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FOREWORD

This volume brings together those sessions of the
Second World Congress of Cardlology which dealt with -

lon Its t several of the types of
sessions held at that Cougress Part I deals with diagnostic
instrumentation, particularly as used in congenttal heart dis-
ease, and 1t 15 proper that the chairman of this symposium was
Dr Andre Cournand who did so much to develop the applica-
tion of catheterization for clinical diagnosis The formal pres-
entations of the several distinguished participants show how
much mstrumentation developed between 1950 and 1954

Part II contans a presentation of memonals to two of the
masters in electrocardiography: Dr Frank Norman Wilson,
whose death between the two World Congresses was widely
moumed, and Dr Willem Einthoven who, fifty years before
this Congress, descnibed the string galvanometer which bears
his name.

Part 111 contams two panels, one on electrocardiography, the
other on ballistocardiography—the former an established clin-
1cal procedure, the latter still seeking its place m chnrcal prae-
tice

The panel on electrocardiography was umique n interna-
tonal since a dist hed panel of experts from
Europe and the Amencas mterpreted as unknowns electrical
records of patients who later died and were autopsied, so as to
test thewr ability to diagnose thc state o( \hese diseased hearts
The ordinary of phy was placed in
competition with graphy, so as to p

it
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vii  FOREWORD

the relative merits of the two types of recording. Not only was
this an mterestmg exercise in evaluating the practical utility of
elect iography, but it d d that a controversy can
be amed as eﬂecnvely by a panel of experts from different
countries around the world as it has come to be expected when
a panel 1s confined to residents of one country.

The panel of ballistocardiography was of a diffe type. It
presented a broad perspective of the status of this method in
1934, ranging from 1its h ical and physical backg, dto
its scientific and clinical utility, Some interplay among the dis-
tinguished participants and some experts in the audience rounded
out a forthright presentation of current opinion, in which Dr.
Isaac Starr, in many ways the modemn founder of ballistocar-
diography, participated not only as chairman and moderator
but as an active discussant.

In cditing this volume, we have attempted to kecp its con-
tents brief and the language as informal as that employed in
the oral presentations.

It is with regret that the presentation “The Visual Demon-
stration of Congenital Malformations of the Heart by Means of
the Trajectory and Position of the Catheter” by Dr. Rodolfo
Limén, of Mexico City, is omitted from this publication be-
cause of editorral himtations,

L. N.K
A S C
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Daagnostic Instrumentation
i Congenital Heart Lesions with
Reduced Pulmonary Circulation

Maurice CameseLL, London, England

It 1s a great honor to open this discussion on cardsac
cath and hy 1n the d is of con-
gemtal heart disease. T have no great techmeal knowledge of
these procedures, but that is urelevant because the subject 1s
their value m ordinary clinrcal work, and 1t 1s from that view-
point that I shall discuss them I would not Lke it thought that
I do not appreciate the enormous mmportance of both of these
methods 1 ad g our k ledge of the h d jcs of
the circulation and makmg it possxble to diagnose, on climeal
grounds alone, many congenttal abnormahties. If I say that I
do not think a method 15 of much importance I ask you to re-
member this qualification, pamely, the immense value that the
method has been to all of us in adding to our knowledge

All of you may remember your first love, but most of you
found someone more attractive in Jater, mature judgment, some-
one you finally married. Angiocardiography 1s a first love, fas-
cinating and beauttful, but without that permanent appeal that
leads to 2 lasting place m one’s affection. Catheterization is

3




4 DIAGNOSTIC INSTRUMENTATION

more like the permament unton. If I may use an American ex-
pression angiocardiography is the “first date,” and catheteriza-
tion, the girl you are finally “hitched to.”

You may think this is unfair to angiocardiography, but 1 feel
that there is a basis of truth n 1it, because angiocardiography
generally fails to prove the diagnosis conclusively. It provides
wonderful allustrations of what 1s happemng and, with clical
details, it may often give one a very strong certainty of what the
condition 15, but it does not provide the same certainty about the
findings that one gets in many cases from cardiac catheteriza-
tion

I would like to put one general opmion before you. these
methods do not make a diagnosis of the whole condition, They
diag) certain physiological and functional effects wlich
must then be pieced together They diagnose a nght-to-left
shunt through an atrial septal defect, or a nght-to-left shunt
mto the overniding aorta, or some obstruction to the pulmonary
blood flow. Having ot d this luable physiologic data
from special mvestigations, this data must then be fitted into
the rest of the picture to make a complete diagnosis.

It is from the point of view of thesc separate entities, the
nght-to-left shunt and the pulmonary obstruction, that I wish
to correlate the remarks I am making, rather than from the point
of view of individual diagnoses

First of all, a few words about catheterization. A few things
can be learned from the position of the cathcter, but it is never
desirable to draw too many conclusions from that alone without

fi 10n based on corresponding oxygen content and pres-
sure values. But it does show one thing—the path through the
patent ductus arteriosus which often gives an absolutely cer-
tain diagnosis.

Also, facts can be collected following operative t in
Fallot's tetralogy. I have such data showing a great increase in
pulmonary flow in Fallot's tetralogy after successful surgery. It
yose from a preoperative average of 47 per cent to a postopera-
tive average of 115 per cent of the systemic flow and the cor-
responding rise for arterial oxygen saturation was from 73 to




REDUCED PULMONARY CIRCULATION 5

91 per cent This represents an average of a large number of
cases The i P y flow and the d oxygen
saturation is produced without any increase in the pulmonary
artenal pressure T think these figures give information obtain-
able from cathetenization, which cannot be obtaned mn any other
way.

Cathetenization results in 2 large number of cases of pulmo-
nary stenosts with closed ventricular septum show that the pres-
sure in the right ventricle is reduced to half, without any change
in the pulmonary artenal pressure In acyanotic cases, we find
no change w the arterial oxygen In the cyanotic cases, with the
shunt through the atrial septum, there is a 37 to 70 per cent
reduction in the amount shunted. I think this shows the detailed
wformation that one can get only from catheterization,

Coming to angiocardiography, I first want to take up the nght-
to-left shunt That, I think, we have demonstrated in every case
with one evccephcn, and T don’t know why we failed there on
two occasions Actually one should be certain of the nght- to—
left shunt without iocard hy. But angiocard
can generally give one the site “of the nght—to—left shunt

‘We can also demonstrate the simultaneous flling of the aorta
and pulmonary trunk that s characteristic of the main bulk
of nght-to-left shunts, including the right-to-left interatrial
shunt which, while often well shown, is more difficult to
demonstrate because it is a shunt of 2 smaller proportion Que
has to look very carefully for these small iteratrial shunts, be-
cause only a portion of the blood is passing through them But
they can be demonstrated

Also, a ventricular septal defect can be distinguished from
overriding aorta by using the multiple method, with its more
exact timing You may think that the uncertawnty of diagnosis
from angxocardxography can be enurely overcome by the mul-
tiple frame meth and hic timing, but I do
not believe that this \wll remove all the uncextamty

Turning to the question of obstruction in the pulmonary cir-
culation, I think it is drfficult to demonstrate where the stenosis
is I also think that one cannot say stenosis is excluded when the
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pulmonary arteries fill fairly quickly, because they do 1l quite
quickly in severe cases of stenosis. It is better to consider the
lung filling as a whole rather than to use any specific time of
filing,

Most workers are agreed that in only a proportion of their
cases can they settle whether the stenosis is valvular or in-
fundibular. At one time, when Sir Russell Brock was interested
in the direct operations and we were trymg to make this diagno-
sis preoperatively in all cases, we thought this was a very im-
portant field of angiocardiography, but as things have devcloped,
we have come to think that catheterization during the operation
is the better and more reliable way of deciding the site of the
stenosis. It 1s wital that a double stenosis should not be missed
in these cases, and even where one recognizes a valvular steno-
sis, one must always be on the lookout for an infundibular one
as well.

In tricuspid atresia, angiocardiography provides more uscful
information, as a rule, than catheterization, which provides
very little, because failure to enter the nght ventricle may be
due either to tricuspid atresia or to a technical dificulty. One
does not have a feeling of certainty with a diagnosis of tricuspid
atresia based on cathetenization.

1 feel that angiocardiography has very little place in simple
pulmonary stenosis with a closed ventricular septum. It often
shows a dilated pulmonary trunk beyond the stenosis, and this
remains full; but, again, these are suggestive points rather than
proof. It seems to me that catheterization is the important pro-
cedure here, not so much for diagnosis, but to measure 1ts degree.
The p o across the pul y valve are often so
surprisingly high, judged by what onc would expect on the basis
of symptoms, that I think cardiac catheterization has great prac-
tical value, and 1t is our custom to use it for all cases.

This covers the commoner groups with diminished blood flow
to the lung, which can be recognized easily, When enc tums
to a difficult casc—and by that 1 mean when a diagnosis cannot
be made after the first outpatient session, radioscopy and elec-

trocardiography—~then I think both procedures arc always
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needed because both are so hiable to reveal something not ob-
tamed by the other. I would, therefore, urge that where there 15
doubt about the diagnosis, both procedures be used

The last group that I want to speak about 15 pulmonary
atresia, 1 which I consider angiocardiography valuable because
it is a very dufficult problem to decide whether the arteries be-
yond the atresia are going to prove adequate for any surgical
treatment. Direct operations are nearly always out of the ques-
tion because the atresia is more than a closed valve, 1t 15 2
longish area that is obstructed and, therefore, in considenng an
anastomosis one 1s particularly anxious to know on angiocardi-
ography what one can visualize.

In brief, one may find abnormal collateral vessels that are
larger than the pulmonary ones, 1 which case one is unlikely to
be able to help the patient surgically On other occasions, one
may find 2 pulmonary artery that seems to be adequate for
surgical treatment. But even here, dwect vision radioscopy
plays quite an important part and sometumes has to be fallen
back on, even after diographic mve ion

In closing, I wish to say that i spite of my remarks in favor
of catheterization, I have spent much more tine tallang about
angocardiography. That, I think, 1s only a further illustration of
its charm and attraction, It can produce such beautiful pictures
that one is tempted to spend all one’s tme on it. Actually one
does not get the same solid basis of mformation 1n most condi-
tions that is obtained from cathetenization.
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Diagnostic Instrumentation
in Congenital Heart Lesions with
Increased Pulmonary Circulation

Pierre SouLiE, Paris, France

In congenita} heart disease, with an increase in pul
monary flow, interest in catheterization of the heart is three-fold.

2 to make a diagnosis;

b. to study the physiopathology;

c. to determine the indications for surgery.

As Dr. Camphbell, who has favored catheterization over angio-
cardiography in the study of congenital heart diseases, has said,
catheterization does not give a final diagnosis or an answer as
to whether surgery is indicated, We have studied the arterio-
venous shunts of the heart, including the interventricular eom-
mmunications, joul icati and the Eisen-
menger'’s pl lous venous drainag positi
patent ducti and aorta-pulmonary fstulae. But we shall discuss
here only interauricular and interventricular communications.

‘Vhat is the value of catheterization, its absolute and its rela-
tive value? An examination of the catheter on the screen as it
is passed through the heart is valuable when confrmed by the
oxygen content at the severed locations. The evidence of a shunt,

8




INCREASED PULMONARY CIRCULATION 9

while useful, cannot be put in quantitative terms There exist, as
a matter of fact, causes of error in the blood gas analyses. They
are known, and they have as their cause the lack of homogenesty
in the blood of different cavities, The absence of homogenety 15
greatest 1n the presence of a shunt, but if Iammar flow 15 fre-
quent m the left circulation, it 15 less so 1n the nght circulation
In left—to-right shunts the highest values of oxygen are at the
level of the commumeation.

Two causes of error are possible (1) when cathetenzation
shows an increase m oxygen as you progress from the vena cava,
(2) when thromb possibility which is found in
less than 10 per cent of the cases. When there is a progressive
increase mn oxygen, the location of the commumcation 1s not
accurately determmed Finally, the cases having two sites at
which shunting oceurs, for example, an mterventricular com-
munication with 2 ductus, offer real diagnostic problems

In case of a patent ductus arteriosus m 1ts classic form with
a hinery murmur, the diag is certamn and catt
only confirms 1t But cathetenzation 1s indispensable in order to
1dentify ducti assocated with hypertension and cyanosis

Of 85 duct: cathetenized by my group, the catheter was passed
through the ductus mn 68 per cent of the cases There was a
signtficant blood oxygen difference between the nght ventricle
and pulmonary artery in 94 per cent of the cases The volume of
the shunt vaned from 20 to 60 per cent of the output of the left
ventricle The pressure 1n the pulmonary artery was normal in 41
cases, hypertension was present n 44 cases, with systolic pressure
Iess than 60 mm  of mercury in 28, and between 60 and 120 mm
1n 18 cases, In severe cases, the pulmonary artery pressure may
be lugher than in the aorta

Cathetenzation of the heart 15 especially mteresting in the
atypical ducti wath pulmonary hypertension, because 1t is i
these cases that one finds only a systolic murmur and pul-
monary congestion, which might suggest exther an Eisenmenger’s
complex or intraventncular communicattons with aortic in-
sufficiency.

Now, I turn to a second group of cases, those with an auricular
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communication. These Jesions are wsually characterized by a
murmur 10 the second and third intercostal spaces, marked by
difated pulmonary artenal system and a right bundle branch
block. But the murmur may be atypical, the pulmonary artery
only moderately dilated and the bundle branch black may be
absent, the last 15 seen i only two-thards of the cases. Therefore,
one must understand the valve of catheterization.

The catheter, in 70 per cent of the cases, passes through the
interauncular communications and the oxygen analysis is signi-
ficant, with an oxygen difference of more than one and a half
volumes in 72 per cent of the cases Even with catheterization,
ane-fourth of the cases are in doubt because they fail to show a
typical axygen rise

Fimally, cathetenzation mjght be misleading when the in-
crease in Oz content only appears at the ventriculor level, mak-
ing one bebeve that an interventricular communication is pres-
ent. This happened 1n three of our patients, and one catheterized
three years later showed a marked mcrease in Oz content at the
atnal level.

Catheterization evaluates the physiopathologic state. The
volume of the shunt s variable. More than half of the cases show
a small shunt, less than 30 per cent of the pulmonary flow. In
the sest, the shunts vary from 35 to 80 per cent.

Pressures are normal in the pulmonary arteries in most of the
cases and are lugh, from 60 to 80 mm. of mercury, in about
10 per cent,

As for interventricular ions, the di is dep
on the midsystolic murmur and thrill in the Jower thurd of the
sternum. But there are cases with a typical murmur, without
any shunt, and shunts with atypical systolic murmurs, Catheteri-
zation is valuable when the signs are negatve or atypical
clinically.

Blood gas differences in interventricular shunts are usual
and striking, the mncrease being from 2 to 3 volumes per cent.
The blood fs arterialized in three-quarters of the cases, and

pa,ﬁauy so in the remainder.

\While we have noted the absence of shunt in 24 per cent of

1 3 a
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interauricular and 8 per cent of the ducti, this absence of shunt-
ing is rare 1n the interventricular communication This is due to
the farge difference in pressure between the two ventricles.
Passage of the catheter through the interventricular communica-
tion is yare. We have gotten 1t through only on two occasions.
The risk of overlooking an mterventricular shunt 15 shght

Shunts behween ventricles vary from 25 to 45 per cent of the
pulmonary Jow and sometumes reach 70 per cent. The pressure
in the pulmonary arteries may be normal, or withmn the limuts of
normal, in Roger’s disease, but thus 1s rare in an interventneular
commusircation with a targe pulmonary artery. Of 18 cases, 14
had pressures between 40 and 80 mm of mercury, and sometimes
there is equality of pressure in the two circulations,

Of all the deformines discnssed, associated vath an increase
in pulmonary circulation, interventricular commumeation is the
one which most favars the develop d pul y
vascular resistance, What 1s the value of catheterization in the
d

I of inter jeul ion? There ase three
aspects:

{1) Catheten:zation alope, with some reservations, 1s able to
ident:fy deformities such as an interv dar septal defect with

1 Jarge pulmonary artery with diastolic murmur or with atypical
systohe murmurs,

(2) We have been able to find moderate pulmonary stenosis
and sec that these stenoses are associated with dilatation asd
expansion of the pulmonary artery. Thus, a new chapter has been
opened oo dil of the pul y artery and pul
stenosis.

(3) Drops in pressure may be seen between the nght ven-
tricle and pulmonary artery in cases of mterventricular com-

with Jarge pul y artery, but this constriction
may be functional, as in the first operative cases recently pub-
lished by Blount, but a fall of more than 20 mm of mercury
always males us suspect organic stenosis,
Finally, cathetenzation is vital in differentiating mterventric
ular i with a lorge ger complex. Clini
cally speaking, the electrocardiogram and x-ray do not permut




12 DIAGNOSTIC INSTRUMENTATION

us to distinguish between the two conditions, and cyanosis,
which has great diagnostic value, 15 not a perfectly reliable sign
Catheterization and angrocardiography may be decisive.

In interventnicular communication, where the oxygen content

of the arterial blood is normal and the pressuse lS normal or

d, the pul y vascular is 1 (in
about one-half of the cases) but is less than the systemic
peripheral resistance

In the Eisenmenger complex the arteral oxygen saturation
is under 90 per cent The pressure 1 the pulmonary artery is
equal to that of the aorta. The resistance in the pulmonary tree
equals that of the systemic. Opacification of the aorta is early.
Thus the diagnosts rests on the position of the aorta which is
normal mn interventricular septal defect and biventricular 1 the
Eisenmenger complex.

