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THE EFFECT OF CORONARYOCCLUSIONUPONTHE
INITIAL PHASEOF THEVENTRICULARCOMPLEX

IN PRECORDIALLEADS

By SAMUELBELLET AND CHARLESG. JOHNSTON
(From the Robiniette Fouindatioit, the Departmnent of Rescarch Surgery. University of

Pennsylvania, and the DiHnsion of Cardiology, Philadelphia Genleral
Hospital, Philadelphia)

(Received f or publicationi Februa-.y 28, 1934)

In electrocardiograms of normal human hearts recorded by precordial
leads the initial ventricular complex shows a fairly constant configuration.
With the right arm electrode placed at the apical region and the second
electrode at any point distant from the heart the primary ventricular de-
flection consists of a conspicuous downward deflection followed by an up-
ward deflection. The initial downward deflection which is constantly pres-
ent in normal controls entirely disappears or becomes conspicuously smaller
after infarction involving the apex, lower anterior and lateral portions of
the left ventricle 1 (8) (10) (11). Moreover, the initial downward deflec-
tion is influenced by the position of the anterior electrode as well as by
pathological changes within the heart, decreasing in amplitude and even
disappearing as the electrode moves from the apex toward the base of the
heart.

The electrocardiogram of the dog and the cat. obtained by precordial
leads is similar to that observed in the human. AMoreover, the influence of
change of position of the anterior electrode resembles that occurring in
man. Because of this similarity and because the use of animals allows the
changes to be studied at frequent intervals from the verv moment of muscle
injury until repair and recovery have reached their maximum, we have used
these animals to study the effects of nmvocardial infarction upon the initial
downward deflection of precordial leads.

In general, the experiments fall into two groups (1) acute and (2)
survival experiments. In the former, the effect of muscle injury produced
by ligation of different coronarv arteries, or the damage resulting from the
application of a cautery directly to the heart muscle upon the initial down-
ward deflection was observed over a period of about two hours. In the
survival experiments, coronary arteries were ligated and the electrocardio-
graphic change followed over a period of months.

The purpose of this paper is to record the results of experiments in dogs
1 Occasionally this deflection disappears when apical involvement alone is

present.
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and cats designed to show the location and extent of myocardial lesions
necessary either to nmodlify or cause the (lisappearance of the initial clowln-
ward deflection of precordial leads.

ACUTE EXPERIMENTS

METHODS

The animilals wer-e aniestlhetized bv the adiministrationi intraperitoneally, of
50 mgm. of sodium amytal per kilogram of body wveight. Artificial respiration
wNas instituted by means of a tracheal cannula and a bellows. The electrodees
were attaclhed for taking indirect leads; additional electrodes were sutured be-
neatlh the skin of the anterior and posterior cardiac region so that precordial
lea(ds coukl also be obtained. Three precordial leads were routinely taken in our
exl)eriments, anteroposterior (Lead IV), anterior to left leg (Lead V), anid
posterior to left leg (Lead VI). The right armii wire was attached to the an-
terior, anid the left armi wire to the posterior, an arrangemlenit w\hich in the nor-
mal animal vielded an electrocardiogram having an initial downward (leflection
followed by an upward deflection.

The clhest Wlas opened by cuttinig the second, third, fourl-tl and( fifth ribs along
the left posterior axillarv line; the heart was exposed by opening the pericardium
and the selected coronar-y arter-ies were ligated. The heart was theni returned to
its original position, the ribs andl skin were approximiiated and electrocardiograms
taken at frequent intervals. In some anim1als the pericardium was closed, in
othlers it was not sutured; there was no difference in the resulting electrocardio-
grams. Control studies showedl that merely opening an(l closing the clhest in the
manner dlescribe(l was wN-ithout significant effect upon the electrocardiograms.
In the acute experimiients where the mivocardium was injured by cauterization of
selected regions of the lheart instead of coronary artery ligationi, this inijury was
accomiiplislhed by atn electric cauterv at red hieat applied until the superficial por-
tion of the mvocardiumii was practically carbonized. At tbe end of both types of
ex)eriment, wvlich usually lasted not more thaln two hours, the animiials were
sacri fie(l.

