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THE ELECTROCARDIOGRAM *

By EDWARD ROSE, FRANCIS C. WOOD axp ALEXANDER MARGOLIES
(From the Thyroid Clinic and the Robinette Foundation, Hospital of the University, of Pennsylvania, Philadelphia)

(Received for publication March 28, 1935) .

The purpose of these observations has been to
determine (1) what abnormalities, if any, occur
in the electrocardiograms of persons with either
toxic or non-toxic goiter; and (2) the electro-
cardiographic effect of partial or subtotal thyroid-
ectomy in the same subjects. The plan of study
has been described in a previous communication
(1).

This report is based on a study of preoperative
and postoperative electrocardiograms in 106 pa-
tients: 27 with non-toxic goiter, 20 with toxic
nodular goiter, and 59 with toxic diffuse goiter.
The records of 31 other patients were excluded
because the electrocardiographic data were incom-
plete or because digitalis had been administered
when one or more of the electrocardiograms were
made.

The electrocardiograms were accurately stand-
ardized (1 cm.=1 millivolt). Overshooting
was avoided. All tracings were taken with im-
mersion electrodes with the patient sitting. Com-
parison of skin resistances at the times of the
first and last examinations in each instance showed
no marked variations and no constant direction
of change. Normal tracings were differentiated
from abnormal ones by the usual criteria. Any T
wave in Lead I or II, one millimeter or less in
height, and any QRS complex showing definite
left axis deviation, were considered abnormal.
Slight tremor of the string occurred in-about half
the thyrotoxic patients at the first examination,
and in a few instances this was marked ; it usually
disappeared later in the course of observation.
All the thyrotoxic patients were receiving iodine
when the preoperative tracing was taken, and
this may have tended to reduce the height of the
T waves (2). In determining whether or not the
electrocardiogram of any given patient had
changed, alterations of less than 1 millimeter in

1 Presented in abstract before the Section on General
Medicine, College of Physicians of Philadelphia, April
23, 1934.

T waves, and of less than 5 millimeters in QRS
complexes, were not considered significant.

The electrocardiographic changes in hyperthy-
roidism have been considered at length in the lit-
erature. The most important contributions are
those of Krumbhaar (3); Hamburger, Lev,
Priest, and Howard (2); Jonas and Wichterlova
(4); Coelho (5); Goodall and Rogers (6); Gos-
sels (7); Willius, Boothby, and Wilson (8);
Smith and Colvin (9) ; White and Aub (10) ; and
Don and Langley (11). Don and Langley report
studies similar to those described here. Some
writers (3, 12, 13) believe that the electrocardio-
gram in hyperthyroidism is usually characteristic
with large P and T waves. Others (9, 10, 14)
disagree with this view and state that the T waves
may be large, small or inverted and bear no rela-
tion to the degree of toxicity. Similar disagree-
ment is found with regard to the effects of treat-
ment. Thus Hamburger and his co-workers (2)
state that relief of hyperthyroidism is usually ac-
companied by reduction in the height of the T
waves, while Don and Langley (11) could find
no relation between reduction of the basal meta-
bolic rate and changes in P and T waves.

Table I contains a classification of the electro-
cardiograms in patients with various types of
goiter and the changes which occurred in them
after thyroidectomy.

P waves. Twenty-five of the 79 toxic cases
had P waves 3 mm. or more in height in one
or more leads at the preoperative examination.
All but 4 of these showed a reduction to less than
3 mm. at the last examination. Two of these 4
were incompletely relieved of their thyrotoxicosis ;
the third had hypertension; and the fourth, mitral
stenosis. In no instance did normal P waves in a
preoperative tracing increase to abnormal height
at the last examination. One patient in the non-
toxic group had a P wave 3 mm. high before op-
eration, which was reduced to 2 mm. at the last
examination. The T waves in this case were of
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TABLE I

Classification of electrocardiographic abnormalities in various types of goiter

Typesof GOIter. ... ..o uuiion Non-toxic Toxic nodular Toxic diffuse

Abnormalities as|plexipx|Sla|Blc|p|E]alB|c|p]| 2 |5%

= = & &S

Number of patients. .. .......... . ... . 160 | 4| 72711225120/ 33|11]9]|6]|359 |79