The problem 1s difficult m the Elsenmenger comple\ since
there are a vaniety of t d d with it.
In a small number of cases, we have seen lower pulmonary re-
sistances and bidirectional shunts. There are cases of the Eisen-
menger complex which are not cyanotic, occurring in people
between 15 to 20 years of age In them the picture 1s that of an
isolated interventricular communication. The passage of the
catheter 1n the aorta 15 the only way possible of avoiding this
€1710r

All this leads me to the conclusion that the problems are real.
We cardiologssts are already considering—and we hope it may
occur in the very near future—that the surgical obhiteration of
mterventricular communications will be done with the same ease
as the interaurnicular procedures are now being performed.
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Angiocinematography

F. Grosse-Brockuorr, Dusseldorf, Germany

A hy, already developed by Dr.
Janker in 1930 has been employed as a diagnostic device m
cases of congenttal heart disease by Janker and Schaede. Up to
now, we have used this method m more than 650 angiocard-
ographs Before explammg the practical use of thus method I
want to point out that the fl screen
only gne of the methods bemg used by us. Dependmg on the
the methods are employ
Fust, mechanisms of different design for durect serial exposures
of from one to 6% snaps per second.
Second, 1ndirect senal exposures from the fluorescent screen
on a 70 mm, film with a speed up to 6 snaps per second

Thurd, screen phy with 35 mm £lm,
giving a spced up to 24 snaps per second.
Fourth, fl sereen phy with 70 mm. film,

gwing the same speed of snaps as the third

Fifth, serial snaps and cinematography by means of screen
amplifier have been started several months ago

All these methods have been developed and constructed
the institute of Professor Janker, and all investigations were
carrted out there, too

In principle, the choice of the respective method depends

13



14 DIACNOSTIC INSTRUMENTATION

upon whether 2 maximum number of snaps are wanted, or
whether, as far as possible, detailed registration of the contrast
filling 15 deswred. The indications for the use of each of these
methods will be defined. Furst, I want to talk about the use of
cmeangiocardiography. I will restrict myself to the demonstra-
tion of the fl screen ci graphy with 35 and 70 mm.
film, which 15 used by us for the most part.

1 will describe the arrangement of our apparatus The x-ray
room is sep d from the hboard by a lead-lined wooden
wall Immediately next to this wall is the table, which is pro-
tected on all sides by lead and also against light. During the
last year, this arrangement was modified as follows: Now the
table can be positioned as to make possible examinations m the
recumbent, semi-recumbent, and upright positions.

The picture of the fluorescent screen is reflected by a mirror
and taken by a Leitz lens of 1.0.085 light intensity of the
Ascama camera of Janker The x-ray apparatus used in cineangi-
ocardiography can dehver 120 kv. There is a device for dimmish-
mg the load of the skin which allows intermttent switching of
the valve up to 24 times per second. The fluorescent screen can
be observed from the switchboard during the taking of the snaps
The aperture is designed in such a way that the observer is
also able to watch the fluorescent screen during catheterization.
To protect the staff from x-rays, the patient is completely en-
circled by lead-protected woaden plates, leaving free only the
arm for the mjection of the contrast medium,

I want to make one remark on the question of radiation x-ray
and the protection against it Circumstantial and detailed state-
ments about this, as well as all methods and the evaluation of
the results of the different methods, are given in the recent
monograph of R. Janker. In bref, I can say that despite the
extremely great number of exposures, the load of radiation in
cineangiocardiography is not essentially higher than with direct
exposures using serial apertures. Irradiation of the skin is in the
permissible range ljf proper care is taken.

Vioed h
ges ot ang) graphy may

4
be pointed out:
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First, the large number of exposures—18 to 24 per second—
makes it possible to study many more phases of the contrast-
filled heart than 15 possible with any other method. Each ex-
posure of the film can be evlarged and evaluated.

Second, all the exposures can be viewed 1n rapid succession
in motion picture fashion. This permuts recognition of hemo-
dynamic peculanties not d d by random smgle exposure.
These are excellent for teachmg purposes.

Third, the use of a 35 mm £ilm 15 incomparably cheaper than
the use of 2 30 em film

Fourth, the combimnation of cinematography with senal snaps,
in the second plane, proves to be especially profitable By this
means, the very fine demonstration of detal m the film is
balanced by the simultaneous direct serial snaps in the second
plane,
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Indicator Substances in the
Diagnesis of Congenital Heart Disease

Howarp B. Burcaew, Rochester, Minnesota

Dr. Cournand and members of the Congress: In our
experience, the injection of ma Y; mto the ejrcu-
Iatian and the recording of the dilution pattern at z distant site
have been of inmeasurable value w the accurate diagnosis of
congenital beart disease,

In our laboratory, the indicator substance has been Evans
blue dye, and the site of injection has been some part of the
heart or grest vesseds, and the tuwac of sts appearance and sub-
sequent concentrations in the artenal stream are recorded by
the oxmeters and techmes developed by Dr Earl H Wood.

The normal dye-dilution curve from the radial artery after
intravenous injection can be plotted readily The oumeter regjs-
ters the mereased optical dennity caused by the dye, and thus
an imcreasing, dye concentration is represented by a downward
deflection. The normal eurve shows a normal sppearance time,
rapid build-up of the concentration, and rapid disappearance
slope. The normal, small recirculation peak is seen about 20
seconds after the maximal concentration pesk (Fig 1).

Characteristic curves frore the wtravenaus injection of dye in
the peripheral circulation are seen in beth types of intracardiac

18
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shuats, that is, left-to-nght and nght-to-left. In the charac.
tenstic left~to-right shunt, such as cccurs 1 patent ductus
steriosus, ventricular septal defect and atnal septal defect, the
disappearance slope 15 distarted because of prolonged putmonary
reareulation of the dye, and the ratio of the disappearance tme
to the build-up time may roughly quantitate the shunt,
When a nght-to-left intracardiac shunt 1s present, the cunve

MEASUREMENT OF CIRCULATION TIMES FROM RECORDING
OF DYE CONCENTRATION IN ARTERIAL BLOUD
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differs markedly from the normal (Fig 2) m that there 1s an
early appearance of the dye and imtial peak concentration, re-
lated to direct shunting mto the norta, and a second roneentra-
tion hump follows, related to that portion of the dye passing
through the more nearly normal pulmonary pathway, From
the ratio of the calculated areas subtended by the two humps,
one may obtain a reasonably accurate caloulation of the amount
of the shunt,

The dye eurves which follow the intravenous injection of dye
thus goe one an excellent screenng tost for the presence or
absence of an intracardiae shunt, but do not localize the shuat.

When the dye-injection method 15 bined with eardiae
catheterization, much more nearly exact information concern-
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Indicator Substances m the
Diagnosts of Congenital Heart Disease

Howarp B. Burcrers, Rochester, Minnesota

Dr Cournand and members of the Congress: In our
ience, the of ind i wmto the cireu
Jation and the reccrdmg of the dilution pattern at a distant site
have been of immeasurable value i the accuraty diagnosis of
congeratal heart dusease
In our lab y, the ind 1 has been Evans
blue dye, and the site of injectron has been some part of the
heart or great vessels, and the time of 1ts appearance and sub-
sequent concentrations n the arterial stream are recorded by
the and tech developed by Dr Eard H. Wood.
The normal dye-deution curve {mm the radeal astery after
intravenous wjection can be plotted readily. The oumeter regis-
ters the increased optical density caused by the dye, and ﬂxus
an increasing dye is rep d by a
deflection The normal curve shows a normal appearance time,
rapid build-up of the concentration, and myxd disappearance
slape. The normal, small recuculation pesk is seen about 20
seconds after the maximal concentration peak (Fig. 1}
Charactesistic curves fyom the intravenous wjection of dye in
the peripheral arenlation are seen in both types of intracardiac
18
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(3) The demonstration of frequent preferential dramnage of
blaod from the right lung to the nght atnum in the presence
of atrial septal defect.

(4) The diagnosis of the ph ), 1 g of
blood from a single hing mnto the right atowm or its tnbutaries.
(5} The g ¢ prefesential shunting of blood

T
cormng from the mnfenor vena cava across an nteratnal com-
munication, as compared with blood comng from the superior
vena cava,

Pulmonary stenosis - ventricular septal delect

Injection

Injection
pulmonary artery £t ventricle for atrium)
Fic 3

{8} The dlustration that venous-artetial shunts 1 some pa-
tients may vary inversely according to the oxygen tension of the
inspred air,

As the frst example, 1 wish to portray how a nght-to-left
shunt may be localued at the atnal or ventniewlar level

Figure 3 1s a duagram of the heart of a eyanosed person with
pulmonary stenosis and a ventricular septal defect 1f the injec-
tion is made into the heart through a cardiac catheter, distal to
the site of the shunt, that is, into the pulmonary artery, a normal
dye cursc 15 obtained, whereas, if the injection Is made proximal
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to the shunt, mnto the night ventricle, the dye appears early in
the aorta and the charactenstic double-hump dilution curve of
the nght-to-left shunt is obtamed. If the shunt had been at the
atrial Jevel, the dye curve after injection mta the right ventricle
would have been normal, and that after injection into the atrium,
abnormal.

In many patients in whom the classic chmeal and laboratory
findings of atrial septal defect are made, in addition to the large
left~to-nght shunt, small transatrial right-to-left shunts have
been demonstrated This shunt may arise from a small portion of

DEMONSTRATION OF
PREFERENTIAL RIGHT TO LEFT TRANS-ATRIAL FLOW FROM
INFERIOR AS OPPOSED TO SUPERIOR VENA CAVA
{2 CASES OF ATRLAL SEPTAL DEFECT)
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superior vena caval blood crossing to the left atrium, but com-
monly it 1s mamly from the inferior vena caval blood. The ex-
planation that we offer 1s the anatomic relationshsp of the open-
ing of the foramen ovale, pointing, as 1t does, toward the inferior
vena cava.

These phenomena are ilustrated (Fig. 4} by dye curves ob-
tained after injections into the supenor and inferior vena cava
in two patients; the one on the left shows no shunt from the su-
perior vena cava and a muwmal shunt from the inferor vena
cava; the curves on the right show a minimal shunt from the
superior vena cava, and a Jasger, moderate-sized shunt from the
wlerior vena cava,
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The distortion of the dissppearance slope of the concentration
of dye in the presence of Jeft-to-right shunts has already been
mentioned. When dye is injected directly wmto the pulmonary
artery, the lengthening of the disapp slope may be more
nearly accurately shown as beng composed of an early recireula-

VENTRICULAR SEPTAL DEFECT-LEFT
Left to right shunt

tion peak, the secondary hupp in this curve being related to the
dyed blood, shown by the small arrow in the diagram, circulat-
ing through the lung the second time and then entering the
aorta {Fig. 3).

The actual vecords of such a case are shown in Figure 6,
wherein the rapid circulation peak, coming at approvimately 10
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seconds after the maw peak, is shown when the injection 1s made
into the pulmonary trunk, but the effect 15 partually smeared out
when the mjection is made wmto the superior vena cava,

In the presence of atrial septal defects, the dye curves after
snjections into the right and left pulmonary artenies are charac-
teristically different {Fig, 7). The amount of recuculetion from
the right lung is much exaggerated as compared to that from the

Anamalous venous connection right tung

Injection Injection
I pulmenary artery ri pulmanary artevy

Fc §

left An injechion inte the nght pulmonary artery kabels the
blood therem, and the larger amount of blood can be shown to
pass through the defect to recirculate, while only a small
amaunt of this blood from the nght lung pursues the rormal
course inta the Jeft ventricle. On the other hand, an mjection
into the left pulmonary artery is followed by a much more
nearly normal dye curve, a large amount of blood entering by
the normal course into the Jeft ventnele, winle only a smell
amount passes across the defect. The percentage of such pre-
ferential shunting varies from ease to case.

When the described technies are used, the diaguosis of anom-
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alous vemous conpection of either lung can be made. As an
example, Jet us suppose blood from the nvht tung is draining into
the junetson of the superior vena cava and the n-'bt atrium, and
that the atrial sephum is intact (Fig §5.* ¥ d}e is injected jnto
the normally drainisg fung, 2 perfecﬂ_v pormal dye ctrve is ob-
tained. Consider what happens when the injection is made into
the right pulmonary artery: the dye has to pass through the Jung,

OZPONSTRATION DURING OPERATION OF COMPLETE CLOSURE OF AN

ATRIAL SEPTAL DIFECT
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return to the right side of the heart, and then a portion must pass
throngh the nv'm]h drained Iuny and retum to the Jeft ven-
tricle, . then only to be pumped into the aorta, bedfore the dve
dilution record can commence Thus, in the dye curve, one has
2 prolonged app time, a kedly reduced defecti
and a long, drawn-out di ope di 'rto
:})emdual mmof!he dieinr"x the central pooLaSperbanS
e Blisher, froms. Xudlin, 7, Wa
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of 1t are transferred mto the left lung with each cycle of re-
arculation

The tests described usually are carried out m the cardiovascu-
lar laboratories, but they may be also performed in the operat-
mg room, and a record can be made on portable apparatus.
Thus, the results of surgical procedures can be momtored as
they are being carried out, for example, the disappearance of a
left—to-nght shunt can be demonstrated after an atnal septal
defect has been repaired successfully (Fig 9)
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Angiocardiography in Two Planes
and with Multiple Frames

Joux Linp, Stockholm, Sweden

When discussing angiocardiography, one must first
state which method bas been used. A diagnostic failure with 2
method taking two pictures per second in one plane does not
necessarily mean a diagrostic failure with a method taking a
multiple exposure of ten to twelve per second in two planes
synchronously.

I am going to present the main characteristics of angiocardi-
ography used 1 our hospital in Stockholm. Angiocardiography
is always combined with catheterization and has not been used
alone. Qur procedure is: first, a thorough clinical examination,
then the catheterization, and thereafter we decide how the
angiocardiography is to be carried out—whether by intravenous

giocardiography with visuahzation of the heart and the large
vessels, or by a partial or selective angiocardiography where the
contrast medium is mjected at a strategic point.

Further, the angiocardiographic method is in a state of rapid
development. What is not possible today may well be possible
within the year.

The main ch istics of the angiocardiographic method

26
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are a simultaneous recording of the ECG and synchronous radi-
ography in two planes, rapid exposure, and contrast injection
d ding on the expected di is The h ECG
permits each pair of pictures to be accurately timed m the car-
diac cycle, permitting a more dynamic interpretation.

With modern equipment, it 1s possible to change the evposure
rate in taking ang diog If one is # d especiall
in the visualization of the right heart, a rapid rate 15 used at the
beginning, and then, for several seconds, a slower rate, eventu-
ally mcreasmg the rate of exposures toward the end

There are some ad m usmg synch bi-plane
angiocardiography—less nsk is mvolved, only one mjection is
needed, interpretation is aided because one can localize the
contrast medium m the heart exactly, and three-dimension evalu-
ation is obtained

By ustug a rapid exposure rate, one can catch each heart
chamber in the extreme phases of 1ts cycle, for example, the left
atrium in maximal diastole, and then in systole, and one can
Judge 1ts size better when one knows the extremes during the
cardiac cycle,

Rapid exposure rate at the same time gives more anatomical
information, as well as a concept of the dynamic action of the
heart and the mechanism of the contraction of different parts of
the chamber. Last but not least, an estimate of the mode of
passage of the contrast medum—the course, veloaty, and dis-
tribution—1s obtained In a way, 1t gives a photographie record-
1ng of a dye curve. You can see whether there 15 2 normal or an
abnormal dilution, and, as I have said, all accumulations of dye
are well shown.

More anatomucal information may be gained in some cases .of
Fallots tetralogy with a pulmonary stenosis, because in ventric-
ular diastole, the pulmonary artery seems to be of normal
caltbre, but in ventnicular systole, there 1§ a significant narrow-
ing.
E’;l'he same is true in some cases of Fallots teh'alo‘gy; There

may be a normal-looking pul y artery in dia-
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stole but during ventricular systole one sees the post-stenotic
dilatation.

In patent ductus arteriosus, one can diagnose the left-to-nght
shunt practically always, in chidren at least, by rapid angio-
cardiography During ventricular diastole, no contrast medium
reaches the pulmonary artery from the nght ventricle, but the
shunt from the aorta, in which no dye remains, causes a dilution
of the contrast medium during ventricular diastole only in the
pulmonary artery and not the right ventricle. This is sigmificant
for aortic septal defect or patent ductus.

At the end, 1n a ductus case, the concentration of contrast
medium is hugher in the aorta than in the pulmcnzu’y astery, and
one gets a re-opacification or a prol of the
pulmonary artery In the Ieft anterior obbque, one can see the
left atnum, left ventncle, and aorta, but not the pulmonary
artery. But in the following ventnicular systole, contrast medium
1s coming from the aorta, visualzing the pulmonary artery,
only to disappear agam in the following ventricular diastole ete.
When one sees this phenomenon repeating stself, over a number
of cycles the diagnosis is more reliable

These are the mdications for diffe hods of instll:
of the contrast medim  Intravenous injection 1s used when the
whole circulation 15 to be studied. For partal or selective angio-
cardiography, depending on the ted d is, one can
put the tip of the catheter in different p]aces In anomalous
venous return, 1t is put m the pulmonary artery and injected
through it or, perhaps, if one knows from which side the venous
return comes, 1 the nght or the left main branch of the pul-
monary artery In atrial septal defect, the idea is to put the
catheter in the left atnum, but if one does not succeed, then
in the pulmonary artery. We have used injection in the right

ventricle, especrally in the dlagnosl.s of the posnh’on and func-
tion of the pull y conus and p y valves m t u-' T3
of Fallet pr olated ¥ talvu]ar tenosis.
through the nght ventricle gives more satisfactory results in
such cases.