RESULTS

The effects of the procednres just suggeste(l upon the inlitial (lowllwar(l
deflectioni of precordial leadIs were to sonme extenit complicated; for clarity
the restult of each procedure will be presented separately.

Ligationi of br-anclhes of th' coronar, arteries
Ligation of the aniterior (lescencling branch of the left coronary arterv,

perfornmed in 12 dogs and in 6 cats, procluced consistent R-T interval dle-
viationls of the t-pe dlescrile(l by Wood and \Volferth (14) bnt failed to
alter the initial downward deflection.

Dogs:
Ligatioln in three clogs of the septal branch of the left coronary artery

prodtlcedl no change in the initial clownwarcl deflection.
Ligation in five dogs of the anterior divisions of the circumflex branch

of the left corlonary artery was without influenice uiponl the initial (lownward
deflection.
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Ligation of the anterior descending plus the septal branch of the left
coronary artery resulted in a slight diminution of the initial downward de-
flection in some experiments. In those experiments, where the anterior
branches of the circumflex were ligated in addition to the two vessels of the
previous experiments, the animals died soon afterward, usually within a

few minutes after the last vessel was tied. Electrocardiograms taken dur-
ing this brief period showed no change in the initial downward deflection.

Cats:

Ligation of single coronary arteries in dogs and the combinations above
mentioned having failed to cause a disappearance of the initial downward
deflection, ligation of similar vessels was next attempted in the cat. That
cats can withstand multiple coronary artery ligations much better than dogs
has been demonstrated to our satisfaction by numerous experiments. The
heart of the cat can beat vigorously for long periods after ligation of one

and often after ligation of the two main branches of the left coronary

artery.
Ligation of the anterior descending branch in cats resulted in R-T

deviations, but without disappearance of the initial downward deflection in
Lead IV of the precordial leads. Ligation in four cats of the anterior de-
scending branch of the left coronary artery plus the anterior branch of the
circumflex resulted in a complete disappearance of the initial downward
deflection and an R-T interval deviation situated below the iso-electric
line, the resulting electrocardiogram (Fig. 1') being practically identical
with that observed in the human after acute occlusion of the anterior de-
scending branch of the left coronary arterv (11) (13).
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FIG. 1.1 SHOWINGTHE EFFECT IN LEAD IV OF LIGATION OF THE ANTERIOR
DESCENDINGBRANCII OF THE LEFT CORONARYARTERY PLUS THE ANTERIOR
BRANCHOF THE CIRCUMFLEXARTERY IN THE CAT

(A) Normal. (B) After ligation of the anterior descending branch of the
left coronary artery. (C) After ligation of the anterior descending and cir-
cumflex branches of the left coronary artery; note the absence of the initial
downward deflection and S-T interval situated below the iso-electric line.

1 The initial phase of the ventricular complex. which shows clearly in the
negatives, has been retouched for purposes of reproduction in this and subse-
quent figures.
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Cauterization of the heart ?muscle
Having observed the results of ligation of large coronary arteries, an

endeavor was made to compare the results of cauterization of the heart
muscle; first, because the area of damage brought about by this method may
be accurately controlled, and secondly, because a slightly different type of
muscle injury is produced.
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OF CAUTERIZATION OF THE HEART MUSCLEINDOGS

(A), (B), (C), (D) show the effect of cauterization of the heart muscle.
(A ) only small portion of apex cauterized, note the depression of S-T interval.;
the initial downward deflection is little affected. (B) Area of cauterization in-
creased to involve lower third of anterior wall of the left ventricle; note the in-
crease in depression of the S-T interval. The initial downward deflection is
slightly diminished in amplitude. (C) Area of cauterization increased to in-
volve lower two-thirds of the anterior wall of left ventricle including the apex
and a portion of right ventricle adjacent to interventricular groove. Note the
almost complete absence of initial downward deflection and marked depression
of the S-T interval. (D) Same as C. Note the variation in the ventricular
complex with respiration, the largest complexes occur with inspiration, the small-
est with expiration. Note the depression of WS-T interval and the absence of the
initial downward deflection.

