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ABSTRACT

In a sample of 25 psychiatric in-patients at Tokyo Musashino Hospital,
Institute of Psychiatry, Tokyo, ECG examination were performed before
medication and followed up. The mean period of observation was ten weeks.
The following were observed:

1) The heart rate was in the normal range at the examination before medi-
tion. The younger patients tended to increase heart rate, whereas the
elder tended to stay at the same level. A few other mild arrythmias were
found.

2) No marked change was found in PQ interval, but there was a slight
tendency for PQ interval to increase in the older patients whereas it
decreased in the younger ones. This is thought to be the result of heart
rate dependency of PQ interval.

38) A slight tendency for the voltage to decrease was found in 60% of the
patients even though there was no so-called “low voltage”.

4) One ischemic change of ST was found.

5) T/R ratio was emphasized more than the height of T wave because of
the marked voltage decrease. The decrease of T/R ratio was found
amongst 60% of patients.

6) The possible causes and treatments of these ECG changes were discussed.

There have been many reports about neuroleptic-induced ECG changes which
are summarized by Shader and his colleagues.! The majority of them, however,
are cross-sectional studies; longitudinal ones are rare. The longest organized
longitudinal studies were done by Huston et al? and Suwa et al®. Huston and
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his co-workers? took prospectively three months as an interval of the first and
second examinations, whereas Suwa and his colleaguesd took retrospectively one
half to three years as an interval. The present study, therefore, focussed on the

longitudinal changes and also the interrelationship of the clinical and ECG
factors.

PATIENTS AND METHODS

The sample consisted of 25 in-patients at the Tokyo Musashino Hospital,
Institute of Psychiatry, Tokyo. Patients were excluded if they were older than
70, had severe physical illnesses, or had taken any kind of neuroleptics up twelve
months prior to admission. Qut of 25 patients, 15 were men (aged 31.9 =+ 12,9,
19-66) and 10 were women (aged 41.0 = 8.9, 21-54). The mean age of women
was older than that of men (P<0.1). The mean period of observation was almost
the same in both sexes, being approximately 10 weeks (mean = SEM 10.0 = 6.3
weeks). Seventeen (10 male, 7 female) were schizophrenics, and 8 were non-
schizophrenics; the latter include 2 aleoholism, 1 alcohol dependancy, 1 ampheta-
mine addiction, 1 postencephalitic syndrome, 1 arteriosclerosis, 1 paranoid reac-
tion and 1 psychotic reaction. The medications used were phenothiazines,
thioxanthenes, butyrophenones, benzodiazepines, antidepressants, barbiturates,
antiepileptics, antiparkinson drugs and hypnotics. Every patient was given at
least one neuroleptic that was either a phenothiazine, a thioxanthene or a buty-
rophenone.

All in-patients received psychiatric, physical and routine laboratory examina-
tions. Other examinations were added if clinically indicated. The laboratory
data was all normal. All patients received twelve lead ECG examinations on the
first day of admission just before treatment, and were followed up at roughly
monthly intervals. T-test was adapted for statistical analysis.

RESULTS

Heart rate—Heart rate was almost always in the normal range throughout
the study for all patients; it went up slightly from the premedicational value
(76.6 = 16.3/min) to the fifth week value (85.9 = 15.7/min), and showed some
fluctuations afterwards.

The heart rate changes in this study were classified under three groups,
namely the “increasing group”, the “decreasing group” and the “stable group”.
The “increasing group” means the patients whose sequential heart rate was at
least 20% higher than the premedicational value; the “decreasing group” those
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whose sequential heart rate was at least 20% lower than the premedicational
value; and the rest formed the “stable group” which includes those showing
both higher and lower values in their courses.

The average age (27.5 + 7.7) of the “increasing group” (N=8) was younger
than the “decreasing group” (37, but N=1) and significantly younger than the
‘“stable group” (39.5 =125, N=16, p<0.05).

More women were found in the “stable group” and more men in the “in-
creasing group”. No specific relationship was found with the patients’ diagnosis
(schizophrenic vs mnon-schizophrenic). The premedicational heart rate in the
“stable group” (82.4 * 16.2, N=16) was significantly higher than in the “in-
creasing group” (64.8 =10.1, N=8, p<0.02). However, at the fourth week the
“increasing group” (N=4) had a heart rate at 97.0 + 19.9, significantly higher
(p<0.05) than the “stable group” (N=8) where heart rate was 73.5+14.8.
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Fig. 1 Heart rate and age groups
The individual bars represent mean *8S. E. M.