The image amplifiers of Phillips take 32 to 48 pictures per
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second. By usmg this image amphfier, you can take 1500 pic-
tures with an x-ray dose to the skin of only 5 R. It has the very
great advantage that you can view the screen at the same time
as you take your angiocardiograms, You can correct the post-
tion and see what has happened in the meantime
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Frank Norman Wilson:
Physician, Scholar, Friend

Louts N. Karz, Chicago, Illinois

It 15 only fiting that this formal memonal to Frank
Norman Wilson should be part of a World Congress of Cardi-
ology, the first beld 1n the Umited States of America It is also
approprmte that 1t should be shared with one to Willem Einth-
over, smce they, more than anyone else, helped reduce elec-
trocard hy to a 1 science
Dr Walson belteved 1n mternational meetings for the exchange
of suennfic knowledge He attended the Furst and Second Inter-
rican  Cardi 1 C m Mexico City and the
Third in Chicage Unfortunately, he was too 1ll m 1950 to go
to Pans to the First World Congress, but was vitally interested
1n1t, Death came suddenly to Dr Wilson on September 11, 1952,
shortly after the Fourth Inter-American Congress i Buenos
Aires. He died of an acute coronary thrombosis, after almost
four years of illness I remember the sadness with which his
Latin-Amencan colleagues received the news I recall the re-
spect and affection expressed at the memorial meeting held in
Lima, Peru, a meeting which must have been many nmes re-
peated throughout the world We shall miss Frank Wilson, but
his work and his spint go on
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Frank Norman Walson:
Physician, Scholar, Friend

Louts N. Karz, Chicago, Illinois

1t 15 only fitting that this formal memonal to Frank
Norman Wilson should be part of a World Congress of Cardi-
ology, the first held m the Umited States of America It s also
appropriate that 1t should be shared with one to Willem Einth-
oven, smce they, more than anyone else, helped reduce elec-
diography to a ] science
Dr Wilson believed 1n mnternational meetings for the exchange
of scientific knowledge He attended the Frst and Second Inter-
American Cardiologeal Congresses in Mexico City and the
Third in Chicago Unfortunately, be was too Wl 1 1930 to go
to Pans to the First World Congress, but was vitally interested
m it Death came suddenly to Dr. Walson on September 11, 1952,
shortly after the Fourth Inter-American Congress in Buenos
Aires. He dicd of an acute coronary thrombosss, after almost
four years of illness. I remember the sadness with which his
Latin-Amencan colleagues receved the news. I recall the re-
spect and affection exp d at the ial meeting held
Lima, Peru, a meeting which must have been many times re-
peated throughout the world. We shall miss Frank Wilson, but
s work and his spint go on.
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Dr. Wilson’s career reminds me of a passage from Herman
Melville’s book, Moby Dick, which I quote in part: “The straight
warp of necessity, not to be swerved from its nlnmate course...;
free will still free to ply her shuttle between given threads; and
chance, though restrained . . . by both, . . . by turns rules
either, and has the last featuning blow at events.”

it was fate that Frank Wilson should appear on the scene
after Willem Emthoven, and during the zemth of the careers
of Lewis in London and of Rothberger and Wenckenbach in
Vienna, It was chance that led him to be assigned to Colchester,
England, durimg World War I, to work with Sic Thomas Lewis
and thus establish a hfelong friendship of mutual benefit. It
was chance that led Dr, Walter Hewlett, his chief, to ask Wilson
to become responsible for assembling and using the electrocardi-
ograph newly acquired by the department. It was destiny that
brought Dr. and Mrs. Wilson together, a compamonship which
gave him support in his dedicated work and in the avocations
which were hus relaxation.

But through 1t all, free will was paramount, It was evidenced

by his d fon, by his fon, by his probing after
fundamentals and his search to understand the tools with which
he worked—be they physical, biological, or 1 tical, He

taught himself mathematics and electrophysics, since he needed
the knowledge for his studies. He had a logical mind and a bril-
liant one, so that his self-d ination bore abundant fruft.
This brilliancy was apparent early. On graduating from medi-
cine, he was elected to the hanorary medical fraternity, Alpha
Omega Alpba, for high scholasti ding, His thoroughness is
hest exemplified by the fact, testfied to by his lifelong friend,
Dr. Samuel A. Levine, that when Wilson was introduced to chess
during World War I, a game be had never played before, he
quickly acquired several books on the subject and began study-
ing them diligently. Before long, he became a master of the
game and could outplay the other members of his grovp,

Dr. Wilson was not deterred by the fact that what he did was
not popular. He was not impressed by the need to work in 2
fashionable Bield. He pursued his chosen way, without deviation,
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to the goal to which he had dedicated his Lfe’s devoton. His
early years were thankless, lonely, and unrewarding, mn terms
of the interest and awareness of the rest of the medical pro-
fession, But he carried on, firmly convinced of the importance
of his work, His ultimate triumph 1s a tnibute to his foresight
and perseverance.

Dr. Wilson was a great physician, kindly and humane, and
his personal experience with his own protracted illness gave
him even greater insight nto disease, for, as Thomas Carlyle
puts it in Charactenistics, “The healthy know not of their health,
but only the sick . .” Dr Paul S Barker, m a memorandum
kindly prepared for me, said, “Dr Wilson was an emment
physician, His work as a consultant was notable for thorough-
ness, clinical acumen, sound judgment, and the warm, human
qualties which endeared him to his patients His retentve
memory served him well 1n collecting chmeal observations . . .”

It was Wilson’s recognition of the frailhes of cimcal diagno-
sis that led him, as a physician, to devote so much time to an
evaluation of the factors which contribute to electrocardi-
ographic contour It was the fact that he was a physician that
led him to be, in the words of Dr Frankln D Johnston, “an
exponent of sane and conservabive interpretation of electrocar-
diograms . . [that] made lim acutely aware of the many
things apart from heart disease that may alter the records, and
he (Dr Wilson) often commented that the more a physician
knows about electrocardiography, the more conservative his 1n-
terpretation of the records will be ” Thus lesson from Dr Wilson
could be emulated by all of us It 15, as much as anything, the
motivation for the symposium which is to follow.

Dr Wilson was more than a physician He was a scholar In
his chosen field, el diography, he was a “selfmade man
He was a product of the Midwest. Here he was born, near De-
troit; here he died, 62 years later, on his farm near Stockbndge,
Michigan. Here he was educated 1n grade and high school, 1n
college and medical school Here he joined the medical faculty
of his alma mater, the University of Michigan at Ann Arber,
to become one of its most distinguished members, Here in the
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old Heart Station, under a wooden stairway which led to the
mam medical amphitheatre, he did his best work The absence
of windows, and the noise and dust raised by the tramping
feet of medical students pasing overhead, did not disturb Wil-
son’s power of concentration.

Eventually, a new untversity hospital was built and Wilson

btained a lal y with his worth, To this
shrine came many distinguished scientists and physici and
a multitude of disciples and students to sit at the feet of this
master m electrocardiography Among his distinguished dis-
ciples are Drs. George Herrmann, Shelby Wishart, Paul Barker,
Robert Bayley, Nelson Cotrim, Hans Hecht, Roberto Menezes
de Oliveira, Roberto Scarsi, Frankhn Johnston, Herman
Erlanger, Victor Alzamora-Castro, Fernando Valencia, Charles
Kossmann, A. Garrard MacLeod, Demetrio Sodi-Pallares, Wil-

liam Sod Franais Rosent: Tan G W. Hill, and ]
Marion Bryant. Tlus reads like a hst from a Who's Who in
El diography His infl was spread even further be-

cause he gave an annual postgraduate course 1 electrocardi-
ography in which he stressed the fundamental basic concepts s0
helpful to an aspirng student. This was a popular course, noted
for 1ts clarity of presentation and 1llustration.

Dr, Wilson lectured far and wide and received many honors.
He was invited to lecture not only in this country but also in
Argentina, Brazil, Chile, Great Brtain, Mexico, Peru, and
Uruguay He derived much pleasure from these visits and from
the renewal of old friendships and the formation of new ones.
He was deeply appreciative of the hospitality and ocourtesies
shown him and the many honors accorded him

He gave the annual Henry Russell Lecture at the Umversity
of Michigan in 1940, one of the highest honors bestowed by the
faculty upon one of 1ts members He was the recipient, 1n 1951,
of the Gold Heart Award of the American Heart Association, its
highest honor In 1950, he was elected an honorary member,
together with Sir John Parkinson, of the International Cardi-
ological Society at the inaugural meeting in Paris In one of
the two murals painted by the famous Mexican artist, Diego
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Ravera, in the entrance hall of the Instituto Nacional de Cardi-
ologia de Mevico, Frank Norman Wilson's portrait 15 included
among the illustrious of all time,

The Unuversity of Michigan can indeed be proud of him, be-
cause, as Sir William Osler states Aequammutas, “The great
possession of any unwersity 15 its great names, It is not the
‘prde, pomp, and circumstance’ of an msttution which brings
honour, nor its wealth, nor the number of its schools, nor the
students who throng its halls, but the men who have trodden
m its service the thorny road through foil . . to the serene
abode of Fame . .”

Dr Wilson, in the words of Dr George R. Herrmann, was
2 “typical absent-minded professor, totally absarbed m his
thoughts and often losing hes way n walking or driving to his
home . . .” He never practiced showmanship. He was not in-
terested in medical politics, wide acclaim, publicity, or personal
aggrandizement He was a quiet, deliberate, and modest worker.
He took great pamns to present his views clearly and precisely
Besides, he had a wide range of interests which included pho-
tography, hstory, pohtical philosophy, and ormthology.

But, above all, Frank Norman Wilson was a friend. He in-
cluded people from 2ll walks of hife among his fnends—col-
leagues, students, patients, and neighbors He was loyal and
generous, although intolerant of mediocrity and carelessness
His friendship was not syrupy, saccharine or satiating, but, like
a rare dry vintage French wine, 1t was sharp, bracing, and
satisfying, .

There was a highter aspect of his character that only 3“5 in-
timates had the prvilege to know, In Dr Lesmne’s words, “Many
friends have shared the rustic warmth of Wilson's farm Here,
one could see beyond the academic and erudite extenor a }we])’
interest in wholesome pleasures Worn clothes, new 1deas, simple
living, searching exchange of thoughts were part of the fare . .

Notlung would delight him more than to have the. group join
in song around the piano and try out their lusty voices 1 sing-
ing favonte tunes.”

This is the man who contributed so much to scientific knowl-
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edge, whose exposition provides a firm and fundamental founda-
tion in the field of electrocardiography, whose work has given
us insight into the contour of the ventricular complex and its
changes with conduction disturbances, with infarction of the
myocardium and with hypertrophy of the ventricles. His con-
cept of electrical position and of the ventricular gradient are
fund 1 to aur unds ding of el dography. It
is no more than proper, then, that the central terminal which
he arranged should be called the Wilson terminal.

What more need be said about Frank Norman Wilson—
Physician, Scholar, Friend? What more than to quote the famous
German writer, Wolfgang Goethe, who says in Das Gotdliche:

Edel sei der Mensch,
Hilfreich und gut!
Denn das Allein
Unterscheidet shn
Von allen Wesen

Dic wir Kennen.
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The Fiftieth Anniversary of the
String Galvanometer: Willem Einthoven

H. A. Swevien, Leden, Netherlands

It is now a little over fifty years ago that Emthoven
published his strng galvanometer m an article entitled, “Ein
Neues Galvanometer ”

The construction of this new galvanometer may truly be
called the initiating event of modern electrocardiography which
has grown mto a vast chmeal science Einthoven himself con-
tributed largely to this development even before the construc-
tion of his galvanometer

His interest electrocardmgmphy started very soon after
his y in the University of
Leiden m 1885 at the age uf .5 2 very unusually young age
even in those days It appears that the great physiologist and
ophthalmologist, Donders, Emthaven’s teacher, was mamly re-
sponsible for thvs Einthoven had not yet obtained his medical
hcense on g the though he had written
a thesis on Py by ‘means of duff of color. In his
inauguration speech, Emthoven recalled, while addressing the
students, that he was one of them only a very short while ago,
and he proposed to be therr fellow student agam, to learn from
nature wh his exp and X ledge would fall
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short, He added he expected to continue to do so during his
whole life. This statement seems very closely related to his
answer many years later to interviewers, who asked him how he
managed to get the results which brought to him the Nobet
Prize, He then replied, “I just wanted to know.”

Einthoven must indeed have had a real thirst for knowledge
combined with a clear and methodical mind and a meticulous
care for all details. At the same time, he showed a great feeling
for sep 4 Is from ials, as is app both
from his many publcations and from his personal annotations
now preserved 1 the museum for the history of science and
medicine at Leiden,

This feeling was largely based on a sound knowledge of
physics and mathematies which he had acguired by his own
efforts withont special education. On ope oceasion, he even
felt it necessary to free himself from all other work in order
to study mathematics, He used to ask the experts in the uni-
versity, who included such famons men as Lorentz, only after
he had made his own calculations frst

It seems to me that Emnthoven showed the best gualities of 8
specialist, m the modemn sense, by concentrating on a limited
subject, mamly, though not exclusively, electrocardiography,
and then studymg this from all possible angles, thereby ep-

ing many diff problems of a predominantly physical
nature, which he studied methodically and fully, These prob-
lems include the visibility of very thin threads, the means of
damping galvanometer oscillations, the protection of an oscil-
Iatory system against extraneous mechanical disturbances, the
electneal impedance of the human body, and many others.

Einth was vividly d in al} ical refi
which could improve s results, but had very little technical
skill himself. If, however, his highly skilled technicians were at
2 loss while looking for the cause of instrumental disturbances,
he was often able to direct them to the source of the trouble,
‘because he knew and understood all techmen) details.

During the §rst 1en years or so, Exnthoven used the Lippman

capillary €l for el di ¢ studies and, as
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early as 1893, also for phonacardiographic researches. This in-
strument, however, which had also been used m the earher
investigations of Waller, proved too slowly reacting although
fairly sensitive Einthoven set out both to improve the instru-
ment and to study 1ts physical characteristics, thereby devismg
a way to correct mathematically all the curves which he ob-
tained,

At this pomt, he introduced the designation of the waves of
the electrocardiogram by the letters, P, Q, R, S, T, proposed a
uniform technique of registration speed and of cahbration, and
began to use the first of the standard leads applymg electrodes
to both hands. The necessary mathematical correction of every
curve, however, was a labonious method, and Emthoven felt
the necessity to devise an instrument which would combine
the greatest sensitivity with high speed of indication,

To this end, he studied the coil galvanometer of Desprez
’Arsonval, and caleulated that the smallest possible number of
windings on the coil, that is, one half of a wmdmng, would
be best for his purpose. His next conclusion was that a very
light straight strmg should be used, and so he constructed Ius
metal-coated thin thread of quartz, fabricated at first by shoot-
ing a melted piece of glass with a bow and arrow

Now, in later years, the string galvanometer was improved
in various ways, and after Einthoven was able to employ very
thin threads, less than one-tenth of a micron, he used the strng
as a mechanical resonance system for sounds, and also, by plac-
g a very short string in a high vacuum, as an electrical

system for legraphy, even iving signals
from the then Dutch East Indies in collaboration with his son,
an clectrical engmeer. This is the vacuum galvanometer. )

By frecing the string container from air, the sensitwity of
the ‘galvanometer was, of course, greatly increased, but here
Einthoven encountered the ultimate hmt of sensitivity in the
shape of oscillations of the string due to Brownian molecular
movements.

Of Einth 's many ibutions to clinical el i
raphy, I wish to mention only his investigation on the
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hanges in the electrocardiogram due to respiration and to
changes in the position of the body. These observations could
be explained by introducing the conception of the electrical
axis, the position and length of which could be computed by
using the scheme of the equilateral triangle.

This conception, cautiously applied to a particular and rather
simple problem, was later used by Einthoven for caleulating
the changes of the heart vector m size and direction dunng
the heart cycle, thus constituting a precursor of vectorcardio-
graphy. It also proved a source of inspiration to many sub-
sequent workers, among whom Frank Wilson should be
mentioned first of all But, on the other hand, jt caused much

fusion and misund ding among those who did not
fully grasp the hrmtations of the extremely stmplified character
of the tnangle scheme, the hmtations of which Einthoven lum-
self was very well aware.

Many other mvestigators have contributed to the develop-
ment of electrocardiography after the construction of the string
galvanometer, and Einthoven was as ready to admit this as he
expected others to give him full credit for his own work. In
particular, he realized the importance of Sir Thomas Lewis's
studies and, in accepting the Nobel Prize in 1925, he mentioned
the very great share which Lewss took in the development of
electrocardiography, and added, “I doubt if 1 would have had
the honor of standing here before you without his valuable
contributions.”
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Vectorcardiography and Electrocardiography

A Discussion of Two Cases

Cramesan Lours N Karz We had selected four
unknown cases, but ttme will permit us to present only two.
Eacb of the panelists, has recexved exther one unknown vector-

or one unk di upon which,
as Dr. Puddu put it, “he will be examined.” The panelssts do
not kpow anything about the chnical story and they know
nothing about the necropsy findings. They are reading these
Tecordings objectively In order that the audience may partici-
pate, slides will be projected so you can see how you compare
with our panelists.

In selecting these cases, I have had the able assistance of
Dr. Charles Kossmann and Dr. George Burch, who will act
as Co-Chairmen, each taking responsibility for one of these
cases. Dr. Burch supphed one of the cases to be presented, and
Dr. Arthur Grishman, the other. Dr Grishman wil! be examined
on Dr. Burch’s case, This session is to test the practicality of the
two types of records rather than the theory behind therr use.

Dr Jouve of Franee, who was to have been one of our

experts, could not come. His col-
leagues, the stereovector experts, will be handicapped by their
smaller number.

The panelists are Dr. Pierre Duchosal of Switzerland, an
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ding exp of ster diography, Dr. J. B.
Milovanovich, onginally of Yugoslavia but now a thorough-
going Pansian, Dr. W. Den Baer of Holland; Dr. Louis Wolff of
Boston, Dr Arthur Grishman of New York; Dr. George Burch of
New Orleans, Dr. Charles Kossmann of New York; Dr. Gordon
B. Myers of Detroit; Dr. Conger Wilkams of Boston, Dr.
Vittorio Puddu of Rome, Italy; Dr. Marce} Segers of Brussels,
Belgium, Dr. Max Holzmann of Zurich, Switzerland, whose
book on electrocardiography in German is one of the classics;
and Dr. Demetrio Sodi-Pallates of Mexico City, also author
of a standard textbook on this subject in Spanish.

