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It is not yet sufficiently appreciated that there
are maniy factors, aside from heart disease, which
may affect the electrocardiogram. This is a mat-
ter of considerable importance for anyone making
electrocardiographic interpretations. It becomes
especially significant in those instances where the
electrocardiogram is on the borderline of normal-
ity, or in attempting to evaluate the successive
changes in electrocardiograms taken serially.

It is the T waves of the electrocardiogram wlhich
are most commonly and significantly affected by
these extracardiac factors. A good example is
digitalis, which may so alter the contour of the
S-T segments and T waves as to make interpre-
tation difficult, unless it is known or suspected
that the drug has been given. Significant T wave
changes may also result from the inhalation of
tobacco smoke (1), alkalosis (2), and change in
body position (3), merely to mention a few
factors.

Recently we have taken a renewed interest in the
effects of exercise and of certain commonly used
drugs on the normal human electrocardiogram.
Many of the studies in this connection have been
carried out on animals (4 to 8), and few or none
of the results are directly applicable to man, ex-
cept as noted above. Furthermore, the results of
the studies on man show no general agreement,
and this has resulted in some confusion. Our
plan of study has been simple and eminently
practical, being designed more to demonstrate
whlat clhalnges occur tlhani to slhow why.

METHODS

The effects of exercise, adrenaline, ergotamine tartrate,
acetyl-P-methylcholine (mecholyl), and atropine sulfate
were studied with reference to electrocardiographic
changes in five normal subj ects. Right carotid sinus
pressure was studied in four subjects. The three classical
leads were used. The subjects were all healthy males
without heart disease. Their ages were 21, 29, 30, 31, and

38 years. All had normal electrocardiograms. Three
were physicians and the other two were familiar with
controlled laboratory procedures.

Each experiment was preceded by a period of rest
until the pulse and blood pressure were stabilized. All
the electrocardiograms were taken with the subject in the
sitting position. Sufficient time was allowed between ex-
periments for the effect of the previous procedure coni-
pletely to disappear. Exercise and mecholyl were fol-
lowed by three hours of rest before the next experiment
was done. All the other tests were carried out on dif-
ferent days. A control tracing was taken after the sub-
ject had rested and immediately prior to starting each
procedure. Repeated tracings were taken during the ex-
periments at appropriate times (in order to obtain the
maximum effect). Blood pressure, pulse, and respiratory
rate, and general reaction were noted with each tracing,
as well as the electrical axis of the QRScomplexes.

INDIVIDUAL PROCEDURES

1. Exercise

A. Method. The electrocardiograms were taken
before, during, and immediately after exercise,
the subject sitting on an orthopedic exerciser,
pumping, as on a bicycle, with the right leg. The
tracings were taken after three and twelve min-
utes, while vigorous pumping was continued.
Also, continuous tracings of Lead 2 were taken
in three subjects, beginning just prior to stopping
exercise and continuing for two minutes after all
activity had ceased.

B. Results. Exercise lowered the T waves of
Lead 2 in all electrocardiograms of the five sub-
jects (Figure 1), tlhouglh but sliglhtly as a rule.
The T wave in Lead 1 was lowered in all but onle
subject; that particular T wave showed no change.
The T wave in Lead 3 was lowered in two subjects
and was elevated in one subject (Table I).

C. Comment. Our finding that exercise lowers
the T waves is contrary to current ideas generally
lheld, based on records obtained after stopping
exercise which are very different from those made
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C. H. Column A
minutes after start.

FIG. 1. EFFECT OF EXERCISE
taken during control period; column B, during exercise, 12

Leads 1, 2, 3.

TABLE 1

Exercise

Subject J. B. B. A. S. 11. G. S. J. R. G. C. H.

Control Maxime m Control Maximum Control Maximum Control Maximtim Control Maximumeffect eff ect eff ect eff ect effect

Pulse rate 86 140 66 96 66 75 75 100 85 100

Blood pressure 100/70 115/75 132/98 155/90 100/55 125/70 125/90 150/90 95/60 125/60

T-1 (10-4volt)* 3 2 4 3 3 3 4 3 2.75 2.25

T-2 (10- volt)* 2.5 1.75 3.5 2.5 6 5.5 3.5 3 3.5 2.5

T-3 (10-4 volt)* -0.25 -0.25 -0.1 -0.1 3 2 -0.5 0 1.25 1

QRSaxis
(degrees by +38 +38 +45 +40 + 75 +80 +42 +85 + 78 +70

Einthoven triangle) _ _

*This is 10 to the minus fourth power, that is, a tenth of a millivolt.

during exercise. Joffe (9), for example, observed
elevation of the T waves in twenty-two normal
subjects after exercise. Our findings are in agree-
ment with those of v. Mentzingen (10) who, in
studying the electrocardiograms of 451 subjects
during exercise, noted lower T waves in 410 of

them. Most of his subjects, however, had ab-
normal hearts. We wish to emphasize that our
tracings were taken witlh the subject actually ex-
ercising and that withinl half a minute after the
subject stopped mlotioni, the lowered T waves be-
gan to return to (or surpass) their former height.

