puaally recognize o pyloric stenosis It
would probably be beyond all doubt to the
tstunal that such a witniess would be unable
to ﬁn'd one by wferential means such as judg-
Ing signs and symptoms or conducting tests.
The exsstence of a broken finger might or
mght ot be recognizable from common cx-
penence, and in this case the tribunal might
Tequire eapert assistance to determine how
doubtful the case was,

Thus the paradox of lay determination of
te qualifications of experts 1s compounded
b the paradox of lay determination of the
need for experts Although both jssues are
dresed by parcisan assertion and densal,
% can be scen that logically there is an in-
ﬁ:utc Tegression heres the determination of

‘@ quabication of experts or the need for
n expert calls for expert assistance, which
% fumn calls for an expert to determne the
©putness of the assistant, etc Dean Wig-
f{mre characterizes rules of expert qualifica-
Yon and their administration as finiching
L"«’\"crs that should be Jeft exclusively to the

Sition of the trial judge withour appel-
e sevew, And it scems to be generally
1ue hat wis is the case, with the result that
;ht ualification of an expert is rather a per-
‘:ncmr) matter procedurally unless the ad-
) 3 who produces fum prudently chooses
© make careful adduction of his qualifica-
Y0ns The seene of cor ibat shifts to efforts to
d”‘l’ﬂhfy particular answers and weahen the
weight of the expert testimony prven Fur-
thermore,  most cases, 25 in the case of the
'"la'bmmly brohen finger or the pylonc ste-
a5, lay Lnowledge 1s so clearly mperfect as
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related to the blow and was attibutable 10
a pre-existing ulcerous condition So far, if
there had been no blow and the pre-existng
ulcerous conthtron had been patent, the fay
mind probably would have reacred favor-
ably to the suggestton that a doctor should
be called th to venly the evstence of a con-
nection. However, it was taken as a fact that
the ulcers, although they pre-existed the
hlow, were asymptomate (How this fact
was established 15 not clear from the report
of the case, and the reader ss left to specu-
late whether umely nvestigation mught have
revealed a pre-exnting pyloric stenosis ) The
Iayman’s post hoc. ergo propter hac thus is
bolstercd by the evidence of a blow falling
on the very part of the body that becomes
symptomatic Not much belief in witches is
required to convert sequence Into conse-
quence here 7

There were two weaknesses of the expert
opinion, one that the specialist made a wit-
ten report and did not appear for cross-
exarmumnation, and the other that the specialist
was retamed by the employer The techmique
of the court was to find that the opinion was
not based on a consideration of the fact that
the existing ulcerous conditton was asympto-
matc and that disability began wmmediately
after the blow It may be true that the
omnson was narrowly confined to physical
examination regardless of history, but if it is
tiue, 1t 1s easier to accept because the spe-
calist was not a witness the scope of whose
opimon could be freely explored at the hear-
ing so that 1t could not be misunderstand
Perhaps also 1t 15 easier 50 to interpret the
opinion because of 2 possible wference that
the witness was sufficiently partal to his em-
ployer as to put on blinders that would con-
fine hum narrowly to s specialty Finally,
there was apparently no expert tesumony
1o aduse the court whether medical knowl-
cdge could help the court to make or refuse
w make the connection between the hlow
and the disability, or whether so far as medi-

© make the need for expert ap-
Pasent,

The pit-of-the.stomach case also involhed
AR expert conclusion that the cause was un-
“2 Wigmore on Evtdence § 561 (3d ed 1940).

cal espertise 15 concerned this was an im«

¥ The court &id Thoreau v, Industrial decedent
f;;"}';'l"' 120 Tal App. 67, 7 P2d 767 (h:Dm.
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ponderable, to be disposed of as an ordinary
issue of fact (Logtcally, there are four possi-
bulities: given these facts medical hnowledge
is (1) competent to infer that the disability
was the exclusive product of the blow, (2)
competent to imnfer that the disability was
within certan Limits of probability attribut-
able to the blow within certain degrees of
intensity of connection (“aggravating,”
“lighting up,” “precipitating,” etc ), (3)
to infer a plete absence of
relationship to the blow, or (4) mcompetent
to add anything to common expericnce that
would be significant ) If the opinion had
been regarded as founded on all the be-
lievable evidence, 1t would, of course, have
carried with 1t adsice from the expert by
implication that the court needed eapert ad-
vice on the ments The position of the court
in drawing an inference of connection car-
ries with 1t an imphed holding that expert
advice was dispensable, a doubtful conclu-
sion even if there had been no expert opinion
in the case But the pomt 15 that it 15 un-
satisfactory to leave it inmally to the party
having the burden of proof and ultimately to
the tnbunal to decide wathout expert assist-
ance whether expert opinton 15 mdispen-
sable
Also, it 15 unsatisfactory to rely upon par-
tisan experts both for advice that they are
necded and for advice on the ments A
spectalist who does not believe his advice will
be helpful and cannot be so persuaded 15 not
likely to be offered If an expert 15 offered,
then, one result of his presence m the pro-
ceeding 15 likely to be an mcrease n the
burden of proof, and the mjured workman
or his beneficiary is more likely to need an
expert witness than if the employer or carrier
had not offered one Moreover, with the
multiplication of partisan experts, the proba-
bilities  dimimish  that any expert will be
found to advise agamnst the usefulness of ex-
pert advice on the ments, even in a case that
may appear to be close to common ex-
perience, or at the other extreme appears
from the jangling contradictions of the sup-
posed experts to be beyond

specialized
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knowledge. “Isn’t there an old rule which
suggests that a question never be ashed to
which the answer is not known?"™® Answer,
The answer to this one is not known, unless
somcone discovers its existence; proof of non-
existence of a rule is hard to develop, whea
there are no spatial or temporal limits to the
search, and the conceptual lumits are vague,
Howeer, it may be confidently asserted that
enlightenment consisting in a report that
the answer is not hnown may be most help
ful to a trbunal faced with the problem of
giving an answer one way or the other. Many
of the “technicalities” of litigation are con-
cessions to the shorimess of life®

Three weaknesses of partisan selection of
experts may be distinguished. One 15 the
absence of special shill to evaluate clams of
expertness, Another 1s the suspicion of biss
Finally, there is the improbability of disme
terested advice as to the helpfulness of expert
advice. Partisan legal adwice is not subject
to these objections because the judiciany
with its famhanty with law-ways, 18 able 1o
estimate the need for help to evaluate qxt
qualifications of the adsocate, and 10 d-\:
count the partisan influence. Moreorer ;i
far as the partisan nfluence 1s c'once'mu]:
the method is designed to recognize S !
tancously divergent views, whereas mf m’n .
ters of fact the scientific acceptance OI S;n
eral prog as only pi 2
hardly go so far as to contrac
assumption of an existing consist e
Nature. Hence the incongnuty of 3 ot
of the experts” in which conflict of [Dl;sians
evohes suspicion of bias or false pfre‘ txcgnf)'
of knowledge or both, and men © l: i
and ability m their own fields are array

dict the basie
ent externd]

: ain 2
false colors, many times to thew P
disgust .
5.
 Hammon, “Explosion Damage C‘,ffwm

surance Procedure and Eapert Wimesscss
Bar Ass'n Jour 135,185 (1957)-

[
#iThe conditions under which «}:;E

buns) 8
Lrmits n}:

required to conduct its mqumu.mm e
time and of the means of ISEGUEL T Tugus
as no scientist would tolerate st

Expert
gested Remedy for Ob“mmol‘:; z‘/‘:uv o Chease

mony by Rules of Evidence,”
L. Rev 285 (1943).

i



ZIEAL WITNESSES IN WORKMEN'S COMPENSATIOR

These difficulties can be overcaine in part
specualization of wothmen's compensation
Junals, Enen il they ate not recogniced
s having a degree of specialised Lnowledge
it entules them to a scope of official no-
e that contracts the area of controversy,™
e specialized hnowledge can be brought
= ply in other ways. By a process of scll-
!ﬂuﬂ}mn they can determine with greater
sion than, say, a judge who less fre-
quenily d:al's with medical questions, not
;:l;ll:l: going medical sules are, but what

sciences of wedicine can give, By a
oces of acquiring familianty with the
:l:::‘\‘?:s of medical practitioners and
iy an :b:n.ﬁy.bc called as expert witnesses

) ain insights for the evaluation of
?hm dt::;m of expert witnesses. So long as
il 0‘035 are bmdu.)g on')udlci;\l review
Xl ooy he lsubs\:\nu;\l esidence formula,
e Pm!,:cl':d\ ly matter, except to save time
“‘quahﬁmimumi':s,. hhclhfll'- the c\a.ltmiun
e ot :xprroc’;u dm.a dc(lslol} on
ckion on the v ‘?h L'rc‘ LX[')(:I‘\ or in a
pomt s cight of his evidence, The

s suggested by an obscrvation of the

coury .
Co,,.m-l:, Gunt Grip Co. v. Industrial

nf’::‘:“(‘u:r sppellants remind us that counsel
e g ton, contending for 2 Auferent
95t on such erton case, suprd, argued that 10
o daabily m“‘ requireent [the apportionment
A g ong successive employers] was 1@

[

Tecord (;mdem‘ Tt 1 clear from the present

doctors at counsel underestimated the danng of
and the credulity of commissions ™

w}f; ::’ been justly observed that a doctor
o s studied medieune and observed pa-
ot bep““‘anly 1n terms of therapeutics may
Produc qualified to say whether njury can
o e, certaun discase, but that if he goes
f ut to accommodate an old patient be

* McCany

Carthy v Ind, ’ vis. 198,

us NW. 824 % Comm'n, 19% Wi
1 Wa 583, 74 N.W 2d, 182 (1956).

a7s

may be quahficd as a thoroughume expuit
and find it hard to confess the Tnwes of s
Anowledge ‘The provisonal chataur of
scicentific findings and thewr constant 1oy ision
under conditions of modern rest ach ronder
it unlikcly that the best current knowledge
will be widely diffused and more lihdly that
it will be ohtainable from lughly specialized
cudents of a nanow field The problan 15
how the officers charged with adnunistration
of workmen's compensation ity best draw
upon these resources In the solution of this
problem the contrsbunion of the general prac-
Litioner, who 1s more hikely © have coliccted
and recorded or remembered the informa-
tion that depends upon direct pereeptual
hnowledge informed by the medical dusci-
plincs,” must not be ignored or discounted
The narrow specialist called 1n at a later
time cannot be expected o supply rchable
information when gaps in information that
should have been obtained carlier stretch out
the cham of infercaces he 1s asked to make

ORGANIZATION

The realm of currently advancing Lnowl-
edge can be made avalable by organizing
the methods by which expert opinton is
brought to bear upon nformation. The tra-
ditional method m court is by the use of the
hypothetical question 2 Among its advan-
tages are the employment of experts who
{ knowing the truth of the
the h)poxh:sis, with the
consequent specialization of functions as be-
tween them and other witnesses, and the
opporluni(y of obtaining opinions from =z
given expert upon alternatise assumed con-
ditions Among s Jisadvantages are the

= Suth, “Scienufic Proof and Relations of Law
ot Medane,” 10 Uno. of Chucago L Reo- 242,
247 (1943)
T &bt the approach, framed presumably n
o lay watness oblntous to the possibiities
s estion o other need to recall, described as
o e aton of W by the Event” i Cleary,
R ence 33 a_Problem in Commumeauag.” 3
Vond. L. Rev. 277, 283-287 (1932).

L s, “The Hypotheucal Quesuon.” 3 Jour.
Public L., 530 (1954)-
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complex shape some hypothetical questions
take and thewr extreme prolixity, o1 on the
other hand the vagueness with which others
are framed, with the result in both cases that
it is difficult for the auditor to have i mind
the exact state of facts to which the opinion
1s addressed, if indeed 1t 1s not difficult to
appreciate that the expert thoroughly under-
stands the question For the courts, the
Model Code of Esvidence and the Model
Expert Testimony Act have shown the trend
of thinking i favor of greater flexibility in
specification of the hypothesss, to avoid the
confusion attendant upon prolix questions,®
and the desirability of court-appointed ex-
perts 2 The policy with respect to appoint-
ment of witnesses by the court seems to be to
avoid the difficulties inherent 1n a rigorous
exclusion of testmony of expert witnesses
whose qualifications are doubtful or of whom
bias 15 suspected, merely by obtarming more
rehable tesumony Tlus policy puts the tri-
bunal in a position to discount to zero, 1f it
seems advisable, the weight of the former
The picture of the small group of lawyers
who have harnessed up the small group of
expert witnesses, whose role as they concene
11 to win a case,*” 15 reflected n the experi-
ment 1n the courts of New York and Bronx
Countes, New York +* Some of the features
of this plan are adaptable to, and have been

*McCormuh  “Some Observations upon the
Opimion Rule and Expert Testunony,” 23 Texas L
Rer 109 (1945)

*Ibid | Ladd, “Expert Testimony,” 5 Vand L
Rev 414 (1952)

¥“We would have been more favorably im-
pressed with the tesimony of the doctor had he
not laid so much stress on the great number of
‘cases’ which he had ‘won' in various courts as
compared with the few which he had ‘lost’. We
have always entertamed the siew that doctors
nesther *win’ nor “lose’ cases i which they testify
as experts * Smuth v W Horace Williams Go , 8%
So2d 223 (La Gt of App 1956) The court.
howeser, held that his falure to gan membership
1n the Amenican Board of Orthopedic Surgery did
not disqualify hum as an expert in orthopedics,
although 1t could be considered in weighing hes
opinion

» Peck, “A Successful New Plan Impartial
Medical Testimony,” 42 Am Bar Ase'n Jour 931
(1956), Botein, “The New York Medical Expert
‘Testimony Project,” 33 Unyp of Detroit L Jour,
388 (1956), Impartial Medical Testimony (1956)

WORKMEN'S COMPENSATION

i essence employed in, the field of work-
men’s compensation The New York Acad-
emy of Mecdicine and the New York County
and Bronx Medical Societies co-operated to
assemble a list of highly quahfied doctors in
the special fields the justices indicated were
needed. Not only were they highly qualified
but none of them had been prommently
idenufied with either plaintiffs or defendants
in personal injury cases A court rule set up
the procedure, which calls for consultation
of the justice with counsel for the parties,
after which he may order the case referred
to an impartial eapert. The expert examnes
and reports through a Medical Report
Office, the clerh of which mahes copies of
the report available to the parties The -
partial expert is furnished with the medical
records the parties have or can obtain as far
in advance of examunation as possible. After
copies of the report are distributed, the pre-
trial conference is resumed. In the event of
litigation, the tnal judge or either of the
parties may call the impartial expert 2 3
witness, Fees for the impartal expert for
testifying and for examining hae bt?n set
by him, subject to supervision of the judge,
and paid from Project funds "

Compensation plans have utthzed U ]
services of staff physicians and of sptcl}?
panels of private practitioners Howeuver ‘m'
degree of reliance upon specialists a:’:
partial experts has not been very grﬂl‘ .
more thoroughgomng degree of .such l:l‘a:jc‘
may be built 1nto the organization anC s -
ture of the deciston-making stself, by !
establishment of medical boards with P.‘;‘::“
to find facts binding upon Ehc CO""";‘
generally charged with admn{:strnuo: " s

Two hinds of hazard are imolve lm .
plan One 1s the range of consideratio o
dicated above®* having to do with the prop

# Yepon, “Expert Medical Tts!l:::;l)'é:n
pansation Pmcc:gc:l‘n;)gs," 2 Low
R G0 g

reverse the findings of the o by
:lo:dwzl questions 1if the findings a?a::?lw hace
“legally sufficient” evidence B’;‘i i (195
tonies Corp. v. Geary, Md, 12!
*See pp 168-470, suprd

Con-
temp

misson 457
cal board 02
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employment of personnel with medical quali-
fications and the problem of disentangling
medical from legal opinions. These hazards
may be minimized by the careful referral of
issues to the medical board in such form that
legal questions are eachided and the medical
board is free Lo concentrate its attention
upon medical questions, and by framing the
findings in such form as 1o disclose any errors
in legal reasoning that may inhere in medi-
cal findings or procedure before the medical
board. Nevertheless, these hasards are in-
herent 1n such a plan, especially in view of
the duty of the medical board te hear lay
testimony (which as testimony is not strictly
a matter of medical competence to hear, but
rather of tnal exanuner, referce, or tral
udge competence) and i view of the lin-
ited range of medical spectaitics that can
feasibly be represented on a permanent
medical board operating as an integral part
of a public agency

The other hand of hazard rcsembles one of
the vices of partisan expert testumony That
1s the tendency of a group of experts i in-
dustrial medicine always fuactiomng i the
same role (conducting medical lingation) to
acquire a set of official views representing
the mstitatian  Although one of the goals for
improving the decision of 1ssues of medical
fact 15 the development of greater consist-
ency, this conssstency is not so desirable as
to justify a fixed atutude in the interpreta-
uon of evidence, whether the effects are
hberal or conservatne