We wall stast with Case P, N, (Fig. 104), and we will first call
on Dr Wolff, who will speak for two minutes on the diagnosis of
the case.

Dr. Louts Wourr: 1 believe this vectorcardiogram is ab-
normal, because the spatial position of the QRS and T loops is
outside normal, and because there 15 a marked divergence of
the QRS and T loops. Furthermore, it appears, though one
cannot be certain from the record, that the initial forces are
onented to the left, postenorly and superiorly, and the 8-T
junction 1s displaced to the nght, anteriotly and down.

Having said that the vectorcardiogram 1s abnormal, I have
smd all that I am sure about 1n this record. There are at least
two reasons for this One, 1 have no personal experience what-
soever with the reference system used in obtaimng the vector-

and, in reproducing the drog; the
1nitial forces are not clearly delineated. Nevertheless, 1 will
attempt to make a more definitive diagnosis than that it is
just an abnormal tracing

The three conditions which I think should be considered are
left ventricular hypertrophy, Icft bundle branch block, and
myocatdial infarction. In left ventricular hypertrophy, the
spatial loop is considerably wider than it appears to be here
and, in many cases, the terminal or late forces are markedly

displaced to the right, posteriorly and supenorly. The s-T
segment junction 1 isolated left ventricular hypertrophy, at
least with the reference system which we employ in patients
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who are naot receiving dugitalis, is displaced to the right,
posteriorly and superiorly. For these reasons, I will exclude
Jeft ventricular hypertrophy as an isolated condition.

Now, one of the things that strkes one in looking at this
curve 15 its very close resemblance to the curves published
by Burch and which are designated as left bundle branch
block, Jeft ventricular hypertrophy, prolonged QRS interval,
and diffuse myocardial disease, It is even tempting to make
this diagnasis, the resemblance is so close.

However, we must be true to ourselves, so to speak, and
what we have Jearned with an entirely different reference
system leads us in another direchon, In the first place, if we
make a diagnosis of left bundle branch block, we do not feel
that we can recognize myocardial disease or myocardial in-
farction, except in rare cases in which there is, perhaps, mas-
sive infarction Furth the most imp di i
feature, the one that we depend upon greatly, is the orientation
of the imtial forces, which, in left bundle branch block, is to
the left, anteriorly and down. Here, you remember, the initial
forces are directed to the left, posteriorly and superiorly. There-
fore, 1 have to exclude a left bundle branch hlock, as attractive
as this diagnosis seems.

That leaves us, then, with myocardial infarction. I may
briefly say that the initial forces are directed posteriorly and
to the left. That is abnormal, when there is no left bundle
branch black, and that we have seen in proved cases of
anteroseptal myocardial infarction. The continuation in an
exaggerated way of the early forces, postenorly, we have seen
in proved cases of anterior myocardial infarction. And, Snally,
the initial forces powt superiotly, which we have observed
repeatedly in proved cases of inferfor wall myocardial infare-
tion. The S-T segment junction located to the right, anteriorly

ination of anterior and

and down, is it with the it
posterior wall infarction. .
My diagnosis, then, is dial inf; of the anterior

wall and posterior wall of the left ventricle, and of the inter-
ventricular septum.
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Cramvan Katz: For those of you who are not famihar
with the modality that Dr. Burch uses, he wrote me that F
represents the frontal plane and § the sagittal plane, The
transverse axis connections of the frontal plane are made so
that when the night arm is negative and the left arm is positive,
the deflection goes to the viewer’s ight or the patient’s left, that
is, towards the left-arm electrode. In the vertical direction,
when the central terminal is relatively negative, the deflection
goes downward In the sagittal plane, when the back electrode
is relatively positive with respect to the central termnal, the
deflection is toward the back. The polanty is the same for
the central termmnal and foot as 1t was m the frontal plane

The two sets of curves are different amphfications, that of
the pair on the left bemg 1 millivolt=19 mm, and that of the
pair on the right being 1 millivolt=29 mm The interrupted line
is arranged so that the blunt end indicates the direction of the
movement of the loop The time interval 1s such that each
mterruption is 1.06 second. The reference frame employed
is the equilateral tetrahedron as used by the Burch school

Dr. Kossmann and I thought 1t would be much sumpler not
to use all the vectors that Dr. Burch sent us, and we assume
responsibility for this Limited exhibition of matenal Dr Grish-
man, can you agree or disagree with the dignosis of Dr.

17

Dr Artiur Grisuvan: I agree with the basic diagnosis of
Dr, Wolff As we see this diog 1t has the following
charactersstis to me: It is superiorly oriented It 1s strongly
posteniorly onented. Furthermore, 1t has no anterior deﬂect.iotx.
It has an ption and some peculi at its tp, and it is
a peniphery of the QS loop. Furthermore, the QRS loop does
not close There is an S-T vector present, which is durected
predommantly, I assume, anteriorly and 1nfentorly.

1 do not believe this is a left bundle branch block because
there 15 some irregulanty and some slowing, but this bappens
to be only in the imtial phase of the QS vector and not in the
terminal phase I believe we have an infarction of the an-
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teroseptal portion, because there is no anterior deficction
present.

I furthermore believe that we have a diaphragmatic infarction
present at the same time, because the superior orientation is
more than what we usually expect, even with the tetrahedral
system, where the orientation is more often superiorly otjented
in left ventricular hypertrophy, it is more here than we should
suspect in left ventneular hypertrophy alone.

It is hard to tell from the left projection alone if the S-T
vector is one mainly associated with left ventricular hypertrophy
or if there is an acute injury vector, in addition. The T loop
does not give the impression that there is an acute myocardial
infarction present; at Jeast one cannot interpret it from the
record, because the T loop is just spindle-shaped and long.

I would therefore assume that this patient has left ventricular
preponderance, and I do not like the term, “strain” or “hyper-
trophy”; anteroseptal infarction, and some additional myocardial
injury which is probably located inferiorly. That is all,

CramMan Karz: We will now ask the electrocardiograph
team to accept the challange. Dr. Sodi-Pallares will speak first
on what the electrocardiogram shows, This will now be pro-
jected (Fig. 10B).

Dr. Deaptrio Sovr-Pavtanes. I believe this tracing shows
first, auricular fibnllation, second, probably left ventricular
hypertrophy, since the Jowest end is plus 21 mm,, the QRS is
located at —60°, and there 15 a delay of the “mtrinsic” deflec-
tion in Jeads Vy and Ve; third, there 1s decrease and altered
morphology of QRS in leads Vs and Vi, plus the duration of
QBS which, in some leads, 1s 0.11 second, and this suggests
some degree of left bundle branch block (we call this second
degree of Jeft bundle branch block). Fourth, there is probably
myocardial infarction of the lower third of the intraventricular
septum. There is an R wave in V; which disappears in leads
Va, Vs, and V,, and also there 1s a Q wave in leads Vs and Ve,
in the presence of incomplete left bundle branch block. ¥
infarction eists, it must reach the anteroseptal region of the
heart, and may reach the posterior-inferior aspect of the heart,
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since there are QS complexes in leads 2 and 3, I believe also
that infarction extends to the free left ventricular wall of
the apex of the heart, but does not reach the lateral portions
of the same wall. We have seen that some of these infarctions
are complicated with ventricular aneurysms,

Fifth, there 15 a sort of myocardial injury in the higher lateral
portion: of the free left ventricular wall. This injury could be
related, for example, to dugitalis action, That is one possibility.
1t could also be related to anather possibility, that is, chronic
coronary insufficency. I do not believe that infarction is the
cause of this

Criareazan Karz: Dr. Gordon Myers, do you agree or disagree?

Din. Gornox B Myezs. T agree essentially with the disgaasis
that has already been made. The slow ventricular rate in this
auriculzr fbrllation suggests a superimposed digitalis effect,
which s alse supported by the S-T segment configuration,
pasticularly in lead V. The presence of a definite R wave in
lead V;, the QS complexes 1n leads Vi, Vs and Vi point very
strongly towards anterior infarction-as Dr. Sodi-Pallares said,
an wnfarct in the anterior apical third of the left ventricle, foing
into the septum The classical confirmatory sign is to obtain an

b 1 QR complex in an adj lead, indicating subendo-
cardial extension of such infarct.

Leads Vs and Vg show a definite Q wave, but that Q wave
js normal in duration from onset to npadir, and also in its
relative amphtude in comparison to the R wave, The late R
wave and the late “intrinsic” downward stroke, as Dr. Sodi-
Pallares yust mentioned, point towards left ventricular hyper-
trophy, and, thus, my feeling of the fndings in leads Vs and Ve
is Yeft ventricular hypestrophy, which is usually nssociated with
au infarct.

We would have taken Jead V, m the fourth inferspace it
order to d an ab 1 QR lex, by which 1

P
mean a @ wave which measured 003 second or more fmm
onset to nadix, snd s mose than ene.quarter of the amplitude
of the sweceeding R. That would have helped confirm our
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diagnosis of an anterior septal infarction m this person with
left ventricular hypertrophy.

Cramyan Katz: Thank you very much, Dr. Myers, for
putting it so well and so briefly. Now, Dr. Vittorio Puddu, do
you agree?

Dr Vrrrorto Puppu. Yes, I agree generally This 1s a tracing
with fibnllation and a median ventnicular rate of 60 There is
a very strong left shift of the electrreal axis, which speaks for
preponderance. 1 am not sure if we have the nght to speak
of bundle branch block or only of some ntraventricular block,
connected with the hypertrophy.

1 agree about the mfarction. I do not know 1if the mfarction
has extended to the lateral porhon of the apex or, perhaps,
more probably superiorly because I see a big R wave m leads
Vs and V. I think that the mfarction is m the mterventricular
septum, partly in the posterior aspect of the heart, because
of the QS in leads 2, 3, and V. It 15 also m the anterior septum
and upper part of the lateral left ventricle because of the very
deep T wave, digitalis-like, m lead Ve, and the Q wave in leads
Vs and Ve The elevation of the S-T mterval in leads 2 and 3,
and the depression of the junction in lead Vy and some lateral
precordsal leads point to digitabs or relatively recent subendo-
cardual lesions shll showmng ojury effects.

To summarize, therefore, there is present auncular ﬁbn.l!a-
tion, left ventricular hypertrophy, multiple or d:ﬂnfse wfarction,
recent injury, and subendacardial or digitahs action.

Cramoran Katz Dr. Burch wall now read the clinical history.
He and 1 believe the panel has done very well.

Dr. Groree Burcr: Well, briefly, the chuical data are as
follows, This was a 65-year-old male, who came into the Charity
Hospital 1n New Orleans on January 14, 1951, and cied t“";’
days later. Apparently, he came in with severe chest pain of
12 hours” duration. .

This man had been in congestive heart failure w\t'h.d)sgnea
as his main complaint at the Charity Hospital clinics since
1949, He received the usual therapy for congestive heart
failure. He had a rumbling diastohic mitral murmur and a to-
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and-fro aortic murmur, His serology was weakly positive on
one occasion and, 1 think, strongly positive once, and then
negative afterwards.

He was found to have massive cardiac enlargement, and
his blood pressure at that time was 110/58 mm. Hg. He bad a
prostatectomy done in 1950. About a year later, and the day
before admission, he was suddenly seized with dyspnea, gen-
eralized weakness, severe ache in the base of his chest which
rapidly changed and was referred down to the substernal
region of the chest, d with profuse perspil

On examination, he was found to be seriously ilf, particularly
confronted with respiratory distress. His blood pressure was
100/70 mm. Hg, his temperature was 99°F,, his heart rate was
100, and he was reported to have irregular rhythm by one
observer. No murmurs were heard at that time. Signs of con-
gestive heart failure were present. He had a slight leukocytosis
with a 76 per cent polymorphonuclear leukocyte count and a
sedimentation rate of 51. His past history was essentially
utelevant, except for the fact that he had attacks of rheumatism
forty years before, He died suddenly while on the wards of
the hospital,

Cuamvan Karz: Do Dr. Wolff or Dr. Grishman wish to
change their minds before they get a copy of the necropsy?
They say, “No.” Do the electrocardiographers wish to change
their minds? Dr Sodi-Pallares says “No,” Dr. Puddu says “No,
and Dr Myers says “No.” Dr. Burch will now let you in on
the secret of what was found at necropsy.

Dr Bural. The autopsy findings are very brefly summarized
here. This man had a very large heart, weighmg about 800 gm
There was an aortic and mutral valve lesion, associated primanly
with fibrous thickening, without calcification. He had two
infarcts, he had an anteroseptal infarct involving the intra-
ventricular region and penetrating nto the septum. That was
an old infarct. He also had an old infarction which was
posterior 1 location and scemed to go around the apex. '1"
addition to that, the circumflex coronary artery was filfed with
a farly long, rather recently developed thrombus. There was
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and yellow at the center with some red
discoloration at 1ts periphery, in one region of the heart,
Jocated primanly m the free wall of the left ventricle i the
region of that circumflex vessel

The pathologist told me that he felt that this patent had
old infarction, with a recent occlusion of the crreumflex vessel.
The infarct was extensive, and it mvolved the subendocardial
and subepicardial surfaces It was a transmural type of mfarct,
with a lot of fbrous scarring, as well as the recent leston

Cramman Katz: Now, will you discuss the lessons to be
learned from this exercise so far?

Dr. Burar: I think, as T hstened to the interpretations of
Doctors Wolff and Grishman, that they did extremely well.
There may be some debate, I guess, 1n the mind of Dr. Wolff—
and he can correct that—as to whether there was left ventricular
hypertrophy in assocation with these mfarcts Both of them
localized the infarction, I think, very well

The electrocardiography group, I would say, hit the nail
squarely on the head. They were able to 1dentify the auricular
fibnllation, which the vectorcardiogram, obviously, did mot
present They recognized the digitalis effects in the electrocar-
diogram, Whether there was subendocardial disturbance pres-
ent, or whether these changes were due to digitabs effects
superimposed on the mfarct, and 1schemic effects, I will leave
up to the panel to decide. I do not know whether I can dectde
the question, but 1t should certanly have been brought up,
as the people in the electrocardiography group did

The problem of left ventricular hypertrophy versus some
block, so-called second-degree left bundle branch block which
Dr Sodi-Pallares mentioned, 1s something that we debated this
morning when we presented some records of left wex}mcular
hypertrophy. In the presence of an infarct involving the
septum, Q waves m lead V; and lead Vs and Ve may be
Present, with a rather lugh degree of left bundle branch block.
Again, these Q waves may be due to early tvolvement of the
Septum,

I do not believe that we ourselves can be sure as to the
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nature of the defective conduction in the ventricle, but we
do feel that the electrocardiogram did show that, and the
vectoreardiogram, we felt, bkewise showed some conduction
defects. Whether one wishes to call that defective intraventricu-
lar conduction {an old term) or whether one wishes to call
it secand-degree bundle branch block, incamplete, or some-
thing else, I do not kaow. We discussed that this morning, and
it is o problem to bring up,

I would say, 1 conclusion that I presented these tracings
to bers of our lat y. independent of the
diogram, and I have the interpretations of Dr. Ashman, who
read the tracmgs during the routine interpretations on the
ward to us, the el diographic interpretations were more
extensive and more definste than the vectorcardiographic ones.
But, as you saw, the vectorcardiography group did idenhfy
the lesions fairly well, I think they ought to comment fusther
as to the relative conttibutions of these two types of bracings.

Caarnvan Karz: I should like to add my own admication
of the skill with which the stereovector people handled this
case, Do you want to add anything, Dr. Grishman?

Dr. Grsman: Yes, I would like to add something ‘The
S-T vectar in this case was definstely lacated anteriorly, The
ST vector of subendocardual ischemia, although it gives similar
deflection for lead 1 and leads Vs and Ve, namely, $-T segment
Jepressions, is usually located postersorly, and posteriody and
supeniordy. This vector was di 1 forly and inferiorly.

1 assume that subendocardial ischemia played ne ole i
the causatzon of the §-T vector, I beheve that mast of the 5-T
vector was probably caused by left ventricular preponderance.
If digitalis had an effect, or if there was an cxaggeration ?f
the S~ vector by an acute coromary fnjury, ¥ have dufficulty it
determining it. Of course, not having known that the patient
was Bbrillating~which, from this type of traciag, I canaot
teli—I cannot guickly jump to the conclusion that this patent
was digitalized. .

1 think Dr. Sadi-Pallares, if 1 may say so, said this patient 35
fibrillating and s digitalzed, and 1 think that sequence 1o
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thought is quite proper, and we usually do it when we see
auncular fibrllation. We usually suspect that the patient, if he
is treated at all, is somehow controlled with digitalis or other
medication.

Cramvan Katz: Dr. Wolff, would you Iike to make a state-
ment?

Dr Worrr. According to our observations, it seems to me
that the S-T vector is characteristic only when one 1s dealing
with single conditions, let us say, either an antertor myocardial
infarct or a posterior infarct, or left ventricular hypertrophy
or right ventricular hypertrophy. When multiple wfarcts exist
and when both left and right ventricular hypertrophy are pres-
ent and, in addition, if the patient 15 on digitalss, then, of
course, what one observes m the vectorcardiogram 15 the
resultant forces as they are wmfluenced by the various factors.
In this case, then, I think all we can say 1s that the S-T vector
is consistent with all the lesions that were found 1 this case

Cramman Karz- Dr. Myers, do you wash to comment?

Dr Myzrs: This case merely illustrates 2 point that we made
many times 1 the past, that most of our errors are erors L?f
omission, You will note that from the electrocardiogram it Is
quite possible to make the diagnosis of auncular fibnilation,
digitals effect, and anterior septal myocardial infaret m ‘Ieft
ventricular hypertrophy. We all missed the recent terminal
Pposterolateral infarct, and the reason we missed it was because
we did not have leads 1n the proper place. We should have }fad
leads high in position Ve, Vy and Vs to pick up the high
posterolateral infarction. I think we could have made the
diagnosis if we had those leads.