410
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2. Adrenalinie
A. Method. One cc. of a 1: 1000 solution of

adrenaline hydrochloride was injected subcutane-
ously. One subject gave a history of marked
response to adrenaline, so that 0.5 cc. was given
to him. Tracings were taken five, ten, fifteen,
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twenty, and thirty minutes after the drug was

administered.
B. Results. Adrenaline lowered all the T waves

of the three leads in three subjects, while in the
other two subjects all the T waves were lowered,
except that in one subject T-1 and in the other

b

FIG. 2-A. EFFECT OF ADRENALINE
J. R. G. Column A taken during control period; column B, 22 minutes after

adrenaline HCI, 1: 1000 solution, 1 cc. subcutaneously. Leads 1, 2, 3.

TABLE II

Adrenaline hydrochloride

Subject J. B. B. A. S. H. G. S. J. R. G. C. H.

Control Maximum Control Maximum Control Maximum Control Maximu | Control Maximum
effect effect effect effect effect

Pulse rate 75 92 72 70 60 66 75 86 85 80

Blood pressure 110/70 120/55 130/95 150/80 110/60 145/60 125/80 120/60 95/55 110/50

T-l 2.5 2 2.5 2 2.5 2.5 3 2 2.25 2

T-2 3 2.25 2 1.5 4.75 4 3 2 3.5 2

T-3 -0.5 -0.5 -1 I -1.5 2.5 2 0 -1I 1 0.5

QRSaxis +38 +42 +50 +50 +68 +68 +70 +70 +75 +68

411



ALFRED S. HARTWELL, JOHN B. BURRETT, ASHTONGRAYBIEL, AND PAUL D. WHITE

T-3 showed no change (Figure 2-A and Table II).
The effect was maximal in ten to fifteen miinutes.
One subject was given 1 cc. of a 1: 100,000 solu-
tion of adrenaline intravenously. This resulted
in marked lowering of the T wave, with transient
inversion; Lead 2 only was recorded in this ex-
periment (Figure2-B). One subject showed fre-
quent ventricular premature beats, while another
showed a varying P-R interval with inverted P
waves for a few minutes after adrenaline. Ar-
rhythmias under adrenalinie have beeni noted by
others ( 11 ).

C. Commnient. Our finidinig of lowered T waves
due to adrenialinie is in agreemiienit witlh that of
Clouglh (12), who studied the effect of 7.5 miiinims
of 1: 1000 adrenaline intramuscularly in normal
males and in subjects with irritable hearts. He
found a decrease of 1 to 2 mm. in the T waves.
Levine et al. (13) gave the same dose as we to
ten normals and stated that "in younig adults there
was an average fall in the T wave amiplitude in
Lead 2 of 0.8 mm., five cases showinig an in-

.:
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FIG. 2-B. EFFECT OF ADRENALINE
A. S. H. During administration of adrenaline HC1,

0.01 mgm. (1 cc. of 1: 100,000 solution) intravenously;
control, beginning effect, maximal effect. Leads 2, 2, 2.

crease from 0.4 to 1.5 mm. anid five a decrease
of from 1.5 to 3.3 mnm."

3. Ergotaminie tartrate

A. Method. One cc. of ergotamine tartrate
(1 mgm.) was given subcutaneously to two sub-
jects, but, due to marked nausea in those cases,
only 0.5 cc. (0.5 mgm.) was given to the otlhers.
Tracings were taken five, fifteen, thirty, anid, in
three subjects, sixty minutes after the drug was
given.

B. Results. Ergotamiiiie raised all the T waves
of the tlhree leads of five subjects. except that T-2
in one subject showed no change 1 (Figure 3 and
Table III). The effect was maximal in thirty to
sixty minutes.

C. Comnnicitt. Almost identical results have
been obtained by Nordenfelt (14) with twenty
normals, using 1 cc. (1 mgm.). There is consid-
erable evidence that ergotamine opposes the actioni
of adrenalinie (8, 15, 16, 17). We lhave observedI
that exercise, whiclh stimulates the symiipatlhetic
nervous systemii, and adrenaline, lower the T
waves, and therefore the opposite effect of raisinig
the T waves was of considerable interest. The
elevation of the T waves was obtained without
marked slowing of the pulse.

