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FOREWORD

The motion picture Angina Pectons ond this bockletA cxrepmlend-

ed to present, 1n easily absorbatk;}edfol;m, o Chruc ;):e cﬁ:qglma ectons
ce of the cluc method of P

'\rshiilx:’:s;?ued value, but the duficulties of assembling patients and
matenal limifs 1ts use  Mogion pictures correct some of the diffhiculties
associated with “Dry Chmics,”, and they have become a valfmble
method of medical knowledge Since a moton picture
is portable, 1t makes a Clc avdllable to any one, anywhere, any
tme, 1t elminates the difficulbes and dongers of assembling patients
on ume for each presentation, it makes 1t possible o demonstrate a
wealth of matenal collected, 1t necessary, from all parts of the globe,
furthermore, errors, excess words, illegible charts, efc., can be ehmi-
naled 1n the cutting room  As a result the motion picture method of
presenting data 1s not only mnteresting but 1t makes 13 possible for the
observer to absatb a considerable amount of knowledge with a mim-
mum amount of concentration, effort and reading  The fshed product
may result, however, 1n such a wealth of matenal being presented 1n
50 short @ penod of ime that the observer 1s uncble to absorb it at one
siting and must either see the picture agenn or have a means of refer-
nng to selected portions of 1t at his leisure  This 1llustrated booklet
was prepared to supply this need

1t 15 hoped that the booklet, combined with the motion picture,
will eud the student 1n ob: a sound d of the import-
ant facts about Angina Pectons and will serve as a useful review to
those phymicians whose busy hves mcke 2 mmpossible lor them to
read all the publications necessary to obtawn this data The aspects
presented are based pnmanly on work done at the Beth Israel Hospital
of Boston They represent not theores or ammal expenments but
l‘cms demonstrable by objective studies m paotents with angma pec-
ons

1 wish 1o ack ledge the valuabl of the follo:
who worked wnthowt thought of tme or remuneration %r }:1:1:;]“5
Sagall who helped n the preparation of the sets, Mr Jomes Brewster
ol the Harvard Film Service for hus techruonl skl ond wnse counsel,
l;lS tsobelle Lew for her assistance 1n prepanng the senpt, and Mr‘
mov:‘:;?el:l rBex'sewir.hpre:dem of Brewer & Compony, Inc, for hus interest
el 1 pe:;s Sb\ :n teaching and whose generous grant made thig

JOSEPH E F. RISEMAN, M D
Boston, Mass
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PART 1

CRL CHARACTERISTICS OF
o BNGINA PECTORIS

In 1768, Wilkam Heberden presented before the College of Phy-(
sicians, i London, a treatise entiled "Some Account of a D\sord‘er of
the Breast (Frontspiece} This begns os follows "There 1s a dlmn.lrr
of the breast, marked wath strong and peculuar vymptoms, considerable for the kind
of danger belonging 1o st and not extremely rase, of which | do not vecollect any
mention among medical autbors  The seat of i, and semse of stranglmg and
anvicty with which it s attended, may make it wot tmproperly be called Angina
Pectorss,”

The patient presented in plates 1 and 2 15 65 years of age She
has had angina pectons for six years Like most patients with this
condihion, she 1s petlectly comforioble between attacks (Plate 1, page
25)  On exertion, however, and eccasionally on emchion or even while
at rest or dunng sleep, she may develop the charactenstic symptoms
which we call angina pectons (Plate 2, page 25)

As will be shown, attacks of angina can be preapiated by
having patients dly mount a t tep . During such

episodes thus  potent allustrates  dromotbcally the typical  clinical
charactenshes of this condiion

Fust—the altacks are obviously uncomlortable (Plate 2, page 25).
Second—the discomfort 35 located n the antertor chest and mner
aspects of the arms
Third—the attacks are most commonly precipitated by exertion
Fourth—they are sudden 11 onset  The pain in this patent did not
develop untl about 10 seconds before she was forced to stop
Fifth—the attacks are short i duration
The attack photographed corresponds
closely to the descripion gven 1n most text-
books, in lfact s 1s the reason that thus
parhcular patent was selected  The seventy
of the pain 1n this individua] ond the seventy
of this pavents reaction to atacks, however,
are distnctly unusual In the attack photo-
gtaphed pain was precipitated by 21 tnps
over the twoslep stawrcase perlormed n 1
minute and 38 seconds The attack lasted )
Tunute and 42 seconds
The more common appearance of the
attacks as they occur 1n over 95% of panents
15 shown in higure |

(Figure 1y






Fla'e 3 ~Distnibution of pamn In angind.

Plate 2—"Textbook” attack of angina
pectons

DIAGNOSTIC CRITERIA

Plate 4—Clmcal critend diagnostic of
angina pectons,

G0 O [LED

e 3 Comtuous elecrocerd ograms
danag ang =a ca elort

Flate 6 —Continuous electrocardiograms  of
normal during exercise

23



THE STANDARDIZED EXERCISE TOLERANCE TEST

It 1s important to realize that our knowledge of angina pectons
rests almost entirely upon what patients are able to descnibe to us about
their sensations  Furthermore, so far as we know, this condition exists
only mn human beings Therefore, it is necessary to study angina pec-
toris not in laboratory animals but in patients,

The fact that most patents develop
attacks on exertion makes 1t posstble to study
angina pectons objectively in the laboratory.
Such studies have been carried out since 1932
at the Beth Israel Hospital of Boston  As part
of this work, attacks have been precipitated
by having the pahent exercise in the presence
of a physictan (ig 2) These studies have
been carried out 1n a room equipped with a
refngeratng umt to mantain a constant
temperature of 45 to 55 degrees

This cold room 1s necessary, for when
the vanous factors influencing the amount of

(Figure 2)
work which can be done before developing an attack were measured,
1t was soon found that some patients with angina can exercise almost
indefimtely at room temperature, whereas, they develop attacks rapidly

It was also found that a heavy meal

on exercise 1n the cold (g 3)
Ex-

will decrease the amount of work which can ke done before pain.
citement or emotton also 1n-
creases the ease of precipi-
tahng attacks It exercise 1s

T FACTORS  INFLUENCING
ABILITY 7O WORK
e

repeated or continued, we fiind
that 1n some patients one at-
tack builds up a shght immu-

N ETT
+50

|

mty, while 1n others the first
attack predisposes to a second
episode  Similarly, medication
may influence the ease of
precipitating pain  As a result
of these studies, the Standard-

1zed Exercise Tolerance Test
was developed This test reproduces in the laboratory the conditions

responsible for the majonity of attacks in dauly life and makes 1t possible
to study angina pectoris objectively without relying on the patents
observations for our basic knowledge

The standardized condttions used n these tests are as follows
(g 4) The temperature of the room 1s maintained between 45 and 55

PERCENT CHANGE

RWOM O m=temumy

(Figure 3}
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THE STANDARDIZED EXERCISE TOLERANCE TEST

It 1s 1mportant to realize that our knowledge of angina pectons
rests almost entirely upon what patients are able to describe to us about
their sensations  Furthermore, so far as we know, this condition exsts
only 1 human beings  Therelore, it is necessary to study angina pec-
toris not in laboratory animals but in patients.

The fact that most patents develop
attacks on exertion makes it possible to study
angina pectons objectively i the laboratory.
Such studies have been carried out since 1932
at the Beth Israel Hospital of Boston  As part
of this work, attacks have been precipitated
by having the patient exercise in the presence
of a physictan (fig. 2) These studies have
been carried out in a room equipped with
refngeratng umt o mentom a constant
. temperature of 45 to 55 degrees
bl This cold room 15 necessary, for when
{Figure 2) the various factors influencing the amount of
work which can be done before developing an attack were measured,
1t was soon found that some patients with angmna can exercise almost
indefinitely at room temperature, whereas, they develop attacks rapidly
on exercise in the cold (g 3} It was also found that a heavy meal
will decrease the amount of work which can ke done belore pain  Ex-
citement or emotion also 1n-
creases the ease of precipi-
tating attacks If exercise 1s
repeated or conhinued, we find
that 1n some patients cne at-
tack builds up a shght immu-
nity, while in others the first
attack predisposes to a second
episode  Sumilarly, medication
may influence the ease of
precipitating pain As a result
of these studies, the Standard- 1. __ 3

1zed Exercise Tolerance Test
was developed This test reproduces in the laboratory the conditions

responsible for the majonty of attacks 1n daily hfe and makes it pc:stbl]e
to study angina pectonis objectively without relying on the patient’s
observations for our basic knowledge