Both linds of hazards are minunized
greatly 1f the medical boards aze constituted
on an ad hoc bass, with due regard for
marching the qualfications of the expert
body summoned for consultation with the
issues 1n the case referred Moreover, the
range of expertise from which the members
of such boards are drawn may be greatly
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mented by the development of pancls by
medical bodies outside the compensation
agency, such as medical socicties and schools
Earlier discussion in this paper has relied
upon a distinction between  perceptual
koowledge and inferential hnowledge. This
dustinction, for purposes of medical board
funcuons, may he claborated to idicate how
much these boards can rely upon their own
hnowledge and to what extent the hnowl-
edye must come in through an adsersary
hearinig process Inferences drawn from ob-
senvation, especaally from expert observation,
depend upon general knowledge For ex-
ample, Judgment of the specd of an automo-
bie, if based upon precise mcasurement,
depends upon such gencral mathematical
knowledge as is incorporated in the testing
mechanism and also that which 1s empleyed
by the observer in reading the results If 1t s
based upon raw observation, the general
knowledge applied by the observer comes
from a complea of memories of past experi-
ence Much depends upon the skill, as well
as the hnowledge, of the observer in collect-
mg the perceptual wiormation Te this i~
formation, general or abstract hnowledge is
applied to produce a judgment If the meas-
urement mechanism is sumple enough that
Iittle shall is required to apply 1t, the mechan-
1sm may srecord data from which a nonob-
server can draw a conclusion In drawing
the conclusion the general mathematical
knowledge that 15 built into the mechamsm
and that 15 employed by the nonobserver can
be rehably apphed to reach a conclusion
Another analogy §s the hypothetical question
wself, by which perceptual knowledge is
verbalized and summanzed for a nonobsen-
ing expert The expert then purports to
have only generalized knowledge from which
to mahe an application to the hnowledge
supphed him His contnbusion consists 1n

mereased The general agency ad

the plan will need a medical staff to assist in
esaluating the need for a special medical
board and the qualifications that should be
mustered for it A feature of the New York
court plan 15 worthy of corporation into
this process  stafl advice should be supple-

ddi the lized hnowledge and ap-
plying 1t to draw a concluston by inference *

“¢f Dasis, “An Approach ta Problems of
Euidence in the Administrative Process,” 55 Harw
L Rev 364 (1942), Jaffe, “Admumstratnne Pro-
cedure Re-Examined The Benjamuin Report” 56
1d 704 (1943}, 2 Lavion's Workmen's Compensa.
tton Law 299-308 (1952)



Expert medical observation cannot be sup-
plied by the medical board in its capacity as
trier of medical issues® For such informa-
tion 1t must hear witnesses, lay and medical,
and in general depart from jts medical spe-
cialties 1nto the legal business of according a
fair hearing Indeed, it is sometimes doubtful
whether it can apply its own generalized
knowledge without having expert testmony
confirming it At least its knowledge should
be made apparent i the record, by appro-
priate findings, and preferably also by notice
to the parties so that there 1s opportunity for
ssue and rebuttal at the adminmstrative
level 3¢

The difficulty of verbalizing some kinds of
perceptual medical knowledge (eg, dis-
torted facial expression, sweaty and flushed),
the existence of nonmedical duties in the

PVRRMEN 3 LUMPTGATION

as against the opinion of an expert whose
expertise is suspected of shortcommgs on the
kind of issue involied, At the same time it
affords full opportunity for issue and rebut-
tal and full freedom of choice. It goes fur-
ther than partisan selection in giing the
trabunal on its own motion an opportunity
10 seek a remedy for apparent gaps in exper
opinion, and provsdes an impastial source o
knowledge about the need for and the pros
pects of finding assistance from expert hnow!
edge. It attempts to solie the problem posec
by the limited diffusion of the best curren
knowledge 1n a narrow field.

The context of medical issues arising in :
scheme of noncourt administration of work
men’s compensation affords opportunities for
adaptanon of the feature of pretnal con
ference in the New York plan. Admunistra
tive f can be so shaped as to obtair

conduct of a tnal, and the cumb:
of getting generalized hnowledge in the rec-
ord and recognized on judictal review as such
and as a legitimate subject of official notice
by a medical board—all these considerations
atgue against the use of a medical board, In
its favor js its solution of the problem of
chotce between conflicting expert opinions
In ats absence the courts of necessity swallow
the spectacle of essentially uninformed choice
by laymen between experts who are sup-
posed ta be informed but who disagree ¥

An alternative solution lies along the lines
of the New Yorh plan Its tactic 1s to meet
the problem of choice among conflicting ex-
pert opinions by providing a basis for choice
of the impartial opiion as against an opin-
ion suspected of partiality, or choice of the
more authoritative opinion, whether from
an expert chosen impartially or by a party,

® Carstens v Pillsbury, 172 Cal 572, 158 P, 218
(1916).

*Merton Lumber Co v Ind Comu'n, 260
Wis, 109, 50 N W 2d 42 (1951), and ¢f 60 Stat
241-2 (1946}, 5 USC § 1006(d} (1952}, Davis,
“Offical Notice," 62 Harv L Rev 537 (1949}

¥ “The court, 1» going beyond the medical evi-
dence 1n reaching an equitable decision, js not
doing so on the supposition that it wishes to sul}-
stitute ats opison for those who are specialists in
that field, but it must do so when the evidence 18
confusing and lacking.” Hebert v Fifteen Oul Co,
46 So 2d 328 (La Ct. of App 1950)

the impartial opmion at an early stage ol
controversy, well before heanng, so as {0 re
duce the number of cases that have to bt
subjected to formal lingation At the same
time accommedations can be made that will
reduce waste of the time of the experty by
appropnate scheduling In sor{le )un'sdlclxor:;
the opinion may be obtained in wnting, an
the analogue of the hypothetical question
can be proposed in written form adapted to
the needs of the case and influenced by con
ference among the parties and the tribunal,
s0 as to avoid the awhwardness of propound-
ing a verbose question orally. Th.us the“::
pert opinion can be expounded b 3 Xh :
deliberate and enlightening fashxnn. Thest
suggestions scem to be apphcable in, large
part also to experts retained by the paruc; "
Answers to the analogue of the hypot :n-
cal question should be more than naked edfm‘
clusions * They should elucidate the m! b
reasoning, and thus supplement mc.cnmi.
for chaice of opuion by relative xmpli‘m
ality and by relatne record and rcP":’ he
for expertise. They would then ‘btt;:mﬂm(
foundation for trabunal ﬁndfngs in ; o
of litigation, and these findings shoul

rt
#QOshorn, “Reasons and chum;;a;‘;mi’l:‘”
Testimony,” 2 Law and Contemp F1

(1933).
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o a long way in ghing the court on judicial
resview an intelligible basis for discerning the
loundation in medical fact on which the
wider of the agency 1s based,

CONCLUSION

The division of f posed here
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posals fusther suggest ways in which differ-
ent hinds of medical expertness can be mo-
balized for their appropriate uses, so that the
possessor of abstract hnowlidge in a narrow
speeialty can rebese other medical experts
[rom the imposition of answcring questions
that others are better qualified to answer
Attention has also been given to some of the

ashs the treating doctor to expand his in-
‘estigation beyond the bounds of seeking
knowledge for the purposc of healing, even
into areas that are, strictly speaking, non-
medical, The for this empt is

areas, such as the conduct of an adversary
hearng, where the specialized shiils and
knowledge are leyal rather than medical, A
proper dnision of labor provides hope for

the necessity of getting pertshable forma-
ton while it is sull alive, and the strategic
position of the treating doctor. The pro-

the improsement of a complex of activities
that purports 10 be ranonal and 1o employ
the shills and lnowledge of professional
learming



CHAPTER 5@ RELATIONSHIp of EMPLOYMENT TO THE
DEVELOPMENT Of CARDIAC PATHOLOGY

R .G, Knutson

Perhaps ap administracorg of workmen’s
Compensation have theyr respective
problems v, th regard to de(crminmg whether

cupational injuries

I am certain that most, if not all, adminjs.
trators become confused at umes with re.
SPect to attempting to make vahd decistons
regarding these clayms As a rule,
imole a finding of faee as distinguished
from an 1ssue of lay,. Further complications
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arise with respect to secuning 2 true hxst!;]r)
of what the involved mdiidual nas'acku:d:'
doing at the ume and the symptoms flm;:m'
ately following the icident. This, ? ;[m
applies only to the nonfatal cases. O :mcdnv
the history is distorted by both lay an
cal testimony. )
I should {ike to proceed on the ns;umrd
tion and basis that all admimstrators “o:hc
attempt to ascertamn the facts rcgardlcrigmd
alleged cause bringmg aboxfl the an]a e
the matter of causal rclahonshl.P n“ e
attempts to do justice, the admlmsm:ednral
dependent to a large degree upon et
guidance and opinions It 1s unl'onunbnwms
on altogether too many occasions 1t ecd‘“]
difficult to place proper value on ,mn e
evidence. This occurs pam’cul:fdy n:. o
parently equally quahﬁe'd' mcd_:c:-l ;:nccdon
opposite views and positions in o
with the mterests of the respectine p:

the dispute, .
The l;orcgoing has been smd without any
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intent or desire in any way to reflect upon
the members of the medical profession. It is
recognized fully that in some of these in-
stances the €iwrcuinstances may be such that
fomest differences of opinion may prevail
On the other hand, there are occasions when
it is rather difficult, if not impossible, to
reconcile oneself to the opposite views and
opinions expressed by medical witnesses Per-
haps the greatest assistance to administrators
of workmen's compensation laws could come
from such a conference as this, by securing
rather g T the
setting up of essential gurdeposts for adminis-
trators I am certan that the writer hercof
and s assocrates would be deeply grateful
for such assistance

An effort will be made to sct forth some
items that may be helpful in attempting to
secure enhightenment on some of the present
perplexing problems

I What are the essential elements to have
m muad where there 1s a history of prior
cardiac attacks as dustingushed from
those cases with no history of pre-existing
pathology?

What consideration, 1f any, should be
given to the age factor® These clanms arse
with individuals ranging anywhere from
30 to 65 or more years of age

Name the essennal symptoms to be sought
for m determining when the attach took
place To what extent can rehance be had
upon lay testimony in securing proper
history of the symptoms® At umes the
history of these symptoms can be obtatned
from the stricken indvidual and on other
occasions reliance must be had upon some
other lay person who may have been pres-
ent at the tume of the attack

What are the essential symptoms and
findings to be obtaned from the exanu-
nation by a physician or physicians®

5 Where 1t 15 contended that a cordiac

~

w

-
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attach is related to anployment, what is
the longest period of ume following the
alleged incident before recognisable symp-
toms should manifest themsclies and at
the same tune either estabhish or eluninate
causal relationship? There are cases where
alleged I appear Iy

and others where the symptoms do no
manifest themselves until several hours
after,

Admimstrators are often confronted with
alleged causal relationship between care
diac pathology and employment where
excess strain, stress, or effort has resulted.
What enlightenment can be given as to
what represents excess strawn or effort®

We all hnow that different types of em-
ployment  involve vanable degrees of
cither strain of effort Some indniduals
may have been imvolved 1n the same work
for periods of months or years, and others
may expenience difficulty after working a
part of a day up to several days on a new
job when they have an attack At times
st 1s difficult to determine with reasonable
definiteness whether the effort may have
been in excess of that nermally esperi-
enced, and if so, the probable amount of
creased effort

What type of accdental injunies to the
chest may be considered as contributing

clements toward the subsequent develop-

ment of cardiac pathology? What 15 con-

sidered a reasonable pertod of time follow-

ing direct trauma to the chest before

cardiac symptoms should mamfest them-

selves when causal relationshp is alleged?

In cases of fatal results what pathological

findmgs are considered matemal to es-

tablish causal relationship?

o

~

@

Answers to the foregomng questions are
usually susceptible to cross examnation 1n
attempting to estabhish the logie of the doc-
10r's or expert’s opinion



CHAPTER 55 THE UTAH MEDICAL PANEL SYSTEM

Otto A. Wiesley

INTRODUCTION

The Lnowledge and eperience gained
through eleven years of practice as a lawyer
before The Industnial Commussion of Utah
and fourteen years as Commissioner and
hearing referee convinced the writer that
some real effort should be exerted to elim-
mate the hit-or-miss methods of admunis-
tering justice and to bring order out of con-
fusion and chaos

A detailed study revealed that, except for
a few cases of Judicial legislation, the Su-
preme Court of Utah has been consistent in
its apphcation of the law to the facts It has
consistently held to the wnusual evertion
theory in heart cases In a few cases the re-
sult mught have been different had the facts
been better presented to the Commission and
the Supreme Court. Howcver, the confusion
that had developed is largely ble to
the medical testtmony OQur records are re-
plete with medical testimony, recently de-
scribed by Jerome Polloch as “unedifying
and adversary-oriented.” Often, tesumony
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clearly showed that the witness was either
not qualified, had failed to study the medical
issue, or tailored his tesmony, hnowingly, 1
aid the cause of the party who called hum 25
a witness For example, one medical doctor
testified that the applicant had swallowed

pyorthea-infected blood, which caused 2
h When

he stated
plicant

peptic ulcer in a normal stomac]
called before the Board of Censors,
that he so testified because the 2p]
lived in a trailer camp. Not all the unedifying
adversary-oriented  testimony came from
quachs and unscrupulous medical men who
were primanly intercsted 1 witness fees of
who were mfluenced by the equally obnoy-
ious members of the legal profession
The enactment of the Utah Occupall(.m-‘ll
Dusease Disabulity Act mn 1941 cmphaslz(:d
the need for a new approach Very few mcd!-
cal doctors were qualified to diagnose silicosis
or other chest diseases caused by exposure “;
dust. Many cases were denied for lack ©
medical evidence In 1949, labor and ndus-

;i t
try joined with the Comumisston (0 corret
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the tragc situation. The legislature was re-
quested to cstablish a panel system designed
to provide unbiased espert medical evalua-
uon without cost to applicant or defendant.
The result—only four formal heanngs
aght years

The success of the Occupational Disease
Panel pointed the way to improvument m
the Workmen’s Compensation field. In 1935,
the same forces—labor, industry, and the
Commissi ded | leis-
!au\c approval for a panel system for cases
imolving accidential injuries, especially heart
cases. As of today no pancl findings have
been contested. The panel system has un-
Questionably produced these results: Unedi-
fyng adversary-onented testimony is no
mote; fear, suspicion, bias, and hatred have
been eliminated because expert, honest medi-
¢l opion is now available to both parties
at 1o cost to them, both the company doctor
and the famly doctor have faded away and
only qualified medical men selected by the
medical association are employed, medical
findings and the Commission’s decisions are
flow reasonably consistent—same facts, same
result; and the doors of industry are slowly
but gradually opening for the vicums of
oronary discase

It has been said that the Utah Plan 15
entirely unsausfactory To whom and why?
We know that it is enurely satisfactory to
]al"ol’, industry, insurance carriers, the Com-
mission, and our courts. It is not yet a per-
fect plan 1t can and 1t will be improved as
time goes on. It may be difficult to adminis-
1er in some states but 1t 15 not umpossible as
some insist,

The Utah Plan 1s succeeding because 1t 15
2sed upon sound social, moral, medical,
and legal prnciples Every state has highly
Qualified men who believe 1n these princi-
Ples, and who have the courage and intelli-
gence to put them to work A well-trained
engineer builds a pilot plant before proceed-
g to large-scale production Utah bullt a
Plot plant that has already grown up It
works

We found that the answer lies with the
medical profession, primanly, and that with
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aid of labor, industry, and the legal profes-
sion, a Commission composed of qualified
members can adnumister the panel system if
they have the courage to dnoree the poh-
cians and the other pressure groups

The Utah esperiment in the compensa-
tion ficld has demonstrated a legistative and
adminstrative technique that may well re-
sult in a remnspection of compensation laws
throughout the country A 1919 amendment
10 the Utah Occupational Disease Law re-
quires the Utah Industrial Commission to
delegate to a medical panel the responsi-
bility to resolve medical issues In 1935, the
Workinen's Compensation Act was sumilarly
amended Although disability rating boards
are not uncommon In compensation practice,
Utah 15 the first state to permit referral of
medical questions to experts, allow them to
answer those questions on the basis of their
own imesugation conducted outside the
courtroom, and give conclusive weight to
those answers, unless properly contested.