In four experiments in dogs in which the apex, and the lower half of
the anter'ior and lateral walls of the left ventricle were cauterized, the initial
downward deflection disappeared in onlv one dog; in the remainingy three
the initial downward deflection, while diminished. did not disappear. In
three other experiments the entire anterior portion of the beart (both right
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and left venitricles) and the lateral portion of the left ventricle were cauter-
ized before the initial or downward (leflection (lisappeared (Fig. 2). In
three other dogs where a similar portion of the heart was cauterized the
initial downward deflection, while dimiiinished did not disappear. Appar-
ently the extent of the cauterized area is an important factor in determining
the final results.

In cats no conspicuous change in the initial dowlnward deflection was
observed when the right ventricle alone was cauterized. The aml)litu(le of
this deflection was diminished most when the apex, and the lower anterior
and lateral portions of the left ventricle were cauterized.

In three cats the initial downward deflection disappeared and an R-T
deviation situated below the iso-electric line resulted after cauterization of
the apex and the lower two-thirds of the anterior and lateral walls of the
left ventricle, including a narrow strip of right ventricle adjacent to the an-
terior interventricular groove.

The ventricular complexes in these experiments as well as the others in
which the chest had been opened, often showed a phasic variation with
respiration, the highest amplitude being attained at insl)iration, the lowest
at expiration (Fig. 2D). The disapl)earance of the initial (lownward de-
flection was always judged fromii the complexes with the highest amplitudle.

Effect of itn]urv of a s51iall (arcaI of heart n1i1uscic utponi thc iniitial
doqOWntard dcflcctiont of the clectrograiii

The purpose of this experiment was to compare the electrograimi from
an electrode placedI (lirectly on a small injured portion of the heart mlutscle
with the tracings obtained froml the precordlial leads after stuch injury.

The heart was exposed and the aiiinial arranged for taking electro-
grams as well as precordial leads. In leading off from the heart directly,
electrodes soaked in copper sulphate contained in narrow glass tubels were
used. An area about a centimeter andl a half in diameter on the anterior
surface of the left ventricle near the apex was selected anid control electro-
grams taken. The right arnm electrode was the one which led off fromii the
heart directly, the left arm electrode being in contact with the chest pos-
teriorly; the left leg electrode was suturecl beneath the skinl of the left leg
as in previous experimiients. That portion of the left velntricle in conitact
with the direct lead electrode was then cauterized and the electrogramll re-
peated. A control was again taken from anl uiinlljtred portion of the heart
on the anterior surface of the right ventricle. Needle electrodes were then
inserted into the mvocardium immediatelv l)eneath the cauterizedI area aild
electrograms again taken.

In the control tracings with the electrode placed directly upon the nor-
mal muscle of the left ventricle the configuration of the electrogram was
similar to that of the electrocardiogram of the precordial lead; an initial
downward deflection was followed bv an upward deflection, the relative size
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of which varied, depending upon the location of the anterior electrode.
When the electrode was placed on the anterior surface of the left ventricle
near the apex, the initial downward deflection was approximately equal to
that of the upward deflection.-

Cauterization of this small area near the apex of the left ventricle re-
sulted in a disappearance of the initial downward deflection in the electro-
gram taken from the electrode placed on the cauterized area, whereas a
control electrogram taken immediately afterwards from an uninjured por-
tion of the heart on the anterior surface of the right ventricle showed the
initial downward deflection still preserved (Fig. 3). Needle electrodes
inserted deep into the muscle below the cauterized area showed an absence
of the initial downward deflection.

Inifarction of the posterior wall
Ligation of the coronary arteries supplying the posterior wall or injury

of this part of the myocardium by cauterization produced no change in the
initial downward deflection. The only change observed was that the R-T
interval was situated above the iso-electric line, originating from the down-
stroke before it reached the base line (Fig. 4). These findings are similar
to those observed in man (11) (13).

am

U
I\- V VI IV

A 13

FIG. 4. SHOWINGTHE EFFECT OF INJURY TO THE HEARTMIUSCLE ON THE
POSTERIORWALLOF THE LEFT VENTRICLE IN CAT

(A) Precordial Leads IV, V, and VI before injury. Note the presence of
initial downward deflection in Leads IV and V equal in amplitude to the upward
deflection. (B) Shows the effect in Lead IV of cauterization of the posterior
wall of the left ventricle. Note that in B there is no change in the initial down-
ward deflection; the only alteration observed being that the S-T interval comes
off considerably above the isoelectric line and has a monophasic character.