The stondardized conditions used 1n these tests are as tollows
(hg 4) The temperature of the room 1s maintained between 45 and 55
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THE TYPICAL ATTACK OF ANGINA PECTORIS

degrees Fahrenheit The exer-
ase 1s carned out at least one
i or two hours after a hght meal,
; and the pabent tests for or‘x:-
X 5 fter coming to the
 Low TEMPLRATURE i Tt;‘)ior‘:t:y.c No med)gﬁuun 18
QNE HQUR AFTER LIGHT MEAL agwen lor at least 12 howrs
KO RICENT -ATTACK belore the test Only one
¥o WEeICATION measurement 15 carried out on
! "l“ﬂ.\l?\\"f WITH TEST A oy auen day, and no work is
: ¥ performed 1if the patient has ex-
perienced an attack on the way
into the hospital, except in those
o memy attacks every day  Since ex-
alement frequently induces attacks, 1t is necessary to munimize the
emohona! foctor, fombanty with the test brings thus about

(Frasra &)

2 rd

s who always

The attack shown i patient R S (kg 1, page 23) does no
cotrespond closely to the usual textbook d but 1t is absolutel

typicol of the usual attacks as they occur in daily hfe mn the vast ma-
jerity of patents  The patent shows no expression of severe discombort,
although he prefers to seman perfectly quet. There 1s no fear of ym-
pending death and no pallor, flushing, fonting, perspraton or vormt-
\ng s has been desenbed by some authors

Although the patent feels
thot the aottack has persisted for some munutes, actual measurement
shows that 1t was aboul 33 seconds i duration

The charactenste regions . which patents feel the pan are as
follows (Plate 3, puge 25)

The ontenor chest 15 clways involved
in an area hruted by the antencr aallary nes on the sides, the supra-

sternal notch above, and the epigastnum below  The region beneath

the sternum 1s the most common locgthen Radiation of the pain occurs
n approxmately §0%

of patients  The most common region t
the discomfort travels g e

s the left erm, along the nner aspect of the bi-
ceps, the elbow, the forearm, the wnst, and the Lttle and nng fingers
In some patients 1 s teferred to similar locat

ons 1n the nght arm The
upper back, 1n the regicn of the spine, 1s commonly mvolved, although
the pain here 18 not disturbing 1o the patent o :

Rarely, 1t
aeck or to other requons such as the lower jaw ¥ 1t radhates to the



FREQUENCY, PHYSICAL BUILD, AGE AT ONSET

It has been said that the usual patient with angina 1s short and
stocky, of the so-called vascular build, and that they show abnormal-
ties i the electrocardiogram, blood pressure or heart size  The fre-
quency of the different physical charactenstics as actually found 1n a
group of 100 of these patients 15 as follows

FREQUENCY Heberden
stated: "I bave seen nearly a
bundred people under this disorder,
of which number there bave been
three women.” More recent
studies show that 1t 1s 3 to 4
hmes os common in men as
in women (hg 5)

(Figure §)

PHYSICAL BUILD While
1t 18 true that the mgyonty of
pahents are stocky, obese, or
“vascular®, there are siriking
excephons to this rule It 1s ob-
vious that the build of the
patent 1s of no aid 1n estabhish-
ing the diagnosis (hg 6)

(Figure §)

AGE AT ONSET Anguna
pectoris may occur at any age,
but 1t 1s not common 1n pahents
under 40  About 80% of
patients are between 45 and
65 years of oge when the
symptoms first become evident

thg 7)

(Figure 7)
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BLOOD PRESSURE, ELECTROCARDIOGRAM, HEART SIZE

(Figure 6)

ELECTROCARDIOGRAM
Similarly, only one-half of the
matents show endence of
heart disease 1n the standard
electrocardiogram This 13
somewhat surpnising 1n view
of the lact that these patents
alt have heart disease, but the
heart has many areas which
are sient electrocardiograph-
wally thg 9)

BLOOD PRESSURE. Since
one-half of the patients have
normal blood pressures it 1s ob-
vious that hypertension 15 not
on 1mpertant foctor m the diag-
nosis of angina pectons (g 8)

igars 18

(Figare 9)

HEART SIZE  Only one-
tourth of patients with angina
wectons show cardiae enlarge-
Tent, even when the measure-
ments are made by X-Ray.
This 15 10 sharp contrast to the
lindings 1n other forms of heart
disease such as congesfive
falure (bg 10)



ELECTROCARDIOGRAM DURING ATTACKS OF ANGINA PECTORIS

ELECTROCARDIOGRAM,
BLOOD PRESSURE, and
HEART SIZE.  One-fourth of
the patients with angina show
no abnormalities in electro-
cardiogram, blood pressure
or heart size, even though the
disease may be advanced
and the symptoms severe (fig.
11). 1t is important to realize
that abnormalitics in electro-
cardiog blood p e or
heart sizo are cvidence of
cardiac damage and are not evidence of heart pain.

Since the attacks come suddenly, without warning, and are of
short duration, 1t 15 obvious lhat opportunities to make measurements
-I—j-'r- T e e . dunng spontaneous attacks

8 |

tFigure 11)

are rare  The heart rate and
the systohc blood pressure
can be obtained durning exer-
cse quite readlly by a
speaal techmque (hg 12)
Such observations show no
constant  relationship ~ be-
tween the heart rate or the
height of the blood pressure
and the onset or precipitation
of the attack

(Figure 17)
A few observers have been lorlunate enough to obtan electro-
cardiograms dunng spontaneous I o T
attacks  The short duration of ! )
the pamn, and the time necessary
tor the technical procedure of
taking such tracings, suggests
that these eclectrocardiograms i
were obtamed toward the end L
N

. 1
1. A !
or cven after the acute discom- ., 4
fort The Standardized Exercise s~
Tolerance Test makes 1t pessible ) ' ~

A

1o take elecirocardiograms con- ﬂ{_/
tinuously  before, durning and i
alter the attack (hg 13)
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ELECTROCARDIOGRAM DURING ATTACKS OF ANGINA PECTORIS

The el hiogram taken cor ly dunng the preaipitation
of an attack pracheally always shows ct iste ct dly
in the precordial lead. (Plate 5, page 25). These changes begin
shortly after the onset of exercise and increase slowly, reaching a maxi-
mum at the tme when the patent 1s forced to stop because of pain.
The changes consist of a deviaton, usually a depression, of the S-T seg-
ment as can be seen by comparson with the tracings taken at rest.
Therealter, they either subside rapidly or show further progression,
espeailly 1n the height of the T waves Whnle changes s the T waves
may occur duning the attack, they are more common durng recovery
frem the pan and the exerhion

The marked S-T changes found m pahents with angina after
exertion are not common n normals, but they do occur  (Plate B,
page 25) Changes 1 the T waves, however, are quite frequent In
our expenence the electrocardiogram after exeraise 1s of httle practical
value i the disgnosis of angma pecions

(Figure 14)

how :;1 e:cssqlsu been found that patents with anging pectoris may
P, (h: ; ~']r4unddT lcgt;un?:s when breathing o low concentraton of
g any patents {al o

o o show such

(z:ve‘:,l:r. hthle an occasional normal individuat may show chhtmgeS»
e xc“ arebmdxshnguxshqble from those observed in pqhe:\imm&;
o s gbvioys, H oo
e cus. therelore that such changes are of hityle diagnos-



ELECTROCARDIOGRAM DURING ATTACKS OF ANGINA PECTORIS

ELECTROCARDIOGRAM,
BLOOD PRESSURE, and
HEART SIZE. One-fourth of
the patents with angina show
no abnormalities 1n  electro-
cardiogram, blood pressure
or heart size, even though the
disease may be advanced
and the symptoms severe (fig
11) It is important to realize
that abnormalities in electro-
cardiogram, blood pressure or
heart size are evidence of
cardiac damage and are not evidence of heart pain,

Since the attacks come suddenly, without warmng, and are of
short duraton, it 1s obvious that opportunities to make measurements
T duning spontaneous attacks
are rare The heart rate and
the systolic blood pressure
can be obtained durning exer-
cse qute readly by «
special techmque (hg 12)
Such observations show no
constant  relatonship  be-
tween the heart rate or the
height of the blood pressure
and the onset or precipitation
of the attack

(Figure 11)

(Figure 12)
A few observers have been fortunate enough to obtan electro-
cardiograms during spontaneous
attacks  The short duration of
the pain, and the tme necessary
for the techmcal procedure of
taking such iracings, suggests
that these electrocardiograms
were obtamed toward the end
or even after the acute discom-
fort The Stendardized Exercise
Tolerance Test makes 1t possible
to take electrocardiograms con-
unuously before, during and i
after the attack (hig 13)
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DIAGNOSTIC CRITERIA OF ANGINA PECTORIS

