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THE MYOCAKDlUiM IN YELLOW FEVER

1. The Myocakdial F unction in Exeekimental Y ellow F eveu*

Wray Ijloyd 

Toronto, On t .

INTRODUCTION

Among tlie elianges in myocardial function occurring' during the 
i course of yellow fever, bradycardia has been noted most fre­

quently by clinieal observers. Although Delmas” in his treatise on 
yellow fever juiblished in 1822 described this phenomenon, it remained 
for Charles Faget̂ ” to study accurately and to chart its behavior. lie 
promulgated the law of a slowing heartbeat with a idsing temperature 
in the early days of yellow fever, so that this seeming jiaradox became 
known as Paget’s sign. It was confirmed by his confrere Touatre"̂  
and by later observers.'̂ "’ Retardation of the heart
rate in yellow fever has also been recorded with considerable con­
stancy by most recent workers in this field. It has been described by 
Noguchî ® and by Elliott'® as existing in cases of the disease met with 
in Guayaquil, Ecuador, in 1918. Selwyn-Clarke®® and Aitken,'’ ® as 
well as Mahaffy, Walcott, and Klotz,®* observed the sign during the 
course of the disease in British West Africa in the years 1925 and 
1926. The existence of this finding in the yellow fever of Senegal has 
been reported by Lasnet,®® a French contemporary of these observers.

Investigation of the type and causation of the bradycardia occur­
ring in yellow fever has been the basis of the experiments of several 
workers. In 1921 Cohn and Noguchi'® first attempted to record and 
differentiate the type of bradycardia in experimental animals with the 
aid of electrocardiography. Unfortunately their results upon monkeys 
and guinea pigs inoculated with Leptospira icteroides and Leptospira 
icterohaemorrhagiae, in the light of our present knowledge, must be re­
lated to the functional pathology of Weil’s disease rather than to that 
of yellow fever. Cannell,® in 1928, pointed out that bradycardia oc­
curred in this disease independently of jaundice. The same author 
noted fatty degeneration in the auriculo-ventricular bundle and sug­
gested that the occurrence of auriculo-ventricular dissociation might 
offer a possible explanation of the slow pulse rate in the disease. Dur­
ing the epidemic of yellow fever in Rio de Janeiro in 1928, Chagas® 
described a clinical picture occurring in from 10 to 15 per cent of his

♦T h e s e  s tu d ie s  h a v e  been  p erform ed  u n d er  th e  ten u re  o f  a  g r a n t from  th e  B a n t ­
in g  R esea rch  F o u n d a tio n . T h e ir  a cco m p lish m en t h a s  b een  (possible b eca u se  o f  th e  
fa c il it ie s  m ad e a v a ila b le  in  th e  Y e llo w  F e v e r  L a b o ra to ry  o f  th e  In tern a tio n a l H ea lth  
D iv is io n  o f th e  R o c k e fe lle r  F o u n d a tio n , a t  th e R o c k e fe lle r  I n s t itu te  fo r  M ed ical R e ­
sea rch , and  in  th e  P h y s io lo g ica l L a b o ra to ry  o f th e  H o sp ita l o f th e  R o c k e fe lle r  I n s t i ­
tu te . T h e  au th or  is  g r e a t ly  in d eb ted  to  th e  c o u r te sy  sh o w n  h im  b y  th e  d irec to r s  o f  
th ese  la b o ra to r ies , D r . W . A . S a w y e r  an d  D r. A . E . C ohn. D u r in g  th e  a b sen ce  o f  
D r. C ohn, D r. H . J . S tew a r t k in d ly  provided n e c e s s a r y  fa c il it ie s  fo r  th e  w ork. 

F rom  th e  D ep a r tm en t o f P a th o lo g y  and  B a cter io lo g y  o f  th e  U n iv e r s ity  o f T oron to .



patients, more frequently amon̂  those who recovered, which he termed 
a suprarenal syndrome of the disease. The symptoms which this ob­
server ascribed to an adrenal ori”:in were profound debility, peripheral 
vasodilatation with redness of the face, dermographism, frequent cap­
illary hemorrhages, arterial hypotension, bradycardia, and less often 
dissociation of cardiac rhythm. The following year Chagas and de 
Freitas,” in electrocardiographic studies of human cases, reported the 
occurrence of bradycardia and rarely of auriculo-ventricular dissocia­
tion. This latter jihenomenon was assumed to be due to the influence 
of the vagosympathetic system.

TECH NICAL METHODS

Graphic Methods of Investigation.—A series of twenty animals was employed, of 
wliioh seventeen belonged to the species Macacus rhe.sns and three to the species 
Macacus cynomolgus. Electrocardiographic tracings were taken of the cardiac action 
in these animals before inoculation with yellow fever virus. After a period varying 
from one hour to forty-eight hours after the registration of the normal electro­
cardiograms for each monkey, the animal was inoculated intraperitoneally or 
subcutaneously with 0.5 c.c. of fresh infectious monkey blood (Asibi virus) with­
drawn by cardiac puncture from an infected animal on the first day of fever. Upon 
frequent occasions, when virus in this form was not available, a quantity of 
desiccated blood, the preserved form of the Asibi virus,S5 equivalent to 0.5 e.e. 
of whole blood, was dissolved in Locke’s solution and used for the inoculation. 
Electrocardiograms were obtained whenever possible upon these animals during the 
period of incubation, and upon successive days of the disease. Ei’equently during 
the latter days of the illness tracings were taken twice daily.