2 In the electrogram with one electrode on the left ventricular surface and the
other at some distant point the deflection obtained was approximately 20 times
the value obtained in the indirect leads (5) (7). It was, therefore, necessary
to tighten the string about 20 times the normal to obtain tracings with an ampli-
tude approximating that usually seen in the indirect leads. In taking the electro-
gram from the surface of the right ventricle the string had to be tightened less
than when the electrode was placed on the left ventricle, probably indicating that
the voltage developed by the right ventricle is less than that developed by the
left (4).
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SURVIVAL EXPERIMENTS

AlETHODS

In the chronic type of experiment the animiials were operated upon un(ler
(odiumm amytal aniesthesia with strict asepsis. A cannula was introduced throughI

the mouth into the trachea and pulmonarv inflationi was mainitained bv mlleans of
a bellows. The chest was opened by an incision in the fourth interspace on tlle
left side. By meanis of a self retaining retractor the fourth and fifth ribs w-ere
separated. The pericardium w-as lonigitudinally incised and drawn- into the
xvound in the chest wall, thus preventing the expan(ling and contracting lungs
from interferinlg (luring the exposure anid ligation of the coroniarv artery. The
artery of choice was dissected free from the epicar(liumii aln(d doubly ligated wvNith
silk ligatures. In all the survival experiments the anlterior descending hranch of
the left coronary artery was the vessel ligate(l. The pericardium iwas tllen
closed by interruptedl sutures and the wNounid in the chest closed witlh the lungs in
full expanisioni. Following the closure of the chest wall the tracheal caninula
was remioveTd. The aninials xvere kept on the usual animal-house diet ancd al-
lowe(d a minimium i amount of exercise. Although the imiortality was high wNe oh-
tained five dogs w-hiclh were followed for from 3 to 6 imionths after operation.
Electrocardiogramiis were takeni before operation. at frequent initervals after the
ligation of the coronary, arterv during the first 24 hours, daily for the nlext 10
days, and wveekly durillg the chronic stage.

In miiost instances wN-here dleath occurred, it took place either immediately or
soonl after the ligation of the coroniary artery. If the animlal survived 24 hlours
the chances for its recovery were good. The animiials that recovered appeared
to be in good con(lition alnd about a week after operation acted like normald ani-
mals. One dog, Numher 324, died three montlhs after operation. The remlain-
ing four clogs were sacrificed four to six montlhs after operation. Are record
also the results on olne cat w-hiclh died fromii pneumloniia 36 hours after operation.

Electrh-ocardiograms (iizd pathlologic finidinlgs
Dog Numt11belr 261 (Fig. 5). The initial downward deflection originally

prominenlt, had considerably diminished 7 hours after operation andc was
minimal from the 3d to the 7th day after operation. It tended thereafter
to return gradually towardl normiial but never attained its preoperative am-
plitucle. Forty-five days after operation the initial downward deflection
was about onie-half that of the upward deflection. The R-T interval
changes resembled those observed in the human subject. The high ampli-
tude of the (upright) T waves in Leads IV and V were practically identical
with those observed in man and probably represent a sub-acute stage of
infarction (13) (15). T waves of this type were observed only from the
3d to the 5th dav after ligation of the coronary arterv. After about the
9th day the electrocardiogram remained practically constant, and appeared
to be that characteristic for the chronic stage.

This aniimal wheni sacrificed six montlhs after operation showed denlse
pericarclial adhesionis on the anterior surface of the heart around the inter-
ventricular ,roove. An area of infarction about twvo centimeters in diamiie-
ter involved chieflv the apex of the left ventricle, with beginning aneu-
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rysmal dilatation. The area of fibrosis was more marked on the endo-
cardial than on the epicardial side of the left ventricle (Fig. 6).