Obwviously, there 1s hittle 1n the physical examination, X-Ray, blood
pressure, or electrocardiogram which 1s of value 1n the diagnosis of
angina pectons By observation of patients during attacks, the m-
portant diagnostic charactenstics were found to be (Plate 4, page 25)

1 The attacks are sudden in onset with hitle or no
premonitory symptoms,

2 The discomfort 1s 1n the anterior chest Radiation
of the pain 1s important 1f 1t accurs, but 1t may be
absent

3. The discomfort 15 vague in character and difficult
for the patient to descnbe

4 Exertion 15 the most common precipitatng cause,
although 1t may also occur on emotion

5 The attacks are short in duration According to
the patient they rarely last longer than 15 to 20
minutes

Pracheally all patients show all five chnical charactenstics
Dificulhes 1in diagnosis anse mamly because of the inability to obtain
a clear cut description of the patient's symptoms Under such con-
dihons, observation of the patient during a typical attack may be of
considerable value in diagnos:s

Heberden's classic description includes the five charactenstics
which recent experience has shown to be of diagnostic value
{frontispiece)

“Those, who are afflicted with 1, are serzed, while they are walkung, it
more partrcularly when they walk soon after eating, with o pamful and most
dssagreeable sensation 1 the breast, which scems as of 1t wonld take ther bfe away,
if 1t were to tucrease or to continuc: the moment they stand stil), all s uncassmess

vansshes.”
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PART 2
PHYSIOLOGY OF ANGINA PECTORIS

There is considerable evidence mn the lterature that attacks of
angina pectons occur when the heart muscle recetves an msuihcient
amount of oxygen or blood or both  This anoxemia or ischemia theory
is consistent with more of the known chmical facts concermng angina
pectons than 1s ony other concept Furthermore, 1t makes many
charactenstics of the disease more understandable There 1s consider-
able expermmental evidence 1nn favor of this theary

Lewis showed that i m the ob of an ade-
quate blood supply, causes pain m the muscles used We can occlude
the blood supply to the arm of
a normal healthy subject by n-
flating q blood pressure cuft to
a level greater than that of his
artenal blood pressure (hg 15)
It the muscles of the forearm are
then exerased, the avaulable
oxygen dissolved m the tssues
15 soon used up, and the sub-
lect  expenences first fahgue,
then poin 1 those muscles in-
volved This pain rapudly 1n- -
creases in seventy and con- (Fiaure 1)

tinues even though exercise 1s stopped  As soon as the tourniquet s
released however, fresh

blood enters the arm and the pain disappears
immediately

Y T i R The clinical counterpart of
;¢ f ;\4 ] § 'i this  expenment 15 seen
. s \ {

n
patients who have artenosclero-

sis nvolving the artenes of the
heart and also these of the legs
On exercise, such patients may
develop not only anging pectons
but also pan 1n the cqlf muscles
(hg 18) This condiuon called

intermuttent claudication *
ly common among elderly
o e, e e

18 faur-
ndiv-
nce of







STUDIES WITH INDUCED ANOXIA

chonges are ossociated with an insutbcient supply of Qg:gle:ix:o :::
Peart muscle Therr occurrence may be of value m estabhshing
diagnosss of myocardial infarchon.

Another lme of evi-
dence 1 favor of the anoxe-
ma theory was presented
by Rotnschild omd Kissm
1932 who showed that at-
tacks of angna  pectons
could ke preapiated m
some patents at rtest by
having them breathe low
concentrations  of  exygen
fig 19}  The opporatus
consists of @ sprometer, such -
as an ordinary basal meta- {Figure 19)
bolism machine, cannected 1n series with « reservair of about 20 hters,
and a moter blower to msure crculaton  As a result of this re-breath-
ing, the oxygen content, as deterrmmned by analysis, 1s decreased to as

low cs 8 or 10%. Under these conditions, some but not all patients
with angina develop pain

Blectrocardiograms  token during such expenments (Plate 8
Poge 41} may show changes in the S-T segmemt and the T wave
wentical with those observed in the same pabent dunng spontanesus
attacks of angina ar during attacks mduced by These ¢l
Gre siulor 1o those found in some pabents with cotonary occlusion
Such studzes indicate that attacks of angina are associated with myo-

cardial anoma regardless of whether they are produced spontaneocusly,
by exerase, or by generalized anoxema

The opposite of s type
of expenunent has been per-
formed by Riseman and Brown
m 1939 (hg 20} Their mvesh-
gations  show that exerase
while breathing pure oxygen
enables patents wath angina
fo do more work without pain
than 1s possible under the usual
standardized conditions, even

) I though handicapped by the
{Fizure ™ apercaTrotye




STUDIES ON NARROWED OR OCCLUDED ARTERIES

The presence of ar-
teriosclerosis 1n the legs 1s
indicated by the absence
of palpable pulsations ot
the dorsabs-pedis and the
posterior-tbial arteries and
also by the relatively cold
temperature of the feet
This can be demonstrated
by the sense of touch
More accurate measure-
ments with a dermatherm
shovs that the temperature (Figure 17)
of the great toe 1s considerably less that that of other parts of the bedy,
such as the thumb (hg 17}

T e e In 1930, Sutton and
Lueth showed expenmentally
the relabhonship of angmnal
pain to narrowing of the coro-
nary artenes In these ex-
penments an ammal was
anesthetized, the heart was
exposed, and a lgature
passed about one of the coro-
nary arteries (fig 18)  After
3 recovering from this operation,
e they could occlude the artery
{(Pigure 18) at will by gentle trachon This

constriction caused discomfort in the chest and left paw

The clinical condition “corenary occlusion” simulates this ex-
penment In this condition patients suddenly develop pain in the chest
which 1s sumilar to their angmal attacks but 1s much more severe and
continues for several hours Post-mortem examination of such mdivi-
duals usually reveals that one of the major artenies of the heart has
become completely occluded so that the cardiac circulation 1s restricted
similarly to the artificial restriction in the expenmental ammal (see

part 3)

Electrocardiograms taken during experimental coronary occlusion
in dogs or coronary thrombosis 1 man (Plate 7, page 41) may
show S-T segment and T wave changes smmilar 1 character but more
pronounced than those seen In attacks of angina pectoris These
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CLINICAL CONDITIONS ASSCCIATED WITH ANGINA FECTORIS

quate blood flow, or regurgitation of such a degree thal dunng diastole
a portion of blood flows back mto the heart rather than through the
coronary vessels

Abnormal rhythms, esgecially 1f the rate is rapid, may result 1o
poor arculation Under such conditions, the increased work of the heart

together with the poor blood flow, may result m myocardial anoxia and
angina pecloris

In anemua, the decreased numkber of red blood corpuscles results
i a decreased supply of oxygen to the heart In addion, the heart
has to work harder to supply the necessary oxygen As a result, many
elderly patients with anemux expenience heart poam

In exophthalmic goer, the hssues of the body, including the
heart, require an increased amount of oxygen and the heart beats
foster  As a result, a few patients develop angina

Similarly, some potents wath congestive falure, clthough com-
planing pnmanly of dyspnea, may expenence a feelng of pressure,
choking, squeezing or pamn n the antenor chest or arms.