The monkeys were anesthetized in each instance five minutes before being electro- 
cardiographed. In securing electrocardiograms upon the first four animals, sodium 
iso-amyl-ethyl barbiturate, administered in solution intraperitoneally, was used as an 
anestlietic. Since in these earlier experiments it was observed that, with the daily 
employment of this anesthetic, the experimental animals died at the end of a period 
of time twenty-four to forty-eight hours shorter than the average duration of 
illness in the monkey inoculated with Asibi virus, and before the development of 
well-marked yellow fever lesions in the viscera, it was abandoned to be replaced by 
ether. The dosage of the former drug used to produce anesthesia in an animal 
amounted to 0.05 gram per kilogram of body weight. All electrocardiograms were 
taken with the animals in a supine position with four points of the skeleton, the 
two scapular spines and the two ischial tuberosities, in the same horizontal plane.

The electrocardiograms were recorded from the three standard leads. In this 
place it may be noted that Lewises; found no conspicuous differences between the 
levo- and dextrocardiograms in man and monkey. One animal, a Macacus cynomolgus 
which developed peritonitis during the course of the experiments, w'as subjected to 
electrocardiography on successive days of the disease preceding death. The electro­
cardiograms on this monkey, which did not receive yellow fever virus, are offered as 
controls. In all, 256 tracings were obtained upon this series. Of 19 animals 
inoculated with the virus, 17 died of yellow fever, while 2 recovered from the 
disease. Following the completion of each physiological experiment and the death 
of the animal, a post-mortem examination was made. The heart was removed, and 
its cavities were opened in such a manner as to preserve intact the sino-auricular 
node and the auriculo-ventricular bundle. The whole cardiac tissue was then fixed 
in Zenker’s fluid. Sections were also taken of the liver, kidney, and spleen in 
each ease for the purpose of verifying microscopically the existence of yellow fever 
lesions in these organs.

Surgical Methods of Investigation.—The hypothesis of vagus nerve stimulation 
as the cause of bradycardia, suggested by some writers,** obviously necessitated in­
vestigation. Two monkeys were obtained at death, and dissections were made of 
the cervical and thoracic portions of the vagus nerve in order to obtain a familiarity 
with its course and distribution in Macacus rhesus. Ten animals were then selected 
for the elucidation of the problem. Six of these monkeys had been infected with 
yellow fever virus and formed a group of a larger series in which the development 
of slow heart action had been noted. Electrocardiograms designed to record the 
existing bradycardia were taken on these animals before submitting them to the 
operation of bilateral vagus section. In one experiment electrocardiograms were 
recorded after the vagi had been isolated and were about to be cut. In all experi­
ments vagus section was performed immediately after the preliminary recording 
of the electrical changes accompanying the heartbeat. Electrocardiograms were 
taken again directly after the vagus section operation, and frequently additional 
ones were obtained from ten to fifteen minutes later. The remaining four animals 
of the group of ten monkeys relegated to the study of the problem of vagus effects 
were monkeys in apparent health upon whom vagus section w'as performed for pur­
poses of control. In this series as well, tracings were taken immediately antecedent 
and subsequent to vagus section. Both the surgical and electrocardiographic pro­
cedures were carried out under ether anesthesia. After the completion of each 
vagotomy experiment the animal was killed by the continued administration of ether.

The operation of vagus section was performed first on the right vagus nerve 
and then on the left. Section of the nerve was carried out at the point where the 
superior belly of the omohyoid muscle crossed the common carotid artery. In man, 
most of the rami eardiaoi superiores arise from the vagus trunk below this level, 
while all the rami cardiaei inferiores arise either from the right vagus and 
recurrent laryngeal nerves or the left recurrent laryngeal nerve below this point.

However, this method of bilateral vagus section would not insure the cutting of 
those few fibers which may sometimes arise from the superior laryngeal nerve. I 
am unable to say whether such fibers exist in Macacus rhesus. The method of 
abrogating vagus function by section of the two main trunks was chosen in 
preference to the more usual one of atropinization, because it would seem to offer 
more certain and less controvertible results.

Following the completion of these physiological experiments, autopsies were per­
formed upon the animals. The hearts were carefully excised from the bodies, so as 
to include the muscle at the junction of the superior vena cava with the right 
auricle. After removal of each heart, its cavities were opened, and the entire 
cardiac tissue was fixed in Zenker’s fluid.

RESULTS

1. Physiological observations upon the sino-atrial node and vagus nerve.
The observations upon the cardiac rate demonstrated that bradycardia 

is a constant finding in experimental yellow fever in the monkey. It 
was absent in only one instance, that of M. rhesus 15, in which cardiac 
puncture and the attendant deprivation of blood had been instru­
mental in producing the early death of the animal. In M. rhesus 8, 
there existed normally a very slow heart rate. The rate increased 
markedly on the third day of the incubation period, after which it 
became retarded and continued so during the further course of the 
disease. The bradycardia was found to be for the most part a progres­
sive one, the heart rate diminishing from day to day of the disease and 
even from morning to afternoon of the same day. Occasionally the
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rate was rapid flnrino' the early clays of the fever, but it was never 
accelerated in the end stages. When recovery took place, the heart 
rate regained its noi'iiial frequency. Bradycardia was absent in the 
severe infection of the peritoneum which killed the previously men­
tioned M. cynomolgus after a period equal to the average length of 
illness of monkeys dying as a result of infection with the Asibi virus.