P wave 3 mm. or higher. .. ... ... ... . ... ... ... 11115 5/ 8|4|6]220)|25
QRS complexes increased in size immediately after

OPEration . . . ... ..uiii i 0 0| 3|1 4| 4
All QRS ccmplexes smaller at last examination than at

D] 1 1 0 613111111
Shift of electrical axis toward the left from first to last

exXamination . . . ... 1 1214611179187 |5|1]31]40

T waves 4 mm. or higher at first examination. ... ... .. 3 316141 16| 8|4 11319

T waves increased in size immediately after operation. . 1 1 112 8[3|5]2(18]20

Slight temporary reduction of T waves after operation .| § 11714 1116] 43 21 9115
Temporary reduction of T waves to abnormal degree

after operation. ............. .. ... .. ... ..., 3 312 21 612 2|1]11]13

T waves smaller at last examination than at first. ... .. 1 12|42 6| 6|5 11| 17

T waves larger at last examination than at first. .. .. .. 2 4 6|3 2 5| 4 411 9| 14

T waves 4 mm. or higher at last examination...... ... 3t 311 6| 38 114 6l 29] 2 10 | 14

* 4—Normal at first and last examination.
B—Normal at first and abnormal at last examination.
C—Abnormal at first and normal at last examination.
D—Abnormal at first and abnormal at last examination.

very low amplitude throughout, but there was no
other evidence of cardiovascular disease, and noth-
ing to indicate thyrotoxicosis. One thyrotoxic
patient, whose other tracings were normal, showed
inverted P waves in all leads at her last exam-
ination.

Auricular flutter was present before operation
in one thyrotoxic patient; this was followed im-
mediately after operation by auricular fibrillation.
Normal rhythm was subsequently established.
Auricular fibrillation was present in 12 other cases
of hyperthyroidism. In 2 it was a temporary
postoperative phenomenon. In 10 it was present
at the first examination: in 7 of these it disap-
peared soon after operation, and in the other 3
it has persisted.

P-R interval. A minor grade of heart block
was present throughout the period of observation
in one mnon-toxic patient (P-R interval=0.24
second). No other instance of disturbed auriculo-
ventricular conduction was observed.

ORS complexes. Four toxic patients showed
a temporary postoperative increase in the size of
their QRS complexes. This was not seen in any

t Present at first examination in 1 case.

1 Present at first examination in all cases.
§ Present at first examination in 2 cases.
|| Present at first examination in 4 cases.
€ Present at first examination in 1 case.

of the non-toxic group. In 11 of the toxic pa-
tients, the QRS complexes were definitely smaller
in all leads at the last examination than at the
first. This occurred in one of the non-toxic
group. One toxic patient showed an excessively
high complex before operation, which was later
reduced to normal. In another instance left axis
deviation appeared six months after operation but
had disappeared one year after operation. One
thyrotoxic woman, aged 29, showed a right bundle
branch defect (new nomenclature) throughout the
period of observation (3 years) and has shown
no other evidence of cardiovascular disease.

The variations of the QRS complex described
above were relatively infrequent, and their sig-
nificance is difficult to determine. However, a
definite shift of the electrical axis toward the left
from the first to the last examination was noted
in 40 (51 per cent) of the 79 toxic cases, and in
only 4 (15 per cent) of the 27 non-toxic patients.
When this tendency was first noted, it was believed
to be due to increase in body weight following
postoperative reduction of the basal metabolic
rate. This explanation, however, is not supported
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Op Op
A 615731 B € 10/28/31 0D E F G
212451 }  6/24/31 10/24/31 | 11/3/31 3/3/32 6/8/32 12/3/32

" F1c. I. ELECTROCARDIOGRAMS OF V.O., A WoMAN oF 23 YEArRs, WHO Hap A Toxic DIFFUSE GOITER,
’ DuraTioN 6 WEEKS, BasaL MEeraBoLisM Bero:e OPERATION (JUNE 14, 1931) -+ 56 PER CENT.