Patients with emphysema or asthma also complan of symptoms
simulatng angine pectons  In these individuals the abnormality of the

lungs prevents adequate oxygenation of blood when the patient exer-
ses

The mechanism of
anging pectoris can be
summarized and illus-
trated by the Law of
Supply and Demand qs
it applies 1o the coronary
cireulation,

In the normal in-
dvidual and 1 most
patients vith enging pec.
fons the Supply of bloog
i — ‘hmuih the coranary
e noeds o ! vessels 15 adequate
o t Demands cf the myocardium when the subxecths qcit xg

2n



THEORY OF REFERRED PAIN AND ANGINA PECTORIS

The theory of referred pain as presented by Head in 1893 explains
why patients, who exercise with their legs, experience pain i the an-
tenior chest and mner aspects of the qrms

The usual distnbutton of pain 1n angina pectonis (Plate 9,
page 41) 1s mnervated, in the chest, by the eighth cervical, the first
second, third, fourth, and fitth thoracic nerves The sensory innervation
of the mnner aspect of the arm 1s derived from the eighth cervical, the
first and second thoracic nerves

The anatomic nerve sup-
ply to the heart 15 well
known An actual dissecton
of these nerves shows that 1t
15 a most complex network
(hg 21) The cardiac nerve
supply consists of fibers from
the vagus, which umte with
the cervical sympathetic, and
the thoracic sympathetic
chain and gangha (plate 10,
page 41)  Functionally, the
sympathetic nerves connect (Figure 21}
with the gangha of the eighth cervical, the first, second, third,
jourth and hfth thoracic nerves Impulses which anse 1n the heart travel
up the sympathetic nerves to the nerve roots in the dorsal gangha and
spinal cord The sensation of pain set up by these impulses 1s felt not
1n the organ actually involved, but in the areas innervated by the peri-
pheral nerves ansing 1n the same segments of the spinal cord (Plate 11,
page 41)

Thus, the sensattons set up in the heart by anoxemia are ex-
penienced as pain 1n the anterior chest and inner aspects of the arms

)

o~

e

The canoxema-ischemia theory helps considerably mn understand-
g why angina pectoris 1s associated with certnn diseases

For example, 1t 15 most commonly found n elderly individuals of
the arteriosclerosis age group

Syphihs of the corta and n%oulhs of the coroncry arieries may
also be a cause of mnadequate coronary crrculation

Similarly, some patients with disease of the aortic valves may

lain of angina pectorns In these patents, examination of the
f,ox;\l,is may reveal a degree of stenosis so great as to prevent an ade-

al v
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CLINICAL CONDITIONS ASSOCIATED WITH ANGINA PECTORIS

quate blood flow, ot regurgitation of such a degree that during diastole
& portion o blood flows back mto the heart rather than through the
coronary vessels.

Abnormal rhythms, especially 1f the rate 1s rapid, may result in
poor crrculation  Under such condinons, the 1ncreased work of the heart
together with the poor blood flow, may result in myocardial anoxia and
angma pectons

In anemia, the decreased numker of red blood corpuscles results
in a decreased supply of oxygen to the heart In additon, the heart
has to work harder to supply the necessary oxygen As a result, many
elderly patients vith anemia expenence heart pan

In exophthalmic goiter, the tissues of the body, including the
heart, requre on increcsed amount of oxygen and the heart beats
faster As a result, a few patents develop angmna

Sumilarly, some pahents with congestive fmlure, clthough com-
plang pnmanly of dyspnea, may expenence a feehng of pressure,
choking, squeezing or pain 1n the antenor chest or crms.

Panents with emphysema or asthma also complan of symptoms
simulating engina pectons  In these indwiducls the abnormality of the

lungs prevents adequate oxygenaton of blood when the patient exer-
cises

The mechenism of
angina pectoris can be
summarized and illus.
trated by the Law of
Supply and Demand as
it applies to the corenary
tirculation,

In the normal 1n.
dwideal and m most
Patients with angma pee-
tons the Supply of blood
through  the coronary

vessels 15 adequate for
when the cida o oa = .

(LI
the needs
e needs or Demands cf the myocardium



PHYSIOLOGY OF ANGINA PECTORIS—SUMMARY

On exercise, how- .2 - a1

ever, the heart must work 1 m} G@H}»{L\ﬂ%
harder and, therefore, the |~ N o
Demands of the myocar-
dium mncrease In re-
sponse to this increased
demand, the Supply of
blood through the coro-
nary artertes also -
creases, but lags behind
thg 23) As a result, a
shaht relative anoxa of
the myocardium exists for

(Figure 23)

several minutes until the
balance 1s re-estabhshed
(hg 24}

With cessation of
work, the opposite takes
place The Demand is de-
creased to the resting
level, and the coronary
blood Supply soon de-
creases also to a degree
suflicient for the body at
rest (figs 25 and 22).

(Pigure 24)

The situghion 1s quite
different 1n angina pecto-
ns Here, when the De-
mands are increased by
exercise, the coronary cir-
culation 15 not able to in-
crease (Plate 12, page
41) This  discrepancy
between the Demands for
blood and the Supply of
blood causes marked
myocardial anoxia and |
1schema  As a result, the
patient experiences heart pain

{Figure 25)
e chest and arms

This is referred to th
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Flate 7—Electrocardiograzs i coror ory
occlusion

Flate 9 —Sensory nerve distribubon n
angi~a pectons
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Plote 8 —Simulanty of elemocardxogmms m
exercise and CRORX

Plate 10—The cardiac nerves
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PART 3
PATHOLOGY OF ANGINA PECTORIS

Parry'’s Book on angma pectoris pu.blished in 1799, incl;x?les :
tramscript of a letter from Dr Jenner This reads in pant os ;;I ovi"
(Plate 13, page 48) 1 nas making a fransierse sectn of the beart pretty Z )
«ts base when my kmife struck aganst sometbung so bard and gritly as to nolc. 1t
I well remember looking up fo the ceding wbich was old and erumbling, conceiting
that some plaster bad fallen down.  But on @ furtber scrutiny the real cawse
appeared, the coronaries were become bany canals ” Recent work on the anatomy
and pathology of the heart has cenfirmed the findings of Jenner

The coronary arculation is not easy to see in the gross specumen.
1t consssts of the left coronary artery which divides into the leit anterior
descending branch and the left aircumilex branch  There is also a right
coronary artery If we remove the aorta, pulmonary artery and the
cuncles we can see the mouths of these vessels coming off the aorta
Just at the base of the cusps of the cortic valves (Plate 14, page 48)

The simplest method of studying the coronary arlenes 1s o open
the lumen of each vessel with a fine pemted sassors.  The cbjechions
to this method are thot 1t may dislodge {resh occlusion and, furthermore,

1t 15 not suitable lor studying vessels smaller than 1 milimeter 1n diame-
ter

According 1o a second method. the vessels are cut across at fre-

uent intervals and then probed  Thos has the same drawbacks as the
previous method.

Hearts have been injected with vanous radio-o)
-opaque matenials
and studied by X-Ray The vessels

OpPeCs fo tross each other, how-
ever, and adequate study 15 difficult

A smple practical method which corrects these difhculties was
devised by Schlesinger 1n 1939 This method combines the use of In-
1ection, X Ray. and Dissection By means of 1t we can study the entire
ic;\:;:i of e?ch blocﬁ:\ ve;se\ down 10 40 micta  Areas of obstruchon or

owmg 100 small to be see;
obzerved, and the p c!n o et “‘eﬁmd‘s hy 5“:: qu:fle “3: o
mzed. This method has given us considerable nformation :1; 1:;’}?‘
rathology of angima pectans  The method can be used in the oun
examinatien of all post-mortem matenal The techmque 15 sxmp!;cuune

AT,



TECHNIQUE—INJECTION OF THE HEART

Glass cannulae, connected to short lengths of rubber tubing and
metal adapters, are carefully inserted into the mouths of the coronary
artertes and tied into place securely (Plate 15, page 48)

A bath of warm 1sotonic saline is prepared by mixing one part of
18% salt solution with 19 parts of hot tap water (Plate 16, page 48)
A heating unit and thermostat adjusts the temperature of this bath to
45 degrees centigrade The heart is suspended in the bath, and a
thermometer is inserted nto one ventrcle

While the heart 1s bemg warmed, the mjection mass can be pre-
pared (Plate 17, page 48). One and one-hall grams of agar-agar
are weighed out, using an ordinary balance This 1s placed in a pyrex
container which can be covered To this 1s added 100 cubic centimeters
of a 30 per cent solution of lead acetate 1n water 70 cubic centimeters
of a 12 per cent solution of anhydrous sodium phosphate 1s added and
mixed by shaking. This results in the precipitation of the nsoluble
and radio-opaque lead phosphate  Phenolsulfonphthalein 1s added as
an ndicator With a graduated pipette, enough ten percent sodmm
hydroxide 1s added, with shaking, to neutralize untl the first pink color
appears  Finally, distilled water 1s added to bring the total velume up
to 200 cc  Usually, 10 to 20 cubic centimeters are required The agar-
agat 1s brought into solubon by heating cver an open flame Boling
1s continued for 10 minutes The muxture froths vigorously, and frequent
shaking 1s necessary to prevent its boithng over The hot injection mass
is then fltered through a double layer of gauze into narrow mouthed
50 ¢ c centnifuge tubes TFinally, the injection mass s colored by the
addition of dyes fuchsin 1s added to give a red color and methylene
blue for blue The tubes are stoppered and shaken thoroughly to en-
sure mixing