The panel system was instituted 1n Utah
largely as a result of my efforts during my
years as a member of the Industnal Com-
mussion of Utah, of which T am now the
Chairman 1 became convinced that adver-
sary practice was not well designed to achicse
substantial justice tn claims presenting com-
plicated medical wssues The claimant scldom
could finance the hind of medical invesuga-
tion necessary to establish the extent of his
disability or its relationship to his employ-
ment His physician was seldom well quali.
fied to offer an opinton that the Commussion
could accept as the soundest science could
produce

The 1949 Occupational Discase Law

di was the co-of ive effort of
labor and industry commuttees It was a well-
chosen area m which to test the 1dea of a
panel system, because cases ansing under the
act were not numerous and the necd for
better medical mvestigation was particularly
well recognized n silicosis cases From the
point of view of draftsmanship, the amend-
ment, both m its onginal and subsequent
forms, appears unobjectionable There is
nothing about a board’s conduct of a facte
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finding investigation by means other than
formal hearing that 1s foreign to our tradi-
tons of administratne law or offensive to
our notions of fair play Within the authonty
of the statute, the Commussion can mahe
certamn, without any expense to either party,
that the disease condition of the cl 15
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When the panel 15 formally constituted,
the Commission collects all available .
formation and submits its entire fle 10 the
panel The order appointing the panel au-
thonzes it to make such studies as it considers
necessary, including autopsies in death cases,
at the G i ’s expense. A digest of the

fully explored, and that the findings presented
are the most reliable medical sctence can
afford

MECHANISM AND RESULTS OF
THE UTAH PLAN

Statistics of the first seven years of opera-
tion under the panel system are amanng
Nearly 200 panel decistons have been issued
from which there have been only four ap-
peals. In cach appeal, the decision was
affirmed In only one case was the vahdity of
any medrcal finding by the panel attached
On the strength of the success of the panel
expeniment in the hmited field of the mitial

laboratory and clinical findings and other
pertinent information from the files 1 pre-
pared by the chatrman and submutted to the
members After cach member has studied the
digest, the panel meets with the Commussion
Chairman, studies and discusses the medcal
problems nvolved, schedules any desired
additional investigative procedures, and
eventually makes uts findings Formal find-
mgs and conclusions are prepared by the
charrman of the panel, and these are mailed
to the parties 1n accordance with the s‘ia(ul'r

Adopuion of a panel system is Cer(am]y. in
harmony with the general compensation
philosophy It assures an equality of treat-
ment scarcely possible where the litigants are

experinent, the Utah Legislature extended
the scope of the program by amendment to
the Workmen’s Compensation Act 1n 1955
As the law now reads, the Commusston uses
the panel method m all occupational disease
and workmen's compensation cases if ha-
bility 15 dented by the employer and there
are important medical 1ssues that cannot be
resohved by the procedures formerly avail-
able, short of a formal hearmg

The statutes speaify that panel members
must be specialists in the field of nquiry
Accordingly, the Commission makes 1ts selec-
tions of panel members from lists submitted
by the Utah State Medical Association which,
incidentally, has always been 1n sympathy
with the program Panel members are paid
directly by the Commussion In practice, it
has been found expedient to designate a
chaimman of each hind of panel, who serves
indefinitely The other two Positions on the
pancl are rotated among the specialists on

quired to mahe their own medical investt-
gations and their own presentations of the
results On the question of whether m‘xth can
best be transfixed n the quiet phere of
the council chamber or i the frenctic atmos-
phere of the courtroom, much can be s;udf
There 1s httle doubt about the fce]ma"' o
physicians on the subject The Amcncar;
Heart Association, The American Coliege of
Physicians, and the American Medical Afsst‘:
ciation have all indicated approval obal.
panel system The sounds of courtroom -
tles on medical questions are neither musl
nor cdifyin,

The c};pcgnscs madent to the empl
of the panel system are defrayed ou S en
special fund 1nto which employers pay e
one of thewr employecs, who hashnowm‘
pendents withm the meamng of U :“dml
pensation act, is fatally injured by qund "
arising out of his employment ’I‘}usd s
known as the second mury fund -‘tn N

loyment
¢ of 3

the list provided by the medical i
This Lind of organization permits the de-
velopment of experuse, assures 2 desirable
uniformity of approach to the problems, and
allows expression to new pownts of view,

a t in most P .
The Utah fund had reached such grflm
tions before panel costs were lmpost‘m -
it that 1t has, so far, been “dcquafi,le dun-
port the program without appreci¥
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nution. This is true even though the panel
has not  hesitated  to consult  recognized
authontics inside or outside the United States
n dfficult cases.

The use of a medical pand] of the hind de-
cnbed here is certain to promote a closer
co-operation between the admunistrators of
he compensation program and the medical
association. Good medicine 1s an abcolute
essential to good administration

THE UTAH PLAN AND CORONARY
ARTERY DISEASE

The Utah Commission, by reason of good
relations with the medical fratermaty, bhas
made a signal contnbution to the solution of
a problem which I am sure has vexed com-
, dmi hrougt the
country The problem 1s what to do about
cardiacs Although coronary occlusion 1s cer-
tainly the result of a well-advanced discase
process, the posuble accelerating effect of
stress and strain 1n employment has been the
Justification for awards under compensation
acts throughout the country A major diffi-
culty in treating cases of coronary artery
discase under compensation acts 1s 1 de-
termining the extent of disability There 15 a
tenacious feeling among employers, and the
general public for that matter, that a person
with coronary artery disease 1s, for all intents
and purposes, unemployable Even though
an applicant for employment with a history
of coronary disease may worh to retirement
without recurrence of disabling symptoms,
employers are reluctant to take the chance
that they may have a fatal claim on their
hands

The fauness of the Utah plan is attested
by the fact that the reports of the panel are
accepted by all parties without appeal, though
the plan 1 no way obstructs the opportunity
to appeal Many sufferers from heart attach
have been returned to gainful employment
Disabulity ratings i nonfatal cases have
teached some degree of consistency and
reasonableness No longer are coronaries arbi-
tranily, ignorantly, and prejudicially rated
permanently and totally disabled We thuink,
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jusufiably, that there is a silver hining on the
clouds of doubt, suspicion, bias and igno-
rance that have blurred the vision of justice
in the past.

Careful analysis reveals that the Utah
plan embraces these cardinal principles
1. The relationship of ndustrial effort to
heart attack can only be determined by
recourse to expert medical epinton. Each
icart claim is reviewed and cvaluated by
a panel of physicians
Medical opinon must utilize the most
advanced knowledge i the cardac ficld
The Utah Heart Association and the Utah
Socicty of Internal Medicine, utilizing the
latest and wmost advanced  hnowledge
within the field, have established nedical
criteria regarding the relationship betwcen
ndustrial employment and heart disease.
(These cntena must be re-examined from
tme to time with the advance of medical
Rnowledge )
Medical opinion must be eapert The Utah
panels are composed of physicians who
are experts in the field of heart discases,
and are best able to understand the estab-
liched cniteria and evaluate the latest and
most advanced studies in the field
Medical opinion must be based upon com-
plete data i each case The medical
panel examuines the worhman, if Ining, if
dead, an autopsy report 1s made available
The panel is supplied a complete medical
history as well as a complete account of
the workman’s actwity occurring before,
during, and after his work on the job If
the data are too fragmentary, additional
information 1s obtained
Medical opion must be unbrased The
members of the panel must not be in the
position of being erther for or against the
workman or the employer
Medical opinton is obtatned before con-
troversy develops The opmon of the
panel is obtained at the admunistratine
level when the clam is first filed, before
definitive administrative action and prior
to adversaty hearing
7 Medial opmon is gwen to all parties

affected by 3t The Utah Comnussion

1
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transmits copies of the written report to
the workman or his beneficiary, the em-
ployer, and the insurance carrier,

Medical opinson does not deny due process
of low. Any interested party not con-
curring in the panel's report may demand
a hearmg If a hearing is d ded, the

@
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medical witnesses befare a hearing officer
who has had no formal medical training, but
who has the responssbility to make the find-
ings Furthermore, the system 15 practically
proof against the evil of purchased medical
testimony, and it relieves the physician of
any bility he may feel to be an

Utah Commission calls the panel members
as witnesses; thewr testimony is tahen
under oath and all interested parties are
afforded the right of cross examination

SUMMARY

The panel system has worked in Utah It
can scarcely fail to appeal to an objective
observer as a better way to arrive at the
medical facts than is the examination of

advocate. As of Apnl 1, 1957, fifty work-
men’s compensation cases involving difficult
medical issues have been submitted to medi-
cal panels. No formal hearings have been re-
quested. We are convinced that there ar¢
fewer denials because of the panel system.
This all sounds like a long and complicated
procedure  However, such 1s not the case
We dispose of cases faster by the panci
method than by the old heaning method



CHAPTER 5@ THE UTAH PLAN FOR EVALUATING INDUSTRIAL

CARDIAC CASES

Louis E. Viko

INTRODUCTION

The present paper considers the Utah plan
for evaluatung the medical data in cardiac
compensation cases from the viewpoint of a
cardiologist, now serving on panels under the
present Utah plan, and having had many
years of experience as an cxpert medical
witness 1n cardiac cases before the Utah In-
dustrial Commission and m state and federal
courts The discussion 1s not intended to be
an argument for or a defense of the Utah
plan but an attempt to evaluate its advan-
tages and 1ts possible weaknesses It 1s left to
others to draw any inferences regarding the
practicability of this or a sumlar plan
other states

This report will consider m some detal
the method of operation of the panc! in car-
diac cases Companson will be made with
the previous adversary-hearnng procedure,
not only to suggest the advantages of the
panel system, but because the law providing

for the panels also provides for an appeal to
a commussion heanng and for further appeal
to the Utah Supreme Court To date, no
case submitted to a panel for cardiac or
other nonsurgical cases has been appealed to
a commussion hearing, but m the event of
such appeal, procedure n the hearnng should
be corrected

Thus paper will then consider types of car-
diac cases considered by panels To a limited
extent, the discussion will include cases of
the US Employees Compensation Commis-
sion It 1s worth noting that for many years
that Comnussion has used a medical referee
system whereby it submits a case to an ap-
propriate specialist for the most complete

possible {including hospital

tion if necessary), and ashs from the medical
referee an unbiased opinion on the medical
1ssues Though the legal definition of accic
dent is different, the medical 1ssues are es-

sentially the same as in Workman's Compen-
sation
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EVOLUTION OF THE UTAH PLAN

The Utah plan for evaluating medical
data in industrial cardiac cases evolyed
under the gwdance of Mr Otto Wiesley,
Chairman of the Utah Industrial Commys.
sion He felt that the chyef source of difficulty
m tbe previous system lay m widely dner-
gent medical opinton and tesumony Recog-
mzng this difficulty, he sought the aid of
the Utah Heart Association In 1952, that
organization joined with the Utah Society of
Internal Medicine 1n a meeung of most of
the specialists 1n cardiology and nternal
medicme in the state for discussion of the
problem with M;r Wiesley The discusston
was confined to coronary heart disease as the
major and most dufficult problem The widest
dnergence of Opinion was expressed, and at
length Some of the conferces were adamant
m the pomt of view that coronary occluston
and /or myocardial nfarcton is never related
to accident, exertion, or stramn Others might
have granted, with Masters, Dach, and Jaffe,
that 2 per cent of cases of coronary throm-
bosis occur during unusual exertion Sull
others leaned toward the 32 per cent correla-
tion of Yater et af? or the incidence of 35
Per cent of fata) coronary sclerosis recorded
by French and Doch? to be present in those
wdividuals dying one to several hours after
‘igorous exercise  Inevitably, some referred
o the frequency of fatal coronary throm-
bosis during sleep. But My Wiesley pomnted
out that the Supreme Court of Utah and
that of many other states had ruled re-
peatedly that some cases of cardiac death or
disabulity were compensable under industrial
acerdent compensation laws, and that
Supreme Court rulings are ulimate facts of
life. It then became apparent to the whole
group that realistic, practical thinling could
be devoted more profitably to means of de-

termining in what cases a causal relation
betwcen industnal accident and heart disease
was probable, and in what cases the relation
was nonexstent or tmprobable.,

During this discussion it was obvious that,
even in a meeting of doctors, much nme was
wasted as a result of confusion of definitions
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regarding the various aspeets of coronar
heart disease. Despaining of arrnving at an
practical solution in so large a mecung th
group authorized the writer (o appoint
committee to draft and submut recommenda.
tions to the Industrial Commassion.
Deliberately, the writer appointed nine
doctors representing the middle and extremnes
of the positions as expressed at that meeting
This commttee met many times in the ensu-
Ing months with Commussioner Wiesley In
its early meetings, 1t again expressed the
widest dnergence of opwion but finally
agreed that factual medical proof on the
Issues anvolved was not yet available and
that, 1n the meantime, some Ppracuical criteria
to serve as a guide for medical testimony and
to the deliberations of the Commission, and
perhaps of the Supreme Court, would sene
n the interests of both the worhman and his
employer (and insurance carrier), and muni-
mize the chaos of the previous system To
this end the commuttee proposed to the Com-
mission a set of criterta and appended a set
of definitions* ntended to mintmize the con-
fusion arising from confused terminolog.
Perhaps the most significant point of these
¢ritenia 1s that they represented, at lcast by
del T , a ial g in prn-
ciple by most of the specialists .mu-mal
medicmne of the state Since the appointment
of the commuttee did not provide for a re-
port bach to its parent group, the report was
mimeographed by the Utah Heart Assonf\-
tion and maied by the Industrial Commis-
sion to every doctor m the state No protest

sulted
reAt least tacit approral of the legal pmfs-
sion was obtamed on February 20, 1953,
when Commussioner Wiesley sccured the op-
portunity for the writer to present the u;:c
to the legal profession of the state at an -
stitute on Personal Injury Li:lx:atxa{n spod
sored by the Utah State Bar Association m;n
the University of Utah School.ol Law.
the discussion, no serious objection “zsdpn:-
posed by the lawyers present Thc a ban;sc,
which included the criteria mcnuon'rd a[ (},e’
was published in the official bulletin ol
Utah State Bar Association *



THE UTAH FLAN FOR EVALUATING INDUSTRIAL CARDIAC CASES

The point had now been reached at which
the Industrial Conmission and the medical
and legal professions had, in some measure,
aceepted the dea that though the Supreme
Court had made some cardiac cases con-
pensable under industriaf accident law, such
causal relation was a very limited one and
subject to some reasonable vequircinents of
proof Before and in hearings, the cntena
senved as ground rules but not by any means
as rigid detenmuning rules

By 1953, Commissioner Wiesiy had
secured very effective operation of the medi-
cal pancl system, authorized by law in 1949,
for industrial disease disabibty evaluanon.
He had found it far superior to the previous
adversary-hearing procedure, especially in
handling sificosis cases. 8o in December,
1933, Comumissioner Wiesley began submit-
ting 1o medical panels cardiac cases under
question under industnal acaident compen-
sation  As Goldwater pointed out n May,
1954 since there was no statutory prosision
for such panels, the legality of the action of
the Commussioner in adopting a panel report
may have been questioned. Clark’ com-
wmented that “there are probably few if any
states where such a program could be en-
acted by law.” However, in February, 1935,
mitiated by Commussioner Wicsley, and
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shall make such study, take such X-rays and
perform such tests, including post-mortem
exanunations where authorized by the Com-
mission, as it may determine.” The wording
of the law gnes the panel wide latitude in
securing all the facts but by implication
mahes it the duty of the panel to be diligent
in sccuring such information, Of course, the
law requites the panel to make a written
report to the Commission. Such report is
sent by the Commnission to claimant, em-~
ployer, and e carrier. If no objecti:

is filed within fiftcen days by the Commis-
sion, “the report is decmed admitted as
cvidence and the Commission may base its
findings and opinion” on it but is not bound
by it, if there is other, substantially confhict-
ing testimony The provision of greatest im-
portance to the thinking and procedure of a
panel 1s that, if objection is made to the
report, the Commission is required to set a
hearing. At such hearing the pancl report
shall be an exhubit but evidence only as far
as it is iated by evidence sut d,
Furthermore, any or all of the panel mem.
bers may ke required to appear at the hare

ing and be subject to cross-esanunation

Hence pancl procedure, report, and opinim

must be 1n such form that they can e jusi-

fied in suchi a hearmg or, in the event fhiaf

agamm with previous lat Y agree-
ment, the Utah legislature gave statutory
approval, without controversy, for medical
panels under industrial accident compensa-
tion law—not just cardiac, but all cases
Some of the provisions of that faw are nn-
portant to the strength and permanency of
the Utah plan in the exent that the present
chairman of the Commussion should be re-
placed by a man of different caliber The
law provides- * where employer or the
insurance carrier denics habihty, the Com-
mission shall refer the medical aspects of the
case to a medical panel appointed by the
Commussion » Such reference to a
panel 1s not left to the discretion of the Com-
mission The law also sets forth qualifications
for the members of such panels. Other pro-
\mons are mportant to the thishing and
procedure of the panels “The medical panc

b iy y B gusr
sented at that heanng, the panci wWay, witfy
out cmbarrassment, modidy or ey 24 pham
its opimon

Panel procedure should attenga y yay g,
the advantages of the previon a4
hearings and avoud the faults 1iau,
chief advantage of the heayy,,
free opportumity 1t gave o .y ety
present medical evidence, o Fie adgeet

s

to clarification by cross-exaiga,, Y
VA prrat
deal has been wistten and 5,4 by the

absurdities and inequities of L., g

s hseingd,
which Professor Tvan G, §i, ¢ b1k toprtedd
“medical-legal tournaniey,y ¢« W esidiect

Y Hotue (e
tion of such heariny PrP S, " (7 »:nr:
8 Glpapyes

KA 4w grenE
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cedure in such appeal hearings should be
very different from that followed before the
inauguration of the panel system. Otherwise
they could negate very largely the value of
medical panels.