4. Atropine sulfate
A. Method. Onie-fiftieth of a grain of atropine

sulfate was given subcutaneously. Marked drv-
ness of the mouth was noted in each subject
after about forty minutes. Tracings were taken
twenty, forty, sixty and ninety minutes after the
drug was given.

B. Results. Atropine lowered all the T waves
of the three leads in three subjects. It lowered
all the T waves except T-1 in one subject and all
but T-3 in another subject (Figure 4 and Table
IV). One subject developed A-V nodal rhytlhnm
twenty minutes after the atropine injection. By
forty minutes this had changed to sinus tachy-
cardia. Wilson (18) and Lewis (19) have noted
this as an early action of atropine in normals.

C. Comment. Atropine significantly lowers the
T waves, as shown by two of us already in a pre-
vious paper (1). Its action is to inhibit the para-
sympathetic nervous system, particularly the vagus.

1 In this case T-1 and T-3 showed only minute changes.
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TABLE III

Ergotamine tartrate

Subject J. B. B. A. S. H. G. S. J. R. G. C. II.

Control Maximum Control Maximum Control Maximum Control Maximum Control Maximum
effect effect effect effect effect

Pulse rate 75 66 66 66 66 50 85 66 75 66

Blood pressure 115/70 105/80 135/85 148/108 100/60 100/60 120/70 110/80 95/60 90/60

T-1 2.5 3 2.5 4 2 2.5 3.25 4.5 2 3.25

T-2 3.5 3.5 1.5 2.5 3.5 6.5 3.25 4.5 2.5 4.5

T-3 0.5 1 -1 0.5 2 3.75 -1.5 -0.75 0.5 2

QRSaxis +44 +48 +42 +42 +72 +78 +64 +60 +60 +72

'3

b

FIG. 3. EFFECr OF ERGOTAMIINE
C. H. Columni A takenl during control period; column B,

gotamine tartrate, 0.5 mgm. subcutaneously. Leads 1, 2, 3.

Thus drugs which increase sympathetic tone or
inhibit parasympathetic activity lower the T waves,
while those which lower sympathetic tone, such
as ergotamine, raise the T waves.

5. Mecholyl
A. Method. Two subjects received 25 mgm. of

mecholyl subcutaneously, but the general reaction

45 miniutes after er-

was so marked that 15 mgm. was given to the
others. The latter group obtained a satisfactory
response with sweating, salivation, diffuse blush-
ing, and, as has been noted by many others,
tachycardia.

B. Results. Mecholyl lowered all the T waves
in the three leads of all five subjects. All subjects
developed tachycardia, beginning one to one and
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FIC. 4. EFFECT OF ATROPINE
A. S. H. Column A taken during control period; columnl B, 60 minutes after

atropine sulphate, 1.3 mgm. (1/50 gr.) subcutaneously. Leads 1, 2, 3.

TABLE IV

Atropine sulfate

Subject J. B. B. A. S. H. G. S. J. R. G. C. II.

Control Maximue Control Maximum Control Maximum Control Maximum Control Maximumeffect ~ effect effect eff ect effect

Pulse rate 86 100 60 86 66 86 70 86 85 100

Blood pressure 115/70 100/60 120/88 140/95 100/60 100/60 120/75 110/70 100/60 90/55

T-1 2.5 1.5 6 4 2.5 2 3.5 3 1.75 2

T-2 3 2 5 2.5 4.5 3 4.5 4 3 2.75

T-3 0.25 0 1 -1.5 2.25 1 0.25 0.75 1.5 1

QRSaxis +50 +58 +58 +58 +74 +74 +58 +70 +72 +84

a half minutes after administratioin. Four sub-
jects showed a fall in blood pressure (Figure 5
and Table V).

C. Commnent. Meclholyl, supposedly a parasym-
patlhetic stimulant par excellence, has been found
to cause tachycardia by all its users (20 to 24).
This seemiingly paradoxical effect on the heart

hias been discussed ably by others (23). Roth-
berger (25), giving acetyl clholine intravenously
to cats, noted an initial transient slowing followed
by taclhycardia. Accordingly, we took continuous
tracings of Lead 2, starting before injection of
mieclholyl and continuiing until the tachycardia was
well started, but observed Ino preliminary slowing
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FIG. 5. EFFECT OF MECHOLYL
J. R. G. Column A taken during control period; column B, 2 minutes after

mecholyl, 15 mgm. subcutaneously. Leads 1, 2, 3.