It was characteristic of the course of experimental yellow fever in 
this series of animals that the heartbeat remained regular in its oc- 
curi-ence. Only twice was disturbance of rhythm met with during the 
course of the disease. An irregular cardiac function was observed in 
the dying heart of 1/. rhesus 17, in which animal the heart stopped 
beating during registration from the third electrocardiographic lead. 
In M. rhesus 12, on the morning of the fourth and last day of the dis- 
ea.se, when the heart rate had become slowed from the normal of 205 
beats per minute to 80 beats per minute, the rhythm became a little

Mg'. 1.— B ra d y ca r d ia  o f y e llo w  fev er . U p p er  tracing- sh o w s  th e  h ea r t ra te  and  
th e  du ra tion  o f th e  P -R  period  in  M . rh esu s  12 b efore  in ocu la tion  -wdth th e  v iru s . 
L o w er  tr a c in g  rep resen ts  th e  d egree  o f  b r a d y ca rd ia  an d  th e  len g th en ed  P -R  in terv a l  
in  th e  sa m e a n im a l on  th e  m o rn in g  o f th e  fo u rth  d a y  o f  th e  d ise a se  (L ead  I I ) .

irregular. So slight was this change that it could not have been de­
tected except bj" graphic methods of registration; the variations in 
the intersystolic periods were never greater than 0.08 of a second. 
The difference in length between intersystolic periods in the rhythm 
of this heart ranged from 0.04 to 0.08 of a second. Table I which 
presents the variations in cardiac rate from day to day of the disease, 
as measured by electrocardiography, and Fig. 2 which presents the 
same data in graphic form, give a better conception of these chang*es 
than could he obtained from further description. Recourse may also 
be taken to the serial cardiographie tracings (Figs. 7 and 8) which 
depict among other occurrences the lengthening of the intersĵ stolic 
period in some of these animals during the later course of the disease. 
The slowed heart rate, as compared with the normal, is also well shown 
in Fig. 1.

The effect upon the existing bradycardia of cutting the vagi is of 
peculiar interest. The results of the experiments in which this opera-



tion was j)erformecl demonstrate tliat the bradycardia occurring in 
rhesus motdceys during tlie course of their illness from yellow fever 
persists after bilateral section of the vagus nerves. In only one animal 
was vagus section followed by a heart rate more rapid than that 
existing before the operation; in this ease a bradycardia of 80' beats 
per minute was replaced by one in which 104 cycles were recorded

n t Heart Rata

F ig . 2.— T h e h ea r t ra te s  o f th e  v a r io u s  a n im a ls  stu d ied  in  th e  ser ie s  o f p h y sio lo g ica l  
e x p er im en ts  h a v e  b een  rep resen ted  g r a p h ic a lly  from  d a y  to  d a y  o f  th e  d isea se . T he  
a b s c is s a e  rep resen t th e  tim e  o f th e  d is e a se  m ea su red  a t  tw e lv e -h o u r  in te r v a ls ;  th e  

o rd in a tes  rep resen t th e  ra te s  o f  h e a r tb e a t  T he cu rve  fo r  each  a n im a l is  d raw n  in  
a  d ifferen t ty p e  o f so lid  or brok en  lin e. T h e  p r o g r ess iv e  n a tu re  in  th e  d evelop m en t 

of th e  b ra d y ca rd ia  is  w e ll sh ow n  in  th e  d ow n w ard  tren d  o f m o st lin es  to w a rd  th e  
la te r  d a y s  o f  th e  d isea se .

during the same period. It should be borne in mind, however, that the 
later recorded rate of 104 was still half the original cardiac frequency 
and represented a most marked bradycardia. In one instance in this 
series the heart rate remained the same before and after vagus sec­

tion, while in the other four instances it was even less following the 
operation than previously. The explanation of this latter effect is 
problematical, but may possibly be related to a slower filling of the 
heart chambers associated with the very much slower respiratory 
rhythm. A slight lengthening of the conduction time, as repre.sented 
by the P-R interval of the electrocardiogram, was noted in five of the 
ten experiments. This increase in the P-R period was never greater 
than 0.02 of a second. Its occurrence recalls the effect of vagal sec­
tion or of atropinization in increasing the A-V block which follows 
rapid auricular action.̂ ® With regard to this consideration it may 
also be noted that in the dog’s aiiricle in many circumstances in which 
the transmission intervals are long, vagal stimulation shortens these 
and, where actual block exists, partially or wholly relieves the condi­
t i o n . I n  the remaining five experiments the conduction 
time was in one instance shortened, and in three instances unchanged, 
following the cutting of the vagi. The evidence of the control experi-

F ig . 3 .— In d ep en d en ce  o f th e  b ra d y ca rd ia  o f  y e llo w  fe v e r  o f v a g u s  nerve  in fluence. 
U pper tr a c in g  rep resen ts  th e  h e a i t  ra te  in  M. rh e siis  2 b efore  b ila tera l v a g u s  section . 
L ow er tr a c in g  sh o w s  th e  h ea r t r a te  in  th e  sa m e  a n im a l fo llo w in g  v a g o to m y . .

ments suggests that even in normal monkeys the vagus nerve exerts 
little effect upon the heart rate during ether anesthesia. The latter 
suggestion is in keeping with the finding of Gold, Gryzwacz, and 
KowickP̂  that ether by inhalation, in doses that do not paralyze respi­
ration, depresses but does not completely paralyze the vagi. In these 
control animals the heart rate was in two instances unaltered, on one 
occasion slightly raised, and upon another slightly lowered, followdng 
bilateral vagus section. Vagus influence upon the heart rate is known 
to be very fluctuating.̂ ® It is very well marked in the dog and to a 
lesser degree in man.̂  ̂ Vagus tone varies from species to species,®® 
from animal to animal within the same species, and from time to time 
within the .same animal. As Wenckebach and Winterberg®® have 
pointed out, the bradycardia of sino-atrial origin is different from that 
responsible to vagus influence in that the former is a regular one, 
while the latter is irregular in its rhythm. It may be noted that the 
slow heart rate of yellow' fever persists during anesthesia induced by