Dog Number 297. The initial downward deflection was diminished
somewhat four hours after ligation and was absent after 24 hours. It
remained absent for 5 days and then gradually reappeared, but never re-
turned to its preoperative value, and never exceeded about half the value

A B C 1)

E F

FIG. 5. SHOWSTHE ELECTROCARDIOGRAMSFROMPRECORDIALLEAD IV
FROMTHE SURVIVAL EXPERIMENTON DOGNUMBER261

(A) before operation. (B) Seven hours after ligation of the anterior de-
scending branch of left coronary artery. Note the marked diminution in the
initial downward deflection and the slight depression of S-T interval. (C) 44
hours after operation. Note the diminution in the initial downward deflection
and depression of S-T interval. (D) Three days after the operation; note the
still further diminution in the initial downward deflection and the high amplitude
of T waves referred to in the text. (E) 5 days after operation. Note the small
amplitude of initial downward deflection and change in characteristics of the T
wave. (F) 11 days after operation. The initial downward deflection has in-
creased somewhat in amplitude and the S-T interval deviation has almost dis-
appeared. (G) 6 months after operation (chronic stage). The initial down-
ward deflection is small compared to the upward deflection.
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of the upward deflection. Tall upright T waves were observed as a tran-
sient phenomenon from the 3d to the 7tlh day after operation.

This animal was sacrificed after 4 nmonths, and showed the most ex-
tensive infarction observed in any of our experiments, involving the lower
half of the anterior portion of the left ventricle including the apex and
extending into the lateral walls.

FIG. 6. SHOWVINGHEARTOF DOGN1UMBER261, THE ELECTROCARDIOGRANIS
OF WIHICH ARE SHOWNIN FIGURE 5

This aniimal was sacrificed six moniths after operation. Note the area of
chronic infarction inv,olving the apex anid lower third of anterior wall of left
ventricle.

Dog Nuiniber 324. The initial downwvard deflection was somewhat
diminished after operation but was never abolished. Its amplitude re-
mained about half that of the upward deflection except for one day (21st
day after operation) when it exceeded the latter. On the 42d day after
operation its amplitude was about one-third that of the upward deflection.
The transient appearance of tall T waves was observed in this case also
on the 3d day following operation.
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This animal died of bronchopneumonia 3 months after operation. The
heart showed moderate pericardial adhesions involving the anterior and
lateral portion of the left ventricle. Upon injecting the coronary arteries
with an opaque mass the left descending branch remained almost empty.

A 13 C 1)

E F G

FIG. 7. SHOWSTHE ELECTROCARDIOGRAMSFROMPRECORDIALLEAD IV FROM
THE SURVIVAL EXPERIMENTON DOGNUMBER328

(A) Before operation. (B) 3 hours after ligation of the anterior descend-
ing branch of the left coronary artery. Note the marked diminution in the
initial downward deflection and depression of the S-T interval. (C) 24 hours
after operation. Note that the initial downward deflection is almost absent and
that the S-T interval is situated below the iso-electric line. (D) 4 days after
operation. Note the complete absence of initial downward deflection and the
upright T wave. (E) 13 days after operation. Note the complete absence of
initial downward deflection and the inverted T wave. (F) 27 days after op-
eration. Note the slight initial downward deflection (2 mm.). (G) 6 months
after operation. Note the increase in amplitude in the initial downward deflec-
tion now measuring 6 rnm.
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The slight amounit of filling that resulted was due apparently to anastomosis
from neighboring vessels. The area of infarction was small, involvinlg
only an area al)out two centimeters in diameter on the anterior surface of
the left ventricle near the apex. There was no marked thinning of the
left ventricular wall.

Dog Aumt1ber- 330. No definite diminution to the iniitial downward de-
flection occurred in the first 24 hours following operation. Thereafter,
all the deflections were small but the initial downward deflection wvas
especially reduced, being almost absent on the 5th day. By the 37th day
the initial downward deflection had practically returned nearly to its pre-
ol)erative amplitude.

This animal wvhen sacrificed four months after operation slhowed only
a small area of infarction about one and one-half centimeters in diamiieter
involving the anterior portion of the left ventricle near the apex.

Dog Numtber 328 (Fig. 7). The initial downward deflection gradually
disappeared followiing the operation anid was almost absent 24 hours after-
wards. It remained almost or entirely absent for al)out 14 day-s and then
gradually reappeared. Six months after operation it had about one-third
the amplitude of the ut)ward deflectioni. Transient tall T wraves were also
observed in this animiial.

This aninmal wvas sacrificed six montlhs after operation. The cardiac
findings were similar to those of Dog Number 261.