A flask weighted with lead 1s hlled with saline from the bath
The njection mass 15 kept warm to prevent solidification of the agar
Both cannulated arteries are connected to the flask which in turn 1s con-
nected to a mercury manometer With a cautery bulb the pressure
1n the system 1s raised to 200 milimeters of mercury This forces saline
nto the arteries and removes the residual air and blood (Plate 18,

page 48)

The containers of colored, radio-opaque mass are now hited with
two hole rubber stoppers so that pressure can be opphed above the

fluid and the mass forced out The contaners are connected to the

AL
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TECHNIQUE—OPENING THE HEART

manometers, and also to the heart 1 such a way that the blue mass
can be injected mnto the left coronary and the red mass mto the nght
(Plate 19, page 49} The momometers are jomned so that the pressure
15 the same throughout the system

The valve to the sahne is shut off and the valves to the arteries
turned on  The pressure 1n the system is raised to 200 milimeters of
mercury  This mmeets the mass mio both artenes sumulianecusly at
1dentical pressure  The red muxture fills the right coronary artery, the
blue mass fills the left

The cannulae are then clamped off, and 1n order to harden the
agar-agar mjection mass the heart 1s placed in a bath of 1ce and salt
solution for about 10 minutes

The injected heart 15 then |
unrolled by a series of -
cisions, so that the vessels he
n one plane

The fust asion starts
the pulmonary artery and di-
vides the pulmonary valve
(Plate 20, page 49) It
also cuts the nght ventricle to
the apex just to the nght of the
interventnicular  septum  This
fesults in the opened nght
ventnele Iying to your left,

(Fupuze 26y

while the left ventricle remaonns
wmiact (hey 26)
The second nasion staris
n the aorla between the two
cannulated vessels and extends
mllo the base of the interventri-
cular septum (Plate 2, e
49 This agam dxvxdespc:ie
pulmonary artery (hg 27)
The nterventncalor sep-
] ®m oss now removeq m one
PE— Plece s close os possible to
the walls of the lelt venincle
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TECHNIQUE CONCLUDED

(Plate 22, page 49), A
scalpel 1s best for this pro- }'\ d
cedure This parholly opens : %\ y s

the left ventricle (fig. 28).

The fourth incision starts | /
in one of the pulmonary vemns ” . i AN
It cuts the cortic ring and the |} , CUT 3 /3’ rgheesr
anterior cusp of the mitral valve } 7 newore . Ll
(Plate 23, page 49) This serTon : 3
unrolls the left ventncle, (hg - - "
29} {ignte 28)

The ffth and fnal n-
asion goes through the su-
vena cava, the aortic rng
again and the tncuspid valve
(Plate 24, page 49) This per-
mits the nght ventncle to be
nrewvest | unrolled completely (Plate 25,
st §| page 55)

(Figure 29)

The heart has now been opened without having cut any of the
major vessels Furthermore, all the vessels now he m one plane  An
X-ray of the unrolled heart 1s now taken Using the X-ray as a gude,
the vessels are carefully dissected By studying the X-ray together with
the dissection, hny areas of narrowang and obstruction not recognizable
by other methods of study can be detected readily

From the X-ray and the dissection, a colored diagram 1s made.

This diagram, together with the X-ray, are permanent records (Plate 26,
page 55) The myocardial tissue can be exammed microscopically and
then discarded.
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CHARACTERISTIC PATHOLOGICAL PATTERMS

Trom o careful study of the X-ray, the dissechen cnd e da-

gram, the course of the coronary arculaton dunng Lfe ez ke wimsl-
1zed

THE NORMAL CIRCULATION
Plate 27, page 55, shows a normal heart obiained. (::'.':j c,
man 63 years of age with no cardige diseose who died of intectingl

obstructon ollowing operation  In the nomal heart, the injection vn—.:':_;:
Nows smocthly through the entire length of the blood vessels both lef
and nght. There 1s no obstruction, delay, or any evidence of collateral
or anastomohc areuloton  This nomal pattern 1s quite different frem
{hose seen in coronary artery disease

MYOCARDIAL INFARCTION

The heart shown in plate 28, page 55, was obtamned from
a man 50 years of age with angina for only 11 days before the onset of
myocardial nfaretion which tesulted in death  The left cmteror de-
scending artery shows an area of narrowing but no obstruction near its
ongin  The lelt circumilex shows a similar area of artenosclerosis with
a thrombus completely occluding its lumen The nght coronary artery
and distal portion of the lett descending are normal  The left arcum-
flex, however, hills poorly beyond the occlusion  There are no adequate
anastomoses  As a result, the airculabon was unable Yo compensate for
the sudden occlusion of the left arcumflex artery  An infarct developed

n the ares nounshed by this vessel, ond the patent ded of a ruplured
myocardiam

ANGINA PECTORIS-—One Pattern

A thrrd heart {(Plate 29, page 55} was obtamed from a
woman 80 years of age who had angwna pectons for 5 years, At post
mortem 1t showed one of the many patterns possible 1 this condition
There was an cld complete occlusion of the nght coronary artery near
us mouth  This prevented the red mess from gomg further There was
marked artenoscl of the leftt flex end left § ding artenes
resulting in narrowed tortuous lumens, and there was o second old
oceluston in the left descending artery  In response to these narrow-
1n3s and occlusions @ neh anastomotic network was Lt up dunng hie
so that the arculation to the nght side of the heart was mantaines
ram tre left coronary artery  This anastomotic arculgtion was ade-
quate o may

ntan e for several years despite occlusions of two af the
™I coronary antenes  The coronary arculation was mmpared, how-
ever, so that the Myocardium su! r

Hered from 1schem
expencrced anging peciens '@ and the pavent




TECHNIQUE CONCLUDED

(Plate 22, page 49). A
scalpel is best for ths pro- :\
cedure. This partally opens :
the left ventricle (hg. 28).

The fourth incision starts

in one of the pulmonary veins . g N

- I
It cuts the aortic nng ang the ., CUT3 | 73 Tkt
anterior cusp of the mitral valve | 7 sexove \ s
(Plate 23, page 49) This SEFTUN LR
unrolls the left ventncle (hq. — =
29) (Figure 28)

¥

The fith and final n-

) asion goes through the su-

A h AL V"A’;,a:;;‘ 9 vena cava, the aortic nng

:2 .‘{ o ) . again and the tricuspid valve

2 AR (Plate 24, page 49) This per-

{ mits the nght ventnicle to be

wrrevinr )] unrolled completely (Plate 25,
SEPTUM page 55)

(Figure 29)

The heart has now been opened without having cut any of the
mayor vessels Furthermore, all the vessels now le m one plane An
X-ray of the unrolled heart 1s now taken Using the X-ray as a gude,
the vessels are carefully dissected By studying the X-ray together with
the dissection, tiny areas of narrowing and obstruchon not recogmzable
by other methods of study can be detected readity

From the X-ray and the dissection, a colored diagram i1s made

This diagram, together with the X-ray, are permanent records (Flate 26,
page 55) The myocardial tissue can be examined microscopically and

then discarded
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CHARACTERISTIC PATHOLOGICAL PATTERNS—SUMMARY

ANGINA PECTORIS-—Many Old Occlusions

A fourth heart (Plate 30, page 55) obtamned from a man 53
years of age, shows how extensive occlusions and anastomoses can be.
The leit circumflex artery had an old occlusion near its mouth. The first
branches of the right coronary and the lelt descending arteries were
also occluded  There was an old occlusion of the left descending artery
and also of its second major branch A fresh thrombus, the cause of
death, was found in the nght coronary artery and there was on old
occlusion near this point  Anastomoses had developed beyond these
occlusions so that the branches received blood from the maor vessels
A seventh occlusion failed to stop the circulation The flow of blood
must have been reversed in some of the terminal branches, for they
recelved blood from the opposite sides of the heart An eighth occlusion,
1 a branch of the left descending also caused reversal of the flow of
blood A mnth occlusion was found in another termunal branch The
remainder of the vessels were filled by mass from both the right and
left coronary arteties Desprte these 9 old occlusions, this patient with
angina pectoris was active in busmess up to 22 hours before death.
There was only one, small, old infarction

An analysts of the vanatons n the arculatory pattern found in
coronary artery disease shows the following

First, complete occlusion of one or more of the major vessels 1s
a common occurrence

Second, these occlusions do not prevent longewity and physical
activity, providing an adequate collateral circulation develops

Third, angina pectons occurs when following coronary occlusion
the collateral airculation 1s not adequate to Supply the Demands of the

myocardium dunng exercise
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PART 4
TREATMENT OF ANGINA PECTORIS

A tremendous number of methods of treatment have been ad-
vocated for enging pectons (Plate 31, page 61) According to the
published reports, each of these methods makes the patient more com-
fortoble Little exact or comparahve information of thewr effect has
been avanloble, however

Since. so far as we know. angina pectoris exists only in humans
the benefts of therapy must be evaluated not in laboratory animals but
in patients.