9



sodium iso-amyl-etlij'l barbiturate fjiveii iiitraperitoneally in a dosage 
of 0.05 gram per kilogram of body weight. This result was consistent 
in the four animals of this series on which the drug was used. The 
amount given to one animal frequently equalled 100 to 150 milli­
grams, depending upon its weight. Lieb and IMulinos'*̂  have shown 
that when 20 milligrams of sodium iso-amyl-ethyl barbiturate are

Cond

F ig . 4 .—^The co n d u ctio n  tim es, a s  m easu red  b y  th e  P -R  in ter v a ls  o f th e  e lec tro ­
ca rd io g ra m s, o f th e  v a r io u s  a n im a ls  stu d ied  in th e  ser ie s  o f  p h y sio lo g ica l exp erim en ts  
h a v e  been  rep resen ted  g r a p h ic a lly  from  d a y  to  d a y  o f  th e  d isea se . T he ab .scissae  
in d ica te  th e  tim e o f  th e  d is e a se  p ro cess  m easu red  a t  tw e lv e -h o u r  in te r v a ls ;  th e  ord i­
n a te s  rep resen t th e  tim e v a lu e s  o f  th e  P -R  in ter v a ls  m easu red  in  decim al.s (th o u ­
sa n d th s)  o f  a  secon d . T h e  cu rve  fo r  ea ch  a n im a l is  d ra w n  in  a  d ii¥erent ty p e  of 
so lid  or broken  lin e. A  p r o g ress iv e  b u t n o t a  co n s ta n t tren d  to w a rd  le n g th en in g  of 
th e  con d u ction  tim e  d u rin g  th e  p ro g ress  o f  th e  d ise a se  is  w e ll sh ow n .

given intravenously to a eat, prolonged, but temporary, paralysis of 
the vagus fibers to the heart results. These considerations are cited 
because it is believed that the evidence points to the concept that the

10

T a b l e  I I

ErrECT Vauu.s Section on Bbadycardia op Monkeys E xperlmentally I nfected 
With Yellow F ever Virus

MONKEY
NUMBER

BEFORE VAGUS SECmON AFTER VAGUS SECTION

h e a r t  r a t e *
CONDUCTIONf

TIME HEART RATE
CONDUCTION

TIME

"6 180 0.08 156 0.088
2 150 0.10 150 0.104

16 174 0.08 158 0.10
7 180 0.08 172 0.08
9 135 0.08 0.0961 120 0.08

12 80 0.12 104 0.14
21 C 222 0.08 225 0.08
22 C 246 0.056 234 0.06
23 C 202 0.12 235 0.10
24 C 252 0.08 252 0.08

♦H e a r t  ra te  recorded in  b e a ts  p er m in ute.
tC on d u ction  tim e a s  in d ica ted  b y  P -R  in ter v a l o f th e  e lectro ca rd io g ra m , recorded  

in  d ec im a ls  o f a  secon d .
^ T raction  on v a g i.
C— C ontrol ex p erim en t.

F ig . 5.— K lecti’o ca rd io g ra m s o f y e llo w  fev er . T ra c in g s  from  M. rh e su s  12 on th e  
m orn in g  o f  th e  th ird  d a y  o f th e  d isea se . N o te  n e g a t iv e  P i and  T i d eflection s.

bradycardia of yellow fever is independent of vagus influence. Table 
n summarizes the results of the vagus section experiments; and in 
Fig. 3 electrocardiograms of the existing bradycardia in M. rhesus 2, 
before and after vagus section, are represented.

2. Physiological observations upon the auricular muscle.
Careful study of the character of the P-deflection during the course 

of the disease disclosed an infrequency of changes which could be

11



definitely I’ecognized as abnormal. Nevertheless, in those infrequent 
instances when alterations in this wave were encountered, they were 
of the most profound kind. On two occasions in one animal {M. 
rhesus 4) the P-wave was reduplicated in Ijead III during the first 
and second days of the disease. In another monkey (M. rhesus 6), it 
was found to be doubled in the tracing of Lead 11, on the morning of 
the .second day of the malady. In neither animal did these variations 
in the P-wave persist during the later progress of the infection. The 
reduplication of the P-deflection was in these instances inconstant 
from cycle to cycle, and frequently the second P-wave was observed 
to be negative in direction, thus imparting a diphasic character to the 
auricular tracing. Apart from tliese observations, purely negative 
P-waves occurred at one i>eriod of registration in the electrocardio-

Fifth 6.— E le c tro ca rd io g ra m s o f y e llo w  fev er . T ra c in g s  from  M. rh e su s  19 on th e  
m orn in g  o f  th e  th ird  d a y  o f  th e  d ise a se . N o te  lo w  v o lta g e  o f  R -w a v e  and  Increased  
a m p litu d e  o f  S -w a v e  in  a ll le a d s :  sp lin ter in g  o f R 3 ; an d  m a r k e d ly  in crea sed  a m p li­
tu d e  o f  T 2 an d  Ta.

gram of Lead I, from another animal {M. rhesus 12) on the morning 
of the third day of the disease. This event is well shown in Figs. 5 
and 8. In this instance the inverted wave was followed b3̂  a P-R in­
terval 0.008 of a second shorter in duration than the normal for 
that animal. This change was not found in the tracing from the same 
lead of the same animal on the following da\’. The monkey was one 
which showed the most marked bradv’cardia in the series as well as 
marked alterations in the T-deflection.
3. Physiological observations upon the auriculo-ventricular bundle.