If the average heart rate of those aged over and under 35 are depicted
(Fig. 1), the younger patients increase gradually whereas the older remain steady
and tend to fall only at the later stage. The premedicational value was the same
in both age groups (under 35, 74.7 + 15.5/min; over 85, 78.1 = 17.2/min).

Many investigators have reported on clinical changes, such as of electro-
cardiogram, after combined administration of neutroleptics.3:4.11,16,28,29,34,37 We



92 Toshinori Kitamura and Fumihide Yoshida

could not detect any relationship between the changes of the heart rate and con-
tents of their medications, because almost all the patients were given more than
two kinds of neuroleptics at the same time in the different doses according to
their clinical states.

PQ interval—All measurements showed no abnormality, ranging from 0.12 to
0.20 msec. The change of the PQ interval was defined in this survey as follows:
the “prolonged group” meant patients, at least one of whose sequential value was
higher than the initial value; the ‘“‘shortened group” meant the opposite ones;
and the “stable group” meant those all of whose sequential values were about
the same as the premedicational value. There was a significant tendency for
the “prolonged group” to be older (40.3 = 13.4 years old, N=12) whilst the
“shortened group” was younger (27.9 = 8.9 years, N=T) (p<0.05). The “stable
group” lay between them, being 35.2 = 8.9 years old (N=6). Sex had no influ-
ence on PQ interval changes.

The height of the voltage—The height of the voltage was measured in twelve
leads although the second standard lead and the fifth precordial lead will be
discussed for convenience sake. The fluctuation of voltage was defined in this
investigation as increased or decreased when it was at least 20% higher or lower
than the premedicational one. Lowering in the second lead was shown in 11 out of
25 patients, and lowering in the fifth precordial lead was shown in 12 patients.
Lowering in the former and/or the latter was shown in 15 patients. Incidentally,
no axis deviation nor axis change was observed. Nevertheless, there was no so-
called “low voltage” (<0.5mV in the standard leads, and/or <1.0mV in the
precordial leads). No significant relationships were found with the patients’
age, sex, diagnosis or medication.

ST change—An ischemic type of ST change appeared in one case. This was
a 42 year old male with alcoholism complicated by mild hypertension.

The height of the T wave—The fluctuation of the T wave height was defined
here again as 20% higher or lower than the premedicational value. Nine patients
showed lowering in the second standard lead (9/25=0.36), and 16 in the fifth
precordial lead (16/25=0.64).

Taking it for granted that the height of the T wave vaties in accordance
with the voltage, attention should be paid to the T/R ratio, which might be a
better indicator of myocardial repolarization. Although vectors of both T wave
and R wave should be taken and compared, we believe this rather simple ratio
expresses the ECG vector findings better than simple measurement of T wave
height. Demarcation was given here again for convenience sake at +20%. Nine
patients showed decrease of the T/R ratio in the second standard lead (9/256=
0.36), fourteen in the fifth precordial lead (14/25=0.56) and fifteen in the former



A Follow-up Study of ECG-Changes Due to Neuroleptics 93

and/or the latter (15/25=0.60). No significant relationships were found with
the diagnosis, sex, PQ interval changes, or heart rate changes.

Arrhythmia—Apart from sinus tachycardia, one supraventricular tachy-
cardia which disappeared during the course of the study, one incomplete right
bundle branch block and one sinus bradycardia were observed.

DISCUSSION

As regards to neuroleptic-induced ECG changes, the majority of reports say
that heart rate increases in human samples.i-1¢ Suwa et al.® say that tachycardia
is found more in younger patients than older, whereas Koéhnel'* says that the
increase in age of patients is related to the increase of the frequency and inten-
sity of the neurovegitative side effects presenting tachycardia as an example.
Kohnel* has, unfortunately, shown no details.

The mechanism of neuroleptic-induced tachycardia is still unknown, but
possible explanations may be given by the following facts. Many investigators
demonstrate the drop of blood pressure with the increase of the heart rate.™91%15
Foster et «l.'> demonstrate that chlorpromazine increases the pulse’rate and
decreases blood pressure in ten conscious and twelve anaesthetized subjects. A
few researchers also demonstrate by venous occlusion plethysmography that
chlorpromazine has a powerful vasodilator action on vessels in the limbs and this
vasodilator action is due to both central and local effects.®1217

Shikata® has, in an experiment on dogs, demonstrated that chlorpromazine-
induced tachycardia can be inhibited by bilateral resection of their carotid
sinuses, carotid bodies and vagul nerves, although a slight hypotension still re-
sults. Therefore it may well be concluded that neuroleptic-induced tachycardia
is a physiological reaction to neuroleptic-induced hypotension.