The value of any method of treatment can be measured objective-
ly by the Standardized Exercise Tolerance Test For example, the
value of mitroglycenn can be demonsirated os follows The amount of
work which a patent can do without medicaton before developing
pain 1s tound by repeated tests under the usual stondardized conditions
of cold, food, and so lorth which have been found to gve constemt
results The patient then places a tablet under his tongue and waits a
measured length of hme for 1t to take effect The test 1s then repeated.
By means of o counter and stop-watch, we again measure the amount
of work which he can do By thus method we can demonstrate that

most patents after mitroglycenin can do more work, without paan, than
was possible without medication

Obwviously, since most patients with angina develop their attacks
on exertion, any treatment of value must enable the patient to perform
mote work belore developing pain. This oby method of study
makes 1t possible to evaluate the effect of treatment without bemg m-
fluenced by the impression of the patient or the physician

This cbjecuve method of study has been used i the Anging
Chnuc of the Beth Israel Hospital of Boston since 1932, the results have
Froven of value i the climeal momagement of pahents Up to the
present ume the eflicacy of over 70 different methods of treatment have
teen tested and compared (Plate 32, page 6l)

. A group of about 20 methods have been found of great value,
cl exs“ have been of shght or only moderate value, while despite ths;
claims of the manufacturers, many are of httle value






VARIATIONS IN THERAPEUTIC RESPONSE OF INDIVIDUAL PATIENTS

THE NITRITES

Generations of patents and doctors can teshfyl to the value of
mtreglycenn lor decreasing the length of attacks It is also helpful 1n
preventng attacks For example,
studies 1n one patent {hg 30,
center curve} showed hum able to
do 20 per cent more work 1if exer-
ase 15 started 1 minute after mitro-
glycenn  After 2 minutes he can
do 40 per cent more work After
3 mnutes, 60 per cent more
Shortly alter this, however, the
eflect diminishes rapidly and dis- =<0
gppecrs witlin 10 minutes  Ex- MINUTES AFTER BITROGLYCIRIR
penience  shows that this 15 o
moderate response to mtroglycenn
Other patients show far more stnking benefit  They can do at least 100
per cent more work for at least one halt hour after taking nitroglycenn
(hg 30, top curve) A third group of patients show no response to this
therapy (hg 30, bottom curve}

The response to miroglycenn can be used to determme the
prozability of q patent's response to other forms of treatment (Plate 35,
rage 61}

A

PER CONT CRANSE 1N ETYT

{Figure 37)

ow & defiite increase
more important, practically complete disa
life  This group consists of o hittle less th

A second
werk alter mitroglycenn When these
cahon they show a defimte decrease 1
hie but attacks are not likely to disappe:
one third of the patients

A thrd §roup s uniortun

glycern or any of the usual methods of tr.
40 per cent of patents

N exercise tolerance and,
'PPearance of attacks 1n dmly
on one-third of the patients

Y show no response to nitro-
eatment Thyg group mcludes

10 the heart and not

o] electxocmdmgrums
{Plate 35, bage B1)  Under ords-

B3






CONTROL STUDIES—ENTERIC COATINGS

THE PURINES

According to cmmal expenments and elec : h
studies 1n patents, these drugs are vasodilaters Thecbromne and
thecphyline which are obtoned from cocoa of teg are relatively -
soluable They can, however, ke jomed with many other substances to
form loose chemcal b whuch © therr solubility and
eflectiveness Many of these have been prepared and are available for
use The comparative volue of 18 different xanthine denwatives have
been measured and demonstrated by the Stondardized Exercise Toler-
ance Test A Jew are of conmderable value Many widely adverhsed
brands, however, are of ittle value

In order to control these studies, and to ehmnate the psycho-
legical factor, the has keen d to that ok d follow-
ing sodium hicarbonate or lactose prepared to resemble the medication
being studied {(Plate 34, poge 61) The response to medicaton
when disqused by dipping 1n tincture cudbear served as an addittongl
contrel  Electrocardiographic  studies  further
active and 1nert therapy

differentiate  between

The most eflective of these xomthines are Theobromune Sodwmm

Acetate, Theophyllme Sodwm ficetate, and Theophyline Caloum Sali-
cylate (Plate 37, page 72)

All the rantmnes when gven in suflicient dosage cause gastne
distress but this can ke prevented by encasing them m an entenc
coatng which enables them to pass through the stomoch intact and
disintegrate 1 ire small intestne (Plate 38, page 72} In most
patents absorphion takes place 1n 4 to 6 hours (hg 33) It must be

temembered therelore, that wt 1s the tablet gwen before retinng which
15 elfective in the early merning i

Figure 1)



NITROGLYCERIN AND OTHER NITRITES

nary conditions, the patient illustrated shows definite changes in the
S-T segment of the electrocardiogram at the hme when an attack 1s
precipitated by exercise When mitroglycenn or other effective vaso-
dilators are given, the patent can perform a greater amount of work
than 1s otherwise possible At the same time, the electrocardiographic
changes ordinanly observed either do not occur or are markedly
dimimshed

Nitroglycerin can be absorbed readily by the mucous membrane
under the tongue Since the duration of attacks 1s short, the medication
must be absorbed within a period of a few seconds For this reason,
the more soluble hypodermic tablets are preferable to tablet triturates
A properly prepared tablet should dissolve in water at room temperature
mn about 1 minute The toxic or untoward effects of mtroglycenn are
seen more commonly wn young wdividuals than i those with arternio-
sclerosis  They are due to vasodilation and consist of a burning and
flushing of the face, together with headache, and occasionally faint-
ness, 1f there 1s a marked fall in blood pressure In most instances
1/200 grain of mtroglycenn 1s as eifective as larger doses and 1s less
hikely to give untoward effects
— Nitroglycernin 1s one of
RESPONSE TO H[DlCAT!gﬂ FR[GU[KC‘:‘1 our most valuable drugs (igs
N O R 31, 32) It s chmcally effective

E im 60 per cent of patents

é « {(Groups 1 and 2) It s of low

. = t ' toxiaty and low in cost Its use
‘NfTROGlYC[NIN‘ i before work results in an aver-
Pkt A age increase In exercise toler-

GROUP 2 GROUP 3 | ance of about 120 per cent in
patients of Group 1 The opt-
TN mum dose 1s 1 200 grain, but

17400 every hour 1s of consider-
{Figure 31) able value 1n some patients

Amyl Nutrite can be used RESPONSE TO MEDICATION — DEGREE !

by mhalation It 1s an effect- b Ko N . :
jve minte but offers no parti- } g [} E v
cular advantage over miro = . : ;
glycerin and 1s more costly we : L. E C '
The same 15 true of Octyl Ni- E" 3 I

tnte which also is given by & T } s o G| L"l“!“_“'lic!"!"‘, ,
inhalation  Erythol-tetramitrate | ,_ol...0 !g B B ‘
and Manmtol Hexamtrate are | & I vy g !
considerably less effective  So- p v J‘P‘ ; : ;
dium Nitnte 1s of hitle or no pia 3

(Figure 32}

value
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QUINIDINE SULFATE

QUINIDINE SULFATE

dine has not been
usedo‘;g‘l}xmenuy m ongma  {RESPONSE TO MEDICATION — FR[OI{[ICY
pectons  Erpenence in over
100 potents has shown that ,

Ao d
this drug 1s cimcally effecuve, & J) } j 5
low 1n toxcity n patients with
anging, and low mn cost  The
admmstration of the sulfate igﬂ!!l»_l[)
wm doses of § gramns four | GRQYP ! GROUP 2 GROUP 3

mately 44 per cent o} patients
(igs 36-37) What 15 more
important 1s that 1t 15 often of {Figure 33)
value 1n patients not benefitted by the xanthines

werease 1n exercise tolerance of about S0 per cent

tmes a day helps approxi- L

Its use resulis 1n an

g
4
-
=
x
i
S

B = DEEREL
e { V
e
" PR X
= e o (l
s e
g !
2|y "g g gl EBEG
£8rY b0 0.0

A ufie
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iy

(Figure 37

! Objective evidence of the value of quimdine can be obtained
rom |

he study of the electrocardiogram d
Aler quinidine 1 gwen, s e e e &L, el

exercise fals to mnduce the ST segment
clymngc: usually seen when no med.cauon 15 admimstered qurgudme
Zi;\nﬁ::;s ‘ampr%?sgauor}: of the Q-T interval (the duration from the
of the to the end of T} This
peaific effect
qunudine acts for about & hours after admimstration shows thet



VALUE OF THEOBROMINE SODIUM ACETATE

The efficacy of these preparations can be illustrated by com-
paring them with mitroglycenn (Plate 39, page 72). Admms-
tration of mtroglycenn before exercise enables patient, S W., to do over
75 percent more work than 1s otherwise possible This response reaches
its maximum 1n 3 minutes and 1s gone 1n 20 minutes.