In these experiments the time required for the conduction of the ex­
citation wave along the A-V bundle has been an important considera­
tion. Observations upon the P-R interval of the electrocardiogram 
showed that in sixteen of the nineteen animals infected with yellow
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fever virus, there occurred prolongation of the conduction time, usu­
ally slight in degree. IMoreover, with few exceptions the delay in 
conduction was progressive, increasing from day to day of the disease. 
In one of the two animals which recovered, the conduction period had

M a c a c u s  r k e s u s  7
Lead llT

F ig s . 7 and  8.— In  e a ch  figure, o u tlin e  d r a w in g s  o f  a  sp ec if ic  e lectrocard lograiph lt 
lea d  from  o n e  a n im a l are  rep rod uced . T he ser ie s  o f  tr a c in g s  co m p o sin g  a figure  
r ep resen ts  n orm al e le c tro ca rd io g ra m s a n d  e le c tro ca rd io g ra m s ta k en  a t  v a r y in g  in ­
te r v a ls  d u rin g  th e  co u rse  o f  th e  d ise a se . T he m eth od  o f th e ir  p rep a ra tio n  con sisted  
in  th e  p ro jec tio n  upon a  screen  o f la n tern  s lid e  I'eproductions o f th e  v a r io u s  e lectro -  
c a i^ io g r a m s  from  a  g iv e n  a n im a l. E m p lo y in g  a lw a y s  th e  sa m e  m a g n ifica tio n , a  
r ep re sen ta tiv e  ca rd ia c  c y c le  w a s  se lec ted  in  e a c h  la n tern  s lid e , an d  its  o u tlin e  w a s  
tra ced  upon w h ite  paper. S u cceed in g  c y c le s  w ere  so  p ro jected  th a t  th e  p o in ts  o f o n se t  
e ith e r  o f  th e  Q - or R -w a v e s  o f  ser ia l c y c le s  w ere  m a d e  to  co in c id e . P rom  th is  fixed  
p o in t in  ea ch  ser ie s  th e  o u t lin e s  w ere  a lw a y s  traced . T he tim e  o f a n n o ta tio n  o f each  
e lectro ca rd io g ra m  is  no ted  upon th e  fig u res . T h is  m eth od  o f  i llu s tra t io n  sh o w s w e ll 
th e  v a r ia tio n s  in  th e  le n g th  o f  th e  en tire  c a rd ia c  cy c le  from  d a y  to  d a y  o f th e  d isea se ,  
v a r ia tio n s  in  th e  d u ra tion  o f  th e  P -R  an d  R -T  p er io d s, and  e sp ec ia lly  w e ll th e  d e ­
fo r m it ie s  o f  th e  R -T  period  an d  th e  T -w a v e  d u rin g  th e  co u rse  o f th e  d isea se .

lessened during convalescence but at the last period of observation 
had not yet regained its normal time interval. It should, however, be 
noted that in this instance the last record was taken only four days
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following the first appearance of fever. In the other recovered mon­
key the conduction time had returned to normal bj' the last day of 
observation. In this case the final registration was secured twenty- 
five days after the animal had first shown fever.

On one occasion the A-V conduction time was approximately dou­
bled during the course of the disease. In three instances it was in­
creased by approximately half its normal value. Just before death in 
one animal the P-R interval measured 0.32 of a second as contrasted 
with the normal period in the same animal of 0.08 of a second. Ex­
cluding from the series this one extreme vahie, the average greatest 
increase in the conduction period equalled 0.014 of a second. The
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average normal value was 0.078 of a second, while the average longest 
period in each animal during the course of the disease was 0.092 of a 
second. The fact is significant that no increase in the P-R interval of 
the electrocardiogram occurred in the control animal dying from a 
peritoneal infection after a period equal in duration to the average 
course of yellow fever in the monkey. Table III epitomizes the de­
tailed information regarding these variations. In Pig. 4 the P-R peri­
ods for the various animals have been plotted in graphic form, so that 
it may be possible to visualize the degree of the delay in conduction. 
The lengthening of the P-R interval on successive days of the disease 
is well shown in the serial cardiographic tracings (Pigs. 7 and 8).

In these experiments the occurrence of altered and reduced con-
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diietion in the aurieiilo-ventricular bundle branches has been suggested 
in the occasional observance of definite widening of the base of the 
ll-wave and, in one instance, of distinct notching of the apex of this 
deflection in a tracing taken from Lead III on the morning of the third 
day of the disease. That in this instance the evidence of a broadened 
base of R with notching of its apex is significant, is further rendered 
likely by the occurrence of a concurrent reversal of preponderance. 
At the same time T became of greatly increased height in a positive 
direction in all leads, while >S assumed a considerably increased am­
plitude in Leads T and If, where it formed the most prominent 
“spikes” of the tracings. The several findings in the electrocardio­
grams from this animal are in keeping with the occurrence of a pai’tial 
branch-bundle block.

Direct comparison of the conduction time with the heart I'ate shows 
in general a correspondence between the two phenomena. It has been 
observed that the cardiac rate of contraction decreases, while the 
conduction time increases during successive days of the disease. It 
must be noted, however, that the correspondence is an approximate 
and not an absolute one.
4. Physiological observations upon the ventricular muscle.