THE PREVIOUS INDUSTRIAL COMMISSION
HEARING SYSTEM

Because 1 have confined my medical prac-
tice almost entirely to cardiology for the last
thurty years, I have been called frequently to
appear as a medical expert before industrial
commission hearings, considering cardiac
cases in relation to mndustrial accident, and
I became increasingly convinced that the
whole procedure was ail too often a battle of
wits between attorneys and medical witnesses
rather than a sober inquiry mto truth and
Justice

Before the heanng the file of the Indus-
trial Commission contained some medical re-
ports of the attending physicians, usually
adequate regarding the nature of the ong-
mal mjury and any surgical results thereof,
but usually far from adequate regarding any
alleged cardiac effects If the Commission
made, on its own behalf, inquiry designed to
clarify the latter issue, there was no mecha-
msm for such inquiry to be made by a com-
petent independent physician for the Com-
mission

At the hearing the attending physician was
expected to present the medical facts but
seldom in a sequential, complete order, with-
holding opinion until after the establishment
of all the facts Instead, he had met first
with the attorney for the plaintiff, who had
tned to condition the attendmg physician to
present the facts i the light most favorable
to the plamuff. To insure this the attorney
for the plantiff preferred that the medical
facts come out in response to the attorncy’s
questions rather than 1n narrative form The
Commissioner conducung the hearing might
or nught not permit this procedure, tending,

as it did, to emphasize some medical facts at
the expense of others of possible contrary

s omnifi ¢ Then, 1n resy to q

from the plaintiff’s attorney, the attending
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physician was expected to eapress opinions
favorable to the plaintiffs claim for com-
pensation for the alleged causation or aggra-
vation of cardiac disease. No matter how
honest the attending physician, he found it
difficult to escape bias, owing to hus personal
relation with the patient or sympathy for the
widow,

Since if left at this point all the advantage
would lie with the plantiff, it became neces-
sary for the insurance carrier to present a
medical expert to controvert the opinion of
the attending physician and, lest this tip the
seale too far i the other direction, the plain-
tiff now necded a medical expert. Someone
has defined a medical expert as one who
talhs about a simple thing 1n so confused a
manner that everyone is confused With the
help of the attorneys, this was frequently the
end state the Industrial Commission was ex
pected to resolve by some legerdemain

No matter how great the integrity of the
medical expert, he too tame to the heanng
conditioned as a witness for one party to the
proceedings. He had been approached pre-
viously by an attorney or clatms adjustor and
had been furnished some of the factual data
in the case—partial because 1t contained the
often meager data n the files plus otheT, often
partisan, data the attorney had Dbeen able to
gather; obviously, 1t did not contain any new
information obtamned by the other attotncy
Tt would be legal heresy to disclose informa-
tion to the other party If the mefilcal exe
pert could express the destred o;‘;inmn upon
such partial data, he became a witness at lh'D
hearing. An honest expert would have it
understood before the heanng that, if pew
facts came out at the bearing, he rc‘scr\c‘d.thf
right to modify or even reverse his vpmm;
Pethaps a more reliable witness would
found in his place,

Again, at the hearing t
was rarcly furnished first all th
facts and then permitted to express an
ordered, logical opinion without interrup~
tion. Rather, he faced a series of h)‘thc;:
cal questions from each side ntended to © -
tain desired answers. Then the auomt)‘-
attempted to discredit and confuse the wi

he medical expert
he medical
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ess mto contradictions. One result of this
as to mahe the most honest witness more
artisan,

To further the design that the medical
itness should not have all the facts, the
nedical expert often did not hear new
erbal testunony brought out at the hearing.
ather he heard only that part of st which
iher attomey chose fo bring out in his
juestions

In the whole matter of medical testimony
3 it was usually brought out, there was
requendly an inequity in favor of the in-
urance carrier, Such carrier was always ably
epresented by a shillful lawyer and/or claims
djustor; all too frequently the plaintifl, if
epresented at all by legal talent, was repre-
ented by one less shillful and one willing to
ccept a contingent fee frowned upon by the
nore established bers of the profl
[he writer, appearing for the i
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giving opposite opinions cven op the same
set of facts Free use of the words possible
and probable in relation to causation did not
help.

THE MECHANICS OF THE UTAH MEDICAL
PANEL SYSTEM

In the adjudication of its cases, the Utah
Industrial Commission uses many types of
panels: silicosts, surgical, orthopedic, oph-
thalmologic, etc Here we consider only the
operation of panels that consider cases in-
volving llnesses generally covered by the
specialty of internal medicine, including the
subspecialty of cardiosascular disease, For
comentence in discussion here, these are
tesmed medscal panels in contradistinction
to surgical and other panels,

Both strength and weakness are found in
the ion of our medical panels. Each

rrier, has in justice not infrequently felt
orced to act in part as a witness for the
olaintiff. The foregoing, unplymg the finan-
cial inability of the plamtiff to employ shill-
ul legal representation, brngs up the ques-
ion of fecs for medical eperts. The insur-
ance carrier was able and willing to pay an
adequate fee for the time spent by the physi-
cian i preparation and in the hearing The
plainuff often could pay no fee at all unless
the decision was favorable to him As far as
the insurance casrier was concerned, an ethi-
cal physician made his fee dependent upon
his ime myvohed, regardless of outcome, yet
unavaidably, if he appearcd for the plamnff,
any fee at all might be contingent on the
outcome. Perhaps this also gave an advan-
tage to the defense

Another source of confusion, and part of
the reason the medical eapert served so effec-
tively to confuse, lay 1n the absence, espe-
cially in cardol of ) ptable,
simply defined termwology

The greatest source of confusion lay in the
fact that our scientific knowledge of the role
mnjury, exertion, stram, and emotion play in
the causation or aggravaton of heart disease
is far 100 scanty. Hence there was the fre-
quent spectacle of equally competent experts

panel is sclected by Commissioner Wiesley
from a list of specialists certified by the Utah
State Medical Association In the mterest of
economy of State funds and the time of the
panel physicians, three cases are assigned to
a given panel at about the same time. Except
for the Chairman, a new panel is assigned
for each set of cases. In the opinion of the
writer, the Chairman should now be rotated.
The Industrial Commussion sends its com-
plete original file of the casc to the Chair-
man of the panel, who reviews it and tahes
steps to secure such additional factual infor-
mation as may scem nceded Ordinarily, if
the medical data from attending physicians
is incomplete, the panel chairman writes to
them for additional information, referring to
the fact that the panel 1s acting for the Com-
mission Up to the present tume, every physi-
cian has been enturely co-operative Some
have gone to considerable length to furnish
detaled and lengthy reports Few have been

argumentatne or partisan m such reports It
is our expenence that because they are writ-
ing to physicians, they are much more hesitant

to draw extreme conclusions than in the

frenetic environment of a hearing. If any

physiaan failed or was unwilling to furnish

requested information, Commissioner Wiesley
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could mahe a direct request or order In
every case, with permusston of the attendmg
physiaaan, hospital records are reviewed and
summartzed Occastonally a hospital record
1s brought to the later meeting of the panel
So far, it has not been necessary to use the
C ’s power to sub a hospital
record More recently, we have made 1t a
practice to write to the plainuff or his
attorney, tf he has one, requesting any nfor-
mation either cares to submit Less fre-
quently, we have made similar requests of
the nsurance carnier or 1its attorney If non-
medical factual data such as the cireum-
stances of the accident need amplification,
such data are usually secured for the panel
by the Commussion In death cases, an au-
topsy report 15 usually available, since the
Comnussion 1s authorized by law to require
a post-mortem examination, even if 1t neces-
sitates exhumation
When the Chairman of the panel con-
siders the data as complete as possible, he
summarszes all the data m multiple copies,
wdentifying the sources The entwre aug-
mented file and summary are now sent, 1n
turn, to each member of the panel for study
at hus Jeisure He checks the summary against
the file He retains one copy of the summary
Any panel member may suggest that there 1s
a need for securing additional data
When each panel member has studied the
file, the panel meets with Commussioner
Wiesley to discuss the three cases The sum-
mary may be amended. The panel then drafts
a report, which includes the summary, with
an opmion on the medical issues of each
case The report, when typed in muluple
copies, is sent to each panel member for cor-
rection or signature and then forwarded to
Commisstoner Wiesley, each panel member
retaining a copy for hus personal file so that,
if the case came to a hearing later and the
panel member 15 questioned, he wall know
not only the opinion of the panel but the
data upon which that opimon had been
based
The panels have not examined the plan-
iff personally, In cardiovascular cases in
which examinations with X-ray and electro-
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cardiograms often are necessary, such ex-
amination by the panel would be impracti-
cal. When necessary, the Commission has
referred the plaintiff to an independent n-
ternist or cardiologist for any necessary ex-
armnation prior to the meeting of the panel,
such examination being done at the espense
of the Comnusstont

In some instances, we have had the attend-
g physicran mect with the panel for pres-
entation of his observations of the case and
to clarify the issucs Sometimes, but not
always, we have had such a meeting tran-
sciibed by a court reporter

There are some weahnesses 1 the opera-
tion of this pancl system It 1s passible that
neither party gets as free opportunity to pre-
sent the medical aspects of the case as 0 an
open hearing. In the panel procedure, the
correspondence and collection of informa-
tion may take more time than if it were all
collected at one time in 2 hearing This may
result in delay that may be a hardship to the
plamnnff  Further time elapses between the
time the panc! chawrman forwards the file to
the other pancl members and the time the
report reaches the Commission

A case considered recently by one of our
medical panels illustrates the difficulty of
sccurmg complete medical data Tt was
thought that st might be the first case a]:!-
pealed to a Commusston hearmg A co\erc[
worhman suffered a compression fracture ©
the lumbar vertebra in July, 1955 The Ifl'
dustral Commission file contamed very satis
factory mutial and contnung orthopedic re-
ports with evidence of objectine but not n;ar;‘l;
plete symptomatic recosery and retumn to lig n
worh for six months In July, 1936, 2 report
was submtted by an mternist l!ml‘ dun;ﬂ"
the prestous month he had hospitaliced l:
plamntiff with severe rheumatic heart discase,
a duodenal ulcer, and eptlepsy, 33 ‘“‘]“ ‘3:
orthopedic complaints, possibly refcl:-‘lb cm-
the ongmal mjury The report of this x:;m!
mist eapressed the opinion thas the ?‘;ﬂl) e
of the plainuff were dir(clly(rdm ;;c "
wjury of a year before, but did not ™ o
clear whether in asscrung such mh)m:d .
the injury he referred only to the orthoy
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complaints or to all the complants. The file
contained no further ruport from the inter-
nit oveept a repart of death in October,
1956; no cause of death was given, The file
contaaed an excelfent autopsy report shows
ing death due to decompensated old rheu-
matic heart discase with multiple peripheral
and putmonary emboli. An attorney for the
widow claimed compensation upon ortho-
pedic grounds from the original injury and
dd not refer to the heart discase. A letier
from the panel 10 this attorney sequested
such information as he cared to submit His
eply enclosed a statement from the widow
which admitted pre-existing heart disease
but stated that both the erthopedist and the
wiernist had told her that she injury had
contributed to the injurcd workman's death
A letter from the pancl 1o the orthopedist
brought a reply that he did not feel com-
petent to state what relation the back condi-
tion had to the heast discase A Ictter from
tie pancl to the internist brought litle fac-
tual information but a vigorous opinion that
the back injury was an “indirect, contribu-
tory and, wmdeed preaipitating cause” of the
death of the plinuff A further letter from
the panel to this doctor asked for further
justification of this opwion A reply gave
further factual information but did not meet
directly the tssues raised
The panel chairman imited the doctor to
meet with the panel He accepted without
hesitation, even though jt actually invelvcd
a forty-mile tnp to an evening meeting A
court 1eporter transcribed the meetng The
doctor was ashed to present, in any way he
chose, a chronologic review of us observa.
tions and treatment of the patient Thrs he
did very freely Without hesitation he brought
out the fact that he had treated the patient
for severe heart discase for many years prior
to the accident and that prior to the aceidcot
the patient had congestive fallure and ene
probable episode of embolism Questomng
by panel members led to a flat admission by
the doctor that, “I cannot, and do not, say
that there was any exacerbaton of cardio-
vascular disease prior to June, 19368"—clcven
months after the accrdent and six months
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after the worker had returned to light work,
The pane) was savsfied that such frank and
Tienest tesimony and opinion by this doctor
sould not have been obtained n the old
adversary heanng whae the doctor was
being heckled by two sets of Jawyers ond
probably sat facing the widow and even
some sad-loohing chuldren In any case, the
panc! procedure scems to fiave been such in
this ease that jt could face appeal to a hear-
g with reasonable assurance

Yet in many cases difficulty i securing
adcquate medical information remains one
of the weaknesses of the panel deliberations,
but perhaps no more so than in the previous
adsersary heanng plan, Our panels need to
do more than they have 1n the past in evale
uating disability not just in terms of compen-
sation, but in terms of rehabilitation and re-
cnployment. Qur panels are authorized to
seeh medical opmion anywhere in the coun-
try In rare cases, a panel has submitted al-
ternate opinions dependent upon later deter-

by the C i of quasi-medi:

cal facts

APPEAL FROM THE MEDICAL PANEL QPINION

As has been suggested above, either party
may properly objcct to a panel report and
secure a hearing before the Industrial Com-
msvon Such heanng could ecasily have all
the faults of the heanings prior to the panel
systeny and could render panel procedure fu-
tle It s, therefore, of the greatest unpor-
tance that e procedure of such a hearing
be designed properly It should clearly sepa-
rate Jegal from medical sssues Either party
should be permitted ta present previous or
new medical data and these should be sub.
Ject to contradiction or venfication by erther
party The complete [actual medical data
shauld be presented before any medrcal opin-
wn 15 asked Each medical witness of whom
an opinion s to be ashed should either
through the whole prewentation of factual
medical data or have the opportunity to 1ead
it transenpt at losare Bach modiead wae-
ness should then be penmtted to ginve, 1 his
OWN way, at opinon on the mrdital s
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only, based upon all the jactual medical data
Only then should he be submitted to cross-
examination to amphfy, clarify, or support
his opinion By this procedure it should be
possible to eliminate the hypothetical ques-

ton C i should be designed
to clarify and not to confuse or anger A
11! 116ed € d 3 a

!

hearing could and should give such direction
to the proceedings. It seems passible that it
might even be an improvement if some well-
qualified physician, responsible only to the
C were to be del d by the

hearing to ask q re-
garding medical fact and opinion, not ex-
pressing any opimon himself.

ACCIDENT, INJURY, TRAUMA, EFFORT,
EXERTION, AND STRAIN IN RELATION TO
CAUSATION OR AGGRAVATION OF
HEART DISEASE

Whether the medical facts are well or
poorly presented to the medical witness or
panel member, he must be able to form an
opimon whether or not a certain event or
series of events either caused or aggravated
heart disease The cumbersome title of this
discussion suggests the saned events that
may or may not be supposed te have such
relation to heart disease Defimtions add to
the confusion For example, Webster defines
trauma not only as an mnjury or a wound,
but as mental shock or the resuling condi-
non from either of these Again, Webster
defines “injury” very broadly as damage or
harm Effoit 15 defined as ewertion or en-
deavor Strain 15 gnen a mulutude of defini-
tions of which the most pertinent to our sub-
ject 1s *‘to stretch beyond its proper limit.”
Acadent is defined as “something that hap-
pens unexpectedly or it 1s done unintention-
ally, usually a mishap,” and a mushap 15 de-
fined as “bad luch.” Perhaps Webster may
have helped to confuse legislators and judges
The vanous legislatures who wrote the orig-
inal accdent compensation laws probably
were thinking largely in terms of wounds.
Changing laws and court decsions have
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broadened coverage until wmury almost
reaches the definition given for mishap,
namely “bad luch.”

It is not the duty nor prerogative of the
doctor to determine whether or not a given
event or series of cvents constitutes an mjury
for purposes of the state’s industrial compen-
sation Jaw. It 15 lus function to epress 40
opmion whether an event caused heart dis-
ease or changed cardiac functional effectne-
ness, and to what degree, and for how long
If the law of a given state so prescrbes, 1t
may be the doctor’s duty to decide whether
such event aggraated a pre-existent heart
disease or affected its course unfavorably
and, again, to what degice and for how long

Where external violence is imolved—ine
Jury i its original and restricted sense—the
sole of the doctor 1 comparatively easy
Penetrating wounds of the heart present Tttle
dufficulty to the medical witness, While non-
penetrating injury to the chest may raise

bl questi ding that diag-
nostic entity, myocardial contusion, such
problems are so infrequent that this discus-
sion can be more profitably concerned with
those cases where there has been no wound
or injury of the chest, but where the c\‘em
supposed to have affected a heart condution
was exertion, effort, or stram

Much as the physician would Iike 10 leare
to lawyers, judges, and legislators the defini-
tion of such terms and confine Tumself to
trymng to relate an event to the heart, he moe,
m purely medical thinking, cannot 'csw[;r
making a disunction between exertion
effort and strain. Obviously, ¢even i sleeps
the heart mahes an effort with each b;-‘ﬂ-
"The physician prescribes or lumits some n:
gree of effort or excraise for every heart 'i m’
He tries to persuade the heart l’““e"[ "
avoid strain, according to the Wcl::stcr‘dﬂ H;'
tion of strain, to avord “slrclcflmg it }f‘s':
heart) beyond its proper Tunit” T'ht‘— P )bc
cian recognizes that this proper Jimit n;:\ym_
dufferent for each patient Pracucally, he
sumes that whateser excrtion the PJ“"”‘[:‘:
usually carry on without signs of smp Y
of dimnished heart function is within §
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proper limit. Thus usual exertion becontes
proper exertion and conversely, unusual
exenion may be strain as defined above
These concepts are commonly accepted
medically, Even the doctor most adamant in
denying any relation between eaertion and
coronary occlusion does not advise a hnown
coronary disease case—or even any supposedly
healthy sedentary man of 35 years—to cngage
in some strenuous activity 1o which he is not
accustonred, There is, then, some validity for
considering that the medical concept of heart
strain has a bearing on the legal concept of
unusual occupational exertion, if the fatter
be defined by Jaw or court decivion as an
ndustrial accident.

