
T h e  curve of the left coninion iliac artery is not included in the 
figure for its values are so similar t o  those of the right common 
iliac artery that they cotild not l)e clearly represented upon the coni- 
bined graph. 

The  growth curves of the \.essels which siipply the body only 
show the same type of iucrernetit n-hich is characteristic of the 
growth of most of the organs :lntl ])arts of the l~otly. These vessels 
have the short period of slon. gro\\-tli in early fetal life, followetl hy 
a more rapid increase during the rcst o f  the fetal period. 

'The curves of the i - e m l s  \\.liicli  upp ply hoth the Imdy and placenta 
are  characterized 1)y a relati\*elj- loiig period o f  slow growth fol- 
lowed by a short period of more rapitl growth during the {latter part 
of prenatal life. This is a ~)reliiiiiiiary report. 

1 Scammon, R. E., and  Calkins, 1,. -4.. PROC. Soc. EXP.  BIOL. AND AfED., 1924, 
xx, 353. 
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Observations on the Mechanism of Circulatory Failure in 
Diphtheria. 

M. H. TU'ATHANXSOK. ( Introdnced by George Fahr.) 

Pmm t he  Ilc.partmott o f  lClr d i v i i ~ r ~  Univwsi ty  of Minnesota. 

This  report consists of study lly i i imis  of the string galvanorneter 
of the effects of diphtheria tosi!i ul)on the heart. It has long been 
known that a circulatory collapse may occur in diphtheria, which 
f requenbly results iiz death. There i c; still consitlerable uncertainty, 
however, as  t o  whether i t  is tlicl heart or  the vasomotor apparatus 
which is primarily effected. 

I n  the present study electrocartliogra~~liic observations were car- 
ried out (1) on a series of diplitheria patients (2)  on animals in- 
jected with diphtheria toxin. 

Previous observers'' 'I* ' '9  ' ha v t' 1 1 I) t e (1 e 1 ec t r o ca r tl i ogr a p'h i c changes 
indicating myocardial injury (luring- the acute stage of diphtheria. 
The  present investigation was made during the convalescent or  late 
stage of the disease, since circulatory failme may occur during this 
period also. 

Readings were taken of 1.5 cliplitheria patients during the period 
of  convalescence, Ireginning usually in the 3rd o r  4th week of their 
illness. In all cases, the local throat condition had entirely cleared 
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FIG. 1. 

Slectrocardiogram of a patient with multiple neuritis in the fourth week of 
Thc convalescence, 

lowest record shows lead 1, 3 months later wilh norm;d T. 
Inversion of T in lead one and ventricular extrasystoles. 
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up, and the cultures fur the diphtheria bacillus were negative. The 
general symptoms of toxemia had disappeared, and practically the 
only abnormality was a heart which increased in rate very easily. 
Of the 15 cases, 8 had sufferetl ;I severe type of infection and of 
these, 7 showed significant almoriiialities in the electrocardiogram. 
11 summary of the 1-eaclings shows the following: There was an 
absence of high-grade irregularities, occasional ventricular extra- 
systoles being the only arrhythinia noted in two cases. There was 
110 evidence of prolonged aur iculc )ventricular or intraventricular 
conduction. The longest 1’-li interval was .1S second and the 

Inversion of T in d l  leads in the 4th week. The patient apparently in good 
condition, sat up t o  reach for a pitcher of water, 7 d:iys after the reoord was 
taken, and died within a few minutes. 
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Q. R. S. complex was not altered in any case. The chief signifi- 
cant change was in the T wave. .4 definite inversion of the T was 
present in all. In one instance, the T was inverted in lead one, in 
ancther, in leads 1 and 2. In 3 cases, the change occurred in leads 
2 and 3 and in 2, in all leads. In addition, 4 eilectrocardiograms 
showed a right preponderance, and 2 a left preponderance. I n  the 
2 cases showing inverted T in all leads, sudden death occurred 
within a week after the readings were taken. The remaining 5 have 
recovered and with recovery the T wave has become upright. The  
change was a gradual one, the T first liecorning less negative, then 
isoelectric and later positive. The earliest evidence of return to 

Fra. 3. 

Cat 3, before diphtheria toxin. 
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normal was noted 6 weeks after the onset of the disease. The re- 
turn of the T wave to normal in the cases that recovered is of in- 
terest. It is still lielievetl l>y sotile that diphtheria is a cause of car- 
diac failure in later life. The above o1)servations strongly suggest 
that the effect is entirely a ti-a~i>it.iit oiie, antl that there is a restora- 
tion of normal myocardial function. 

Rohmer,l in  the course of  an imestigatioii u1~011 the problem of 
whether diphtheria toxin possessed any special affinity for the con- 
ducting tissue of the heart, i n  jecte(1 diphtheria toxin into 4 rabbits. 
T n  a brief paragraph, lie merely htates that he found no evidence of 
delayed conduction. H e  makes 110 note of any other changes. This 
seems to be the only previous report 011 the use of the string gaI- 
vononieter in the study of experinieiital diphtheria. 