The QS in lead V; and in leads 2 and 3is pmbabl)'.m""ly
a manifestation of the septal infarct in 2 heart which {xe:
hori: lly, and therefore potential vari jons are

to the lead.

Cramaray Katz: Dr. Puddu, do you wish to make any com-
ment?

Dr. Pupou: No.

CHAIRMAN KaTz: Dr. Sodi-Pallares?
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Dr. Sopi-PaLtarrs: Just to say that 1 agree with Dr, Grish-
man, because the vector of 5-T 1s located forward and in-
feriorly, 1t was located on the frontal plane, close to 120°, and
a very clear forward Jocation, That means that the injury, at
least from the electrocardiographic point, is located high in
the lateral portion of the ventricular wall, and I do not see
how that can be comrelated with the first infarction, with the
infarction 1n the lower portion of the ventricular septum

Cuamaiax Katz [ think this closes the first part of the
panel. { think you will agree with me that the performers were
magnificent and deserve a hand,

The second case, Case M. D (Fig 114), will now be shown:
we will bave a new team to recite. Since this is Dr. Grisham’s
case, he will not recite. Dr. Duchosal, will you summarize the
vectorcardiogram?

Dr Prrre Ducnosar: 1 think I can epitomize what 1t 1s
This is taken with the technique of Grishman, a modification of
Duchosal.

Description of the case- QRS loop duration is about 008
second The mam portion of the loop is Jocated in the nght
superior posterior quartile, or towards the right shoulder. The
small mitial portion of the QRS loop is duectly opposed to
the former The T loop 1s directed downward, posteriorly and
to the left 1t is a narrow, elongated loop of rather great amph-
tude The P loop 1s doubtful, the S-T segment, not visible,

Interpretation  Smce the imnihal portion of the QRS loop
is directed to the left and antenorly, while the major portion
is backward, to the right shoulder, fhis 15 strongly in favor of
a massive Tight ventricular hypertrophy. The position of the
T loop in relation to the QRS loop 15 simular to that commonly
seen with right ventmeular hypertrophy. Raght ventrilehf
hypertrophy of this extreme degree is most likely of congenital
origin,

I% is regrettable that the submitted document contains an
obvious error in the indication of the RST loop Jocation. The
sotation of the R plane is incompatible with the reverse rota-
ton of the $-T plane. In addition, the arrows definitely in-
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dicate that the large portion of the loop occurs frst, which is
a misleading indication. This is not a likely possibility since
this would signify a large anterior or lateral infarction, and
the T loop is i ipatible with this ion.

All this has been confirmed and clarified by consulting two

previous original publi by Grish an
where the entire case is reported and published, so that the
1 jousl d by our Chai is in

, 23 inge
reahty well known.

Cramnan Katz: Will Dr Den Boer, without reference to
the fact that this case was presymably once published, read
the stereovectorgram and arrive at a diagnosis?

Dr. W. Dex Boer. I might, first, pount out that I am not
entirely satisfied with the theoretical approach underlying this
system as a reference frame. Stil], I believe that this is a case
of very strong preponderance of the right ventricle, although
one cannot be absalutely sure how the QRS loop is inscribed.
It might be first directed to the right posteriorly and inferiorly;
it might be directed superiorly and nearly vertically, or to
the left anteriorly and shghtly inferiorly. The last probably
apphes.

In any case, the main direction of the QRS vector is oriented
very strongly to the right, whereas the T loop is orented €s-
sentially opposite the QRS loop. In the horizontal projection,
the QRS loop 15 inseribed clockwise. There is a smooth curve.
There is no evidence of conduction delay.

1 do not believe this 1s right bundle branch block. As I had
to make my diagnosis, I thought this was probably a case .of
congenital heart disease, and I have only seen it in interatrial
defect, and then I looked in the book by Dr. Grishman and I
saw that this case was published. That was somewhat of a dis-
appointment. 5

Cramnax Karz, Well, sometimes we pull tricks, and 'f-hls
case may not be the case that you and Dr. Duchosal think it is-

Dr. Milovanovich, you wrote me that you did not like: [¢3]
the orientation, and (2) the lead connections. Furthenﬂ‘{fev
you wrote that you would have preferred to have the device
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that you have described, whereby you can get the heart rate
with the VCG, With these omissions, will you please tell us
what you thmk this VCG shows?

Da. ]. B. Mmovanovicn: Well, when I got this material,
about a month or two ago, I was just leaving my flat, and I
had a Iook at these nice records. I put them m my car and went
away. I must say I was rather anmoyed. Usnally, we are pot

pposed to say, by glancmng at a d or electro-
cardjogram, how old a patient is purported to be, Here, there
was no mention of the age,

I was still driving and thinking of this picture as it was, 2
picture of unusual shape. We never see such a picture m normal
or even pathological cases in adults, so I supposed that this
would definitely be a child and probably under 10 years old.

As there is no sign of what we have described m 1945, 1
do not think that it would be a large commumcation between
the night and the left ventricle in this case, so I do not think
it is the tetralogy of Fallot, but, rather, a trilogy of Fallot, that
is, a high degree of nght venteicular hypertrophy, stenosis of
the pulmonary artery, and most probably communication be-
tween the two ventricles, It happens sometimes, however, that
in old people, we may have such a picture 1 a person w}x‘o
has pulmonary emphysema, but m such cases, the T loop is
not so highly developed, so I still believe thatit is the diagnosis
I just gave you. .

CrAtatax Karz Dr. Max Holzmann will lead off with the
diag from the el d (¥ig 11B).

Dr. Max Horzsmass: The ECG represents a P wave of
normal duration; the P is rather high and broad n lead I,
without an inverted segment in leads V1 to Va. The P-Q interval
is normal, The ventricular complex depicts a normal QRS dura-
tion of 008 seconds. There are very small Q waves in leads 2
and 3. The S wave prevails in leads 1, 2, Vs and in the standard
chest leads, with the R wave prevailing in Iead.s Ve to Vas.
The mean QRS axis in the frontal plane falls in a sector of
—150 to —160°, and is rotated backward.

The ST segment is hardly elevated in leads 1 and 2. The
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T wave is generaly opposite to the main QRS vector The
biggest T axis looks to the left, down and back, because i the
frontal plane sector, it 1s between 0 and 30°.

Conclusions. There must be a severe hypertrophy of the
nght ventricle, with damage of the nght ventncular myo-
cardum, The pattern 15 similar to that found i rare cases of
severe mutral stenosis or i cases of congemtal heart disease,
with nght ventncular strain, as i Fallot’s disease or pure
pulmonic stenosis. The P wave configuration m the hmb leads
might be considered to be 1 favor of the severe mitral lesion,
but the chest leads do not support this view Therefore, I
feel that this 1s rather m favor of a congemntal ongin

I should Itke to join n the opimion expressed by Dr. Milovano-
vich that this group of tracings 15 not completely satisfactory
because the strps are cut too short Therefore, it is not pos-
sible to relate the Q-T interval to the heart rate, and we cannot
make up our minds about the Q waves.

Cramaay Katz Dr Segers, do you agree with Dr. Holz-
mann?

Dr. Marcer Secems Yes, the major interpretations cor-
respond here to a marked deviation of QRS i the mb leads,
with large F; and T: with the aus deviated toward the left.
In the left precordial leads, the S wave remams very deep until
m lead Vi, on the opposite side There are R waves the
precordial leads, lead Vg to Vpe This pattern indicates
marked ventncular hypertrophy, with an abnormal position of
the heart, followmng focal nght ventricular block of mumor
degree, in the postenor part of the ventnicle, But there are
no evident signs of cor pulmonale or of mitral stenosis, so my
conclusion 15 congenttal heart disease with nght ventricular
hypertrophy. .

Camamax Karz And now, Dr. Williams, do you agree with
your colleagues? .

Dr. Coxcen Wiias T do. T think that the diagnosis of
te obvious from a glance at
tion defects, both
Jar as well, since

right ventricular hypertrophy 1s qut
the tracing I agree also that there are conduc
i icular and probably auricul
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the P-R interval, in some leads at least, appears to be as long
as 0.30 second. For this, too, I think, I would be in favor of a
congenital lesion; that is, I am speaking of the auricul icu-
lar conduction defect in association with right ventricular hyper-
trophy and an intraventricular conduction defect.

Perhaps we could be more certain if this were complete
heart block, because we do frequently see complete heart
black in association with congenital defects such as ventricular
or low auricular septal defect.

For these reasons, I think it very likely that congenital heart
disease is present. Perhaps another less likely possibility is
that of a generally destructive nfiltrative lesion of some un-
known source in a patent who already has right ventricular
hypertrophy.

Cramaan Karz. I inadvertently sent this series of records
to other members of the ECG panel, and Dr. Sodi-Pallares tells
me that he and his group spent hours unraveling it, and I
think it only fair to ask him if he agrees with his colleagues on
the panel

Dr SoorParLares: We also believe, from this tracing, that
1t is, first, right ventnicular hypertrophy; in fact, the QRS is
located near plus or minus 180°, and pointed slightly backward,
and the T 1s at most 10°, almost diametrically opposed.

Second, we believe there is important right auricular dilata-
tion. As you can see, there is a small Q wave in the entire right
hemithorax. We have described that kind of pattern mainly in
right auncular dilatation.

We thought of three main diagnostic possibilites. We
thought, certainly, of congenital heart disease, but we also
thought of chromc cor pulmonale, and we thought of the
possibility of displacement of the heart.

Now, the elliptical axis of P is around plus 30°, That has
been described also in our department as a common fnding,
and we have called that the “cangenital” P wave. Because of
that, we were inclined to the possibility of congenital heart
disease. We thought mainly not of pulmonary stenasis although
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we did believe 1t could be pulmonary stenosis, but of interauric-
ular communication,

Also, we must rule out the single ventncle because in the
single ventricle, as it has been described, there 1s 2 smaller
heart and waves in the precordial leads than is shown in this
tracing

Cramraaan Katz: Dr. Myers, do you want to say somethng
at this pomnt?

Dr Myers We made no extended study of this case Our
big problem was to identify the ventnicle responsible for leads
Vie, Vs, Vi, and Vg, all of which showed a late “intrinsie”
deflection. We had to consider a nght ventricular hypertrophy,
on the one hand. We also considered the possibility that the
heart was io an abnormal position, and these were commng
from the left ventricle, due to backward rotatton on the trans-
verse axis, along with right rotation, as deseribed by Dr.
Kossmann, and we concluded, as have the others, that this was
the result of right ventricular hypertrophy, for a httle different
reason; namely, that these leads that I have already given,
that is, Vgg to Vg, inclusive, have, as an imtal deflection, a
Q wave. The same type of imtial deflection 15 also seen in

25, Ve, and Var, all of which show a Q wave. We classed
these as Jeads reflecting predominantly the p I vanations
of the right ventricle.

In contrast, we felt that leads Vs to Vy, inclusive, were et
ventricular leads predommantly

Having chagnosed night veatmcular hypertrophy, we con-
sidered causes, and, of course, agree that congenital heart
disease has to be thought of in anybody with severe nght
ventricular hypertrophy. We felt, however, 1n this case, that
the ventricular variation of the left ventncle referred to 2
relatively wide area, and therefore favored some acquired
heart disease, either cor pulmonale or the gsh-mouth type of
mitral stenosis, which will give a wider dissemmnation of the
Ieft ventricular potentials.

Cramasan Karz. Dr. Kossmann wants to ask a question.

Dr, Cimarees Kosssann: T would Tike to ask a question of




66 ELECTROCARDIOGRAPIY AND BALLISTOCARDIOGRAPHY

Dr. Sodi-Pallares. Would you please clarify, Dr. Sodi-Pallares,
your statement about the appearance of a Q wave in leads
from the right side of the chest, when there 15 right atrial
ddatation, and, second, would you please elaborate on the
occurrence in this patient of late intrinsic or RS deflection, if
you like, on the right side of the chest posteriorly, as opposed
to the absence of such a deflection on the right side.

Dr. Sopr-PALrares: When you work directly on the heart—
and I am making reference not only to the dog’s heart but
also to the human heart—in cases of right ventricular hyper-
trophy, it has been found that in all the epicardial surface of
the right ventricle, there never is a Q wave. You get the Q wave
only when you go directly to the epicardial surface of the nght
ventricle very close to the nght auncle.

I do not know if Dr. Kossmann has read our papers about
the meaning of the Q wave in leads V; and Vs, and also in the
right precordial leads. We have also found right auricular
dilatation, certamnly; but almost always there is, at the same
time, right ventricle dilatation. I remember a case with tricuspad
stenosis, which showed 2 QR complex in leads Vy and V., and
there was a very big right auricle and a very small right
ventricle.

We must not forget that we are speaking of potential varia-
tions, not of potential action, I know, certainly, that Dr Grish-
man exphined the meaning of that tiny Q wave 1 right
ventricular hypertrophy as a diminution of the conductwity of
the Purkinje fibers, but we do not believe it is so We believe,
in these cases, there is a big nght auricle, and that transmits
the potential variations that exist 1 the upper part of .lhb'
intraventricular septum. In the upper part of the intraventricu-
lar septum, you get Q, more Q, and bigger waves, mainly
in some degrees of complete or incomplete right bundle branch
block.

CrammmayN Katz. Dr Duchosal, do you want to make any
comment?

Dr. Ducziosar- The only comment that I should like to make
is ing the right prepond which has been con-
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sidered to be possibly erther due to congemtal heart disease
or rheumatic heart disease+ mitral stenosis for mstance, Indeed,
it 15 very rare to have such a great night shift of the QRS
Joop 1n cases of mitral stenosfs, even n very stenotic cases, and
this appearance of the vectorcardiogram 1s very much m favor
of the very hig enlargements which can be found only in
congemtal heart disease,

Crsmyvan Katz. Dr. Kossmann wants to ask you a question,
Dr. Duchosal.

Dr. Kossmann: Dr Duchosal, I think you said that the dura-
tion of the QRS was 008 second. Dr. Williams pomnted out,
on the conventional leads, that 1t was m excess of 0.1 second
Smce you, presumably, have had the advantage of seemng this
case m ady you said 1t was published 1d you like to
review the duration of the QRS 1n the vectorcardiogram? There
does seem to be a discrepancy here

Dr. DucHosal: You know, this 1s a nice question, because
the figure is very poor, and I did my best to measure the
timing only in the vectorcardiogram, mndeed, apd I was very
much embarrassed because the two mistakes I told you about
are very gross mistakes mdeed

"The direction of the arrows 1s wrong On the H plane, they
are in the reverse diection to the S and F, and of you have
good eyes, you will smmediately see that it is wrong This 15 2
very misleading indication.

The second very misleading indscation 15 the start of the
loop, which is wrongly mdicated mn the frontal plane It starts
from zero, going durectly to the nght. which 1s wrong It goes
from zero to the left, and it is misleading because these arrows
are badly placed

In the);e};md publication of the case, i the American He;zrt
Journal, there was a httle amow pointing first to the Jeft, but
that was taken away in thus presentation.

CHamMAR K.u-z-y Now, hsv'ing had 2ll the dﬂ.cmmas, ‘Z}*:
will have the clinical story and the necropsy findings, whi
Dr. Kossmann will present.

Dr. Kossmany This patient was

32 years old, female. She
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was complaining of fatigue and cyanosis and dyspnea. She
was known to be a blue baby since birth, but she had no
symptoms until she was 8 years old, when she began to com-
plain of fatigue. These became intensified so that at the age
of 29, her first admission to the hospital was made.

At that time, in 1945, the patient was cyanotic; she had
clubbing of the fingers and toes. The heart was not enlarged
on examination and no thrills were felt. Rhythm was regular.
A-2 was flat, louder than P-2. A harsh systolic murmur was
heard best in the left sternal border, in the third left intercostal
SPBCC.

Important laboratory data. hemoglobin, 13 gms.; red blood
cells, 7.7 million, venous pressure, 10 em, of water, ether
circulation tune, 5 seconds.

There was also a catheterization study at this time, not
listed on the slide, and it was noted that the oxygen content
of the blood taken from the right atrium varied from time
to time. The color could even be seen to be different with
different specimens. Xeray of the chest showed globular con-
Sguration of the heart, with shight enlargement to the right, and

dmnimshed pul y vascular markings Arterial oxygen satu-
ration, 64 per cent. Angiocardiography was done.

Course: A Blalock-Taussig procedure was performed. Post-

peratively, a i murmur appeared in the left inter-
clavicular region, and the pulse pressure increased. Cyanosis
decreased somewhat. The patient’s exercise tolerance improved,
allowing her to return to work.

There was a second admission, three years after the opera-
tion, for recurrence of the former complaint and, in addition,
she had attacks of dizzi A physical jon was
similar to the previous admission, except that a continuous
murmur, with a faint diastolic component, was heard in the
Ieft interclavicular region.

Laboratory tests: hemoglobin, 16 gm. red blood cells, 78
million; hematoerit, 63 per cent. The chest x-ray was similar
to the previous one. The arterial oxygen saturau'fm was Gg
per cent. Incidentally, a catheterization ‘done at this time di
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not show very much difference from the first one, except that
this time the catheter was placed in the right ventncle where
it had not been placed before, and the pressure in that chamber
was 200 mm. Hg systolic and 10 to 20 mm. Hg diastolic.

The patient had several episodes of numbness and twitching
of the extremities. She died suddenly, following a 1t
after mild activity, and before cardiac surgery which had been
contemplated could be performed,

CHAmMAN Katz: The panelists did so well, and because
tume is passing so quickly, we will go at once to the necropsy
findings, which will be presented by Dr. Kossmann

Dr, Kossmann: The nght atrium was markedly dilated and
bypertrophied. The foramen ovale was widely patent and, in
effect, was a real atnal septal defect, 2 am. in diameter. The
nght atrial endocardium was thickened, smooth and free of
thrombus; the tricuspid valve had a low-lymg rng and a
rudimentary posterior leaflet; the nght ventricle was hyper-
trophied, 1ts thickness being up to 08 cm; pulmonary valve
ring, 1.3 em. in diameter; marked pulmonary valvular stenosis
due to fusion of the cusps; poststenotic dilatation of the
pulmonary artery.