Ta apply this point of view in the medical
aspect of adjudication of industrial elaims is
not easy, Even where no insurance claim is
imoled and the physician knows the exact
cardiac status of his panent, he ofien finds
1t difficult to presersbe the proper limits of
exertion, occupational or nonoccupational. In
insurance cases, the cardiac status of the em-
ployee at the time of the alleged wajury or
unusual exertion may be unknown, pactly
known, or only inferred from an autopsy In
addrtion, it may be difficult to determine the
degree of exertion involved 1n the accdent
and in companson with the employee’s usual
occupational or nonoccupational actinity and
one must assume, correctly or not, that such
usnal activity did not produce eardiac symp-
toms or signs and was, therefore, acceptable
for that indnvidual It must be granted that
the usual actnates of an employee’s occupa-
tion may be beyond the hmts of tolerance of
his heart and over a period of time adversely
affecs his heart Fortunately for the medical
witness, compensation laws do not yet con-
sider employment alone a sufficent causatne
factor for heart discase under industrial
accident compensation laws The medical
witness, then, 1s ashed only to determine the
adverse efiect of some particular event {un-
usual exertion) or of a series of such events,

Eacluding penetrating and nonpenetrating
wounds of the chest and excluding the very

Tare case where extreme exertion injures 2
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normal heart, we deal with aggravation of a
pre-cxisting heart condition, whether or not
such heart condition was previously known
to the employee
Since perhaps 90 per cent of cardiac prob-
lems of employed workers fall inta theumatic,
hypertensive, or arterioscleratic etiology, the
present discussion will be confined to these
types, The rheunatic and hypertensive cases
arc somewhat suuphfied by the fact that
chronic symptoms will have led many such
workers to scek medical advice before an
acadent. Many will akready have been re-
stricted on medical caaminauon, lessening
the chance of cardiac strain, and in the cvent
of an accident, there may be available data
regarding the nature and degree of such
heart discase In the event that ne such data
are obtamable, examination or autopsy after
the accident permits reasonable inference to
what degree the natural course of the disease
may have been changed by the alleged stramn
or accident Nevertheless, i cither case, it
must be admitted that we cannot be too
didactic about how much unusual exertion
would be required and over how long a
period of ume 1t must have occurred to be
to change, ially and ad-
versely, the natural course of ether rheu-
matic or hypertensine heart disease. If every
employed worker had been studied by car-
diac work evaluation methods immediately
before and immediately after the supposed
acerdent, answers would be obvious In view
of the unpracticabihty of this, the medical
sitness must usually rely upon the assump-
tion that the usual occupational and non-
occupational level of activity prior to the
actident bly ind. d the f !
capacity of the werher at that time and that
any substantial change 1n his abifity to carry
on such a level of actinity indicates cardiac
stram from the alleged unusual exertion, if
such change occurred within a shart tume
alter the acaident Of course, the crux of the
problem lies in definttion of the word
“short™ It does not seern to me that any
arbitrary limuts can be set but, applymng non-
insurance evperience, such time linut should
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probably lie within the range of immediate
to several days If the latter hmit seems un-
duly prolonged, one need only to recall that
there may be an interal of several days be-
tween the onset of occult edema and pitting
cdema of the extremuties Fortunately, in the
rheumatic and hypertensive cases, sudden
death at work 15 50 uncommon that causal
relationship 13 more eauly determined and
insurance losses are less Many workers with
rheumatic or hypertensive heart discase are
susceptible of rehabilitation and re-employ-
ment

It 15 the arteriosclerotic cardiac group that
creates the greatest problems mn industrial
snsurance  Neither routine pre pl it

WORKMEN'S COMPENSATION

marhed coronary arterial narrowing without
myocardial infarction. It daes not negate
causal relation in these cases, even if one ex-
tended the usual statisucs, that most cases of
coronary thrombosis or infarction or both
occur without unusual exertion, to limit the
unusual exertion cases to 5 per cent or even
1 per cent

If one admits that some cases, however
{ew, of coronary thrombosis or myocardial
wfarction or both are preciprtated by unusual
exertion, we still have far too Ittle hnowl
edge of the tume interval between such exer-
tion and a recognizable attack Do we hnow
how long after the rupture of an atheromatous
abscess 1 hrom} occlusion of 2

¥
examination nor much more careful exam-
mation by the employee’s physicran may
detect coronary artery discase A worher
honestly free from caidiac symptoms may
die suddenly of a cotonary occlusion while
on the job If still hyving after the alleged
accident, 1t may be very difficult to infer
from the findings at exammation what would
have been the natural course of the discase
Even the degree of disability may be difficult
to estimate, as in the case of the man with
few or no findings, even 1 the electrocardio-
gram, but who complarns of frequent angina,
in which situation one must rely solely on
the pauent’s statements
Admitting that exertion, even overexertion,
does not cause coronary arteriosclerosis and
admittmg that as i other types of heart
disease 1f the disease 15 sufficiently advanced,
overcertion may aggravate 1t to the pomnt
of congesine falure, we are still left with
the question of whether or not unusual exer-
tron can cause cotonary thrombosis or myo-
cardial mfarction or both There 15 a tend-
ency to deny the former and accept the
latter m some cases Such distinction seems
to the writer more academic than practical
There ase too many nommsurance cases, the
deer hunters and duck hunters, for example,
usually sedentary businessmen of nuddle age,
who die suddenly during sudden unaccus-
tomed exertion, for me to accept such cases
as pure coincidence Post-mortem examina-
tions usually show coronary thrombosis or

coronary vessel occurs? Do we hnow whether
the pain we recognize chnrcally as the usual
first symptom occurs durmg such thrombotic
process or only after the development of a
myocardial mfarct? If the latter, hmv‘ long
does it take the mfarct to develop sufficieatly
to give the pain® To what extent do different
degrees of imolvement of other coronary
vessels or of collateral circulation modify the
time interval? Clinically, one sees, at' one
extreme, a man who in anger ordered his son
out of the house, had severe sudden pam as
the son went out the door, and died of 2
coronary thrombosis At the other extremé 03
a prevously healthy man who, over a ?m
of several days or weeks, devclops angina o8
successively less exertion, then at rest, lhe.n
during sleep, and finally has the charactenstic
prolonged pain of a proved coronary throm-
bosis and infarction If unusual exertion was
claumed as a causatine factor in such 2 €25
do we know when the coronary thrombohcv
process began? Do we l\now.enough to d(:n’))
an aggravating causal relation, .unless Vsu"
exertion occurred duning of immediately

lowing the strain?®
foii:;cpis of these questions, Clah? m:;; i:
case of a man who not only had no ¢a l
symptoms but felt unusually well fo;a “b@
before the onset of symptoms 180 3)5‘ "
fore death from rupture of a m)oan:ha 10“
farct, yet in whom microscopic r.\amma:m
of the infarct showed 1t to be at Jeast s; -
to cight days old Hence, the man ha



THE UTAH PLAN FOR EVALUATING INDUSTRIAL CARDIAC CASES

symplomatic infarct for at least five days,
If this man had had an unusual exertion
cight days before death, would 1t have been
proper 40 exclude an aggrasating relation
because symptoms wete not immediate?
Moritz' notes that microscopic exanunation
of myocardial infarcts almost insanably
otabbshes the fact that the thrombus or the
wlarct or both had started to develop hours
or days belore death occurred and “could
not have been caused by the terminal episode
of suess.™ But on the same pathologic data,
it it not posible that a stress hours to days
before the onset of symptoms or sudden
death conld have had a causal relation to the
beginning of the process of thrombosis or
infarction?

The forcgoing was the type of thinking
that fed the commuttee estabhishing our so-
called erttena to postulate arbitranly and by
compromise the suggestion that “It scemns
reasonable to us to assume a probable rela.
tion between the exertion and coronary
thrombosis with myocardial infarction, if
new symptoms of cardiac disease appear
shortly after that exertion and especially if
such symptoms appear within one or two
hours after such exertion causal rela-
won wnprobable, if symptoms delayed more
than twehve hours.” The same time nterval
was allowed 1n those cases of sudden deathy
where there was coronary occlusion without
wfarction Our panels have been influenced
by these concepts but have not adhered to
them completely These ume relauons for
stress and coronary thrombosts with or with.
out mfarction are more liberal than those
proposed by Aronson for the State of Wash-
ington,’ which reqmre thnt s,mptoms de-
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statistically.  Rather, they ate  considered
iflustrative of types of mudical problems
reaching panels,

Omitting noncardios ascular cases and cases
that are pritmanly vascular, the cardiac cases
may be divided roughly into one fifth rheu-
matic heart discase, three fifths coronary
heart disease, and the remaining one fifth
other ctiologic types of heart discase. The
United States government cases occurred in
a simufar frequency

The rheumatic group was not particularly
difficult, if sufficiently complete medical data
were obtamned. One case has been deseribed
above i the discussion of the panel pro-
cedure,

The muscellancous group illustrated two
siuations compensable under Utah Jaw One
case was that of a worher who received
sterord treatment for an industnal eye acci-
dent for a long period and who died sud-
denly. When the autopsy failed to show any
cause of death, an opinion was obtaned
from Dr George W Thom of Hanard
Medica) School It was felt that death was
probably due to the effect of an electrolyte
mmbalance upon the cardiac mechanism. In
another case, an industnial hot asphalt burn
of the foot in a hnown diabetre was followed
by continuously recurring infection of that
foot Death occurred from hypertensive car-
horenal discase, the panel felt that there
was a reasonable, continuous, causal chain
from injury through fection to death

The coronary artery disease group gane
the greatest wouble Even here, however,
some cases were comparatiely ecasv For
example, n one case the intenal between
the usual exernon and the first cardiac

f

velop duning or the
exertion or strain

SOME PRACTICAL EXPERIENCES WITH THE
UTAH PANEL PLAN

The situaton in Utah has discouraged the
filing of any considerable number of extrava-
gant claims Hence, the number of cardio-

was eight months In two of
the Federal cascs the stram was obviously so
great that causal relatton to coronary throm-
bosis with myocardial infarction seemed wn-
cscapable Both employees engaged in severe
and prolonged eaertion at very high alutude
n cold and stormy weather It 1s of interest
mn connection with the questton of time -
terval, that an one of these cases the first

vascular T cases idered by
our panels to date is far too few to treat

d duning evertion, and m
xhc ozhnr symp(umi were delayed about eight
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hours, appearing as the man tried to get to
sleep

In other cases, the alleged strain was
obviously no greater than the usual occupa-
tional exertion of the employee. In these
cases, the panels did not accept a causal re-
ation medically Regardless of the panel re-
port, the Commission would no doubt have
rejected the claums under the legal definitions
of accident. In one case the worker was doing
light manual work ai the time of onset of
symptoms of imfarction but, shortly before,
had been engaged in strenuous manual labor
on lus small farm This case illustrates our
point of view that the alleged strain should
be compared not only with the usual occupa-
tional activity, but also with the usual non-
occupational actwity of the worher

Monitz® has suggested that i fatal cases
the pathologist may be able to estimate the
Quration of the coronary thrombus or in-
farct or both closely enough to correlate the
onset with the time of the alleged overexer-
tion Howeser, two cases illustrated situations
in which the pathologist could gne htile
help Both workers died suddenly while at
thetr usual work In both, the autopsies
showed extreme coronary sclerosis with very
marhed narrowing of one or more arterics;
neither showed erther thrombosis or infarc-
non No other cause of death was found
Presumably bath died of veatrcular fibrilla-
tion In both cases the 1ssue was whether or
not there was any cardiac stramn (unusual
exertion) tmohed in the job preceding
death

CONCLUSIONS

From the standpoint of the doctor, the
Utah plan 1s far supersor to the past pro-
cedure. Panel procedure needs to be im-
praved, especially in securing more complete
and detmled information, The mere inclu-
sion of specialists on the panel does not in-
sure an adequate imparual report unless
such adequate data are actinely sought out
The greatest difficulty in panel deliberation,

WORKMEN'S COMPENSATION

as in the past, bes m lack of scientfic knowl
edge of the pathologic physiology of coronary
disease and correlation of this with clinical
manifestations, and second, the lxck of 2
better understanding of the role of exertion
and emotion in the evolution of the caranary
disease process. It 1s hoped that this Con-
ference will help to fill in some of these gaps
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CHAPTER 5?7 DISABILITY DUE TO CARDIAC IMPAIRMENT
UNDER THE DISABILITY INSURANCE PROGRAM

Arthur B. Price

During the period July, 1955, t0 August,
1956, 27.4 per cent (47,094) of the number
of worhers for whom a period of disability
was allowed (172,158) were disabled by
diseases of the circulatory system Diseases of
the circulatory system ranked first as a cause
of disability as defined by the Disability In-
surance Program This experience is colored
by the fact that one fourth of all persons
allowed were over 65, by reason of the retro-
active features of the program Currenty,
the proportion of applicants 63 and over is
very small and m our experience to date the
madence of cardiac disabihities among per-
sons under 65 1s approamately the same as
for discases of the nervous system and sense
organs
From the foregoing, the reason for the in-
terest of the program i the proceedings of
this conference js clearly evident Other
major causes of disability werc: Diseases of
the nervous system and sense organs melud-
mg cardiovascular, 230 per cent; mental,
psychoncurotic, and personality disorders,

13 3 per cent, infective and parasitic diseases
including all types of tuberculosis, 120 per
cent, and diseascs of the respiratory system

1 of p y tub 72 per
cent These diseases produced a total of 829
per cent of disability found mn 172,158
workers who applied for benefits under the
program

‘The capacity of a cardiac case to perform
any kind of substantial gainful activity is an
evaluation that must be made o the deter-
mmation of disability under the program
Perhaps the results of makmng such deter-
minations on a substantial number of cases
will 1n some way provide this group with -
formation useful 1 answering the many ques-
tions provoked by the theme of this con-
ference, namely, “Work and the Heart ”

‘This presentation includes two types of 1n-
formation The first part explains the pro-
gram and 1s essental for the interpretation
of statistical tables on experience of the pro-
gram 10 evaluating disability resulting from
diseases of the circulatory system,
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BRIEF HISTORY OF DisABiLTY PROVISIONS
OF FEDERAL SOCIAL SECURITY PROGRAMS

Public Law 761, 83d Congress, amended
Tutle IT of the Socral Secunity Act by nclud-
g a provision designed to correct a hard-
ship situation with respect to old-age and
Survors insurance (OAST) contributors
totally disabled for long periods during their
nomal working lifetme

Prior to the enactment of what 15 pow
commonly called (he disability  “freeze”
Provision, OASI benefiy nights could dwindle
or could be lost entrely when an individual
was prevented from contnuing work by g
totally disabling mparrment before reaching
retirement age, or Prior to death Under the
old law the average monthly wage had 1o be
figured from a spectfied starting date unul
the worker became 65 years of age or died
Those unable 1o work for a Jong pertod of
time because of disabihity had therr average
earmings reduced by these pertods of no earn.
Ings or of low earnings These months of dis-

work covered by the law (o make a payment
Ppossible

Now, under this freeze Provision, such nop-
work periods are escluded when figuring

disability) can, through
freeze, preserve mtact hus benefiy nights This
1510 a sense, (hemforc, analogous to the
watver of premum provided in many com.
mercaal Ife insurance contracts,

Beginning with the month of July, 1957,
disabled worhers between 50 and 65 years of

benefits The amount of the payments will be
the same as the amount of the old-age in-
surance benefit for whch the worker would
be cligible at age 65 with the advantage of
the provision for freezing s record of earn-
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ings; that is, his benefit amount will b
figured as though he had reached 63 on th
date his dlsablhty began A worker's ge
pendents also receie any benefits base
on his social security account while he i
receiving his disabulity msurance benefits
If a disabled worher is also entutled 10 a
disabulity benefit under the program of an-
other federal agency or under a state or
federal worhmen’s compensation law, his
social secunty disability benefit will be re-
duced by the amount of that other benefit.
No disability insurance benefits under the
social secunity law are payable for the first
L * though
of age or
ey g
Also, the 1956 amendments made it pos-
sible for a new group of dependents, dis-
abled children 18 years of age and older, to
recene monthly benefits based on the eaml-
1ngs of a retired or deceased parent Up unti
January 1, 1957, a chid's old-age and sur-
vuvors insurance benefits have stopped when
he reached 18, whether or not he c?uld ever
be expected to become self-supporting The
children now eligible to receive benefits may
be of any age if they are unmarried, became
disabled before they were 18, and ha\e;_l"
mained totally disabled ever since c':
qualify for these benefits, a child 18 orda;m
must be determined to be totally disable i
work The same criterta for dctcnmr.llﬂg ‘:
ability and the same evidence ryqumf““}‘]
H hild as in the
apply 1n the case of a disabled ¢ o for
case of a disabled worker who 15 applymg s
disability insurance benefits or to ha\c(hc
social security record frozen Howeser, i
child need not have any record of “ork. “T;]cd
social security, The mother of a dISfa e
child may also qualfy for benefits o
own, if the child is in her care.