From the result of the present investigation, it can be said as Suwa et al.
reported,®1% that the heart rate is usually in the normal range on the admission
day (“off” drug examination) and that after neuroleptic medication, the younger
patients tend to increase their heart rate gradually while the older ones do not.
Psychological overlay, which Suwa et al.®'¢ refer as a possible explanation of
neuroleptic-induced tachycardia, is less significant than expected. Roughly speak-
ing, every patient’s psychological state was less stable on the day of admission.
This was, incidentally, confirmed by their clinical notes. If, therefore, tachy-
cardia is due to emotional disturbance, it should occur on the admission day.
However, it appears, in fact, a few weeks later.

Suwa et al? do not confirm this point because their investigation is retro-
spective, having no “off” drug examination, unlike the present study. The tenden-
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cy of younger patients to show increment of heart rate is consistent with the
above mentioned explanation that neuroleptic-induced tachycardia is a physiologi-
cal reaction to hypotension.

PQ interval change has rarely been described in clinical studies. Langslet,19:20
in his two animal experiments, shows that PQ interval is increased dose-depend-
ently by phenothiazine drugs, while heart rate is decreased dose-dependently.
In the present study, it is found that the PQ intervals are increased in the older
patients and are decreased in the younger patients. It is also found that heart
rate is increased in the young and decreased in the old. This phenomenon is
likely to happen because the PQ interval will be shorter if heart rate is increased.
Nevertheless, the group with increased heart rate and prolonged PQ interval
congists of four patients, all, interestingly, schizophrenics.

The finding that the decrease of the R wave in the second standard and/or
the fifth precordial lead was detected on 60% (15/25) patients, gives rise to the
suggestion that the height of the R wave or the voltage should be measured
when examining the ECG of the patients on any neuroleptics. This point has not
been mentioned before. Only Langslet'® demonstrates decrease of R wave (85%
of the height before addition of neuroleptics) in the isolated perfused rat heart
ECG. He also shows dose dependent coronary flow decrease. The decrease of
the R wave can be explained partially as a result of the direct effect of neuro-
leptics upon cardiac muscle, but another explanation, or at least exaggerating
factor may be the dilation of peripheral vessels which is followed by decrease of
venous return causing a decrease of cardiac output. The above two factors, both
the direct cardiac muscular effect and the decrease of the cardiac output, may
lead to hypotension.

Some investigators?®+16:22 report ischemic heart diseases among patients on
neuroleptics. From the present study, one case was found to be ischemic after
treatment. Here, however, other factors, such as alecoholism, should be considered
as important factors.

Decreased, blunted or inverted T waves are reported by many investiga-
tors.2-6,10,11,16,21-26  ©Most of them, however, do not draw attention to voltage or
T/R ratio. Both the height of the T wave and the T/R ratio decreased more in
the fifth precordial lead than in the second standard lead in this study. This,
however, does not necessarily imply the specific localization of the T/R change
but further investigation of the relationship between the T/R change and the
myocardial complications due to neuroleptics is required.

As far as arrhythmia was concerned, sinus tachycardia was prominent, while
other kinds of arrhythmias were fewer than expected.t7.1116,19,20,26-31

As regards treatment of neuroleptic-induced ECG abnormalities, some
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authors suggest the use of a beta blocker such as propranolol for neuroleptic-
induced tachycardia.s3233 This medication can not be recommended because
firstly, from the above discussion, tachycardia due to neuroleptics is a physio-
logical reaction which should not be suppressed, and secondly it is not wise to
give two different kinds of negative inotropic acting drugs, beta blocker and
phenothiazine simultaneously.

Granted that neuroleptic-induced T wave change is reversible by drug with-
drawal or drugs,2+25 neuroleptic treatment should be undertaken with care for
the following reasons. Firstly coma, shock or sudden death may occur amongst
psychiatric patients who have been on neuroleptics and their cause is still un-
known.26,28,34-38 Secondly, it is not infrequent that psychotic patients need long
term neuroleptic maintenance, and therefore it is rather difficult to stop medica-
tion although T wave change appears.

What is now required is a long follow-up study to clarify the relationship
between medication, ECG findings and cardiac complication which have been
hinted at in this pilot study.