Cat Num1111ber- 1. The electrocardiogram taken 135 mllinutles after liga-
tioIn of the anterior descending branclh of the left coronary artery showed
complete loss of the initial (lownward deflection in Leads IV and V, and aln
R-T interval deviation sittuated below the iso-electric line. Subsequent
tracings slhowed a return of the R-T interval to the iso-electric line but the
initial downwar(l deflectioni was absent in the last tracing taken 28 lhoturs
after ligation.

The heart showed a miiarked area of softening involving the lower
half of the aniterior ancd lateral portions of the left ventricle.

DISCUSSION

Comiparisoni of electrocardio(lralllS of precordial leads in motant anld in
dogJs (111 coats followcinig corona01trx occlutsioni. The initial downward deflec-
tion fromii precordial leads, which in man is either markedlyc diminished or
entirely absent after occlusion of the anterior descending branch of the
left coronary artery, is l)reserved and undergoes almost no change in dogs
andl cats immediately following ligation of the anterior descending branch
of the left coronary arterv. Such a marked difference in response of the
human subject and the dog or cat invites explanation. To this end we have
considered 3 possil)ilities as a cause for this variation: first, the difference
in extent of the re-ion supplied by the occluded vessel in each instance;
secOn(l, the variation in tiie enstiing between the occlusion anid the tak-
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ing of the tracing; and third, the change in the position of the left ventricle
relative to the anterior electrode.

In human cases occlusion of the anterior descending branch of the left
coronary artery usually occurs close to its point of origin; the resulting
area of infarction, therefore, is usually the apex, adjacent lateral wall of
the left ventricle and the lower anterior portion of the ventricular septum.
The blood supply of the human heart differs considerably from that of
the dog and cat. In man the anterior descending branch of the left coro-
nary artery supplies an area corresponding to that which is supplied by
the anterior descending, septal and a considerable portion of the circum-
flex branches of the left coronary artery in the dog and cat. Before com-
paring the electrocardiographic results in animals with those obtained in
man, it is, therefore, important to reproduce as closely as possible in the
experimental animal the location and relative size of the infarcted area.

From the standpoint of time, the electrocardiographic findings obtained
immediately after experimental occlusion in animals cannot justly be com-
pared with those of the human subjects, in whom, even under advantageous
conditions, tracings are rarely taken until many hours after the occlusion
has occurred.

Furthermore, since we have evidence that the initial downward deflec-
tion seen in the precordial leads is produced chiefly by the left ventricle
(see page 740), we regard the position of the left ventricle in relation to
the anterior chest wall as not unimportant. The fact that a considerably
larger portion of the left ventricle presents anteriorly in the dog and cat
than in man may account for the greater difficulty in causing, in the former,
the disappearance of the initial downward deflection.

Disappearantce of initial downward deflection in acute experimenits the
result of ligationi of mnultiple coroniary arteries anid of extensive injury
of heart muiiiscle by cautterizationt. The endeavor to cause infarction of an
area of the dog's heart corresponding to that which results in the human
heart after occlusion of the left descending branch at its origin was un-
satisfactory for our purpose since dogs withstand multiple ligation of the
large coronary arteries poorly, the animals usually dying within a few min-
utes after the last vessel has been tied. As alreadv shown, we were unable
during the short period of their survival to cause disappearance of the
initial downward deflection in dogs by ligating multiple arteries. In cats,
which withstand multiple ligation of coronary arteries relatively well, liga-
tion of the anterior descending branch of the left coronary artery plus
ligation of the anterior branch of the circumflex (together supplying the
apex, anterior and lateral wall of the left ventricle and a portion of the
ventricular septum) resulted in a disappearance of the initial downward
deflection. This inidicates that ultimitate electrocardiographlic chan ges de-
petd upont the size anid locationi of thle inifarct produtced rather thlant uipo
the ligationi of any particuilar vessel.
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Cauterization of the heart muscle in dogs and cats also resulted in a
marked diminution or disappearance of the initial downward deflection.
The surface which had to be cauterized, however, to bring alout this re-
sult was relatively much more extensive in dogs than in cats. In the d(og
cauterization of the apex and lower part of the left ventricular wall, while
interfering to some degree with the circulation of the underlyinig muscle,
does not elinminate the possibility of the muscle of the damaged area receiv-
ing considerable nourishment from vessels in the neighborhood. In acute
experiments it is apparently only when the circulation from these surround-
ing areas is also impaired that the initial downward deflection is either
markedlv diminished or entirelv eliminated. Because of the smaller size
of the cat's heart, cauterization, although not as extensive as in the dog
with respect to area of surface, really involves a greater number of vessels
and relatively greater depth of muscle.