TIVE
GUIDELINES DEVELOPED AS ADJUDICA!
METHOD

In any discussion of disabslity, it EIZS::‘;:
tial first to define our terms The omom
and sunivors insurance disability pm:rI i
define disability as “Inability 1o engage
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tial gaonful activity by reason of any
fly determnable physical or momtal
nent which can be expected 10 result
h or to be of long-continned and in-
s duration, . .. "
le the definition prescnbed in the faw
oncrete terms, siill, as in imost statutes,
s us the responsilality for worlang out
hication through adnunistratne nter-
won Criteria had 1o be devised to
r such obvious cuestions as. “What 13
onunued and indefinite duration™ Is
1 to be used in the sense of absolute
tuaty, eterlastng, o aie we (0 wmter-
the phrase to mean mercly not tem-
y or not transient?
e cancept of lack of capaony for “sub-
al gamful actvity” is, of course. the
difficult clement w the defimuon In
ing the defimtion to actual cases, we do
construe 1t to mean that complete and
ocable helplessness must be  demon-
ed However, congressional deltheration
ndicate that the definition was intended
wean fofal, in the sense that w vefers to
ity to engage 1 any substannial worh.
metely the hnd of work the applicant
engaged in, or the hind for which he 15
t obviously smted Thus, an wndnvadual
) has been advised to gwe up his parue
 hand of wark 1 order to make s meds-
treatment more effectse, or who finds
s no longer able to meet the physicat and
nta} demands of the job, may not neces:
ly be drsabled under the old-age and sur-
ors insurance definstion of dusability This
chi be because the unpament, although
2bling for the person’s usual occupation,
ot be considered disabhing for all sub-
ntial gainful activity
Determinations of disaluhty are, general.
ade by a state vacational rehabihtation
ey or other appropmiate state agency
wer an agreement between the Secretary
' Health, Education, and Welfare and each
ate This pattern of federal-state operation
eans that skills and the establshed organ-
aton of the state agencies and the eaisting
tatonstup between those agenctes and the
redical profession will be utilized

DISABIITY ENSURANCE PROGRAM 501

All of you hnow that disabuliny cvaluation
s a highly comples process The problem of
admmistration 13 not as great when the
critena are to be a pphed by a compact group
of evaluators, perhaps eentralized in one spot
or undes uniform admmnutranne direction
The problem becomes mare difficnlt when
decisions are wade by widely dispersed teams
under varyibg jurisdictions

In cvaluating disabshiy on a mass scale, 1t
has been essential to deselop and te Aeep
1efimsng o method that will help to get the
j0b done with preater facilaty and uniformity
For this purpase, we prepared (with the con-
structne assstance of the Medical Advisory
Comnuttee) esaluation gudes, which con-
win cliscal desenptions of over 130 dis-
ahhiny conditiens that demonstrate  great
werenty Nom the pownt of view of anatomseal
damage, funcoonal lass, 6r residuals In the
abscace of acal work or other evidence 15
dicatng an abily to work, the levels of
sevenity that the gusdes desenbe for vanous
cond can be dered 10
disabbity consistent with the statutory defini~
tion

However, 1 cannot ephasize too strongly
that the guides are just that, and we do not
adjudicate with ngid or mechamical ad-
werence to the chacal gdescriptions The
quides do not constitute 2 ratmg schedule
Fach case 15 evaluated on 1s own mernts
The decsion whether an ndnadual case
comes close o an appropmate level of
sevenity 15, mn all mstances, one that requires
the p T of the \{
team Enery state team sncludes m ts mern-
besship a medical consultant, often 2 practic-

ing physscian who serves part-ume as con-
suftant to the state 2gency

The determination of disabty, while
tughtly anchored to medical determmability,
s not exclusnely a medscal finding The
mere fact that an indwsdual’s disability falls
somewhat short of the evaluation guides does
not mean that he 15 out As a practical mat-
ter, 1t is not possible to duorce duabidiy
from the vocatzonal and personal context 1
which 1t 15 found There 1 a group of cascs
which, when viewed from a medical stand-
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point, do not Permit a presumption thag the
indwvidual is either clearly 1 or clearly out.
In this so-called &rey area, special attention
'S given to factors such a5 the indwvidual’s
previous education and shills, his age, and
his job adaptability VWyh the assistance of
the state ‘ocational rehablitation agencies,
e are attempting, on a case-by-case basis,
to draw conclusions that may permit estab-
lishing a second set of guidelines (pamllelmg
the medical gurdes) that wil] be applicable
to nonmedical factors

PROCUREMENT oF MEDICAL EVIDENCE

It 15 the applicant’s responsibility to fyr.
nish basic medica) evidence concerning his

began, and ¢ Pprognosis
comes from the physician whe has treated
him and who knows hys case, or the hospital
Or inshitution in which the applicant has
been  confined Those of you who have
already completed the medical report form
for the disability “freeze Program know
that it 1s designed 1o Minimize the reporting
burden on You You are not asked to certify
that your patient 1s or 15 not Permanently or

“freeze.” In
nesther case, howerer, 1s the use of the form
mandatory, for th, Physician is free 10 use
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the method of his choice Howerver, ¢
items of information listed on the for
furnish the physician with 2 guide a5 to 1
Linds of evidence needed by the state agenc
to make a determination of disability B
supplying the types of clinical evidence listec
on the form, the reporting physician will re.
duce the need for additional reports that are
sometimes requested when the evidence 1s
not complete

The medical Teport, based upon an exist-
ing medical record or upon a current exam.
mation, will, of 3 js complete and factual,
ordinarily be sufficient to establish the degree
of severity of the applicant’s disability, In
some cases there will be a need for additional
medical nformation and occasionally an
additional exammation. The state agency
that is responsible for making the determina-
tion of disability may need addittonal reports
of diagnoses and clinical findings from exst-
ing records and will adyise the applicant that
he must secure these

Where the mitial medical report submm.td
by an applicant’s physician fails to cs:ab{lsh
the seventy of the impairment, the physician
m the state agency may write directly to the
applicant’s physician for additional iforma-
tion This approach has been adop!eq fo pre-
serse and strengthen the docmr-pa.ncnl re-
lationship. If the necessary m[o.n“natxon.ﬁ“:l‘
not be provided by the attending ph)ﬂth“t
without a further examination, the apphcan
will be informed and ashed to arrange for
such an examination Since the law P“{C“
upon the applicant the responsx‘blhf)' :r
furmshing supporting evidence, he is "'Sll"zd
sible for paymng any basic costs xm}:’l "
Howeser, a medical examination at}‘l :md
pense of the government may be autl :‘u'nk'
where, in the judgment of the XE: ‘n cces:
physician in the state agency, it secniln vt
sary to obtain additonal evidence b
to mnsure that an improper award will
made,

TIE-IN WITH REHABILITATION

While the primary aim i un; sduns:?"f'z
field of the Bureau of Old-Age ant
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Insurance is to assure a proper determination
of disability so as to provide protection
against loss of income or loss of benefit
nghts, nonetheless, the disability evaluation
process is intimately concerned with positne
sieps to restore impaired individuals to sclf-
help and economic sell-reliance.

One of the most sigmficant features in the
new social security Jaw is the requirement
that all applicants, whether for benefits or
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one should consider the criteria used by the
program 1 evaluating seventy of cardiac
unpairments and the degree such discases
disable the wdnidual for any kind of sub-
stantial gainful actiaty, and the fact that
the existence of a specific impairment is
somctimes not well established 1n a denial,
eg, it may not be pertinent in a denial
based on lack of work attachment.

The medical standards of the disability

the “freeze,” be referred promptly to their
state vocatonal rehabilitation senvices. If
sufficient appropriations are made asailable
to these agencies, they will be in a position
to provide many disabled persons with ap-
propriate medical and vocational services
that may prevent more serious disability or
restore working capacity

gram ¢stablish a high degree of
severity for cardiac impairments. A level of
residual severty while under therapy as de-
fined by the American Heart Association’s
Class III C approximates the degree of im-
pasrment required  Established congestive
heart failure in spite of therapy clearly meets
the test of severty for cardiac impairments

Tasik 57-1 NusstR AND PERCHNTAGE ALLOWED OR Denep oF Caroiac As COMPARED
witis Att Otnzw InpAtrments, Juiy, 1955-Avcust, 1956
Aumber Per cont
Type of tmpairment Totdl  Alowed  Demied Total  Mowed  Dented
All impairtents 324477 172,158 152,319 100 531 469
Cardiac impairments* 68,985 43425 25,560 100 629 371
Noncardiac imparrments 255492 128733 126,759 00 504 496

* Includes diagnosis under Cade No 401447 of the Manual of International Statistical Classification of Disease,

Injuries and Cause of Death, s1xth revision, 1948

Aside from the social desirabulity of restor-
ing indniduals to seli-reliance, 1t 15 obviously
to the ad of the disability i

under the program Severe and frequent
angm;\ in spne of treatment, coupled with

e

trust fund that, if at all possible, the disabled
person be restored to p work In

I or chnical evidence of
organic heart disease, 15 sufficient. When the

line with these objectives, the law provides
that an indiadual's benefit payments shall
be suspended if he refuses without good
cause to accept available rehabilitation serv-
wces under 2 state plan On the other hand,
1f he does undertake rehabilitation, he may
continue to recerve benefits for a grace period
of one year, even though working, if his
work 1s pursuant to an approved rehabilita-
tion plan

The tables show specific results on worhers
with selected cardiac mmpairments allowed
and denied a perod of disability July, 1955
—August, 1956 In mterpreting the tables

1s solely of cardiac origin, the
level of seventy for an allowance is close to
the clinical picture of established heart failure
or equivalent

Table 57-1 shows that the percentage of
allowances for the cardiac impatrmeat group
1s higher than the percentage of allowances
for noncardiac or all impairment groups
The percentages for the different groups are*

a Cardiac impairment
group

b Noncardiac impar-
ment group

¢ All types of impair-
ments

62.9 per cent,
50 4 per cent, and

53 1 per cent
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These figures probably reflect the differences
m the age distribution of persons with car-
diac impairments as compared with persons
with other types of impairments

This is demonstrated by Table 57-2, show-
ing the percentage of individuals in the
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age of individuals in the younger age bracl
ets of the denied group. The esact signt
icance of this fact is difficult to cvaluate b
cause 1t can be influenced by a number «
factors, such as the tendency to Jess sever
heart discase in younger indniduals, ¢

Taste 572 NumperR aND PERCENTAGE ALLOWED OR DEmED OF CircuLATORY As COMPARED wiTi
ALt Otuer IMpAIRMENTS By AGE, JuLy, 1955-Auvcusr, 1956

Number Per cent
Under 5061 65+ Under 5061 65
Type of mpawrment fotal 50 yrs s s Tolal  50ys s ¥
ALLOWED
Al impairments 172,158 33,838 94595 43725 1000 197 3549 25
Circulatory smparments* 47,004 2,137 28,907 16050 1000 45 614 3¢
Noacirculatory impawments 125,004 31,701 65,588 27,675 1000 254 525 22
DERIED
Al ympaurments 152,319 24759 88820 38,740 1000 163 583 iz
Circulatory impairments * 30372 1,943 19,306 9,123 1000 64 636 »
Noncirculatory smpairments 121,947 22,816 69,514 29,617 1000 187 570

* Includes diagnosis under Code No 401-468 of the Vanual of Jaternational Statistical Classfication of Dueast

Inyurtes and Cause of Death, sixth revision, 1948

Tasre 57-3

Numser AND PERCENTAGE ALLOWED OR Deniep oF CIRCULATORY AS

CoupARED witit AtL OTuER IMPAIRMENTS By SEA, JULx, 1955-AucusT, 1956

Number Per cent
IR

Tope of imparment Total Me  Female  Total Mol Female

ALLOWED
Al impairments 172158 147,624 24534 1000 857 :; :
Curculatory inpairments * 47004 40043 7051 1000 B3O A7
Nonairculatory impairments 125,064 107,581 17,483 1000 860

DEMED o 20
All mpairments 152319 120271 32048 1000 790 S0y
Cireulatory impairments* 0372 2974 6398 100 7B o 210
Noncreulatory impawments 121.947 96,297 25,650 1weo 79

fication of Dostosti

* Includes diagnosis under Code No 401-468 of the Manual of Internanonal Siatistical Glass

Injurtes and Cause of Death, sixth revision, 1948

older age groups 1s higher in the cardiac im-
pairment group as compared to the other
groups. This fact holds true for denied as
well as allowed cases Such a result 1s con-
sistent with the fact that circulatory diseases
are more common mn older individuals

A comparison of the age distribution of
denied and allowed groups with arculatory
impairments shows a slightly higher percent-

C
1 o atantext amine on the cardd

cffect of

impairme

AGMG ON v e = diead
the number of technical of ROnOE
denials owed

Table 57-2 records the numbcrvof all .
and denicd indrviduals with cardiac x‘x,npig
ments The per cent of a”o“aniﬂm’“an
group is 524 per cent for the under
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age group, 600 per cent for the 50-61 years
age group, and 63.8 per cent for the 65 and
over age group, The fact that the percentage
of allowances increases in the older age
groups may indicate that aging factors in-
crease the severity of impairment in cardiac
cases or that the factor of age superimposed
on a severe cardiac impairment tends (o shift
the determination in favor of an allowance
of disability.

Table 57-3 shows that the percentage of
females is higher in the denied group (21.0
per ¢ent) as compared with the allowed
group {143 per cent} and this fact prevarls
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The number of denicd and allowed cases
by sex are included in Table 57-3. The per-
centages alloned by sex are 626 per cent
male and 524 per cent female. This result

L i (hE difT d ibed in the

above paragraph

Table 57-% shows 2 preponderance (63.8
per cent) of cardiac imparrments were of the
arteriosclerotic and degenerative heart disease
group (Code 420-422 of the Manual of In-
ternational Classification of Diseases, Injuries
and Causes of Death, sixth revision 1948)
The next most frequent diagnostic group is
hypertensive heart disease (Code $10-447),

TaeLe 57-4 Nuuper anD PERCENTAGE OF CARDIAC IMPAIRMENTS ALLOWED AND Dinien gy Major
Carecory of Heart Diseasg, Jury, 1955-Avousr, 1956

Number Per cent

Dastrs-
Code* Dragnosts Total Atlowed Densed  Alloned Demed buiton
Total bumber and percentage 68,985 43,425 25560 629 371 1000

401 Rhcumauc fever with heart involyement 14 10 286 714 f

402 Chorea 14 4 10 286 714 t
410-41¢  Chrenic rheumatc heart ducase 4,029 3215 814 798 202 58
420-422  Arteniosclerotic and degencrative heart discase 43,979 28,240 15,739 642 358 638
430-434 Other heart discase 2,306 1,437 867 623 377 34
440.447  Hypertenstve heart discase 18,643 10,525 8,118 5 5 435 270

* Includes diagnusiy under Code No 401447 of the Manual of Intrrnoional Classification of Diseases, Injuries

and Caute of Death, sixth revision, 1948,
t Less than 0 1 per cont

with regard to arculatory impairments as

which includes 270 per cent of all cardiac

well as noencirculatory 1mp This

The of

difference probably occurs because the tech-
nical or nonmedical demals are higher for
females than for males because of the pro-
gram requirements of recent labor force
attachment

Further, evaluation of the abose result
should wnclude such factors as age distribu-
tion, seventy of cardiac unpairment and its
effect on work adaptability, and number of
technical or nonmedical denials by sex
groups In the program, the same medical
standards are appled for both sexes. The
medical criteria of severity of impaurment for
the cardiac diseases were selected to measure
demonstrable cardiac reserve and are equally
applicable to both sexes

meeting the required level of severity was
higher (64 2 per cent) 1n the arteriosclerotic
and degeneratne heart disease group as com-
pared with the hypertensive group (565
per cent)

The lower percentage of allowances for
the hypertensive heart disease group as com-
pared to the arteriosclerotic and degenerative
heart disease group may be partially ex-
plained by the fact that the former group
includes cases of bergn hypertension, which
generally do not meet the test of seventy
under the medical standards. Differences in
age di and p of tech |
denials in the groups might account for this
result
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Tabre 57-5 NUMBER AND PERCENTAGE OF CaRDIAC IMPAIRMENTS ALLOWED A Perion op Disasum
sV Major Diacnostic CaTEGORy AND Rack, Jury, 1955-Avcusr, 1956

Number Per eent

Total
Code* Dragnosis No White Colored Other Total  18hite Colored Other
401 Rheumatic fever with heart involvement 3 1 t o 750 250 %
402 Chorea 4 4 t f 100 w00 t 1
410-416 Chronic rheumatic heart disease 3,215 3,044 163 8 t00 947 51 02
420.422 Artenosclerotic and degenerative
heart disease 28,240 26,963 1,215 62 100 95.5 4.3 02
430-434 Other heart disease 1,437 12 120 5 100 913 %4 03
440-847 Hypertensue heart disease 10,525 8,647 1,833 45 100 822 174 04
Total, cardsac disease 43,425 39,973 3,332 120 100 920 77 03
‘Total, noncardiac duease 128,736 117,072 10,907 757 100 909 8§ 06&
Total, all unpanments 172,161 157,045 14,239 877 100 912 ¢3 Q5

* Includes diagnosis under Code No 401447 of the Vanual of Internatianal Classifeation of Diseases, Inpavs

and Cause of Death, sixth revision 1948
1 No cases in sample

According to Table 57-3, the percentage
distibution by race and type of cardiac im-
pairment of individuals showed a fairly uni-
form rate except for the hypertensive heart
disease group In the latter group, the per-
centage of colored is substantially higher
(17 4 per cent) as compared with a per-
centage range of between 43 and 84 per
cent in other diagnostic groups, and 8 3 per
cent for all ymparred individuals included 1n
this study This result 15 conststent with re-

ports in medical literature that the mcidmf:
of hypertensive heart disease is higher in
colored as compared with white groups of
mndividuals

Perhaps the data presented will be of some
value to other disability insurance programs
and to this group which s concerned, as the
disability programs are. with the very dlf
ficult task of evaluating the cardiac patient$
ability to work.