Right lobectomy June 15, 1931. Left lobectomy October 28, 1931.
10, 1932 was + 18 per cent.

This figure shows:

(1) Marked changes in T waves. T, was inverted February 2, 1931, less inverted June 24, 1931,
upright October 24, 1931, inverted once more November 3, 1931, less inverted March 3, 1932, upright
June 8, 1932, upright December 3, 1932.

(2) Shift of the electrical axis to the left (patient gained 7 lbs.). Index on February 2, 1931 =
—8. Index on December 3, 1932 — —3.

(3) P waves were large at first and subsequently reduced in size.

Last basal metabolism on August

Op
A 1/16/32 B (61
1/13/32 | 1/21/32 1/14/33

F1c. II. ELEcTROCARDIOGRAM OF B.S., A WoMmAN oF 33 YEArs, witH A NoN-
T0X1C NoDULAR GOITER

Thyroidectomy was done on January 16. 1932.

This figure shows that marked changes may occur in the T waves of a non-
toxic patient. On January 13, 1932, T, was slightly inverted. On January 21,
1932, five days after operation, T was more deeply inverted. On January 14,
1933, T, was normal. She had received no digitalis.
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(1) (2)
Op Op
A 10/12/31 B A 3/9/31 B i
9/17/31 ! 12/7/32 3/5/31 | S3/12/31 4/14/32

Fic. III. THris Ficure SHows R S-T InTErvAaL Deviations 1N (1) A Toxic PATIENT AND IN (2) A
PATIENT WITH A NON-TOXIC NODULAR GOITER.

(1) Electrocardiograms of J.R., a woman of 30 years, who had a toxic diffuse goiter, duration 4
years; basal metabolism before operation (September 22, 1931) + 71 per cent; basal metabolism 141% months
later (December 7, 1932), + 35 per cent.

A. First tracing September 17, 1931, heart rate 130; depression of the R S-T interval in all leads. The
patient had received no digitalis. Immediately after operation (October 12, 1931) she was digitalized be-
cause of an attack of auricular fibrillation and developed deeply inverted T waves.

B. Last tracing December 7, 1932, heart rate 130. She had not received digitalis since shortly after
her operation. The R S-T interval deviations had disappeared, despite the fact that the patient’s thyro-
toxicosis was only partially relieved by thyroidectomy.

In addition to the R S-T interval changes, this tracing shows (a) large P waves in the first tracing
which became smaller in the last tracing and (b) a marked shift of the electrical axis toward the left
in the last tracing, as compared with the first one, from —4 to + 5. (The patient gained 30 Ibs.).

(2) Electrocardiograms of M.McC., a woman of 37 years, who had a non-toxic nodular goiter,
duration 12 years; basal metabolism before operation (March 4, 1931) + 14 per cent; one year later + 3
per cent.

The first tracing, 4, taken on March 5, 1931 showed a depression of the R S-T interval. No digi-
talis had been administered. The change of R S-T interval had disappeared to some extent seven days
later, B. It had vanished completely one year after operation, C. The patient gained 10 lbs. during the
year. The electrical axis did not change.
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by more careful analysis of the data. The cases
were studied with reference to (a) the changes
in axis, calculated on the basis of White’s (15)
index,? (b) the change in body weight, and (c)
any cardiovascular or other conditions which
might have influenced the electrical axis. Al-
though the largest average gain of weight occurred
in the group showing shift of the axis to the left.
the change in the individual case was not neces-
sarily proportional to change in weight. In the
toxic group, for example, eight cases which
showed gains of 10 Ibs. or less showed a definite
shift of electrical axis toward the left. On the
other hand, six cases which gained from 30 to 50
Ibs. showed either no change or a shift to the
right. This change in axis was not accompanied
by any characteristic changes in the T wave in
Lead III. It cannot be correlated with changes
in heart rate. Moreover the cases which failed
to show this phenomenon were not necessarily
those whose hyperthyroidism had not been re-
lieved by operation. Many thyrotoxic patients
show prominence and increased pulsation of the
pulmonary artery, which tend to disappear when
the thyrotoxicosis is relieved. This phenomenon,
which suggests overaction of the right ventricle
in thyrotoxicosis, may be related to the change
of axis under consideration. However, a review
of our cases, with this thought in mind, failed to
elicit corroborative data. The presence and sub-
sequent disappearance of prominence and in-
creased pulsation of the pulmonary artery did not
occur more frequently in those groups which
showed a definite shift of electrical axis to the
left. There may be some relationship between
these two phenomena, but our methods failed to
demonstrate it. We, therefore, feel that this shift
in electrical axis, which so often accompanies sur-
gical relief from hyperthyroidism, cannot be satis-
factorily explained at present.