In acute experinments the disappearance of the initial downward deflec-
tion was brought about in cats ( 1 ) after ligation of the anterior descending
branch plus the anterior branch of the circumflex and (2) after cauteriza-
tion of an exrtenisive area of the anterior portion of the left ventricle. In
dogs, the same effect was brought about only with the greatest difficulty.
Ligation of vessels proved ineffectual; the only successful procedure was
the cauterizationi of a massive portion of the heart mluscle, relatively mucl
more than is involved in the infarction observed in the humaln heart at
necropsv.

In survival experimelnts, however, the initial dowvnward deflectioni al-
most or entirely disappeared in three dogs and in one cat 24, 24, 48 and 2
hours respectively after ligation of the anterior descelndinlg branch of the
left coronary artery. In two additional dogs moderate diminution of this
deflection was 1)roduced. In the formner group frequent electrocardio-
grams showed gradual decrease in size of the initial downward deflection
beginning soon after operation, and progressing until it either finally dis-
appeared or remained with an amplitude of only one to twvo mm. Only the
left descending branch of the coronary artery was ligated in these experi-
nments. The question arises as to why the disappearance of the initial
dowinward deflection after ligation was gradual. W\e suggest that it was
so because the maximum degree of cardiac damage or cardiac infarction
accompanied by actual death of muscle probably developed only 24 to 48
hours after ligation of the anterior descending branch of the left coronary
arterv.

The observations in the survival experinments are quite similar to those
in man if the time interval ensuing between occlusion and the taking of
the electrocardiogram is takeni into consideration. The records observed
in the dogs 24 hours after ligation of the anterior descending branch of the
left coronary artery are quite similar to those in man after occlusion of this
vessel; in fact, it is almlost impossible to distinguislh typical records. In
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most instances, the disappearance of the initial downward deflection is not
as complete in the dog as in man. The tracing taken 24 to 48 hours after
ligation in the dog often shows a slight downstroke of 1 to 2 mm. preceding
the upstroke, whereas in man the downstroke is in most instances entirely
absent at a similar interval following occlusion.

The return of the initial downward deflection more completely and
more rapidly in dog than in man may be explained in several ways: (a) that
a relatively smaller vessel was occluded in the dog than occurs in patients
and that the resulting infarct was, therefore, relatively smaller; (b) that in
the dog, the remaining vessels were normal and were, therefore, capable of
furnishing the maximum of collateral circulation, whereas in patients
marked atheroma is often present in the other coronary arteries; (c) that
in the dog, the vessel distal to the ligation being normal may still function
to some degree with the development of anastomoses, whereas in patients
frequently the presence of atheroma of the vessels distal to the point of
thrombosis with consequent slowing of the blood current may lead to
occlusion below the point of initial thrombosis.

The presence of the high amplitude of the T wave in precordial leads
which was observed as a transient phenomenon in all of our dogs in the
subacute stage of infarction is almost identical with that observed in man
(13) (15). In the latter it has been observed as long as 2 to 4 weeks after
the onset of the acute infarction. Its presence is of considerable impor-
tance. Bohning and Katz (2) have recently reported the presence of
such T waves in human indirect leads; and Wood and Wolferth have re-
ported their presence in precordial leads (15).