ACKNOWLEDGMENTS

This work would not have been completed without the support and encouragement
of medical, nursing, and laboratory staff of Tokyo Musashino Hospital, Institute of
Psychiatry, Tokyo. The authors also wish to thank Professor H. Hosaki, Keio Gijuku
University, School of Medicine, and Professor W. H. Trethowan, University of Birming-
ham for looking through this manuseript and giving their valuable comments.

REFERENCES

1. Shader, R. 1. and DiMascio, A.: Psychotropic Drug Side Effects. Clinieal and
Theoretical Perspectives. Williams and Wilkins Company, Baltimore, 1970

2. Huston, J. R. and Bell, G. E.: The Effect of Thioridazine Hydrochloride and
Chlorpromazine on the Electrocardiogram. J,A.M.A. 198: 16-20, 1966

3. Suwa, N, Yamashita, I, Takahashi, S., Okada, T., Kobayashi, T., Kato, 1.,
Miyamura, A. and Watanabe, E.: The Electrocardiographic Abnormalities Induced
by Psychotropic Drugs, With Special Reference to the Longitudinal Studies and
the Therapeutic Effects of Propranoloel, and Iproveratril With L-K, Mg Asparta-
tes. Annual Report of the Pharmacopsychiatry Research Foundation 2: 126-132,
1971 (in Japanese)

4. Alexander, C. S. and Nifio, A.: Cardiovascular Complications in Young Patients
Taking Psychotropic Drugs. A Preliminary Report., Am. Heart J. 78: T57-769,
1969

5. Bickman, H. and Elosuo, R.: The Effect of Neuroleptics on Electrocardiograms.
Acta Med. Seand. 183: 543-547, 1968

6. Burda, C. D.: Electrocardiographic Abnormalities Induced by Thioridazine
(Mellaril). Am, Heart J. 76: 153-156, 1968




10.

11.

12.

13.

14.

16.

11.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

Toshinori Kitamura and Fumihide Yoshida

Cancro, R. and Wilder, R.: A Mechanism of Sudden Death in Chlorpromazine
Therapy. Am. J. Psychiatry 127: 368-371, 1970

Carlson, C., Dencker, S. J., Grimby, G. and Haggendal, J.: Noradrenaline in
Blood-Plasma and Urine During Chlorpromazine Treatment. Lancet 1: 1208, 1966
Cohen, I. M.: Complications of Chlorpromazine Therapy. Am. J. Psychiatry 113:
115-121, 1976

Dillenkoffer, R. L., George, R. B., Bishop, M. P. and Gallant, D. M.: Electrocardio-
graphic Evaluation of Thiothixene: A Double-blind Comparison With Thiorida-
zine. Adv. Biochem. Psychopharmacol. 9: 487-495, 1974

Fletcher, G. F., Kazamias, T. M. and Wenger, N. K.: Cardiotoxic Effects of
Mellaril: Conduction Disturbances and Supraventricular Arrhythmias. Am. Heart
J. 78: 135-138, 1969

Foster, C. A., 0'Mullane, E. J., Gaskell, P. and Churchill-Davidson, H. C.: Chlor-
promazine: A Study of its Action in Man. Lancet 2: 614-617, 1954

Hillister, L. E., Caffey, E. M. and Klett, J. C.: Abnormal Symptoms, Signs and
Laboratory Tests During Treatment With Phenothiazine Derivatives, Clin. Phar-
macol. Ther. 1: 284-293, 1960

Kohnel, O.: Clinical Efiectiveness of Psychotropic Drugs and Drug-Induced Side
Effects. International Journal of Psychiatry 7: 297-299, 1969

Shopsin, B., Hekimian, L. J., Gershon, S. and Floyd, A.: A Controlled Evaluation
of Haloperidol, Chlorpromazine, and Sodium Amobarbital: Intramuscular Short
Term Use in acute psychotic patients. Current Therapeutic Research 11: 561-573,
1969

Suwa, N., Yamashita, I., Takahashi, S., Kato, I., Koseki, T., Miyamura, A. and
Watanabe, H.: Side Effects of Psychotropic Drugs in Prolonged Administration
(II)—On the Cardiac Function. Annual Report of the Pharmacopsychiatric Re-
search Foundation 2: 126-132, 1970 (in Japanese)

Ginsburg, J. and Duff, R.: Effect of Chlorpromazine on Adrenaline Vasoconstric-
tion in Man. Brit. J. Pharmacol. 11: 180-185, 1956