There was no patent ductus. The left heart was fxorma]-
There was an old anastomosis between the left subclavian and
Ieft pulmonary artery, but it was not funchoning. It was repre-
sented by a fibrous band between the thrombosed subclavnfm
and pulmonary artery. There was dilatation of one bronchial
artery, There was an old infarct of the spleen and kadaeys and
chronic thyroiditss.

Criamaean Karz: Will you summarnze the Jesson to be learned
from this case, Dr. Kossmann?

Dr. Kossmann. I think hoth groups of the paue}—-the \iedor
cardiograph bers and the electr diograph
did very well, Dr. Duchosal, of course, knew what the cise
was We did not try to tnick you. The case was published e;
fore. However, we did give the panel some data that were no
Published.

I thunk that in this instance, we have an electrocardiogram
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and a vectorcardiogram which could go with several anatomical

ituati giving iderable enlargement or hypertrophy
of the right side of the heart, but, as you heard from the
panelists on both sides, there were httle hints to indicate that
the most likely thing was congenital heart disease, simply be-
cause the electrocardiographic findings suggested rather exten-
sive right ventricular hypertrophy, and i acquired heart
disease one does get hypertrophy, but it 1s almost never mas-
sive.

I do not know which of the two sides of the panel did the
better. I think they both did very well, but, again, Dr. Duchosal
pointed out that there were technical difficulties. These are
very real and must be contended with if one is going to do
vectorcardiography on a clinical basis with the equipment now
available.

On the other hand, with the conventional records, these
intervals were easy to pick out. As Dr. Holzmann pointed out,
we did not have enough records on the slide to make it possible
for lum to decide the importance of the duration of the Q-T
mterval. That, of course, 15 2 small technical difficulty due to
mounting, It was done for convenience. We could have given
him the heart rate if he wanted it .

I think, in conclusion, that there is no great difference in
this particular case between the two sides of the panel, al-
though we do have a few advantages in favor of the conven-
tional method, because of the techmque and because of the
timing that it is possible to get from it, which is more accurately
than from the vectorcardiogram.

CramviaNy Katz: Dr Den Boer, do you have any comments
to make?

Dr. Dex Boen* No, thank you.

Cramstax Karz. Dr. Milovanovich, do you bave any com-
ments to make? .

Dr. Mmovasovica: I find, as you realize, that these pictures
were not taken very well, techmeally. Jt would be mther‘ dif-
ficult to say where the P loop is, how large, how lon.g is 1ts
duration, what about the QRS duration, and so on. 1 think that
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the vectorcardiogram, when it 15 performed, ought to be com-
pleted by recording a vector on a moving paper.

Crammay Katz: Dr. Duchosal?

Dr. Ducrosac: I have nothing to add,

Cramarany Karz Dr Williams, have you any comments
to make? Dr. Segers? Dr. Holzmann® Dr. Burch wishes to make
a comment,

Dr. Bukch. I should like, before we adjourn, to comment
about Dr, Sodi-Pallares’s recognition of enlarged right atrmm
His associates have been pomting out that electrocardiograph
sign, and, as you saw, he recognized from the el diog;
the lacge right atrium I think we should not pass that by with-
out mdicating our appreciation of that accomplishment

CHamMaN Katz, T should Iike to have Dr. Xossmann make
one or two remarks before I close this session,

Dr Kossmany: I should Iike at this tme to ask a question
of all the members of the panel I think one may get the m-
Pression from a session of this type that one can make precise
anatomical diagnoses from the electrocardiogram That 15 true
n some nstances, and these were two extreme instances w here
the correlation between the electrophysiological and the ana-
tomical findings was very good But I think that 2t shou]ji be
ponted out that the diographer and the el
rapher who are doing routne work wall more often not be
able to say with any degree of precision what the anatorcal
diagnos:s is

With those introductory remarks, I should ke to ask the
panel to answer by a show of hands, if they wish, the follow-
g question, and, at the end of the question, I will give the
alternatives, What is the entire panel’s opmion concerning the
common practice of making anatorucal dxagnoses fmmh an
electrophysiological method? The three possibilities are there
18 1o correlation between the twa, there is a very high correla-
tion between the two, or, there is a moderate correlation [The
show of hands was inconclusive.] Well, at least, we are al{lg to
demonstrate that on this pomt there 15 a dufference of opinion
among the panel members.
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Criamaean Karz: I think we should show our appreciation
to the second half of the panel for their splendid performance
as we did for the first.

I am sure that all of you have shared with me the pleasure
of an exercise which is not dependent upon a man simply get-
ting up and making a formal presentation, where nobody can
disagree with him. In this session, we have demonstrated that
perceptive physicians can deduce what the electrocardiogram
and vectorcardiogram will show, before the clinical history
and physical findings are given. I think we should continue this
kind of practice at future congresses, If you agree, will you so
indicate by letter to our Secretary-General, Dr. Pierre Duchosal.
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Ballistocardiography

A Panel Discussion

Cramman Isaac Stars During my medical bfetime,
a healthy change m attitude has come over medical faculties m
the United States. When I was 2 medical student, about thirty-
five years ago, many of my professors, with conspicuous excep-
tions, talked from the standpomt of authonty. They regarded
themselves as having the last word m knowledge of their sub-
Ject, and we poor students could do no better than to sit at
their feet and memonze what they had to say. But, unhappily,
a portion of what they had to say has proved, by the passage
of time, to be erroneous, and I now look back on some of my
teachers of that era as d, opini d, and o
fident,

I mention this past era to call your attention to the fact
that a change mn atmosphere has taken place i most North
American medical schools, and that the typical American
professor is far more humble than his predecessors I am sure
that this change is i the night durection

This change in attitude has led to the search for new and
better methods of presentation of medical subjects, not only to
students but also to audiences such as tlus one, who have at-
tained competence and distinction in this field, One of the new
forms of presentation now being widely used, the form we pro-

73
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pose to emplay here, is called the panel discussion. The officers
in charge of this Congress have not asked me to give you 2
lecture on the ballistocardiogram, but to gather together persons
with experience in the field, to present their views on various
aspects of it and then to be prepared to answer whatever gues-
tions may arise either from other members of the panel or from
the audience. Therefore I am hopeful that this session will sub-
mit to this distinguished audience not what purports to be an
authoritative presentation of the subject but rather a discussion
of the ballistocardiogram in which various poits of view are
presented. For I do not expect the group that I have gathered to
agree fully either with each other or with myself on many topics.
I expect that many differences of opinion will be brought out,
and 1 shall regard such differences of opinion not with concern
but as evidence that the field 15 in a truly healthy state and
ready for further advance I believe that promising felds such
as this one will ad , and not by pr ts from self-
constituted authorities but by hard work to bring out facts s0
obvious that all must agree, and by hard thinking about what
such facts mean, and by a proper respect for the opinion of
other workers 1n the field

Before stasting, I must thank the members of the panel for
consenting to take part, and I must express regret that T was
unable to secure the services of Dr. Walliam Dock of New York,
who has done so much to make these records more available
generally to physicians. He was invited among the first, but
other plans prevented his taking part wath us today.

1 must also apologize to Dr. von Wittern that his name has
somehow escaped printing 1n the program. He was onc of the
first I asked to take part in the panel

S hing inh in the panel technique is the danger that
discussion and questions may become so unrelated to each olhtjl
that no real view of the feld as 2 shole s secured by the audi
ence. My opinion was that the audience would proba'!sﬂy ﬂecfl
some extended view of the feld, and, to guard against t'hls
danger, I have asked some of the members of my panel to gve
short presentations on aspects of the subject that have particu:
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larly interested them. These presentations wall take up much
less than the time allotted to us, leaving the remander for
questions and answers. 1 have mwited other persons besides
these. speakers to ask and answer such questions and to take
part in the discussion. Of these, Dr. Jobn L Nickerson, a physi-
ologist of what might be called the physical school, is the author
of 2 ballistocardiogram of the istant table type, Dr Tal-
bot is a physicist who has nterested himself m the perfection
of balli diographic instr jon, and Dr. Brown 15 a
clinicfan who wrote the first monograph published in this field.

As the more formal part of the program 1s given, I hope that

you will write down any questions you would Iike to ask any of
the speakers and hand your questions to me as the session goes
on We have made arrangements for having them translated
should you care to give them in your natve language These
q may be add d to a particular speaker or to the
panel as a whole, m the latter case, I shall call upon a particular
member of the panel whom I judge to be best equpped to
answer.
. Now, having sat through all the previous presentations today
in this room, I should like to point out some similanties and some
differences to what has gone on before. I was most impressed,
as I am sure many of you must be, with the surgeons, and the
thing that particularly interested me m that meeting was the
question they were asking themselves, “What lestons that the pa-
tient suffers from are anatomical and therefore corrected by
surgery, and what are not anatomical®”

1t is the nonanatomical, or shall we call them the functional,
or, perhaps better, physiological lesions of the carduc contrac-
tion that the ballistocardiogram is aumed to detect.

Second, with regard to the electrocardiographers who have
preceded us 1n such great numbers, I cannot help calling a httle
attention to the great influence that they have put on making
anatomical diagnoses. 1 say that to call attention to the dif-
ference between the electrocardi and the ball di
gram. T doubt very much if the ballistocardiogram is going to
be of great help in making diagnoses of the anatomical type, It
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may be of help in some instances, I agree, but the main interest
in the fleld is something totally different. It is helpful in de-
termining aspects of physiological cardiac function about which
the other methods simply do not supply us with any information.

‘When my students ask me the difference between the elec-
trocardiogram and the ballis diogram, I always point out
one simple thing. 1f you take an electrocardiogram, then ex-
ercise, and then take another one, the electrocardiogram is
affected little, if at all But if you take ballistocardiograms, the
ballistocardiogram after exercise is hugely increased in amph-
tude in a striking fashion, In other words, when the heart beats

more gly, the ball diogram detects the difference.
The electrocardiogram does not do so. It is that kind of physi-
ological diffe duff m the gth of the heart’s

beating, that we are aiming te make available to clinicians.
Needless to say, there are many difficulties and I hope these
will be planly brought out.

I am first going to call on Dr von Wittern, a physicist by
traimng, who has mterested himself in the physical aspeets of
the problem and whose ideas and technical skill may well lead
to improvement 10 our instruments,

DR, Worr-Wito vov Wrrrery: The ballistocardiogram is a
record of the oscillatory motion of the body or of a platform on
which the body lies. The forces which produce this motion are
reaction forces g d by the 1 or decelerat
of masses within the body, that 15, the masses of the biood and
muscle tissues.

The motions of the body and platform depend not only on the
force but, at the same time, on the mechaneal system of body
and platform In such a system, the pattern of motion, the bal-
Iistocardsogram, will in general be different from the patterns
of force, and only under certan conditions will the patterns of
force and motion be equal. A certain force pattern can produce
almost any pattern of motion depending on the structure of the
mechanical system

To be able to draw Jusions from the ballis
on circulatory events, the system must be so design

di o
ed that its
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mohion is at any time proportional to the force. Pertodie pat-
terns of force or of motion can be presented as sums of sinusoi-
dal force or motion patterns of vanous frequencies—in our
case, the frequency of the heart rate and 1ts mteger multiples,
Force and motson pattern will be equal when equal sinusoidal
forces of all the frequencies contained in the pattern produce
equal sf dal motions synch 1 d the be-
havior of the body-platform system at vanous freguencies, 1t is
?Ecessary to know the mechameal propesties of body and plat-
orm

It was possible to show by measurements that the body, lying
08 a ngud surface, can be represented, at least for frequencies
Up to 15 cycles per second, by a mass connected with its sup-
Pott by the elasticity and the internal frictional resistance of
the external tissues

At one particular freq , the lled natural f;
?f the system, a given force acting upon this mass—we are talk-
ing only about the body system now—wall produce excessively
large amplitudes of motion, depending on the frictional resis-
tance, This effect 15 called “response.” The natural frequency
of the body system was found to be 3 to 4 cycles per second

The platform system represents a sumlar system, at least for
low frequencies, made up of the platform mass and elasucity
and frictional resistance of its connection wath the ground.

With the combined body-platform system are shown displace-
ment, velocity, and acceleration of the platform caused by forces
of various frequencies acting upon the body mass

We find that these functions have extreme values at f;, the
fower system frequency, and at £, the upper system frequency
Except when these frequencies are close to fs, the natural fre-
quency of the body, f; 15 @etermned by the combined mass of
body and platform and the elasticity of the platform suspension,
while £, is determined by the platform mass and the elasticity
of the evternal body hissues.

Let us now consider the response curves which we obtain
when we change the mechanical constants of the platform 1f
we increase the stiffness of the platform suspension, we obtain
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the case of the “high frequency platform,” and fy increases more
and more. With infinitely large stiffness, it finally reaches fs,
4 cycles per second, about the natural frequency of the body.
This at the same time is the case of the body lying on a rigid
surface or the case of the Dock method.

In case of a very stff platform, the damping of the platform
1s meffective and the r at f; 15 damped insufficient]
only by the body tissue

With the high frequency platform and with the body on 2
ngid surface, we can expect a displ record proportional
to the force, up to about 5 cycles per second, but thus record
will be distorted by after-vibrations because of the insufficient
dampng We work, in this case, in this range here. In the case
of a very stif platform, it goes np to body frequency.

If the stiffness of the platform is decreased, we obtamn the
case of the “low frequency platform” and f; decreases. The
resonance at f; can be damped by a damping of the platform
There 1s practically no limit for lowenng f; and i Talbots
“mercury bed,” where the body floats on mercury, f is practi-
cally zero

Now, let us consider changes of the platform mass. i we
dimmsh the mass of the platform, f, increases and the damping
of the resonance at f; caused by the body tissues becomes mor®
and more effective When the platform mass is equal to or
smaller than about one-tenth of the body mass, this damping i3
sufficient and, with a platform mass of about one-thirtieth of
the body mass, f;'is raised to about 8 times fy or 35 eycles
per second "

By combination of very small platform mass and a very sm3
platform stiffness, it seems possible to obtain a flat respons®
of acceleration. We work, then, in this range. This range s “‘E'“
extended from zero up to infinity, possibly, and this means “;
have a flat resp of 1 Th leration recDrd_‘;
the low frequency bed and the displacement record of the hx;,;, c‘
frequency bed should actually render the same results, lliltbc
response curves are flat in the same frequency, sO it wou )
possible to obtain a recard, maybe, up to 35 cycles per secont
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It must be stated, however, that the representation of the body
by a one-mass system 1s ]ust\ﬁed by measurements only up to
15 cycles per second

The elastic coupling between vessels and body mass has also
not been considered, and 1ts influence certamly wncreases with
lugher frequencies. We therefore can expect a closer connection
between the blood motion and the ballistocardiogram only if
we cut off, by means of a filter in the recording system, fre-
quencies Jarger than 15 to 20 cycles per second.

If we assume that the moved blood mass 1s constant durng
one heart cycle, then the acceleration record of the low fre-
quency platform can be mterpreted to represent the acceleration
of the blood, the veloaity record, the veloaty of the blood, and
the displacement record, the displacement of the blood

There will probably be useful mformation 1n the frequency
range above 20 cycles per second Unless, however, a flat re-
sponse in this range 1s really secured, such mnformation can be
used only on a statistical basis

Cuaraian STars Dr von Wittern has, I think, ably given
you what might be called the theoretrcal approach to the
subject It is no cnmtism of Dr von Wittern and other
physicists to pont out that therr expectations concermng the
vibration properties of the body have been denved chiefly from

i d on te objects, such as steel
and that predictions and theones based
d considerable modification when
applied to body tissues This thought, plus the very obvious
but unfortunate fact that my own traming in phystcs stopped at
a very elementary level, so that T lack the Imckgmund todoa
frst-class job of theoretical physics, has promplf,d me ‘t.o seek
information about the f Is of the t
by another type of attack—th

In these experiments, a gre:
that T shall not mention their names
indebtedness to them. 5

The type of experiment we Fnally adople:l was detir'mmcd
by the belief that since the amphitude of the g

springs and ol damping,
on such results might nee:

e direct expennment,
at many others took part The fact
does not detract from any
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was prabably related to force, force being, by definition, mass X
acceleration, we must devise an experiment in which the ac-
celeration of blood issuing from the heart could be estimated.
The experiment we finally adopted was as follows:

A cadaver is placed on a ballistocardiograph. A large glass
cannula is inserted through the heart into the aorta and tied in,
and another sumdlar cannula is tied into the pulmonary artery.
Both cannulae are connected by glass tubing to large syringes
whose coustricted ends have been removed so that blood flows
frequently into the tubing, In contact with the plungers of the
syringes is a screen with a slit, through which a light beam
records the position of the pistons at each instant and so the
cardiac output, let us say, at each instant of systole is recorded.
We also record blood pressure in both the aortic arch and
femoral artery, as well as the ballistocardiogram, on the table;
the resistive table on which the subject lies,

Inflow 1s through a tube from a bottle, and can be stopped by
clamping the tube. As the intra-arterial pressure falls away, as
1t does in diastole during hfe, a heawly padded mallet is re-
leased and, falling of its own weight, strikes the pistons and
simulates systole. In the early days of this work, we used water
or saline as perfusing fluid but Iater we learned how to use
Blood, securing the blood by saving that about to be discarded
from the hospital blood bank because it had been drawn a month
previously. The results I mention here will be those secured
with blood as perfusing fuid.

In these expenments, we aim to pet great varjability of con-
ditions. Thus, in the cadavers with perfusion of blood, the
stroke volume ranged very widely, over threc-fold. The blood
pressure varied from hypertensive to shock levels in the dif-
ferent experiments, the duration of cjection corresponded to
pulse rates varying from marked tachycardia to marked brady-
cardia, and records show a great variety in the r:fmtour of the
ejection curves of the group of experiments in swhich blood was
nsed. Now, all this variety was obtained purposely. bccau‘:i-

certainly, any uniformities which may occur in data as vari
as these ought to be thought of as important.
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With these data before us, we are in a posttion to ask our-
selves the question, what aspect of cardiac function determined
the amphtude of the ballistocardiogram? Expressed m the
smplest terms, the results of two wmportant types of experi-
ments come out hke this:

When the blow was a large one, a heavy one, the mallet
pulled through a large arc, so the ballistocardiogram was large.