Tn the present stu(l_\-, cats \\-ere used, and diphtheria toxin* in- 
jected sulxutaneously. The close o f  toxin varied from .03 cc. to 
.05 cc. diluted to 2.5 cc. in  sterile saline. The records were taken 
with the atiitnal under light ether xnesthesia. After a control record 
was taken a n d  the toxin injectecl, suhsequent reactings were made at  
48 hours and at varying intervals following this, if the animals re- 
mained alive. _All the animals exhilitetl definite evidence of intox- 
ication. The effect was L I S L I ~ ~ ~ J -  noted on the second day following 
the injection. The animals I)ecaiiie apathetic, moved about very 
little and refused their food. L\ siiiall aniount of anesthetic was nec- 
essary in taking the subsequent readings as they offered but slight 
resistance. A very frequent observation was a weakness and stiff- 
ness of the hint1 legs which was almost a constant finding. This 
usually occurred on the 2nd or 3rd day. 

Of  7 satisfactory experiments, electrocardiographic changes were 
observed in 6 after the injection of the toxin. These may be sum- 
marized as fodlom : No definite arrhythniias occurred. Definite 
changes in the €'-R interval ancl Q. R. S. complex were present in 
but one case. In this animal, 6 hours before death, the record 
showed a €'-R interval of .12 second, where it had previously been 
.06 second. At the same time the Q. R. S. had markedly increased 
in amplitude and had widened from .02 to .06 seconck The most 
constant and striking alterations v7ei-e in the T wave. There was a 
definite flattening antl inversion of the T in m e  or more leads in 
all cases, as  early as 48 hours following the injection of the toxin. 
The change was present in lead 1 alone, in 2 cats, and in leads 1 ancl 
2 in one animal. In the reniaining 3, the inversion was present in 

* The toxin was supplied by Dr. TV. Y. Larson of the Department of Bacter- 
-- - -___ _ _  -~ 

iology. ML dose equals 0.4 cc. 
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leads 2 and 3. I n  2 cats in whom it ivas possible to follow for 7 and 
10 days, a tendency for return of the T to normal appeared between 
the 3rd and 6th clay in one instance; and between the 5th and 8th day 
in the other. I n  addition, in 2 animals, there was a definite change 
in ventricular preponderance, both within 48 hours, following the 
injection of toxin. In both cases a definite left ventricular prepon- 
derance developed. Similar rapid changes in preponderance are re- 
ported by McCulloch2 and Marvin4 in their clinical cases. In one 
case, a definite flaccid paralysis of the hind extremities was present. 
on the 10th day, when the electrocardiographic changes were return- 
ing to normal. - This is of interest since clinically, diphtheretic paral- 

FIG. 4. 

Cat 3, forty-eight hours after diphtheria toxin. Deep inversion of T in lead 
one and left preponderance. 
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ysis and circulatory failure are often associated, and attempts have 
k e n  made to  explain both on a nerimis mechanism. Here we have 
an instance of paralysis occurring at  a time when there is evidenc: 
of recovery in the heart. 

YlU. 5. 

Six days after diphtheria toxin. Yartial return t o  normal. 

Figures 3, 4 ant1 5 illustrate the changes in an experiment. 
Cat 3 was electi-r)cartlio~ral,lictl ( ITig. 3 ) 011 February 22nd and 

.05 cc. of toxin injected s ~ i l ~ ~ ~ i t ~ i i i ~ ( ~ i t ~ 1 ~ .  On Felx-uary 24th the ani- 
mal appeared inactive and listle-s h i t  otherwise seemed normal. 
Fig. 4 shows the deep inversion o i  the T wave in lead one and the 
marked left preponderance which ha> developed. On February 26th 
the animal seemed very apathetic ant1 refused its food. On Febru- 



ary 28th the general condition was better, but it still refused food. 
Electrocardiogram on that date (Fig. 5)  showed a lesser degree of 
T wave inversion and less marked left preponderance. 

1 Rohmer, P., 2. E z p .  Path. u. I’herap., 1912, xi, 426. 
2 McCulloch, H., Am. J. Db. Child., 1920, xx, 89. 
3Smith, S. C., J. Am. H e d .  Assn., 1921, hvii, 765. 
4 Marvin, H. M., Am. J .  D k  Child., 1925, xxix, 433. 
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Arteriosclerosis. 
Work of the Left Ventricle in Normal, Hypertension and 

GEORGE FAHR. 

From the Department of Pathology,  Unitersity of Minnesota. 

It is very probable that increased work of any chamber of the 
heart is followed after some time by hypertrophy and dilation of 
that chamber. It is of interest to know the exact increase in work 
for the left ventricle of the heart in hypertension and in generalized 
arteriosclerosis. 

The work of the left ventricle per beat is represented by the 
equation : J5pv., sv2 

where P is the pressure o i  the blood in the aorta, PI the diastolic 
and P2 the systolic pressures, respectively; V the volume of the 
arterial system, corresponding to the pressure P, and dV an infinit- 
esimal change in the volume when a small amount of blood is ejected 
from the left ventricle and the pressure increased by the amount 
dP. S is the stroke volume, v the velocity of the blood in the aorta 
and g the constant of gravity. The second term may be neglected 
in our problem because it makes up only 1 or 2 per cent of the work 
of the left ventricle and is constant for equal stroke volumes and 
velocities in the aorta. 

If we can find the relation between P and V we can integrate the 
first term of the work equation and can thus find the work of the 
left ventricle per beat. Bramwell, Downing and Hill’ have deter- 
mined the relation between the volume and pressure in the “mean 
normal” artery of man. The curve, Fig. 1, is a reproduction of 
their curve of this relation. If we assume that in the “normal” per- 
son the diastolic blood pressure is 80 and the systolic 120, then, ac- 