The effect of Theobromine Sodium Acetate is equally striking,
although somewhat less pronounced Fifteen minuies after the adminis-
tration of a capsule or a tablet, this patient can do 57 per cent more
work than was possible without medication This effect persists for
about 3 hours

The therapeutic action of {RE! m?’mﬁflﬁ?[ﬁﬂ.‘: ‘”ftﬂ‘m
the entenic coated tablet 1s ) \ tﬁ{i".“\{
more delayed and alseo more - t‘ = {ﬁ‘
prolonged The entenc coat- |- -

mg prevents absorption for
about 4 fo 6 hours, but its
therapeutic  effect continues

[piRi

for almost 10 hours Follow- 1 GROUP | GROUP 2 GROUP 3
ng ifs use, this patent is able

to do about 50 per cent more .

work than was otherwise |, - .

possible (Figure 34)

I —
RESFONSE 70 WEOICATION —  DEGREE |
Eo Ea g; R The punnes are of value

" 1n about 45 per cent of the total
aumber of patents {lgs 34, 35).
85 per cent of those 1n group 1.
but only 12 per cent in group
: 3 The average increase it
; exercise tolerance following the
use of the purines 15 approxi-
mately 50 per cent

T,
I

PER CENT INCREASE IN E

(Figure 35}
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SEDATIVES AND ANALGESICS

COBRA VENOM

enom -
Z:e ‘;qu;i;‘;b‘ilems RESPONSE TO WEDICATION — FREQUENCY !
o ; ar
|
i
]

special mention Many ,
patients to whom the drug 1s it
given develop a marked de- o
crease in attacks of pmn m i
daly hle and are able to do ——

considerably more work under m

standardized conditions GROUP | GROYP 2 GROYP 3
Furthermore, this drug 1s of

value i many patents who

do not respond to other avenl- - - .- Rt

azle medications (hys 41, 42) (Figure 41)

a

RESPONSE

WEDTEATION = promtt There are two draw-
Lacks to 1ts generatl use Furst,
the drug must be mjected 1n-
framusenlarly every day for at
least a week before an effect
15 obtaned, and it must be
conlinued indehinitely at least
; tnce weekly to mamnian on
J effect Many patents are un-

0

ASE IN [.I'T

190

50

able to continue this form of
treatment kecause of mcon-
m;“:;‘*—-———» vemience and cost  The

- second drawback 1s that it
acts solely as an analgesic  The lgck of vasodilating action eqn be
skovn hy e‘ecxrocmdmgrcphxc studies (Plate 43, page 72) If we com-
pare the elecx:oc:xrdxogmm with the patent standing at rest wnth that
taken duning an attack, w cal S-T deviation Cobra venom
causes no changs 1n the elecuocradxcgrum at rest  After exertion, how-

Xpertence pan, the electrocardio-

PER CINT INCRE

ere x(:v::hrcz);;:enorn ;s of value for SYmplomatic reljef even though
S o banie cardige mprovement n selected
viate the necessity for surgery £ M may ob.



SEDATIVES AND ANALGESICS

SEDATIVES
The sedatives have a defimte place 1n the treatment of angma

pectornss, both alone and 1n combinaton with other drugs

Many such

combinations are available on the market (fig 38).

{Frgure 38)

GROUP 1 GROUP 2
) i (Figu-c 39

The opiates are extreme-
ly valuable Since they are
habit forming, they are best
reserved for acute exacer-
bahons of the disease

An increase In exercise
tolerance fcllowing the use of
these drugs 1s hot common, but
does occur 11 some pahents

P-4
6
GROYP 2

iNELT

PER CENT IHCREASE

who are helped by few other
drugs (higs 39. 40)
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190 [1{]

50

The beneficial results of
the sedatives are probably due
to a decrease 1 emotional acti-
vity which results 1n a de-
creased frequency of attacks
As many patents state it
makes the pain easier to bear”
The sedatives most commenly
used are the bromdes and the
barbiturates, especially phero-
barbital

[FHESPONSE TO MEDICATION — DEGREE ]

-

fm?

(Figure 40)






ATROPINE

THERAPY ACTING ON THE AUTONOMIC NERVOUS SYSTEM

Therapy which acts on the autonomic nervous system includes
atropine, physostigmine, and carotid sinus stmulaton Al these are
of some value in angina

JRESPONSE T0 MEDICATION — FREQUENTY,

\ | ATROPINE - |
GROUP | GROYP 2 GROUP 31
@ 1

(Figure 43)

Only a few patients respond to atropmne, but this drug 1s of 1m-
portance because 1t 15 of benefit to some persons n group 3 (hgs 43-

44)
JFRESPONSE YO MEDICATION " ="DEGREE
ko ) o
e .
- - i
- 2.
o - N
27 o |
& 1 ATROPINE | b
AR RN
ot 9 0 t
gvs MII 3‘;§<‘|§}-” f
P
£ 1 t 3 b1kl E J
[ ol
(Figure 44}

pressure and physostigmine. both of which stimu-

anus )
Carotid s « beneficial effect 1n some patients

Jate the vagus nerve also have
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Flate 33 —Uncoated and entenc coa'ed

Plate 37 —The most effective purnes
purines
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ENTERIC COATED POTASSIUM IODIDE

1ODIDES

The iodides are of undoubted value in T
those few cases of angina secondary to thyre-
tomcosis or syphihs The doses commonly
used, however, have proven of lutle value in J
the usual case of angina pectons 1t frequent- o
Iy requires as much as 35 drops of the satu-
rated solution o equal 1 cc or 1 grom of
drug, hence 15 drops 3 times a day 1s really (Figure &5)
a small dose thg 45)

Larger doses, one gram 3 or 4 times daily, have been found to
be of greater value 1n a few cases, especially those 1n Group 3 who are

Y RESPONSE TO MIDICATION — IR‘N}IKCYl

Lo GM. |
SR

POTASSIUM 10DIDE

SROYP 1 GROYP 2 ua: :j

(higure 45)
;nl‘lkely tc;l be heblped by other medication In order to avad gastne
istress, this 1s best given as an ent
Pl 0. mos 72 enic coated toblet (hgs 4647),

RESPONSE ™70 "WEDITATION " ——~ppep

1o ol
-

.

(Figure 47y






PARAVERTEBRAL ALCOHOL INJECTION—THYROID DENERVATION

half refused operahon when the risks and Likelthood of benefit were
explmned to thern  As & net result, surgery was performed 1 only
seven per cent of the patients with angina who came to the hospital for
freatment

The results in patent R 8 who was incapacitated by angina
pectons tor over B years Nustrate ihe effect of surgery on the sympa-
thetic nervous system (fig 50) His exercise tolerance was 17 to 20
trips, and his pain was expenenced. i the second nterspace an the left
and along the inner aspect of the left arm  After paravertebral alcohol

EFORE™ 7
OPERATION -

3 MONTHS™ AFTER
PARAVERTEBRAL ALCOHOL INJECTION
ELT 13-28

. »
L wevrimis| s

18 MONTHS
AFTER {ﬁ ELT. 20-2%

(Figare 5)

Imection the seventy of the attacks decreased strkingly They were
limited to a small areq enarchng the left wnst His abihity 1o work,
however, was not increased Simultaneously, he developed a severe;
neuntis which persisted for over o Year Belore the neuntis subsided
completely the anginal syndrome returned 1n 1ts onginal location and
seventy Highteen months after thg $1) because of continuahon of his