The study of the ventricular portion of the electrocardiogram di­
vides itself naturally into the consideration of three groups, the QRS 
complex, the R-T period, and the T-wave itself.

The QRS Period.—In a review of observed alterations in the QRS 
portions of the ventricular electrocardiogram, the consideration of the 
amplitude of the different waves, except in especial instances, will be 
purposely avoided, because it is not believed to be a significant point. 
In these experiments there were very evident variations in the ampli­
tude of the deflections from one tracing to another of the same heart 
at different times, both in health and diiring the course of the disease. 
The voltage of a tracing, taken on the last day of the disease, might 
be either higher or lower than that of the normal electrocardiogram 
of the same animal. That changes of amplitude of qualitative signifi­
cance may occur, however, is supported by the appearance of certain 
alterations of unusual incidence associated with other and more sig­
nificant changes. An S-wave, previously absent or poorly defined in 
Lead III, has during the course of the disease been observed to become 
of considerable amplitude, and in association with a diminution in the 
size of R, to assume the place of the most prominent “spike” in the 
tracings. Similarly S, a badly demarcated wave in Leads II and III 
of the electrocardiograms taken before inoculation of the animal with 
yellow fever virus, has been seen to become of marked amplitude with 
a diminution of the R-wave in the same leads on the later days of the 
disease (Fig. 6). Not infrequently a Q-wave barely discernible in 
Lead I of the normal tracing had attained so great an amplitude, in
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later stages of the disease, as to appear as the most prominent “spike” 
in the electrocardiogram from the same lead, ('hanges in preponder­
ance from day to day of the di.sease have been commonly noted. A 
splintering of the R-wave in Lead III has been found a.ssociated with 
variation in the amj)litude of the associated deflections of the ventricu­
lar electrocardiogram (Fig. 6).

The R-T Period.—A much more definite ehange observed in the ven­
tricular electrocardiogram during experimental yellow fever resem­
bles changes of similar form described by Pardeê ” as evidence of 
blocking of a branch of the coronary artery, and by Cohn and Swift” 
as well as Rothschild, Sacks, and Libman,''* as occurring in the acute 
phases of rheumatic fever. This change eonsists in deformity of the 
R-T or S-T period of the electrocardiogram. A significant deviation 
of this portion of the electrocardiogram is that which occurs when the 
downstroke of the R-wave fails to reach the base line, but instead com­
mences abruptly upon a curve, convex upwards, occupying the entire 
R-T period, and becoming finally incorporated in the upstroke of the 
T-wave, so that it appears that the latter is given otf directly from the 
R-wave. In other instances and even in the same tracing, the descend­
ing limb of the R-wave may extend below the line of equipotential to 
form a rounded S-wave, when the R-T segment, instead of occupying 
an almo.st horizontal position, may slope upward or downward to form 
an acute angle with the horizontal base line, and to merge itself gradu­
ally without appreciable distinction into the T deflection, thus im­
parting to the latter a diphasic appearance. While these two types 
of deformity of the R-T segment of the eleetrocardiogram represent 
changes typical of the later stages of experimental yellow fever, no 
specificity is attached to them, nor is it implied that these changes are 
of most frequent occurrence. They represent rather the more definite 
types of alteration among a series of changes comparable to them, 
which differ from them only unimportantly in their contours, and 
which exist with them in the same electrocardiographic series and even 
in the same tracing. The serial electroeardiographie tracings (Figs. 7 
and 8) show clearly this pleomorphism in the contour of the R-T 
period in the electrocardiograms of yellow fever.

Observations upon tbe length of the R-T interval showed that in 
eighteen of the nineteen animals studied l̂eetrocardiographically dur­
ing the course of infection with experimental yellow fever, an increase 
was noted in the duration of this period. The prolongation of the 
R-T interval was progressive in character and increased from day to 
day of the disease. There was in general a parallelism in the progres­
sive increase in length of the R-T period with that of the R-R period, 
but the relation was by no means a constant one. While the ratios 
between the durations of the two periods showed in many instances an 
approximate correspondence, in others they presented wide diver­
gence. In three experiments, lengthening of the period became so
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marked that T encroached on the followinf? l*-\vave or else the latter 
became siipeiumposed on the T deflection. The control animal suffer­
ing from an infection of the peritoneum also presented a lengthening 
of the R-T period. The only animal in this series which did not show 
lengthening of the R-T interval recovered from the disease. The 
other recovered animal presented prolongation of this period during 
the course of the disease, with subsequent shortening during conva­
lescence. In the light of our present knowledge of electrocardiogra­
phy, it is impossible to determine the significance of the lengthened 
R-T period. The lengthening of the period is also shown in Figs. 7 
and 8.

The T-wave.—The results of the study of the T-wave of the electro­
cardiogram in experimental yellow fever reveal certain observations 
which are significant because of their frequency and uniformity of 
occurrence. These changes warrant consideration. It has been noted 
that in fourteen of the nineteen animals infected with yellow fever 
virus, the character of the T-wave became altered in the end stages of 
the disease, becoming in one or more leads either diphasic, redupli­
cated, negative, or accentuated in its inscription. These deformities 
of the T-wave were independent of alterations in the initial ventricu­
lar deflections (QRS complexes). The normal upright terminal wave 
of the ventricular electrocardiogram was inconstantly replaced by a 
deflection either negative in direction, or diphasic in contour, the lat­
ter presenting either two waves above the line of equipotential or one 
positive and one negative wave in relation to the base line (Pigs. 5, 
7, 8). Exclusive of these types of deformity of the terminal deflec­
tion, an upright T-wave of increased height associated with other 
electrocardiographic changes has been a common finding (Fig. 6). 
An accentuated terminal deflection has, however, been observed upon 
two occasions in tracings from normal animals.