S—T interval. Four patients showed deviation
of the S-T interval from the isoelectric line be-
fore operation—a depression in Leads II and III
in each case. This abnormality disappeared in all
instances before the first postoperative tracing
was taken. There was no history of administra-

2 The index of shift is the figure obtained by calculating
the index according to White’'s formula for the first
and last tracings of each individual patient and subtract-
ing the former from the latter.
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tion of digitalis prior to the first electrocardiogram
in any of the 4 patients. The first patient had a
non-toxic goiter; the second, a toxic nodular
goiter ; and the third, a toxic diffuse goiter; the
final tracing was normal in each instance. The
fourth patient had a toxic diffuse goiter; the final
tracing showed isoelectric T waves in all leads.
(The third patient was digitalized after operation
and does not appear in the Table.)

T waves. (a) Changes at the first and last e.x-
amination. Examination of Table I will show
that our findings do not support the belief that the
height of the T waves is directly proportional to
the degree of thyrotoxicosis. Although 17 toxic
patients showed smaller T waves at the last ex-
amination than at the first, 14 showed the reverse.
Two patients with postoperative hypothyroidism
developed small T waves, but similar changes oc-
curred in 8 patients who did not show postopera-
tive thyroid deficiency. Furthermore, in 10 pa-
tients who were incompletely relieved of their
thyrotoxicosis, 3 had larger T waves at the last
examination than at the first, 3 had smaller T
waves, and 4 showed no change in size.

The incidence of T waves 4 mm. or more in
height, in both the toxic and non-toxic groups,
was about the same at the first and last examina-
tions. T waves which had been normal before
operation sometimes became abnormal at the last
examination, and the reverse was also occasionally
noted.

(b) Immediate postoperative changes. These
likewise seemed to follow no definite rule. Seven
non-toxic and 15 toxic patients showed slight re-
duction in the height of the T waves in the first
postoperative tracing. Three non-toxic and 13
toxic patients showed a temporary reduction after
operation, sufficient to be considered abnormal.
However, one non-toxic and 20 toxic patients
showed an increase in the amplitude of the T
waves in the first postoperative tracing. This
phenomenon was slightly more common in the
group which had been toxic for 2 years or more
(9 of 27 cases) than in the remainder of the toxic
group (11 of 52 cases). Parade and Haas (16)
report inversions of T waves immediately after
operation in a series of cases of hyperthyroidism
but stated that their patients received verodigen
0.5 gram and quinidin 0.2 gram three times daily
from the fifth day before to the third day after
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operation. Kammerer and Obermaier (17) noted
T wave negativity after thyroidectomy in 20 per
cent of their (toxic?) cases. In order to evaluate
this phenomenon properly it would be necessary
to take daily tracings after operation, which we
did not do. However, the time which elapsed
between operation and the taking of the first post-
operative tracing in our cases did not seem to be
of importance in connection with the reduction of
height of the T waves. We have not been able
to find any satisfactory report of cases studied
after other types of operation to serve as a control
series. The fact that some patients with non-
toxic goiter showed T wave changes similar to
those seen in the toxic group casts some doubt
upon the belief that the thyrotoxicosis itself is
the determining factor.

The severity of the postoperative reaction, the
type of anesthetic used, the presence of substernal
extension of the thyroid, the occurrence of in-
juries to the recurrent laryngeal nerves, and the
age and sex of the patients, all bore no apparent
relation to the incidence of postoperative T wave
inversion in our cases. Some patients showed
such inversion after only one stage of a two-stage
operative procedure. One individual showed an
increase in size of T waves after her second op-
eration but not after her first.