18 MONTHS
AFTER

THYROIR

3 WEEKS
POSY op.

S WEEKS
POST oR

(Figure 5y



DIGITALIS—SURGERY—FREQUENCY OF OPERATION
T T Rt O DPRRATION

DIGITALIS

The digitalis bodies deserve special mention, for these drugs are
frequently harmful to patients with angina pectoris  This can be shown
objectively by electrocardiograms and exercise tolerance studies For
example, when no medication was gwen, patient M L developed an
attack on performing 40 tnps, and the eletrocardiogram shows the
typical S-T depression (Plate 43, page 73}  When these studies
were repeated after digitalization, the electrocardiogram taken at rest
showed no striking changes On exercising, however, the patient de-
veloped a severe attack after 28 tnps The electrocardiogram shows a
marked depression of the S-T segment This striking decrease 1n exer-
cise tolerance was accompomed chmeally by a corresponding increase
in the frequency and seventy of attacks in daily hfe

SURGERY

There are numerous re- pr
ports in the literature on the |:
surgical treatment of angma [
pectonis  Obwiously, evalu- ANGINA MILD
ation of the results of surgery
15 just as unrehable as the
purely climecal evaluation of FREATMENT,
medical therapy Experience
at the Beth Israel Hospital
indicates that in 46 per cent
of patients with angina, the - [TREATMENT]
symptoms even without &

treatment are so muld that
srommeet o~ 1 surgery 1s not indicated (hg

+ 48) In another 24 per cent,
, the response to medical
SURGICAL treatment makes surgery un-

2 RISKS necessary This leaves 30

per cent of patents 1n whom

// ¢ the symptoms were severe
A , despite therapy ({hg 49)

Since angina pectons 1s the

'ANGINA MILD
. BEFORE

(Figure 48)

p—— < <~ -

OPERATIONS]
q
\

IPERFORMED]

SURGERY result of an aging process,

REFUSED 1t 15 not surpnsing that one-

k halt of these are poor surgi-
cal nsks Of the remennder,

(Figure 49)
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PARAVERTEBRAL ALCOHOL INJECTION—THYROID DENERVATION

half refused operation when the nsks and hkelihood of benelit were
explaned to them As @ net result, surgery was pesformed in only
seven per cent of the patents with angina who came to the hospital for
treatment

The results m patent R § who was mcapacaitated by angina
pectens for over 6 years Wlustrate the effect of surgery on the sympo-
thetic nervous system (fig 50) His exercise tolerance was 17 to 20
inps, and fus pain was expenenced it the second inferspace on the left
and along the inner aspect of the lelt arm  After paravertebral aleohol

EFOR )
OPERATION <’ -\‘ ELT. 17-20

3 MONTHS, AFTER
PARAVERTEBRAL  ALCOHOL WJECTION
ETT. 13-26
, ®
| weortris |t

18 MONTHS
AFTER ﬁiﬂ. 20-21

(Figure 50)

tniection the seventy of the attacks decreased stukingly They were

lkl\r:‘::zf:e(o © small area encircling the left wnst  His abilty to work,
neunusr;\;:}s, not mncreased  Simultaneously, he developed a severe
ok persisted for over a year Before the neunts subsided
o YE e anginal syndrome returned 1n ats onginal location and

Y Eghteen months after (hg 51) because of continuation of his

18 MOXTHS
AFTER

THYROID

3 Wkeks
POST op.

5 WELKS

(Figare S1)



TOTAL THYROIDECTOMY

anging, thyroid denervaton was performed He was more comlortable
after this operation His exercise tolerance remained the same, but the
pain was less severe and was hmited to the left orm  Five weeks later,
however, the symptoms returned

Sympathetic nerve surgery, therefore, results i symptomatic relief
without any increase in abilty to work

The most stnking results I;7 g
which we have observed were 7
obtaned by Total Thyroidectomy
{hg 52) This procedure lowers
the metabolism and thereby de-
creases the work of the heart
Those potients whose basal
metabolic rates were decreased
by 20 to 30 per cent showed an
average Increase in  exercise
tolerance of nearly 400 per cent
They were dlso practically free
from attacks m  daly Ufe
Patients who showed a moderate fall 1n basal metabohsm showed pro-
porhional improvement, while those who showed little change in meta-
bolism had no climcal mmprovement and no appreciable ncrease m
exercise tolerance

20-30 1217 6-9
PER CENT DECREASE 1K B.MR

(Figure 52)

We have seen that few patients require surgery In switable
cases, however, the beneficial response to total thyroidectomy may be
marked and the untoward effects neghgible

The comparative effect of medical and surgical therapy can be
dlustrated as follows (Plate 44, page 73) Following the use of
the punnes, pahents m Group 1 show an increase 1 exercise tolerance
of 70 per cent The use of quinidine results 1n a 75 per cent increase m
exercise tolerance Nitroglycenn causes an ncrease of 120 per cent
Cobra venom enables patents to do about 150 per cent more work
Although the patient may be more comfortable following paravertebral
alcohol mjection, there 1s usually no appreciable increase 1n abihty
to work The some 15 true following denervation of the thyroid gland
After total thyrodectomy on the other hand, the average tncrease n
exercise tolerance of all patients studied was 180 per cent
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PLAN FOR TREATMENT OF PATIENTS WITH ANGINA PECTORIS
THE BOUTINE TREATMENT OF ANGINA PECTORIS

Treatment must be individuahzed Specthe emotional or exertion-
al factors responsible for attacks can be elumnated N MADy CASES. .‘n
others hyperthyroicism, anemia or arrythmias may be corrected with
beneht In most patents, medication 1s necessary. As a result of
mecsunng the value of 70 different therapeute agents, it 1s possible to
present a practical plan of therapy using those preparations most likely
to be of value 1 the largest number of cases (Plate 48, page 73)

The punnes, if gwen in adequate doses, are most lkely to be of
beneft These will help about 43 per cent of all patents, 85 per cent of
Group 1, 50 per cent of Group 2, but only 12 per cent of Group 3 If
medication is of value, it will be evidenced within a week by complete
or almost complete disappearance of attacks in daily life. Any improve-

e short of (his 32 not due to the medication used, 1f no satisfactory

to dine sulfate as
the next drug most likely to be of benefit  Sixty per cent of all patients

are helped by esther the punnes or quinidine  This includes all patients
n Group 1, 70 per cent of Group 2, but enly 24 per cent of Group 3 The
treatment of the remanuing 40 per cent of patients, especially those n
Group J, 15 the present problem and recent studies have concentrated
on a search for thesapeutic agents which will help this group  Atropime
sullate, though not as valuable as the purnmes or quinidime, may help
10 per cent of such patients 1n Groups 2 and 3 The sedatives, pheno-
barbital or codeine sulphate, will help other patients in Group 3 and,
of course, are of value as an adjunct to other therapy in all patients
There remains about 20 per cent of patients, two-thirds of whom are 1n
Group 3 who tespond to none of these medications

ponse 1s ob d, 1t 15 advisabl

\ In patients with severe angina, 1t 15 adwisable to use combinations
: medxmhlor: Such treatment should begin with a perted of complete
ed res\T & . erther barb or opiates, should be
gxlven s may be combined with small frequent doses of mitro-
ql:cenn 1 400 every hour In some instemces, ut may be advisable to
give an active punne 1n additon, and, if necessary, qumidine sulphate,
s z:lxs re&\me }v‘mll result, usudlly, in complete disuppearance of
0. unless there has been a recent co
Seeng emenongl sl ronary occlusion or there 15 a

Cobra venom 1s advisable if th
return when the patient 15 allowed gj e o

Gve reliel, surgery shoud bo P and about agan  If this fanls to

N . total thyrovd
able cases. sympathetic nerve surgery in othets ¥m suit










TREATMENT—SUMMARY

In summary, since angina pectoris occurs when the Supply of
blood is inadequate for the Demands of the heart, treatment may take
3 general forms.

The first consists of d ing the D d for blood by rest,
sedatives, or if necessary, decreasing the metabolic needs ol the body
by total thyroidectomy (Plate 45, page 73).

The second method of treatment consists of increasing the supply
of blood by the use of drugs such as mtroglycerin, the punnes, and
quimdine sulphate (Plate 46, page 73)

The third type of therapy (Cobra Venom and Sympathetic
Surgery) should be used only where it is impossible to readjust the
balance between Supply and Demand by the above methods (plate 47,
page 73} Here, the underlying phystological mechamsm respeonsible
for the attacks 1s not altered, but the procedure interrupts the sensory
nerves so that pain 15 not expernenced.

The cums of ireatment i angina pectoris are Furst, rehef of dis-
comfort, Second, prolongation of hie and prevention of myocardial -
farction, and, Third, economic rehabilitation 1if possible, or at least
prevention of cardiac invahdism The plan of treatment just outhned,
together with a thorough understanding of the patient and his condition,
goes a long way towards fulfilling these aims

80