Two of the five animals (M. rhesus 8 and M. cynomolgus 11) which 
failed to show alterations in the T deflection recovered from the dis­
ease. The remaining three animals were not fairly representative of 
the course of the experiment, as each died prematurely of early or 
only moderately advanced yellow fever lesions, hastened in their death 
in two instances (.¥. rhesus l̂ and 3) by the coma and subnormal tem­
perature induced by the administration of sodium iso-amyl-ethyl-bar- 
biturate, and in a third (-¥. rhesus 15) by the loss of blood following 
a cardiac bleeding. Nevertheless, even with these animals included in 
the sei’ies, the incidence of aberrant T deflections is a noteworthy one, 
occurring as it did in 74 per cent of the monkeys dying of yellow 
fever. A study of the time relationship of these changes to the course 
of yellow fever reveals the fact that the abnormal variations appeared 
most frequently on the latter days of the disease. In nine of the thir­
teen animals in which they were observed, these alterations were first 
noted on the day of death. In five of these nine cases it had been

po.ssible to obtain tracings on the monkej\s on the day previous to 
death; the electrocardiograms taken on this day showed normal T de­
flections. In two animals the abnormal waves were first inscribed on 
the day preceding death and in one they were first noted two days 
previous to the animal’s death. In seven of the fourteen instances in 
which significant alterations in the T-waves existed, negative deflec­
tions were observed in either Lead 1 or Lead It, or in both of these 
leads (Pig. 5). This fact is pointed out not because it is believed that 
the negative variations were the most significant of those noted, but 
rather because in a purely empirical way we know most about this 
type of change in the T-wave. Before leaving the consideration of 
the terminal portion of the ventricular electrocardiogram in yellow 
fever, it is important to note the ephemeral character of any given 
deformity either of the R-T period or of the T-wave. These disturb­
ances are transient, fleeting in nature, present in one tracing and not 
in another, one type of variation being inscribed upon one occasion, 
and a different deformity appearing during subsequent inscriptions. 
The variations of the T deflections and of the R-T period during the 
course of the disease are well represented in the serial electrocardio­
graphic tracings (Pigs. 7 and 8).

D ISCUSSIO N

A perusal of the literature upon bradycardias of sino-atrial origin 
engenders the belief that those types of sino-auricular block which are 
invariably associated with irregular or inconstant forms of bradycar­
dia, and which occur in relatively normal hearts, possess nothing in 
common with the retarded heart rate of yellow fever. That a rela­
tionship may exist between some types of the so-called sino-auricular 
block and the bradycardia of yellow fever, is, however, rendered 
problematical in view of the observations of Mackenziê ® and Riebold.̂ ® 
The former author first described the condition as occurring in influ­
enzal myocardial involvement, and suggested “that the heart symp­
toms in this case, and it may be in the slow irregular hearts in diph­
therial eases, are due, not to vagus stimulation but to a poison acting 
like digitalis, directly on the heart itself.” Riebold also expressed the 
belief of a relation of sino-auricular block to infectious diseases. More 
recently Cohn and Swift” have reported the occurrence of sino-atrial 
block in the course of rheumatic fever; and Smith®” has recorded its 
incidence in diphtheria. A type of sinus bradycardia closely resem­
bling that of experimental yellow fever, has been reported by Winter- 
nitz and Selye”® as a result of thrombosis of the artery to the sino­
atrial node.

In the con.sideration of the relation of jaundice to the slow cardiac 
rhythm of yellow fever, certain observations are of value. The fact 
is so well known that bradycardia is frequently a concomitant mani­
festation of the icteric state that a second fact needs to be empha-
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sized, namely, that the association is by no means a universal one.®*’ ®
Every experienced observer has seen numerous eases in which the 
most marked degrees of jaundice were accompanied by a rapid pulse. 
The facts that a retarded cardiac rate is a constant phenomenon in 
experimental yellow fever, and that jaundice is very inconstantly as­
sociated with slow heart action, oft'er an inconsistency which mili­
tates against the possibility of a causal relationship of the icterus to 
the bradycardia in this disease. The bradycardia associated with 
icterus is of an irregular type,®̂  whereas that of yellow fever is a 
regular one. Moreover, in yellow fever bradycardia may occur in­
dependently of jaundice, and in the presence of a normal bilirubin 
content of the serum.̂

The hypothesis which Chagas has advanced that the bradycardia 
of yellow fever is a part of a “suprarenal syndrome” fails to attain 
credence in consideration of the fact that in the two eases in his 
series in which suprarenal lesions were found at autopsy the degen­
eration was confined to the cortical zones."*

In the auricular electrocardiograms of yellow fever, the occur­
rences of reduplicated and more especially of inverted P-waves, 
though infrequent, are of importance. A negative P-wave has been 
regarded by many workers"*- *" as indicating a
shifting of the pacemaker from its normal position in the upper ex­
tremitŷ " of the S-A node to a lower functional level in the sinus node, 
auricle or A-V node. Negative P-waves can be produced experimen­
tally in the tracings taken from animals during vagus stimulation, in 
which instance they may be abolished by atropine."*’ **’ *® In some
eases, however, negative P-waves persist after atropinization, and do 
not change on compression of the vagus nerve in the neck.* Wiggers"* 
believes that in these instances, the sino-atrial node should not be 
thought to be the seat of disease, unless the inverted waves are asso­
ciated with a reduced or a reversed P-R interval, or are accompanied 
by auricular extrasystoles or periodically give rise to tachycardia.