TABLE V

Mecholyl

Subject J.B.B. A.S.H. G.S. J.R.G. C.H.

|Control Maximum Control Maximum Cotrol Maximum iControlMaimum Control MaximumCnrl effect Cnrl effect ono effect Cnrl effect oto effect

Pulse rate 86 120 60 140 66 90 75 110 85 100

Blood pressure 115/70 120/70 135/90 150/95 100/60 100/60 120/70 110/60 100/60 80/50
T-1 2.5 2 4 1.5 2 1.5 2.5 1.5 2.5 1.75

T-2 2 1 3 0 4.5 3 2.5 1.25 2.75 2.5

T-3 0 -0.25 -1.5 -3 2.5 1.75 0.25 0 1 0.75

QRSaxis +50 +50 +60 +90 +75 +70 +70 +75 +72 +85

of the heart rate. Weare unable to explain the
paradoxical tachycardia and lowering of the T
waves. -

6. Right carotid sinzus pressure
A. Method. This was tried on four subjects.

No observations were made on the blood pressure
in these experiments.

B. Results. All subjects showed slowing of the
pulse. There was an increase of the amplitude of
all the T waves in Lead 3 of the five subjects.
The T waves in Lead 1 and Lead 2 were elevated
in two of the subjects. One Lead 1 showed a
decrease in the T wave (Table VI).

C. Comment. The predominant action of caro-
tid sinus pressure on the electrocardiogram, aside

4 lm-aL 41's-vi.u im 'A x
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TABLE VI

Right carotid sinus pressutre

J. B. B. A. S. 11. J. R. G. C. H.

Stubject Maxi- Maxi-Mai MxiCon- Maxi- Con- Maxi- Con- - Con-
trlmum trlmum trlmum trlmumtrol effect trol eff ect trol effect trol effect

Pulse rate 86 77 70 55 75 66 85 66

T-1 3 3 3.5 4 4 3.5 2.75 3

T-2 2.5 3 3 4.5 3.5 3.5 3 3

T-3 -0.5 0.25 -_ 0 -0.5 0 1 1.25

QRSaxis +38 +40 +45 +45 +42 +50 +78 +75

from slowing of the rate, is to raise the T waves.

These results imay be considered as agreeing with
the concept that factors wlhiclh inhibit sympathetic
tonie or inlcrease the vagal tone raise the T waves.

DISCUSSION

The vague conceptiolns in the minds of most

plhysicianis, botlh in general anid in particular, about
the effects of these various procedures andl of
autonomic niervous influenices on the electrocardio-
gram, will, we lhope, be clarified by this report.

The importance of our findinigs is also of a prac-

tical nature. For instance, if a "repeat" electro-
cardiogram is taken on a patient who receives
atropine, or adrenalilne, or mleclholyl, slhortly be-
fore the second tracing, T wave chaniges would be
noted and miglht be interpreted as a chanige in the

basic cardiac status, wheni in reality they are due
to the effect of the drug. These (Irugs are coim-

monly used in hospital practice ani(l it was in part
for this reason that the presenit study was made.

Interesting speculations have beeni mentioned
regarding the symipathetic and parasympathetic
nervous systems anid the part they may play in
affecting the electrocardiogram. Of the exact

nature of the part they play in these results, we

are not sure. Indeed, in the initact lnormial sub-
ject, comp)ensatory mechanisms probably play im-

portant roles in deterininlig the finial result. Our
finidinlgs suggest, however, that adrelnergic factors
lower the T waves and choliniergic factors raise
theni. The anomalous action of mecholyl has beeln
discussed. It may also be postulated from our

results that procedures wlhiclh elevate the pulse
rate, lower the T waves, and vice versa. That
this is true, there is nio d(oul)t. However, in some

(If the subjects withl no chanige ili pulse rate, the

effect on the electrocar(liogrami x-as no less mial-ked.
This was particularly true in the case of adrenialinie
and ergotamine.

SUMMARY

1. Exercise lowers the T waves of the normiial
humiiani electrocardiogram, with returnl toward nor-
mlal in less tlhan a miinute. During recovery the
amplitude of T may he greater thani normiial.

2. Adrenaline lowers the T waves. The effect
lasts from fifteen to tlhirty miniutes.

3. Ergotamine tartrate raises the T waves.
This effect lasts as long as an lhour.

4. Atropine lowers the T waves. The effect is
mlaximiial in one hour but may last niinety miniutes.

5. MIecholyl lowers the T waves and(l causes
taclhycar-dia witlhout preliminary bradycardia.

6. Riglht cal-oti(l silnUs pressuire cauises anl ele-
vation of the T waves.

7. The importance of taking these clhanlges ilnto
accounit whleni il)terl)retding electrocar(li( granis is
stresse(l.
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