Itrep perfectly the balli d secured 1 healthy
people, except for the fact that there 1s no H wave There is no
H wave in any of these exp 1 ball d In

contrast, when the blow was a smaller one, the ballistocardio-
. Bram s much smaller, the pressures nse less. Also, the ballisto-
cardiogram Jacks 1ts I wave

Now, I can summarize some of the mam results m sumple
form, Furst, when the mallet is dropped through a larger and
larger arc, the harder the blow that simulates systole, the larger
the ballistocardiogram. We have done this in every subject, with
both water and blood expermments, and we simply have never
seen 1t miss, provided conditions are kept constant Everybody,
I think, will understand how this was, but not so obvious are
the results of an experiment m which we stike the same blow
by dropping the mallet through the same arc each tume but m-
crease the rubber padding on the mallet, so that the blow struck
is softer. The amphtude of the balhstic record dimmishes as the
blow is softened, even though the mallet drops through the
same arc,

In bnef, the ballistic amphtude 15 governed, not .by the
strength of the blow alone, but also by the way mn which that
strength is apphed When there 1s little padding, the fallng
mallet is stopped almost instantaneously, so it delwers 1ts
energy in a very short period of time, and the 1mpact 15 l;ug?.
When heavily padded, the mallet 15 stopped. gradually, and so it
delivers 1ts energy over a much longer period of time, and the
resulting balstic amphtude is much smaller, We have an 'ob-
vious analogy to driving 2 nail with 2 hammer, If steel strikes
steel, the nail is driven in, but if you place a pad on the hammer
and strike the same blow, the nail is driven in ttle, if at all.
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A more exact method of attack on the genesis of ballistic
amphtude is to look for correlations in the data.

The best correlation we have found is between the maximum
velocity of the mjected blood and the square root of the ballistic
I and J wave amphtude The maximum velocity being the result
of the accelerations which preceded it, this means to me that the
amplitude of the record measures the force of the injection, and
therefore, I have come round by an experimental method to the
same conclusion that Dr. von Wittern derived in theory, Thus,
my results support the view of the previous speaker that the
ballistocardiogram taken by recording displacement of a re-
sisted table measures cardiac force primarily.

We can also look for things that improve the correlation, and
one of the things is that if you take a factor for body size, the
correlation is significantly improved, so that it becomes very
high indeed.

Now, the heart being a physiological unit, there are many
good correlations between ballistic amplitude and other aspects
of cardiac performance. When the heart beats forcefully, the
stroke volume is likely to be large, so there is a correlation be-
tween ballistic amplitude and stroke volume, a correlation m{lCh
improved by the addition of a factor for the duration of ejection,
as [ have had in my earlier experiments.

Our original cardiac output formulae, always regarded as
rough methods by us, do not do so badly when tested in experi-
ments such as these, although Tanner's formula, the one I m}’i
self preferred, which was adjusted to give results.in nom;a
resting subjects correspondmg to Fick estimates, gives results
which are clearly too high.

By experiments such as these, we cm;
changes in body properties or physiologica -
withg:m abﬂityyhl; eg)umate cafdi};c forgce from ballistocttﬂi';:
grams. We find that by considering the size of the 1203)’ the
estimate of force can be improved. It looks as if the bigger
body, the smaller the fraction of cardiac force which escﬂ}::d

to move it, which is perhaps natural, We have also 'l;"; -
changes in the beight of the blood pressure, and they ma

discover whether
functions interfere
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small a difference in the estimate of force that they can be
neglected The p of ad d arterioscl probabl
makes a trifling difference, though our data are still meager on
this point,

All this work mdicates that by means of the ballistocardio-
gram, we are certainly on our way to a rough estmate of the
strength of the heart’s beating, a subject on which doctors have
long speculated but about which they have known very little
Let me conclude by stressing some qualtative relations, how
the form of the ballistocardiogram depends on the contour of
the cardiac injection curve, even though thus aspect of my work
may be very farmliar to some of you,

A normal systohe record can be reproduced in the experiments
by njections in which the mntial acceleration 15 large On the
other hand, if the imtial acceleration 15 small, the ballistocardio-
gram changes tremendously mn contour, becoming what I have
called, rather nanvely, the late downstroke type, and sumlar to
that of ballistocardiagrams seen quite frequently in people who
by other criteria are thought to have severe heart disease

Injections that are not smooth break up the ballistocardio-
gram m a wide vanety of ways, as also seen 1n patients with
severe heart disease,

If the two sides of the heart are mjected asynchronously,
abnormalities such as a spht ] wave result, and this can often
be seen 1 the chmic. The pomt 1s that we now know how to
reproduce expermentally a great many of the abnormahn:es,
most seen in systole, mn the clime, so we have the right to th{nk
that we have a firm grasp on thewr genesis. The great exception
to this statement is concerned with the mteresting abnormalities
of the H wave at the very onset of contraction Our experiments
do not reproduce the H wave, so that our confidence in the
interpretations of this mteresting part of the record is Jess than
in the other systolic portions .

Now, that is all I am going to say about the experimental at-

tack
1 am now going to call on Dr. Baker, who is a chnician pri-
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manly and who has had wide experience with ballistocardio-
grams of the resisted table type.

Dr. BENjasiy Baker: Dr. Starr, it has now been a decade and
a half since you revived a dead technique and wisely christened
it “balbstocardiography ” Among your early observations, there
was one which, I believe, has been more responsible than any
other for the great mterest which has subsequently been shown
in this technique That observation was that the ballistocardio-
grams of patients with coronary artery disease are frequently
abnormal when all other measurements of the circulation are
normal.

The clinictan of that day was as dissatisfied with hus manage-
ment of the coronary artery disease problem as he is today, and
quickly adopted this technique m hope of improving his prac-
tice

Very soon, numerous observations confirmed those early ones
of Dr. Starr and enlarged them. It was very rapidly apparent
that many patients with severe coronary artery disease had ab-
normal ballistocardiograms but others had normal ones. It was
also apparent that many seemingly normal people had abnormal
ballistocardiograms and other normal people had normal ones.

We have a record from a 55-year-old man with typical angind
pectoris. While this patient was quietly lying on the table, he
very obligingly developed a severe attack of precordial pain that
had all the characteristic features of angina pectoris. Tmmedi-
ately, the electrocardiogram showed the depression of the ST

t, and the balli diogram deteriorated sig'niﬁ?ﬂ"ﬂ}"-
His attack was promptly terminated by the administration ©
nitroglycerin, and a third record was obtained, whi
as good as the control record, if not better. 4

We have records from a 59-year-old patient, who, d"ez’] 05“
denly, without any appftrent .precxpxta'hng factori‘ e];er En 1
severe attacks of precordial pain, radmting to the shoul e
down the arm. These attacks were very numerous, and he “1‘_’}‘1‘
frequently have dozens during the course of the night. :c_y

were miraculously relieved by glycerin. They neve;ein
curred during effort, Actually, while the patient was g

ch is at least
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fnvestigated, he got out of bed and, on his own hook, ran up
several fights of stairs, to test it out He said the physwians
azked him thus question so frequently that he wanted to be sure
about it.

A hiatus hernia was demonstrated, The attacks occurred al-
most invariably at night or after a large meal, and f he assumed
the erect posture, they would disappear promptly. Nitroglyceri
relieved them like magie,

Fimally, the patient was operated upon, the hiatus hernia was
repaired, and, only ten days after this extensive surgical opera-
fion, a mew record was obtamed. It was at Jeast as good as the
earlier record and probably a lttle better There seems Little
question but that the attacks were attacks of myocardial ische-
mia, for there was marked ST segment depression 1n the second

lectrocardiogram which disappeared subsequent]

This stimulated us to find out, f possible, how frequently
ball diographic lity occurred in large numbers of
patients with coronary artery disease and in controls We were
thoroughly aware, as Dr. Starr has pomted out, that this tech‘-
nique physiol 1 ph and not
ones, and yet the studies seemed 1mportant

The results, with which many of you are famihar for they have
been published, are 1n, roughly, 200 patients A\vxth angma P;&;
toris. The results were compared with findings m over =
normal controls of similar ages. In the fourth d.ecade of life only
45 per cent of the records of patients with angina pectoris were
abnormal and no records of normal controls in that decade wte}:e
abnormal As age advances in both patients and controls, ;
ineid, of form at Lty kedly. These al

normalities are significant for all age groups except the eighth
decade,

i t was

In spite of the fact that these results were interesting, it |

hoped that something might be done to make the t(lelchn‘x’r;l::

separate the patients from the controls more dmmau}fﬂl ); on

0us stress tests were employed. Some of these were ise t}!:eustrcss

only one deserves considerable comment, and d(;n:) he stres
produced by smokwmng a cigarette, first suggested by
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subsequently investigated tharoughly by several observers.

In approtimately 100 normal controls, very few of the bal-
listocardiograms deteriorated. On the other hand, a very high
percentage of the records of patients with coronary artery dis-
ease deteriorated significantly when they smoked a cigarette
Actually, only about 18 per cent of the records of patients with
coronary artery disease remained normal after smokmng a tiga-
rette. This test served to separate the patients from the controlé
in the proportion of 9 to 1.

One would conclude by saying that there is no question what-
ever but that the ballstocardiograph measures a circulatory
dysfunction which is ly found 1n patients with coronary
artery disease, but is also commonly found in normal con-
trols as they grow older and presumably develop more and morc
coronary artery disease. This js, however, quite different from
saying that a patient with coronary artery disease, who has an

1 1 balli s is th d with unmediate
deterioration of his condition or death, It 1s also quite different
from saying that a normal control, with a normal ballistocardio-
gram, is secure from the development of it. The facts argue
strongly to the contrary.

Everyone knows that the status of the coronary circulation
changes rapidly from moment to moment, and it would be toe
much to expect that a technique could do more than meﬂs‘m;
the efficiency of 1t at a given moment, Until further phyﬂo}og‘;‘“_
studies and long-term follow-ups brings us complete un e:S

ding of balli dsography, we urge a conservansm ml‘
. Jue
use in the clinic, i order that a technique of undoubted \i "
and great promise not be brought into disrepute by makms
clauns for it that are not yet justified by secure facts. s

Cnamraan STarr: I can assure you, I echo Dr. Bakers {m
words. Now, I am next gomg to call on the last two sped’ . ’
who have been using the ballistocardiographs not of the t:prr
commonly employ but of the type which were m’ig“\'f‘.‘effi dy;vilh
Dock Dr. Harrison has been, I gather, not quite sahS' f with
the onginal technique and has been doing strange !}xlﬂﬁ‘wm
his subjects, attempting to fmprove the method. Since &

gram,
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methods can be improved, I am gomg to call on Dr Harrison
to tell us a httle bit about it.

.DiL Trvsuey R Harnwson: Fust of all, I should like to say
th}s. whatever value the ballistocardiogram may eventually have
will be attributed to D, Isaac Starr It 1s his baby, The rest of
us are neophytes in the field compared to Dr. Starr,

Second, much as I fear that agreement ameng the panelists
may detract from your nterest, my own httle knowledge of the
physics of the ballistocardiogram leads me to the same con-
clasions that Dr. von Wittern has drawn, and, certamly, 1
would agree with the chinical statements made by Dr Baker on
the hasis of an experience very much greater than ours.

We regard this as an instrament which bas something to do
with telling us about the force of the heart, which almast cer-
talnly is going to be of practical chmeal value ultimately. We
take a dim view at the moment of attempting to drew chmcal
conclusions from it and, so far as I am concerned, tho stetho-
scope and, more particularly, the pencil are still the most m-
portant methods of examming a heart

X do not believe that the wdeal ballistocardiograph has yet
been devised.

1t is quite hkely that of the numerous different methods being
used at present, some will ultimately prove to be more valuable
for one purpose and athers may prove to be more valuable for
another purpose. For example, the technique which we use and
which I shall mention briefly in a moment s not a good tech-
nique to study discase, because the method does not alfow one

ta record resp ¥y vari-

ations appear to be qui!

properly, and
te umportant as a clue to abnormality
The methods which we have used have been t.lewscd 'pnmnnl'y
fo attempt to study the genesis of the ballistocardiographic
waves and parbicularly thase waves which cannot be repro-
duced in the cadaver, and about which we therefore hawve rela-
tively little knowledge at present.

’ﬂ{e techniques df scem to allow one to find a very close
correlation with certamn physiologic events, as recorded by other
methods, such as the carotid astery upstroke, the carotid artery
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incisura, the various pownts of change of direction on the elec-
trokymogram, etc.

One can very easily obtain a record which is full of artefacts.
The body can get into a certain vibration frequency, and you
can get a record that looks a good deal like a sine wave. When
the subject has sandbags put around his shoulders and around
hus feet, the amplitude is less, which one would expect, and the

guration 15 quite diff The J-X d ke is much
less deep, a new little wiggle follows the K wiggle, a K-L up-
stroke, we call it, followed by a little downstroke, and that
little wiggle is absent i the first situation.

1t 15 difficult for me to believe that you can damp wiggles -
You can certainly damp them out. For that reason, we believe
the latter situation comes somewhat closer to giving a true
ballistocardiog The undamped record, incidentally, is some-
thing like Dr. Nickerson's records which he has been obtaining
for a good many years.

With the subject lying on a putty surface, without any damp-
ing at all other than the damping incident to the putty, the X
nadur is deep. If the subject is damped by putting sandbags
around him, and the seq changes, the guration
changes. The K nadir becomes much higher, and the KI-M
sequence become much more clear. .

If further sandbags are placed around the subject ther.e is
little further change, In other words, if one damps the subject,
one at first gets a marked change in configuration and then on¢
gets a situation in which little further change in confguration
occurs. That makes us think that we are gethng somewhere cltlJSG
to the true body wiggles, and that aftervibrations are being
largely eliminated, "

The chief points I should Like to make are: Fust, I have gred!
faith in the long-range future value of this method as te)lu{)%
us something about the contractile power of the heart, 1 da'“m
that it is ever going to tell us anything about the anatom!
Jesions in the heart. ,

Second, T do not believe, on the basis of our ownl experienc®

at least, that the method is yet ready for general clinical use-
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,ll;ah:: e must be qualified byﬂj itting that we ourselves

e deml:;‘a a great deal of attention to that and have not

h iber: lel;' to use techniques that might give the most
ormation in disease,

thll;ua%ei;::' records fm}n the shins', one .has to realize that

i xecordxl'n :rtefact;ux:cduoed which might not be present

Fourts ng more tly from the foot or from the head

— a mmnd?mble part of the ballistocardiogram, as

y rec?rded, without dampening of the body, appears to
represent sine wave oscillations and does not appear to repre-
sent physiologic forces.
'e‘l‘;;‘?n)’, by tl}e use of techmques of progressive dampi! g and
- ques which change body frequency, such as the use of
nd, putty, and additional sandbags, one can obtain a record
;thch has a close correlation with other physiologic events.
}}'hether that is particularly important, 1 do not know, but it

s seemed 50 to us.

Cl:-m\m.\' Starm: And now for the last of what you might
call “prepared speakers,” I am gomg to call on Dr. Mandelbrutn
of New York, who, following the ongmal Dack technleie
closely, has had very extensive clinical experience witl rovonly
of this type.

Dr Harey Maxpersavas The classic head-foot failintocutdt
ogram 15 useful in distinguishing between narmnl sl ahnarnd
traces and in observing the effcets of excrelwe el kg
Routine lateral plane studies are now dome sttty ey
we find 1t helpful in interprcting properly our oy ot
body vibrations set up by cardiac forccd W cnpifay b e
ometers and a pulse or sound channed or Tl o IIII\lIll; .

We have adopted Dr Brown's chivsifivalton al -|.uulml\ \“\"l
practicable. However, a Grade | fadliatranl g ':I ‘V‘l\\ we
so often 1n emphysema and In appuelihe wihpte AW \
regard 1t a Gl 11 e 1w

s climcally nnimporto Wanl, e [T]
proven directional n lateral tined e gl '.mlmu b
and Grade IV traces are regpardid fe :\q"‘:“ﬂuulu W
normality of cardla¢ fFune o, e "“";"“" |l:uh A vitowee
worse ballistocardlogrmn fit sultit1* with ww
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of heart disease shauld be regarded as significant at any age.

The importance of the nicotine sensitivity test 15 widely ac-
cepted as correlating with coronary artery disease. 1 would like
to extend Dr. Baker’s scope and state that Dr, Searborough and
his cavarkers at Johns Hopkius, in their study of a group of
subjects with coronary artery disease, found significant ballisto-
cardiographic changes after smoking. This accurred nine times
as often as positve Master's two-step exercise tests, and gave
no false posites on normals under the age of 30, while the
standard two-step exercise test on the same subjects gave over
20 per cent false positive results,

In the last year, we have been combining lateral traces in the
upper channel,

We have naticed that oceasionally the relationship of the
lateral to the Jongitudinal is what we usually expect fn nom.ﬁf
Patients But under the wfluence of smoking, in seversl in-
stanices, we have been able to notice notching of the H wave.

The relationship of smoking to hypertension has been well
estabilished by Dr. Grace Roth, We have dane nicotine sensi-
tivity tests on all our hypestensive subjects and have found a
large percentage of postave results,

In angma pectoris, the hght exercise test is as im}lﬂl":“‘t as
the nicotine sensitivity test n eliciting abnnrmahh.es in ﬂ;:
ballistocardiogram  Whale most clinics report an incidence
60 to 70 per cent abnormal traces in subjects with angina P":’
toris, the light exercise test will cause deterioration in the bal-
listocardiogram in an addsti 1 10 to 15 per cent. .