REPORT OF PANEL ON WORKMEN'S

COMPENSATION

Roduey R. Beard

The first concern of the meeting and of
this pancl was the rehabilitation of the car-
duc patient Workmen's compensation lans
and practices have both favorable and un-
favorable aspects for rehabilitation  For
3ny cases they provide the means by which
rehabilitation 15 supported, especially in the
edical phases, and they may offer the
frameworl, 10 stmulate and admuster com-
Prehensive rehalyliation programs On the
fegatne side, rehabibitanon 15 sometimes
hindered by the delay assooated with long
Periods of hugauon, dunng which the
clamant s motvated to mamtam s dis-
abiity A second concern of tius panel was

disease 15 highly prevalint, some ten million
Americans having some recognizable form of
the disease, and fully half of the msddle-aged
productive workers are affected. There are
over a million persons who suffer attacks of
coronary occlusion each year, of whom more
than half return to the labor force Among
workers with no medical complaints or ap-
parent symptoms, evidence of cardiovascular
disease has bean found 1n 15 per cent and in
half of these there were chneally sigmficant
duisorders Coronary and hypertensive diseases
accounted for over 10 per cent of these
There are many cuidences that persons
with heart discase perform well tn industrial

quity in workmen's p cases i~
volung heart diease We sought inforraation
s to the quichest and best ways of arrving
at fair awards for such claims A third in-
terest was the evaluation of disabifity 1n
heart disease under dusability msurance pro-
gramy

Dr Harry Ungerlerder reported that heart

mploy t, not bemg ficantly better or
worse than others with respect to absentee-
1sm, productvity, and aceidents Howerer,
there 15 evidence of widespread teluctance to
employ persons who have had heart attacks
or other manfestations of heart disease A
major factor 15 said to be the threat of mone.
tary loss antsing from workmen's compensa-
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tion claums. There was extended discussion
of second injury laws as a way to encourage
the employment of persons with heart disease
New York has a law that has been shown to
be effective, but it is not widely known to
employers. Further experimentation in other
states and wider knowledge of the protection
offered to employers by such Jaws appear to
bhe indicated
In further discussion subsequent to the
presentation of Dr Ungerlerder's report on
the magnitude of the problem of the cardiac
n mndustry, it was stated that over half of
the middle-aged productive population has
heart disease and that no adequate study of
the extent and consequences of this in any
gwven industry has been made Evidence that
interest in this field is not new was gnen, in
particular the fact that a mght clinic for
cardiac workers was established in New York
City as early as 1911 by Dr. Hubert V
Guile, It was from this chnic that the New
York Heart Association developed, and gave
the leadership to start the American Heart
Association
Dr Rodney R Beard raised a question as
to the true mmportance of the workmen’s
compensation rish as cause for rejection for
employment of cardiac patients It was sug-
gested that mn many wstances age or other
factors are the true reasons for rejectton, but
that the presence of heart disease 1s given as
the excuse Dr Beard raised the question of
the mmportance of the atutude of rejection
that 15 present as an unconscious feeling on
the part of many individuals toward enippled
or otherwise handicapped persens Dr, Unger-
Jerder brought out the mmportance of heeping
the diagnosis of heart disease or other disease
confidential It should be given only to the
top management and not be permitted to
become widespread knowledge among the
patient’s fellow worhers. He also brought out
od
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“can work, do worh, and should work,” and
should there be any concern about continu-
ing medical supervision? His inference was
that such persons must be under some danger
of a heart attack, otherwise the continuing
medical supervision would not be necessary,
nor should they be restricted as to their work.
Dr Ungerleider agreed that there was a
danger of heart attach in such persons and
that it was mmportant that they be placed
i worh situations that were within their
capacities, and with contmuing medical
guidance to be sure that they stayed at work
within their capactties. There is also the
pomnt that they should be so placed in worb
that they would not endanger others, of
fainting or other mcapacity occurred while
they were operating machinery or ehicles
Mr, Henry Sayer gave a resume of the
des clopmental history of workmen’s compen-
sation laws, which embody the unusual prn
aple of responsibility for the effects of in-
Jury wathout fault for the occurrence Bt}m
understanding of the background and philos-
ophy of these laws will help to clanfy the
role of the physician in his work with clam-
ants and in industrial commission proceed:
ings There are forty to fifty mllion Amen-
can workmen covered by such laws. They
receive benefits for disabilities artsing out 9
and in the course of employment. Aggravd
ton of a pre-existent defect is generally
accepted as an mjury for which comptmf'
tion will be paid, 1f something in the mat
work caused the aggravation His‘repon wt
reccived with general approbation for 3
Judicious selection of essential mfan}m""“[
A correction was offered, 1t being sm'd th:d
the number of worhers covered 1a$ ESW’“‘,B
by the Social Security Admimsn':manh;r
1954 to be thirty-nine mulion, not the fng!
figures he quoted. .
gIl;r l\(e;r Texon reported on causal 1€l

the importance of g Y
mention to patients of insignificant murmurs,
premature systoles, dizziness, or high blood
pressure because of the unnecessary anxiety
produced by their knowledge of such factors

Mr. Barnett § Fox ashed Dr. Ungerleider
if it be true that persons with heart disease

ionships. The discussion centered on Z:;‘
nary artery discase He showed how l:? e
erations of fluid mechanics can €% m'ﬂuc
localization of atherosclerotic lesl(f::;- o,
composite effect of veloaity of bl et
eaternal attachments of a vessth €V

and the
the Iumen, the degree of cunature,
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ranching characteristies determine sites of
cedil In the ¥ di
r. Lous E Viho ashed if there was a rela-
on between the occurience of coronary oc-
usion and the suddenness of exertion To
ts, Dr. Tenon answered, “In exceptional
ases, yes.”' He went on to say tat o one
an get a well-documented history, there wiit
wariably be a story of premonstory symp-
ms before a heart attach Dr, Vite felt
hat although this may be common, 1t was
ot smanably the case Dr Texon agreed to
his Mr Fox potnted out that the thresholds
f pain are different, m that the discomfort
hat may be reported as a symptom by one
ndividual may be totally disregarded by an-
ther Dr Ungerleider rased questions about
he influence of the heast rate upon the rate
f blood flow and upon the lecalization of
itheromatous plaques He poted out that
n bradycardia there 15 defimtely a slowmng
f blood flow, yet 1t 15 assonated with coro-
nary accidents He made the pomnt that many
coronary accidents occur dunng sleep when
the blood flow 15 at the fowest rate Dr
Texon answered that there were several car-
ables, the size of the lumen of the artery
besng of primary mportance There 15 no
strict carrelation between heast rate and
velotaty of blood flow He sud that congem
tally wide artenes may occur, mn which case
the vessel can carry a large volume without
a rapid flow rate He also said that we all
have different fabnics, that some people de-
velop greater fibrosis than others i scars,
but that notwithstanding these matters, these
pomts of predilecuion shll apply

Sequences of events that would establish a
causal relationship between occupation and
a heart attach m 2 person with pre-exsting
pathology were discussed at length Al
agreed that if symptoms appeared during
exertion, or withmn two hours, that a causal
relationship must be assumed Some members
of the panel would aceept attachs vccurring
wathin twenty-four howrs of eaertion and
others felt that there rmght even be a period
of several days In a later d wath
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sembfed arguments about the number of
angels who can dance on the point of a pin
and that it is unfair to deny assistance to the
man whose attack begins while he is away
from work, while compensating the one who
happens to be on the job when 1t occurs
There was extended discussion of the role of
exertion in precipitating a heart attach and
many guestions were raised as te whether
unusual exertion was necessary This got into
a semantic argument and it appears there
could be no agreement on what constituted
an unusual exertion The conclusion was that
exertion can precipitate a heart attack Tt was
pointed out that, to be considered by a ref-
erce, there would have to be an “accident”
within the meaning of workmen's compensa-
tion taw, and that such would Dot exist in
ordmary accustomed actiities When it is
established that an accrdent has occurred,
this being the decsion of the rcferee, the
physician ntust accept this as an accident
and give his opinion on causal relatonship

Dr Irvin Klen discussed the work place-
ment of cardiacs He reminded us that very
few jobs call for the use of full cardiae capac-
tty and that there 1s usually sufficient re-
serve to satisly work demands after a heart
anack He emphasized the fmportance of re-
turning the patient to a paying job as the
goal of rchabilitation Education of physr
cians, government, management, and labor
1S necessary.

Mr Kepneth Pohlmann described work-
men’s compensation as “an ading form of
soctal wsurance,” whch desprie carnest at-
tempis to bring 1t into focus with the chang-
ing social and industrial order has remained
“bagged down in a morass of piddling re-
forms ” Workmen might be better off to re-
sott to suits at common law, since, in genesal,
workmen's compensation serves to hmit the
employer's hability more than to help the
worker Public mterest in comprehenste re-
habildation, as reflected in Congress, s at a
high level Organized labor has made rapid
gains in hencfits and health insurance for

some members of the panel on pathology, 1t
was asserted that this hind of distinction ze-

T disenses 1t 15 not meon.
cerable that this eapanding field will, in
time, take over the need It s time to con-
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tion claims There was extended discussion
of second njury laws as a way to encourage
the employment of persons with heart disease
New Yorh has a law that has been shown to
be effective, but it 15 not widely known to

ployers. Further experi ion in other
states and wider knowledge of the protection
offered to employers by such laws appear to
he indicated

In further discussion subsequent 1o the
presentation of Dr Ungerleider’s report on
the magnitude of the problem of the cardiac
m industry, it was stated that over half of
the middle-aged productive population has
heart disease and that no adequate study of
the extent and consequences of this in any
given industry has been made Evidence that
interest in this field is not new was given, in
particular the fact that a night chnic for
cardiac workers was established in New York
City as early as 1911 by Dr. Hubert V
Guile It was from this chnic that the New
York Heart Association developed, and gave
the leadership to start the American Heart
Assaciation

Dr Rodney R Beard raised a question as
to the true umportance of the worhmen's
compensation risk as cause for rejection for
employment of cardiac patients It was sug-
gested that in many mstances age or other
factors are the true reasons for rejection, but
that the presence of heart discase 1s given as
the excuse Dr Beard raised the question of
the mmportance of the attitude of rejection
that 15 present as an unconscious feehng on
the part of many indiiduals toward crippled
or otherwise handicapped perscas Dr Unger-
lerder brought out the importance of heeping
the diagnosis of heart disease or other discase
confidential It should be given only to the
top and not be d to
become widespread hnowledge among the
patient’s fellow worhers. He also brought out
the importance of avoiding unnecessary
mention te patents of insigmificant murmurs,
premature systoles, dizziness, or high blood

WORKMEN'S COMPENSATI(

“can work, do work, and should work,” a
should there be any concern about contin
ing medical supervision? His inference w
that such persons must be under some dang
of a heart attack, otherwise the continu
medical supervision would not be necessa
nor should they be restricted as to their wos
Dr. Ungerleider agreed that there was
danger of heart attach in such persons a
that 1t was important that they be plac
i work situations that were within the
capacities, and with continuing medic
guidance to be sure that they stayed at wo
within their capacities There is also d
point that they should be so placed in wo
that they would not endanger others,
fainting or other incapacity occurred whi
they were operating machmery or vehicles

Mr. Henry Sayer gave a resume of U
develoy 1 hustory of workmen’s compe
sation laws, which embody the unusual pri
ciple of responsibility for the effects of
yury without fault for the occurrence. Bette
understanding of the bachground and philo
ophy of these laws will help to clanfy lh
role of the physician in his work with clait
ants and m industrial commission proceet
igs There are forty to fifty millon Amer
can workmen covered by such laus The
recerve benefits for disabalities arising ou! ¢
and 1 the course of employment. Aggras?
tion of a pre-eaistent defect is genesall
accepted as an mjury for “hxcl.l compens3
tion will be pard, 1f something in the man
work caused the aggravation, His report #2
received with general approbation for IX:
Judicious selectton of essential m(omat::a
A correction was offered, it being sad "
the number of workers corered was cstfmﬂ‘ :
by the Social Security Admnmstraﬂ)oﬂ hlcl
1954 to be thirty-nme million, not the IS’
figures he quoted

Dr. Meyer Texon reported on
tronships. The discussion center
nary attery disease. He showed hov

causal el
4 on cor
v consid

pressure because of the y anxiety
produced by their knowledge of such factors

Mr. Barnett $ Fox ashed Dr. Ungerleider
if it be true that persons with heart disease

. the
erations of fluid mechanics can tjP]”“‘T )
tocalizati of ath leratic lcsx::; on

k bl IOV
composite effect of velocity of o ber o

external attachments of a vessh o the
the lumen, the degree of cunature,
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less civilired aircumstances wonld Jead to a
fist fight. They must leave the Jowr satisfied
that he has had a fair chance to win his
point “This function of proceeding in Liw
should not be forgotten nar disconnted
In subsequent discussion, Professor Rute
tedge was ashed what could be done when
all the expent opinions added up to * I don't
koow ™ To ihis he asswered that it then
becanie a matter of turning to the legal piec-
cdents to see where the buiden of proof
might he Dr Klem commented npon (xperi-
ence in New Yorh, wherein a board of thice
consultants in the area of pulmonary dis
was established many years ago The mem-
bers are chosen for competence and estab-
Iished prestige They see almost every case of
discase of the chest and supply techmcal
medical opinion They have avatlable to
thert the results of field industrial hygiene
sunveys done by shilled workers of the Indus-
uial Hygiene Bureau Due process of law 1s
maintained, the Board being subject to cross-
eaminaton It 1s felt that the system has
worked out well in New York State sunply
beeause it is a one-ume panel If there were
several different panels, i mght not have
been nearly so successful There might have
resulted differcnt conclusions and different
Precedents among the diflerent boards that
would confuse the issue It was emphasized
that this 15 a board himited strrctly to occupa-
tional pulmonary disease It was also empha-
sized that the panel members ate on the
State payroll and are prolubited by Jaw from
treating comy cases The on 15
{0 maintain the nnpartality of the speciahst’s
Position, 1n that he does not represent another
party in a hugauon later An ecarly problem
of the New Yorh Compensation boards was it
finding wnparual caperts A rather scandalous
situation had arisen 1n which eaperts began
doing thrving businesses etther with unions
or with msurance carners When the 1932 law
on preumocomosis developed, it was hard to
find a fan, equitable way of handlng 1t
Three fair mmpartial experts were appomted
from the staffs of the medical schools After
these appomtments, the law was amended so
that no doctor so employed by a commussion

ase
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for the exammation of such cases could ex.
ammne for any insurance carrier or practice
weany othes field of compensation cases
This was nat an exclusion from the practice
of medicine, but from giving opinion in
compensation ¢ases These experts can only
adsise Therr findings are not conclusive nor
mandatory upon the board. The experts
hmut themselves to o posufon where they
tust refuse 10 find how an accident hap-
pened or even that it did happen, and nsist
that those matters of contsoy ersy be decided
before they armne at a medical conclusion.

The question was ashed, If the panel sys.
tem had worked so well for pulmonary dis-
ease, why had ats use not been extended o
other fields® It was reported thae an effory
had been made to do this, but failed brcayye
there were not cnough quahfied expests whe
would accept the conditions Tequired foy the
work It was sard that organiced mcdicipe
and the wsurance carriers had oppined the
development of expert panels,

The pomnt was made that the
was missing the mam isue, the wilfare of
the myured person There should §ur (e,
ununty of competent medical care from the
beginming of illness to complction uf gty 41,555,
taton, and separation of dulfeseny funetims
as observed 1n the rclatiomhipx unlder iy,
CussIon was ot consistent wigh 1z, idrad,

Dr Beard reported thay i Califorsia gy
Industrial Accident Commissicy has « gpeffe
cal department, the head of Whith wlecty 4
panel of independent iedica) gty Phe
referee may ashk for help from this Seatsed anul
1t 35 given with the con
Thekmsurance camc:ﬁ:lt.,:t e {tstanis

. W frags the fal)

because the commission s 10y g, 1
oy fris
this, The opinion of the ST by in bpndd
mg, but when requesty ERRY [ 21
Less than half of the 1, " - :‘ fien
Francisco area use thy Uil ey, /1;.