It thus appears that, while marked T wave
changes may occur immediately after partial or
subtotal thyroidectomy in hyperthyroidism, they
are not all of the same type; their occurrence is
at present unpredictable, and they follow no ap-
parent pattern. Similar changes occur less fre-
quently after the removal of non-toxic goiters.

(¢) Otlier changes. A few patients showed T
wave changes in addition to those noted above.
Two toxic male patients, aged 27 and 32, devel-
oped inverted T waves in lead I resembling
“ coronary " T waves, without any other evidence
of coronary occlusion. In the first case this
change appeared only in the last tracing, taken 18
months after operation.  In the other, it appeared
only in the tracing taken 4 months after operation
and had disappeared 8 months later when the
final examination was made.

Two female patients, aged 27 and 38, showed
abnormal T waves throughout the period of ob-
servation with no other evidence of cardiovascular
disease. The first had a toxic nodular goiter: T,
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was isoelectric, T, and T, inverted throughout.
('This patient was followed for only seven months
after operation and does not appear in the Table.)
The second patient had a toxic diffuse goiter : the
preoperative tracing showed T, isoelectric, T, and
T, inverted. The last tracing, taken 2 years after
operation, showed T, upright, T, diphasic, and T,
inverted.

Two female patients, thyrotoxic and desperately
ill on admission, with congestive heart failure and
auricular fibrillation, showed normal electrocardio-
grams one year after operation. All evidence of
cardiovascular disease had disappeared. The first
and second tracings may have been influenced by
digitalis administration during the preoperative
period and cannot be accurately interpreted.

Only 3 patients in the toxic group showed no
electrocardiographic changes whatever through-
out the entire period of observation. One of
these patients had an enlarged heart and showed
auricular fibrillation throughout. Despite digital-
ization the T waves remained upright and un-
changed in size or appearance.

It is possible that the T wave in thyrotoxic per-
sons is subject to more frequent changes in size
and shape and is more labile than in other indi-
viduals. Marked changes may appear in normal
persons as a result of exercise. Thus an upright
T wave may become higher immediately after
exercise and be inverted ten minutes later (18).
It is possible that in thyrotoxicosis with instabil-
ity of the vegetative nervous mechanism the T
wave may be more readily altered by psychic and
physical disturbances. Further investigation is
necessary to support this suggestion. Whether
or not this explanation is valid, the fact remains
that T wave inversion appears quite frequently as
a transient phenomenon in patients with thyro-
toxicosis. Consequently in this disease caution is
necessary in interpreting the significance of in-
verted T waves. T wave abnormalities in pa-
tients with thyrotoxicosis do not necessarily indi-
cate the presence of chronic myocardial disease.

We have been unable to find any significant re-
lationship between electrocardiographic changes
and variation in heart size in our patients. In
the toxic group the smaller variations in heart
size occurred without any characteristic electro-
cardiographic accompaniment. Those patients
who showed more marked variations in size had
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usually been in congestive failure and hence had
received digitalis at some time during the period
of observation; in them interpretation of the
electrocardiograms was not possible. Most of
these patients are not included in the analysis of
the orthodiagraphic data. In the non-toxic group
enlarged hearts were usually associated with other
cardiovascular abnormalities, thus making inter-
pretation of the tracings difficult.

Likewise no relation could be found between
electrocardiographic changes and (a) variation in
heart rate, (b) the degree of relief from thyro-
toxicosis obtained by operation, (¢) the duration
or severity of the thyrotoxicosis, or (d) the age
of the patients.

An attempt was made to determine the prog-
nostic value of the electrocardiogram in patients
who were to be subjected to thyroidectomy. The
records of all patients who died in the hospital on
all surgical services after thyroidectomy, from
January, 1931, to October, 1934, were studied.
There were ten such patients. Seven of these
had electrocardiograms taken during the month
preceding operation; all were thyrotoxic. Of
these 7 cases, 5 had tracings which were within
normal limits except for simple tachycardia. The
sixth patient showed auricular fibrillation, the
ORS and T waves being normal. The seventh
showed diphasic T waves in Leads I and II.