Shikata, J.: Circulatory Effect of Chlorpromazine—Especially Experimental
Study Upon Tachyardia. Jpn. J. Anesthesiol. 8: 644—-658, 1959 (in Japanese)
Langslet, A.: Changes in Coronary Flow and ECG in the Isolated Perfused Rat
Heart Induced by Phenothiazine Drugs. Acta Pharmacol. Toxicol. 27: 183-192,
1969

Langslet, A.: ECG-Changes Induced by Phenothiazine Drugs in the Anaethetized
Rat. Acta Pharmacol. Toxicol. 28: 258-264, 1970

Ban, A. A. and St. Jean, A.: The Effect of Phenothiazine on the Electrocardio-
gram. Canada. Med. Assoc. J. 91: 537-540, 1964

Kelly, H. G., Fay, J .E. and Laverty, S. G.: Thioridazine Hydrochloride (Mella-
ril) Its Effect on the Electrocardiogram and a Report of Two Fatalities with
Electrocardiographic Abnormalities. Canad. Med. Assoc. J. 89: 546-5564, 1963
Thornton, C. C., and Wendkos, M. H.: EKG T-wave Distortions Among Thiorida-
zine-Treated Psychiatric In-patients (Some Correlates of the Incidence and Sever-
ity). Dis. Nerv. Syst. 32: 320-323, 1971

Wendkos, M. H.: The Effects of a Potassium Mixture on Abnormal Cardiac Re-
polarization in Hospitalized Psychiatric Patients. Am. J. Med. Sci. 249: 412-419,
1965

Wendkos, M. H.: Cardiac Changes Related to Phenothiazine Therapy, With
Special Reference to Thioridazine. J. Amer. Geriatr. Soc. 15: 20-28, 1967

Feder, S. L.: The Use of Psychotherapeutic Drugs. Med. Clin. North Am. 51:
1453-1466, 1967

Desautels, S., Filteau, C. and St. Jean, A.: Ventricular Tachycardia Associated



28.

29.

30.

31.

32.

33.

34.

35.

36.

31.

38.

A Follow-up Study of ECG-Changes Due to Neuroleptics 97

With Administration of Thioridazine Hydrochloride (Mellaril) : Report of a Case
With a Favourable Outcome. Canad. Med. Assoc. J. 90: 1030-1031, 1964

Giles, T. D. and Modlin, R. K.: Death Associated With Ventricular Arrhythmia
and Thioridazine Hydrochloride. J.A.M.A. 205: 108-110, 1968

Leestma, J. E. and Keonig, K. L.: Sudden Death and Phenothiazine. A Current
Controversy. Arch. Gen. Psychiatry 18: 137-138, 1968

Schoomaker, F. W., Osteen, R. T. and Greenfield, J. G.: Thioridazine (Mellaril) :
Induced Ventricular Tachycardia Controlled With an Artificial Pacemaker. Ann.
Intern. Med. 65: 1076-1078, 1966

Gerle, B.: Clinical Observations on the Side Effects of Haloperidol. Acta Psy-
chiat. Scand. 40: 65-76, 1964

Leading Article, Cardiovascular Complications From Psychotropic Drugs. Br.
Med. J. 1: 8, 1971

Izumi, T.: Clinical Studies With Pindolol (Carvisken), a B-adrenergic Blocking in
the Treatment of Sinus Tachycardia Associated With the Use of Psychotropic
Drugs—A ‘Double-Blind Study. Clinical Psychiatry 17: 631-642, 1975 (in Japa-
nese)

Yelin, G. and Gralnick, A.: Near Fatality in Phenothiazine Therapy (Case Re-
port). Dis. Nerv. Syst. 29: 702-704, 1968

Hollister, L. E. and Kisek, J. C.: Sudden Death During Treatment With Pheno-
thiazine Derivatives. J.A.M.A. 192: 1035-1038, 1965

Reinert, R. E. and Hermann, C. G.: Unexplained Deaths During Chlorpramazine
Therapy. J. Nerv. Ment. Dis. 181: 435-442, 1960

Richardson, H. L., Graupner, K. I. and Richardson, M. E.: Intramyocardial Le-
sions in Patients Dying Suddenly and Unexpectedly. J.A.M.A. 195: 254-260, 1966
Solomon, K.: Phenothiazine-Induced Bulbar Palsy-like Syndrome and Sudden
Death. Am. J. Psychiatry 184: 308-311, 1977