Another way of 8etting gy e :;u;/ﬂ»
cal opinion 1s the uge of i ,,”; r?h e 5 oo
upon examier” Hg . agh 1,"" ‘[:'/:i
by jount agreement of A i -
ant, to make an jog, s and cem

N . Ty, e
his selection being baseg,, F s =
for famrness Some of h, erons PR

dncusinn
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this is an excellent way of arnving at proper
medical testimony

In conclusion, it was felt that the New
York plan has the virtues of three high-class
chmerans with expert hnowledge and the
ababty to ate all cases of p 0-
nosis and pulmonary diseases in these three
physicians, thercby increasing their compe-
tence in this small segment of medical illness.
It was pomted out that the subject of pneu-
moconiosis 15 complicated by the fact that
disabulity is defined by law 1n 13 states and a
medical panel would have to have consider-
able knowledge m those states as to the legal
defi in this d is. Fur-
thermore, the silicosis laws are obsolete and
are based almost solely upon x-ray studies
We know from more recent cardiopulmonary
tunction studses that actual functional corre-
lations vary to a greater or lesser degree from
the x-ray fitms Basically, then, the laus
dealing with sthcosis are m need of revision
In dealing with heart disease, 1t 15 most um-
portant that we aveid the arbitrary errors
that occurred in the development of laws for
handling silicosis

Mr R G Knutson, Chairman of the In-
dustrzal Commussion of Wisconsmn, saxd that
although physicians are entirely honest, the:
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There was a long discussion of the use of
panels and the selection of impartial evperts,
the Utah eaperiment bemg the type example.
presented by Commussioner Otto Wiesley and
Dr. Louis Viko The essentials of this plan
rest in the way it was concened and devel-
oped A worhmen's compensation commis-
sioner, distressed by the mequittes of awards
made under an adyersary system of medical
testimony, discussed the problem with Jeaders
m medicine, labor, and management They
agreed upon a system by which medical facts
and opinions are resiewed by qualified ex-
perts worhing together and reporting dxflr
findings in therr own way The essent.ml
benefits of the adversary system are mal-
tamed by mahing the experts aailable for
cross-examination The result has been 2
notable reduction 1 stnfe and avoidance of
delay, AH agreed that this is an admirable
system m Utah, but there were some doubts
that it could readily be developed in other
places, for the hey to 1ts success is t}fe'mlﬂ-
personal relationships of certam ndividuals
When such leaders can be found in other
states, similar or different systems may be
developed with similar success It was s\igf
gested that similar vesults could be had i
physicians nsisted that they :)e pcnn.me&jl to

find themselves being d 11
with claimants or defendants 1n a series of
cases. Impartiality is hard to maimntamn and 1t
becomes difficult to place proper value on
medical evidence It would be of great assist-
ance to administrators if 2 conference such

make uninhib

and be allowed to report all their findings t©
the Commissioner without mterruptiont or
interference by attorneys for either side The
members of the panel who represented the
legal profession stated that this could not be
lished Those present from Eastet®

as this could set up some guidep for ad-
ministrators  Thoughtfully developed rating
schedules for consideration of varous dis-
abilities have proved valuable, even though
they have had to be arbitrary in some re-
spects. This should be done for heart disease,
Flexibility in administration and abihty to
change or abandon established formulas is
essenttal It was agreed that the eight ques-

d

states expresscd the opimen that a s)sl:‘ﬂ
such as that in Utah would not be accepta ) e
1n the more highly industnalized areas of the
ountry.
‘ Ev c?y member of this panel has c.\pfcs'se;l
genuine enthusiasm and deep npprccmu/.:e
for this mecting One does not ohcn} han-
the opportunity to talh in comforfab c,thd
formal ci 5 in such distingus!

tions listed by Mr Knutson in his prep
paper did indeed state most of the problems
that necd to be resolved for more effective
administration of workmen’s compensation
Jaws in the exiting frameworh of medical
and social relationshps.

as has been assembled here.
Co;'Ipx:.mguNEﬂ S Fox: I would 1uyst hike ((:
amend that portion of Dr. Beard's n:lp:-
which calls for the cducation of the pl)nd
cian, government administrator, labor 4!



REPORT OF PANEL ON WORKMEN'S COMPENSATION

wmanagement definitely ta include the educa-
tion of the Jawyer,

Dr. Less H. Broxstein: One point was
brought up in the Worhmen's Compensation
Panel, 1 think, by Dr. Price, that in those
industrics where there 15 a comprehiensine
security program the incidence of workmen's
compensation claims i very low. I believe
this supports some of the statements that
were made in the summary report that in
many exes the claimant contes to a com-
pensation chim as o matter of rvenge
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agawst the cmployer beeause of an injustice
which he feels has been committed in his
particular case

Dz Leo Prick: The only comment I can
make 18 to emphasize what has been men-
toned by Dr Beard, With a very Jarge pop-
ulaton of rather btigious people, I do not
behieve we have had enough compensation
cases 1 forty years to count on one hand.
The primary reason for this is that there is
Job secunty The employer has to take them
bach
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CONFERENCE SUMMARY

Maurice Visscher

My function clearly resembles that of the
elastic resenvorr 1 am to tahe up whatever
time 15 left and not occupy any more To the
physiologust the more conventional expresston
for the elastic reservoir when treated m con-
nection with the vascular system 15 wind
hessel Howener, I trust that I will not go
nto the wind chamber act mn tlus connection

I believe 1t 15 by now clear to everyone
who has participated in this Conference that
the present state of our hnowledge about
work and the hcart 15 very unsatisfactory m
many respects I do not propose to make a
review of the preceding reviews during this
next half hour because I beheve that would
be pomtless It occurs to me that when one
begins redistatling hnowledge too often, a fair
share of 1t gets lost mn the vapor Howeser,
1t 15 undoubtedly worth our wiile to tahe
stock of our curtent situation and to see mn
broad terms what this conference has per-
formed and what we should ke to see done
m the future In our small groups we have
dealt with the evaluation of information 1n
fields 1n which each of us has had some fairly

long experience and, particularly in this ses-
sion today, though each of us has his separate
horizon, we haie had an opportunity,
through the bringing together of indwiduals
i a variety of disciplines, to broaden our
horizons a great deal 1 think it has been
quite an mteresung thing to bring together
fifty or sty experts in as widely different
fields as have been brought together here for
this Conference and to let them hear some-
thing about each other's specific problems
Perhaps the most mmportant element in
our actnittes has been to identify our areas
of 1gnorance as well as our areas of informa-
tion, because it 15 only when we recognue
our spectfic problems of 1gnorance and de-
fine those problems that we as scientists are
able to go at a solution of them n any intel-
hgent way A clearcr definition is the first
step 1n the solution of the problems. I do not
believe that anyone dreamed that this Con-
ference was going to come out with any
encyclopedic recapitulation of facts about
work and the heart This was not the order
that was really wntten when this Conference
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was planned and it would have been entirely
hopeless to do such a thing. Howeser, we
can ash ourselves whether we are happy
with the more modest results that have come
out 1 connection with the integration of
such information as we have been able to
discuss together and, as I pomnted out a
moment ago, the identfication of the prob-
lems that are before us at several levels on
scientific scores and on the social score This
Conference differs from any that I myself
have attended before T have attended many
conferences in which basic scientists have
co-of d in the d of bl
with persons nterested in the appheation of
science, But as applied scientists, today we
have put a third dimension into our con-
siderations, the dimension of the conse-
quences of our problem to the commumity as
well as the social aspects of the problems of
the discases of the heart I have tried to an-
alyze this program m a couple of different
ways Since we scientists who are meeting
with nonscientists interested 1 the same
problems are unfamiliar with thinking about
these problems from a social viewpont, I sat
down and tried to put our problems into a
social frame It seems to me that from a
social viewpomnt our problems 1 connection
with work and the heart are really of three
types Furst, those that are related to preven-
uon of diseases of the heart Second, those
concerned with the salvage of the patient or
person who happens to have disease of the
heart Third, protection of the worker who
is dependent upon society in the face of
disease of the heart
When we have said this we have only set
down certain categories into which we are
going to have to put the svarious types of
problems that we hasve before us Therefore,
1 want to tum from this classification to an-
other with which 1t may be a little simpler
for us to deal as we consider how we should
move as we take our next steps If you like,
this may be said to be in the various levels
of scientific complenity As you heard from
the report of the recorder for the panel on
basic physiology, some of our problemis deal
with fundamental chemistry, physics, and
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anatomy. They go to the bottom of the most
basic things with which we bave to deal in
connection with living organisms, Obviousls,
we are not going to sole the problems that
arise from the social analysis, that 1, the
prevention of disease and the salsage of the
patient with disease, without learning more
about the fundamental mechanisms by which
the heart muscle acts and the fundamental
mechanisms that are insvolved in the growth,
development, and survival with age of the
vascular bed To a very large degree, these
are chemical and physical problems. As you
heard from Dr Stewart’s report, the experts
here who made up the panel on basic phys-
iology have to report to you that, unfortu-
nately, we do not hnow, at the present time,
exactly what the chemical reactions are that
20 on in a piece of heart muscle when 1t con-
tracts and when it recovers from contraction
We hnow a great deal about some of the
aspects of the chemistry and energetics ?!
heart muscle but, even today, it is uncertain
whether it is at the expense of adenosine
triphosphate, the ATP about which you heard,
that contraction actually occurs. We do not
Anow what all the possible sources of energy
for producing shortening of heart mu‘sclc
may be There are numerous od}cr high-
energy phosphate bond compounds in muscle
about which we know, and there are prob-
ably others about which we do not know at
the present time. Obviously, 1t would be u}lll'
possible to do much in the study of the
cffects of various things in \duch' the ap-
plied scientist is interested concerning heart
muscle until we do learn more preciscly u.hﬂ‘
the fundamental chemcal and physical
mechanisms are 1 that structure To tahe an
example, today it is not possible to 53y P:f;
cisely at what point digitalis ghycosides cn;
mto the chemical seactions w heart muscle
to produce improvement in the OrR] f-‘lpa;:
ity of the heart This may be somet! xmglc
2 shock to those of you who are D?tﬂdc \;
feld of more fundamental research in muse i
and heart muscle chemistry, but it 1s 2 fnt“
and T thunk it would be well for us, a5 wel
as for the espert witness on the mmr‘sf

Little more frequently
stand, to learn to say a
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and a lude it more graciously, "I do not
hnow.” The recognition of fgnorance 1s very
mportant from many points of view.

When we go from this more fundamental
stage to the stage of noie integrated phys-
wlogy and pathology, we find numerous
ather problems, to some of which I shall
refer in a moment Then 1f we go to the next
step on the chnical side, we find oursehves in
just as much dufficulty. I believe the contro-
versies indicated this morning about the use.
fulness of various measurements of one or
another paranieter of cardiovascular and
muscular functional capacity 1n intact men
are perfect testimony, 1f you like, to the fact
that we have too little informaton to be able
to make the type of critical and speaific eval-
uations that we would like to make n order
that with such quantitative data we can gne
more formation than the trained physician
an gather, as he works as an observer using
rough and crude methods 1 the evaluaton
of disabilitics and work capacity and mn the
Piognosis of the patient and worher with
heart disease. We are at the beginning of a
fong program of addienal work 1 connee-
tion with the subject of our conference It
would be very naive for us to believe that the
mformation currently available 15 gong to
do us a great deal of good 1n actually solving
these many problems which have been
brought up here. It would be equally wrong
10 be pessimistic about the possibulity of mak-
Ing great progress i these areas, if the ap-
proach is made from the more fundamental,
scientific point of view Now 1n the various
discussions of the mormng, a number of un-
solved problems have been mentioned and in
the particular panel with which 1 was asso-
clated we spent a good deal of time yester-
day discussing and powntng up important
unsolsed problems One that was mentioned
by practically evcryone on the panel on basic
Physiology 1s one to which I have already
referred, namely the absolute necessity for
encouraging work on the fundamental bio-
chemistry of heart muscle Until we under-
stand more 1n detail the enzymate reactions,
the sources of encrgy, the fuels, and other
Telated matters about the more ntunate
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nature of muscle contiaction n the heart, we
fundamental scicntists are not gowng to be
able to provide to those working in appled
scaence and the laymen interested i these
problems the answers that they must have
before many of the practical questions can
be solved

Many speafic problems were mentioned
yesterday, and I want to repeat a few of
them. The questions included such as these.
Would it be possible to develop better car-
diac function tests in man which would
disunguish  sharply between heart muscle
funcuion and other lmting capacities 1
man® Would 1t be possible to develop meth-
ods for the detection of atheromatous plaques
i hning organisms without the necessity of
nucroscopic  obsenvation? Are there other
ways in which one could detect those n-
diniduals who constitute, as Dr. Edwards
said, a large fracuon of the older patients
who come to autopsy and who have severe
coronary atherosclerosis? It will be necessary
to determine, sn connection with cardiac
function tests, the role of nonexercise stress
factors It will be necessary to ascertain, in
connection with the causation of the acci-
dents of coronary occlusion, whether other
stress factors such as emotion do play a role.
These are just a few of the many suggestions
for specific rescarch projects that have been
discussed and I shall not tahe the time to go
nto moie of them at this moment.

In a very broad way what are the out-
comes of this Conference? In the first place,
1t seems to me that there has been a broaden-
mg of the perspectives of a large group of
people As I indicated a little wlule ago, this
type of conference does bning about a cross-
fertilization across disciplinary lines and one
would hope that it will help in setting the
stage for public interpretation of the nature
of our problems m relation to work and the
heart at the basic scientfic, the clinical, and
the social levels I believe 1t 1s quite clear
that out of this Conference comes the recog-
nition that more education of the public 1s
gomng to be an mmportant factor in helping
to sahage patients with heart discase and
helping in the protection of workers with
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heart disease who ate dependent on society
at large. I am sure that education is a func-
tion that is not going to be carried out
largely by ourselves It must iny olve the co-
operation of other interested agencies I was
mterested in the suggestion that was made
this morning by one of the panel chairmen
that the American Heart Association might
be encouraged to do even more than 1t has
along the hines of education in ths regard I
feel very much incapable of dealing with any
of the broader aspects of the 1deas concern-
ing social legislaton that were brought out
this moming  Nevertheless, I feel that it is
encouraging that out of this Confercnce
there have been det eloped broader views as
to how we in our Amencan society, and per-
haps world society, can do somethmg at the
level of social legislation to bring about im-
provements . the situation with which we
are dealing Dr Keys referred to a specific
suggestion made by the clmical phystology
group. It was suggested that an international
study commuttee be estabhshed which might
operate over a period of time to try to get
some clearer definitions and greater uni-
formity 1n the study of methods of assay of
fitness. It seems to me that this would be a
worthwhile accomplishment, if 1t could grow
out of the activities of the Conference The
suggestion that in our medical colleges we
could introduce more significant Pprograms of
study in relation to work classification units
m relation to dusability from heart disease
and other disease also seems to me to have
great merit

Frnally, T think the possibility of a Second
Conference on Work and the Heart some
day m the future seems altogether desirable
This would be particularly true of some time
were to elapse, so that some of the seeds
sown here m the last two days may ger-
minate and grow I would hope that those
seeds could grow in many directions,

We have spent two and a half days to-
gether, and T am sure each one of the par-
ticipants in this program would hhe me to
speah in his behalf in appreciation of what
the organizers of this Conference and its
sponsors hase done in mahing it possible T
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personally have heard nothing but praise for
the general plan of the Conlference, although,
at first glance, the heterogenicity of the sub-
ject matter from physical chemustry to sociol-
ogy might scem to be a barier to useful
results In reality the Conference did aliow
us opportunity for detailed treatment of
specific subjects and the small size of the
panels that we have had allowed their mem-
bers to get to the heart of many problems n
mnformal discussions. 1 have been impressed
by remarks that seseral of the conferces have
made as to how satisfying 1t was that there
was so little talk on generalities and so much
talk that was to the pownt in the small panels
I think that this Conference has been worth-
while on two scores. Scientists have been
brought face to face with their colleagues i
their own specific problem They have also
been brought face to face with the sociologic
consequences of heart disease In this I am
speahing mamly for the scientists and I ho.pe
that the people interested 1n the more social
aspects of the problem feel equally rewardt?d
0 having been able to confer with expests in
the more scientific fields. Funally, I belese I
express the hope of all of us that this may
not be the last Conference. Not that we
would suggest that the same groups of people
be brought together, but the subjects pre-
sented should be reviewed again by groups
of experts m these same ficlds

Dr Beuknar We are all very grateful for
the work, co-operation, and really unselfish
devotion that all of you have manifested 1
helping us make this Conference the success
that Dr Visscher has implied, It has been
stimulating to hear your discussions over lhll‘
table and other times outsde the forma
meetings )

We ipprcciate, particularly, your .mze;ﬂ
in this common social cause of which 11’[
Visscher has spohen so well I behe}e “i ‘]‘)r
profit by going back to the quotation o -
Andrus at our opening dmner when he Crd

h m his scrip q ion the “oou
Hope. We are thrilled that some of &m
might wish to come with us on another o
beyond the horizons in a second confere




EPILOGUE

FINAL GREETING TO THE PARTICIPANTS BY THE DIRECTOR OF THE FIRST
WISCONSIN CONFERENCE ON WORK AND THE HEART

We the f: ex-

pressed by all the participants in the conduct
of the Conference I was particularly m-
terested 1n the thread that ran through all of
your discussions on the prevention of discase
and the salvage of the cardiac pauent This
certamnly cpitomizes the responsibility and
the art of the physician

We are all very grateful for the work, co-
operation, and really unselfish devoton that
all of you have mamfested mn helpmg us
mahe this Conference a success It 1s astound-
ing that so many of you have spoken to me
of kindred interests even n the representa-
tives of so many disciplines who have been
brought here We feel that we have accom-
plished much in arranging the meeting of
the minds of you scientists

As we bring this First Wisconsin Confer-
ence on Work and the Heart to a close we
can mahe these five observations

These conference papers cover the well-

digested current optmion of the leaders n the
basic and climcal research aspects of the
relationship of work and the heart

It 1s obvious that specific answers to many
of the problems involved are not yet avail-
able

We must look to the future for the de-
selopment of further avenues of research
suggested by this working conference.

It 15 our earnest hope that many of the
participants in this conference will reassemble
here m a few years to assess again mn this
heen and friendly type of debate the rela-
tionship of work and the heart

It is for this reason that we have desig-
nated this the First Wisconsm Conference on
Work and the Heart I would echo Dr.
Visscher’s closing suggestion, “that the sub-
jects presented here should be reviewed again
by groups of experts i these same fields.”

EvrstoN L. BeLknar, M D
Durector of Conference
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