In hypertensicn, the resting ballis!ocardmgmm is not \:ollln
clusive. The hght exercise test s a requisite. Bing has ‘hm‘s
that exercise reflaxes functiona] coronary “spasm,” but in the }?{:rt.
ence of advanced coronary artery disease or congestive he 1
faiture, this will not occur, Improvement in definitiveness a’;
amplitude after exercise indicates an adequate coronary fow
well as an adeguate myocardial reserve. ) b

Dr. Dock has shown that in an otcasional hypcrtensxvc;’:l;
ject, a decrease in head-foot systolic waves may be pard oy
by an increase in lateral systolic waves, and offers as an exp
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ton that direction, not force of ejection, is changing, probably
due to tortuosity of the aorta wave.

Large systolic waves may provide the first indication of ugh
cardiac output This 15 most important when a night-to-left
mtr'aca:diac shunt or an anomalous venous retum to the right
auricle give high nght ventricular output with normal pulse
pressure, High pulse pressure points to high stroke volume, as
in aortic regurgitation, In hyperthyrordism, i beri-bent heart
disease, in anemia, in arteriovenous fistula, and m Paget’s
osteitis, the pulse pressure is not notably large, yet, wide amplh-
tude systolic complexes are often strikng, even m the presence
of failure. Because high output may be corrected by medical
or surgical means, its 2 by the ball
of real importance.

Lateral ballistocardiograms bring to light large dastolic
waves, due to gallop phenomena, or aunicular systole, which
may not be apparent on the Iongttudinal trace These may be
strking 1 myocardial faifure and have been noted in constric-
twve pericarditis,

The ability of the ballistocardiograph to demoustrate the
absence of myocardial embarrassment subjects with healed
i with persistent el d bre ak lities or
with bundle branch block, 1s perhaps of even greater importance
than hing pected, or confi climeally recognized
coronary artery dsease, or showing poor recovery of the heart
after mfarction Not infrequently, patients have made a good
chnical recovery but ab 1 head-foot ball d
persist It has also been noted that many older subjects, with no
olinical evidence of heart disease, have abnormal traces. Use
of the lateral instrument demonstrates that m many of the Jatter,
and in many asymptomatic eases of healed infarction, especially
i those over the age of 50, the force of systole 15 excellent, -

though the vector is far more Iateral than in young people Thus
lane balt d, study of patients

5!
picion of heart disease when none
the myocardiom functions well in

diograph is

Ted

P
should now rarely raise sus
exists, and often prove that m
spite of age and previous nfarctions,
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Crarrman Starn: Now, gentlemen, we have had our chance
at the program, and now it is your tum, if you care to take part
in it. The panel is up here, ready and willing to answer questions
that any of you send up, and if none appear from the audsence,
we may mdeed ask each other questions. Have any come from
the audience as yet? No questions seem to have arrived. 1 am
going to start by asking a question of Dr. von Wittern

1 am going to say that 1t locks to me as if some of Dr. Harr-
son's sandbag tracings were beginning to look a httle like the
contour of the kind of tracings Dr von Wittern bas published.
1 should like to ask Dr. von Wittern to comment on that, whether
he agrees with me, and, if so, what he thinks the nature of the
advantage 15

Dr. von Wrrtern 1 agree entirely with you, Dr. Stars, on
that. I myself wondered that these records were exactly like the
ones 1 took The reason is that by restraining the body by sand-
bags, the natural frequency of the body is rassed, and then we
have a flat frequency response up to higher frequencies. At the
same time, the damping of the body tissues becomes more effec-
tive at a higher frequency, and so we might indeed havg a
reasonably flat response curve after much higher frequencies
than we are used to having in these cases

Cuamrvan Stans Have any members of the panel any ques-
tions they would like to ask other panel members? That not
being the case, 1 have one or two here. .

I am anxious to ask Dr Baker what he thinks 1s caust '
abnormality of form that we all are finding in elderly pf“Pdi
who have no evidence of any disease by the ordinary medmcs
of testing for such things, in other words, what, then, caus!
1, do you think? the

Dr. Baxer: I think, if 1 could answer that question tod he
satisfaction of everyone, I would be theroughly in‘commnxnmn.

the basic knowledge of ballistocardiography. Obviously,
not answer that question definitively.

1 think there are, undoubtedly, a number
enter 1nto the abnormal records in older people. Certa
are developing progressive coronary artery disease;

ng the

of factors which
waly, they
certainly
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they have very widespread atherosclerosis, changes m the aorta,
and large vessels; certanly, they are developing poor abdomunal
musculature, and we know that abdommal muscle tone has &
good deal to do with the form of the ballistocardiogram, cer-
tainly, they are developing pulmonary changes and I thmk that
at present it is perfectly impossible to say which of these factors
are the truly significant ones In other words, we cannot separate
those factors that are truly wtracardiac from those which are
extracardiac,

Whale I am here, I should hke Dr. Brown, who, I think, has
had as much expenence, if not more than anyene i ths field, to
tell us a Jittle about what he considers distinguishng features
between normal and abnormal records As far as I know, this is
an individual matter In our laboratory, we have one man read
all the records, so at Jeast we have umformty. I think we have
along way to go before we have absolute assurance that we are
reading records correctly

Dr Hererer R, Brown, Jr.: Mr Moderator, there are several
things, I think, that should be pomted out at this time Furst,
you can use this instrument 1n the several ways that you have
seen You can use 1t 1 the acute expenment, for physiologie
Purposes, or you can use it chimeally.

In the second place, you can use it m vanous dlﬂeren.t fu}-ms
of app the Starr high-freq table, the 1 dinal
table, on which my records have all been obtained up to date
That 15 one way. The varous portable types of apparatus are
another They are not necessarily 1dentically comparable, On
the other hand, the abnormahhes that accrue n the vartous
forms of app are rather comp Ithough not neces-

sanly m timm,
Asyfar as nl;gnormahty 15 concerned, if one loaks back to the

calculations of cardiac output, probably cne can find grave
discrepancies. On the other hand, I thnk we are gong to come
to grips with that Jater on If one therefore restricts oneself to
the empincal analysis of the ballistocardiogram, much along the
lmes of the four grades which we classified, 1t offers a simple
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way to separate the various abnormalties that accrue in the
ballistocardiograms.

The Grade 1, with the respiratory variations, 1acreasing and
decreasing, has pertinency in angina pectoris, I think that if I
were rewriting the chapter in the monograph, I would now draw
its final lne 1 angina pectoris. On the other hand, T do think
it stands up to date.

The Grades 11, Il and IV more or less speak for themselves,
and [ think they are of sigmficance, and, clinically, I am finding
them to be so.

CHAIRMAN STARR Here are a couple of questions from the
audience. [ am going to take up one that I am going to answer
myself This question is, “What effect does peripheral resistance
have on the ballistocardiogram?®” I studied that very carefully
1n the cadaver preparations The question being asked is, “What
effect does 1t have on the amplitude of the I-J distance as 2
measure of the heart’s force?” and the answer is, I remember
that I was dreadfully perplexed to find I had a great deal of
difficulty finding that 1t had any effect at all. Eventually, by
throwing in a great deal of data and using very high hyper-
tension, I did manage to get a hittle significant effect. But the
answer is that for clinical purposes, the effect of things Like tb.e
height of blood pressure seems to be neghgible, and take it
that the height of blood pressure 15 a measure of penpheral re-»
sistance

The next question from the audience is, “Will somebody
compare the Arbeit type of ballistocardiogram with the o‘hf;
types?” I myself have never used the Arbeit type, though I 2
well aware of 1t. Would any member of the panel Tike to try
that? ¢

Dr. SaMuEL A. TaLsor: I have had the pleasu.re todai): 0“
spending an hour or so with Dr. Arbeit, and 1 am fairly fresh 0!
this point .

1 l‘i’link that the outstanding feature of this method of recc‘:;g )
ing is the emphasis that it places upon the high ffell“e“g;t ho
ponents of the ballistocardiogram. He has, :)f course, by cut-
danger of ambi brations, and of tremor, 0y
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ting off at about 20 cycles, but up to 20 cycles, he has a great
deal of information an his records

In looking at the records taken at the upper end of the spec-
trum, which appears mamly in the acceleration ballistocardio-
graph, one finds the typical breaking up of the detail, the spiking
and fractionation of the peaks, that also appears in Dr. Smuth’s
records If you will remember back to the case that Dr. Baker
Just showed, i which the patient took a bottle of Coca-Cola on
top of bicarbonate, the main feature of the resulting record was
tremendous slurring and breakup of the peaks, and all kinds of
hugh frequency detail that could not be detected upon a dis-
placement record became evident, This kind of lugh frequency
detail 1s what is mamly emphasized by the acceleration record,
either by the Arbeit system or by Smuth’s

CHamaaN Stars: Here 1s a question addressed to Dr.
Mandelbaum. The question is, “If your 70-year-old woman were
asymptomatic, would you have stopped her from working 1f her
BCG had not improved on exercise?”

Dr. Manpersavar 1 would ke merely to repeat what other
members of the panel have stated Where the ballistocardio-
graph gives us results that complement our chnical impression,
then it permuts us to be in a position to be able to be more sure
of ourselves If the climeal examination of this woman and the
findings, as nd d in the basal ball diograph, did not
mprove after exercise, I would not be inchined to stop her from
her actvity, because the ultimate diagnosis that supersedes
everything else 1s the clintcal diagnosis.

CHAMAN STARR: It appears that the tune has come to close.
Therefore, I am gomng to close by thankmng the panel very much
for helping me in getting our message across







Index

Actinaty, affecting b

Auncylir fibnilk T d

gram, 81, 59, 90

Asermia, balbistocardogram 1, 9L

Angina pectons, balbistocardwgram
m, 84, 90, 84
d: [

o

gram of, 50, 55

Baker, Benjarn, 84
Balbstocardiography, 73-85
3

shunts, §
brplne, 2839
wn Fellot's tetralogy, 27
mstillation of contrast mediam,
25
an patent ductus artenasus, 28
m congenital discase with re-
duced escenlotion, 37
n pulmanaty steaass, §, 7
1 tacuspd ‘atrena, 6
Angmcmemamgmp}y, 1215
Aorte, rerndimg, diagooas of, 4,

Aerbe regusgitation, ballistocardio-

am
Arbest batlistorardiogram, 94
Asteniovenous, ftala, balhstoeards-

am 1,
shunts, angocardiography in, §
cathetenzation v, 4,
dye wgections m, 16
interauncofar, 8
mterventeular, 8
left-to-nght, 9, 17, 20, 31, 28
localimatian of, with dye -
jectians, 19
nght-ta-left, 4, 5, 8, 17, 18, 19
gba!hswmxdmgy:p)sy s, 91
Atressa, pulmonaty  See Stenoss,
pulmenary
tncuspid, 8, 18, 64
Atrial septat defect, 4, 17, 20, 22,

Atrium, nght, eolarged, electeear-
zﬁngmm of, 61,66, 71

causes of, 81
w1 angioa pectons, 84, 90, 94
Avbert type, 04
blood acceleration, 80
blood pressure, 80, 82
body-platform system, 77
body size and, &2
Body system, 77
3n coronary artery disease, 83, B0
damping, 58
Dock methad, 78
<jection curves, 80
n eldﬂl;allfevple, 282
exerexse affecting, B4, §9, 00
force patterns, 76, 80
frequencies, 77
functions of, 76
H wave, 81, 83
w hypertension, 90
I ware, 8}
anjecton curve, B3
§ wase, 82,83
woton pattems, 76
w myocardial nfarction, 91
platform rass changes, 78
platform suffzess changes, 77
platform system, 77
pusty surfsce, 8%
response, 77
smokmng affecting, 83, 62, 00
stress tests, 83, 90
stroke solume, 82
Tathot mercory bed, 78
Bert-best heart discase, balhstocar.
dogram 1, 91

97



98 mmex

Blood, acceleration of, in ballisto~
cardiography, 80
gas analyses, diflerences in, 9, 10
pressure, and balhstocardiogra-
phg, 80, 82
Brown, Herbert R, 83
Bundle branch block, halt d

Dock, William, 74, 78
Duchosal, Pierre, 45
Dye-dilution curve, 16
Dye injections 10 congental heart
disease, 16-25
cathetenzation and, 17
i 24,25

ography m, 51
electrocardiography 1n, 50, 55
vectorcardiography n, 48, 49,

Burch, George, 43
Burchell, Howard B , 16

Camphell, Maurice, §
Cathetenzation, 1 arteriovenous
shunts, 4, 8
in congental disease with -
creased airculation, 8-12
causes of error m, §
diagnostic use of, 8
physiopathologic use of, 10
in congemtal disease with re-
duced cizeulation, 3.7
dy:—m{ech’ons and, 17
m Fallovs tetralogy, after sur-
gery, 4
in pulmonaty obstruction, 4
in tneuspid atresia, 8
Cineangrocardiogeaphy, 13
Congenttal heart disease, angio-
cinematography in, 18-15
electrocardiography in, 63
increased curculation and, 8-12
indicator substances m, 1625
reduced circulation and, 3-7
Vec!nr'tzrdm‘gmphy , 58

luxiny
in pulmenary stenosts, 19
vena cava injections, 20

Einthoven, Willem, 3942
Exsenmenger’s compley, 8, 9, 11-12
Electrocardipgraphy, 45-72
in atrial enlargement, 64, 66, 7{
m agrieular fibnllation, 50, 55
in bundle branch block, 50, 55
in congenital heart disease, 63
m cor pulmonale, 64
digitals affechng, 52, 56
in Fallot's tetralogy, 63
in mtral stenosis, 63, 63
in pulmonary stenosis, 63
in tncuspid atresta, 68
1 ventricular hypertrophy, left,
50, 55

nght, Q waves in, 68
Evans blue dye injection, 16-25
Exercise, affecting ballistocardio-
gram, 84, 89, 90+

Fallot's tetralogy, bi-plane angio-
cardiography In, 27
catheterization after, 4
electrocardiography m, 63
vectorcardiogram 1, 61
Fibnllation, suricular, efectrocar
diogram of, 50, 53
us, balhstocar-

Car
phy m, 64

Coronary artery disease, ballisto~
cardiography in, 84, 90

Coumand, Andre, 1

Fastala, arte
diogram in, 91 "
Fluorescent screen cinematographys
Rt

Foramen ovale, patent, 67

Force and motion patierss, ;m.ﬂ:iﬁ
mn

Damping, in ball p
P SBB 4
Den Boer, W, 48

phy, 7
Gal ter of Einthoven, 87

Thap! 50
Digitalis, affecting electrocardio-
gram, 52, §¢

Grshman, Arthur, 45
Gros<e-Brockhoff, ¥, 18



Hamson, Tinsley R , 87
Holzmann, Max, 46
Hypertension,  ballistocardiogram
m, 80
Hyperthyroidism, _ hallstocardio-
o m, 91
Indicator substances in congemital
heart disease, 16-25
See also Dye injection m con-
gemital heart disease
Infarchion, diaphragmate, 50
myocardhal See Myocardial in-
farchion

Interauncular shunts, 8
Interventricular shunts, 8

Katz, Louws N, 33, 43
Kossmann, Charles, 45

Mandelbaum, Harry, 89

Memonals, 3142

Milovanovich, ] B, 46

Mitra) stenosis, electrocarciogram
of, 63, 65

Motion and force patterns, 76, 80

Myers, Gordon B , 46

balls

mDEX 99
Pulmonary stenosis See Stenosts,
‘pulmonary

Recirculation measurements, 16, 23
Response, m ballstocardiography,
77

Segers, Marcel, 46
Septal defects, atrial, 4, 17, 20, 22,
69

ventncular, 5, 17, 19, 22

Shunts, arteriovenous See Arterio-
venous shunts

Smoling, ballistocardiogram after,
85, 89, 90

Snellen, H A, 39

Soda-Pallares, Demetrio, 46

Soulie, Prerre, 8

Sprague, Howard B, 81

Starr, Isaac, 43, 73

Starr’s high-frequency table, 93

Stenosis, mtral, electrocardiogram

of,
pulmonary, 4, 5, 7
dye mjections w, 18
electrocardiography n, 63
nfundibular, 6
valvular, 8

arction,

diography m, 91
electrocardiography m, 50
vectorcardiography m, 48, 49

Nicotne, effects of, 85, 89, 90

Obstruction, pulmonary See Ste-
nosis, pulmonary
trcuspid, 6, 18, 66
Osteltis, Paget’s, ballistocardiogram

m,
Onmetry, 16
Paget’s osteitis, ballistocardiogram
n,
Patent, duttus artenosus, ba-plane
angocardiography m, 28
dagnosis of, 4, 9

foramen ovale,
Puddu, Vittorio, 46

iphy m, 61
tnicuspid, 6, 18, 66
Stereovectorcardiography, 45-72
Stress tests, i ballistocardiography,
9

Stroke volume, and ballstie amph-
tude, 82

Talbot, Samuel A , 04
Talbot's mercury bed, 78
Tobacco, wse of, ballstocardio-
grams after, 85, 89, 50
Tncuspd atrewa, 8, 18
electrocardiography n, 66

Vectoreardography, 4372
1 bundle branch black, left, 48,
49,55

nght, 60
in congenital heart disease, 58
1n duaphragmatic infarction, 50



100 vpEx

Vectorcardiography (contd.)
1n Fallots tetralogy, 61
1 myocardial infarction, 48, 49
m pulmonary stenosis, 61
m ventnicular hypertrophy, left,
48, 50, 55
nght, 58
Vena cava, supenor and nferior,
dye injections into, 20
Ventncular, hypertrophy, left, elec-
trocardiography m, 50, 55
vectorcardiography 1, 48,
50, 55

Ventricular, hypertsophy (contd.)
nght, electrocardiography fn,
83

Q wares in, 60
vectorcardiography in, 58
septal defect, 5, 17,19, 22
Von Wattern, Wolf-Wito, 76

Withams, Conger, 46

Wilson, Frank Norman, 33-38
‘Wittern, Wolf-Wito von, 78
Wolff, Lows, 46