Three of the 137 patients in our series died
during the period of observation, after leaving the
hospital, none as a direct result of operation.
One died of “ edema of the larynx ” three months
after operation; her electrocardiogram was nor-
mal except for transient postoperative auricular
fibrillation. One died two months after operation
of unknown cause; he had had auricular fibrilla-
tion throughout with flat T waves and numerous
ventricular extrasystoles. The third patient
(who had been in auricular flutter on admission)
died one year after operation of carcinoma of the
liver.

Although these facts are rather meager, they do
not suggest that routine electrocardiograms per se
have any value in determining whether thyrotoxic
patients will live through (a) the immediate post-
operative period or (b) the year following thy-
roidectomy.

Finally, we were unable to discover any tend-
ency of the various changes in P waves, QRS
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complexes or T waves, listed in Table I, to group
themselves in any characteristic fashion in indi-
vidual patients.

SUMMARY

Electrocardiographic studies have been made in
102 thyrotoxic patients and 35 patients with non-
toxic goiter. These studies were made before
partial or subtotal thyroidectomy and at successive
intervals thereafter, up to one year in most in-
stances. The records of 8 patients with non-
toxic goiter and 27 with hyperthyroidism have
been excluded from our analysis. Our findings
have been analyzed with respect to the following:
(1) the frequency of abnormal electrocardio-
grams before operation and the effect of opera-
tion upon them; (2) the occurrence of changes
in the P waves, P-R interval, QRS complexes,
electrical axis, S-T interval and T waves; the
nature of these changes; and the effect of opera-
tion upon them; (3) the incidence of abnormali-
ties of cardiac rhythm and the effect of operation
upon them; (4) the relation between electro-
cardiographic abnormalities and () variations in’
size of the heart, (b) the presence of substernal
goiter, (¢) variation in heart rate, (d) duration
and severity of thyrotoxicosis, (e) severity of
postoperative reaction, (f) type of anesthesia em-
ployed, (g) injury to the recurrent laryngeal
nerve, () degree of relief of thyrotoxicosis ob-
tained by operation, (i) age, (j) sex and (&)
the state of cardiac compensation.

CONCLUSIONS

1. Abnormal electrocardiograms occur with
about the same frequency in patients with toxic
and non-toxic goiter (45 and 41 per cent respec-
tively in our series).

2. Changes in normal electrocardiograms after
partial or subtotal thyroidectomy are more com-
mon in patients with hyperthyroidism than in
those with non-toxic goiter (97 per cent as com-
pared with 56 per cent in our series).

3. Large P waves (3 mm. or more in height)
are common in hyperthyroidism. They are usu-
ally reduced to less than 3 mm. after successful
thyroidectomy.

4. Following partial or subtotal thyroidectomy
in hyperthyroidism, the electrical axis of the
heart shifts to the left in about half the cases.
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The cause of this shift is unknown; it is appar-
ently not due to changes in body weight alone.

5. Marked T wave changes occur before and
after thyroidectomy in hyperthyroidism, but they
follow no apparent pattern, and their occurrence
is unpredictable. The T waves in hyperthyroid-
ism are not characteristically larger than normal,
nor do they necessarily become reduced in size
when the hyperthyroidism is relieved.

6. T wave inversion in thyrotoxicosis does not
necessarily indicate the presence of chronic myo-
cardial disease. It occurs quite frequently as a
transient phenomenon.

7. The electrocardiographic changes seen in pa-
tients with toxic and non-toxic goiter do not
seem to be related to (@) changes in heart size,
(b) heart rate, (¢) postoperative improvement in
thyrotoxicosis, (d) duration or severity of thyro-
toxicosis, (e) age, (f) sex, (g) the state of
cardiac compensation, (k) the presence of sub-
sternal goiter, (¢) operative injuries to the re-
current laryngeal nerve, () the type of anesthesia
employed or (%) the severity of the postoperative
reaction.
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