Cause of production and disappearancc of initial downward deflection
of precordial leads. The configuration of the electrogram from the ven-
tricular surface and of the electrocardiogram from the precordial leads is
quite similar (7); the higher voltage in the former is due the electrode
being placed directly upon the heart, whereas in the latter, it is placed at
some distance from the heart. The electrogram, when the electrode on
the heart is placed over the normal muscle, shows an initial downward
deflection diminishing as the great vessels are approached (5) (10). This
relation also holds for the electrocardiograms from the precordial leads.
From these findings it would appear that when in the precordial leads a
large electrode is used (i.e., one covering the entire precordium), the elec-
trocardiogram may be considered as due to the summation of the action
currents from the muscles of the entire heart; where a small electrode is
used the electrocardiogram is produced chiefly by action currents from the
muscle lying immediately beneath the electrode and only to a lesser degree
by those from muscle more distant. Since the voltage recorded is probably
much greater from the left ventricle than from the right it is probably the
former which largely determines the ventricular complex in the precordial
leads. For example in the experiment (Fig. 3) in which the apex and
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lower third to half of the anterior wall of the left ventricle was cauterized
and the electrogram from the cauterized area showed a disappearance of the
initial downward deflection formerly present, the initial downward deflec-
tion was preserved in the electrogram of the uninjured muscle of the right
ventricle. The precordial lead (Lead IV), using a large electrode cover-
ing the entire precordium, showed a complete absence of the initial down-
ward deflection. The same was true in survival experiments in the dog and
in human cases in which the infarction involved only the lower anterior half
of the left ventricle while the right ventricle was intact.

From these data it would appear that we have information regarding
the portions of the heart responsible for determining the presence or ab-
sence of the initial downward deflection in precordial leads. The impor-
tant area appears to be the apex, lower anterior and lateral walls of the
left ventricle and probably in addition the lower anterior and left side of
the interventricular septum.8 The chief evidence that we have obtained
supporting this statement is: (1) the absence of the initial downward de-
flection from precordial leads in 12 human subjects in whom infarction had
involved this area; and (2) the disappearance of the initial downward de-
flection after experimental ligation of vessels that supply this area or after
cauterization of the heart muscle of this region.4

SUMMARYAND CONCLUSIONS

In acute experiments upon dogs and cats ligation of the anterior de-
scending branch of the left coronary artery, while causing R-T deviation
in precordial leads produced practically no change in the initial downward
deflection of the ventricular complex. In general, ischemia or damage to
a much greater portion of the myocardium than that supplied by the ante-
rior descending branch of the left coronary artery was required to produce
a marked diminution or disappearance of the initial downward deflection.
Diminution or disappearance of this deflection was produced in cats after
ligation of the anterior branch of the left coronary plus the anterior branch
of the circumflex arteries; or in dogs and cats after cauterization of a con-
siderable portion of the surface of the cardiac muscle.

8 In the human cases, infarction of the lower anterior portion of the septum
is nearly always present after occlusion of the left descending branch; in dogs,
involvement of the septum does not occur unless the septal branch is ligated in
addition to the anterior descending branch of the left coronary artery.

4Wilson (11) has pointed out the similarity of the electrocardiogram from
precordial leads in cases of infarction of the anterior surface of the left ventricle
to the electrogram obtained when the anterior electrode is placed at the pulmonic
area just above the pulmonary valves or at other points that lie opposite one of
the valvular orifices. He suggests that the early occurrence of a prominent up-
stroke not preceded by a preliminary downstroke in these curves may be due to
the presence of a large infarct which, being composed of dead and inactive
muscle, has an effect upon the electrocardiogram similar to that which might be
produced by a window or orifice in the anterior wall of the heart.
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In survival experiments marked diminution or disappearance of the
initial downward deflection could be produced by ligation of the anterior
descending branch of the left coronary artery alone. In 3 out of 5 dogs
this deflection almost completely disappeared 24 to 48 hours after ligation.
In one cat it disappeared 2 hours after operation. In one dog it was mark-
edly diminished on the 5th day after operation and in another moderately
diminished on the 3d day. In all 5 dogs, later during the recovery stage,
it increased again; in one instance the return was complete, in the remain-
ing 4, the deflection regained one-fourth to one-half its original amplitude.
In man the initial downward deflection which disappears during the acute
stage of infarction usually does not return in the chronic stage; occasion-
ally, however, a partial return occurs. The return of this deflection in the
dog is probably to be explained by the smaller relative size of the area
involved by the chronic infarct and by the larger portion of the left ventri-
cle in relation with the anterior chest wall in the dog.

Extremely tall T waves observed in these experiments as a transient
phenomenon are believed to characterize a subacute stage of infarction.

Ligation of the coronary arteries supplying the posterior wall of the
left ventricles or injury of this area by cauterization produced R-T interval
deviations above the iso-electric line but no change in the amplitude of the
initial downward deflection.
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