The lengthening of the P-R interval of the electrocardiogram, mod­
erate in degree, which has been observed with considerable constancy 
during the course of experimental yellow fever, is indicative of an 
impairment of function in the auriculo-ventricular bundle.

In experimental yellow fever the changes in the ventricular electro­
cardiogram are of especial interest. Because of the considerable 
amount of evidence which has been obtained in recent years relating 
to alterations in the T-wave of the electrocardiogram, which have been 
observed during the course of many disease conditions provocative of 
damage to heart muscle, it is important that we should consider the 
changes in the terminal deflections which have been so frequently en­
countered during the course of experimental yellow fever. The obser­
vations on the latter disease are of singular significance in that in this 
instance the opportunity has been afforded of correlating these func­

tional aberrations with the findings of histopathology in the precise 
muscular tissue in which they were produced only a few hours ante­
cedent to the fixation of the tissue. This privilege obtains only in a 
few diseases, and in still fewer may the study be conducted under the 
more readily controlled methods of animal experimentation. Observa­
tions relating to the histojiathological changes in the myocardial tis­
sues in this series of animals will be published in another paper.

General acceptance is accorded the view that the initial portion of 
the ventricular electrocardiogram, the QRS complex, represents a 
composite tracing of the differences in electrical potential set up in the 
plane of the lead by the wave of excitation passing throughout both 
ventricles.**’ "* The period between R and T or between S and T, 
vdaich in the normal electrocardiogram usually follows the base line, 
indicates an electrical equilibrium in the cardiac musculature in the 
plane of the lead at that time, and implies that a state of excitation 
exists throughout the venti’ieles. The frequent divergence of this por­
tion of the curve in yellow fever suggests a disturbance of those 
stre.Sses which normally during this period repose in equilibrium.

In view of our present information upon this subject, no justification 
exists for attaching a specific significance to a single form of alteration 
in the contour of the end deflection. The occurrence of one type of 
deformity of the T-wave at the time of registration of a given lead, 
and of another deformity in the same lead at another time of record­
ing during the progress of the disease, suggests a common basis for 
these aberrations and an existing’ relationship between them. Ros- 
nowski’" has noted the occurrence of changes in the end deflection in 
the course of intoxications which, like yellow fever, result in diastolic 
arrest of the ventricles. The common observance of the markedly ac­
centuated T-wave with a high, sharply vertical summit during the 
later days of the disease may, with caution, be tentatively accepted as 
a deformity of the terminal deflection of undetermined significance. 
There is no evidence of a different pathological interpretation of a 
T-curve which is diphasic in contour from one solely negative in direc­
tion. The incidence of abnormal deflections in more than one lead 
from the same animal, and their occurrence in the first and second 
leads, would seem to be more important than a solitary incidence of 
the change, especially if the latter presented itself in Lead III alone. 
In the extent of existing knowledge it is only justifiable to attribute to 
these T deflections of proved altered and abnormal contour, whether 
they be inverted, diphasic, or doubly positive in direction, the gen­
eral significance of an abnormal retreat of the excitation process. 
They are signs that the myocardium is not behaving normally.

The consideration which the presented observations make desirable 
of emphasis is that well-marked deformities of the T-wave, such as 
are never observed in the healthy animal under the conditions of the 
experiment, are recorded with considerable constancy of occurrence
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oil the latter days of the disease, at a time at which subsequent obser­
vations have shown that advancing myocardial degeneration is taking 
place in the ventricles. For these reasons the suggestion is advanced 
that alteration in the end deflection of the electrocardiogram may 
afford valuable infoiunation of functional injury to the ventricular 
muscle. This eoncejit is further supjiorted by the fact that alterations 
in the T deflection were absent in the two animals in the series studied 
which recovered from the disease, while they were present in all the 
monkeys which died, with uncomplicated lesions of yellow fever, at 
the end of a complete course of the infection. The deformities of the 
T-wave were also not observed in the animal dying from peritonitis 
at the end of a comparable period.

SUM M .\RY

1. Itradycardia, regular in rhythm, absolute in degree, and progres­
sively more marked on succeeding days of the disease, has been a con­
stant finding in experimental yellow fever in the monkey; the phe­
nomenon persisted independently of ether anesthesia, sodium , iso­
amyl-ethyl barbiturate anesthesia, and bilateral section of the vagus 
nerves.

2. Reduplication of the P-wave of the electrocardiogram was occa­
sionally observed in experimental yellow fever; more rarely this de­
flection was seen to be inverted.

3. Prolongation of the conduction time of the auriculo-ventricular 
bundle was observed in .slight or moderate degree in 84 per cent of 
cases.

4. Among electrocardiographic alterations referable to the ventricu­
lar muscle during the course of the disease, changes in ventricular 
preponderance were commonlĵ  observed. The K-T period was length­
ened in 94 per cent of cases; and frequently it was deformed. The 
normal upright T-wave was replaced in 74 per cent of cases by a de­
flection either negative in direction, diphasic in contour, or increased 
in height.

The author wishes to express his appreciation of much valuable advice afforded 
him by Professor Oskar Klotz during the course of the study. He is also indebted 
to Dr. A. E. Cohn and to Dr. J. Hepburn for many helpful suggestions.
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