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Abstract
Introduction: The incidence of mortality is higher among psychiatric patients than among the general population and the cause of which
may be the psychiatric disorder itself or other related factors like life-style and medications. Sudden death has been associated with certain
psychotropic drugs and the underlying cause(s) have been suggested to be some adverse cardiac complications. We reviewed the literature
for the cardiac effects attributed to psychotropic drugs. Methods: A Medline and manual search of the literature on the cardiac effects
attributed to the psychotropic drugs was performed. We limited ourselves to the main psychotropic drugs (antipsychotics, antidepressants,
mood stabilisers, and benzodiazepines) that are available in Singapore. Results: The search showed that certain drugs carry a greater
potential for adverse cardiac complications. Among the antipsychotics, thioridazine has a greater risk for cardiac events. The tricyclic
antidepressants also have significant effect on the heart rate, blood pressure as well as having the propensity to cause prolonged QTc,
whereas the selective serotonin reuptake inhibitors (SSRIs) are generally safe. Among the mood stabilisers, lithium and carbamazepine have
been associated with sinus node arrhythmias while sodium valproate is relatively free of any untoward cardiac effect. The benzodiazepines
are in general safe even in patients with myocardial infarction and coronary bypass. Conclusions: In patients with higher risk of cardiac
complications (elderly, pre-existing cardiac disorders, concurrent medications with potential cardiac effects and poor metabolisers), the
choice of psychotropic drugs where indicated has to be considered with these factors in mind as well as the inherent risk of these psychotropic
drugs. Monitoring of the blood pressure, heart rate and ECG should be done regularly.
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Introduction
The incidence of mortality is higher among psychiatric
patients than among the general population and the cause
of which may be the psychiatric disorder itself or other
related factors like life-style and medications.1,2 Reports of
sudden deaths among patients taking psychotropic drugs
have raised concerns that some of the deaths might have
been from cardiac arrhythmias induced by these drugs.3
Many of the commonly prescribed psychotropic drugs
have potential cardiac effects, either directly from their
effect on the myocardium or on the conduction system of
the heart; or indirectly from hypotension or tachycardia.
The use of these drugs is by no means uncommon. In a survey
of 534 inpatients with chronic schizophrenia in Woodbridge
Hospital, we found that 59% of the patients were receiving
two or more antipsychotic medications, 24% were receiving
a benzodiazepine, 14% were on a mood stabiliser (lithium,
sodium valproate or carbamazepine), 7% were prescribed
a tricyclic antidepressant and 4% were receiving a
selective serotonin reuptake inhibitor (SSRI).4

In this article, we review the literature on the effects of
these psychotropic drugs on the heart. We performed a
manual and Medline search of the available literature in the
English language from the year 1966 to October 2000 and
limited ourselves to the main psychotropic drugs that are
available in Singapore.
The drugs reviewed include the first-generation
antipsychotics (haloperidol, trifluperazine, pimozide,
chlorpromazine, thioridazine, fluperazine, pipothiazine and
zuclopenthixol); second-generation antipsychotics
(clozapine, risperidone, olanzapine, amisulpride and
quetiapine); tricyclics antidepressants (TCAs) (imipramine,
amitriptyline, clomipramine and dothiepin); selective
serotonin reuptake inhibitors (fluoxetine, fluvoxamine,
sertraline, paroxetine and citalopram); reversible inhibitor
of monoamine oxidase (moclobemide); atypical antidepressants (mirtazapine, nefazodone, venlafaxine and
tianeptine); mood stabilisers (lithium, sodium valproate
and carbamazepine) and benzodiazepines (alprazolam,
bromazepam, diazepam, loramet and lormetzepam).
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Heart Rate and Postural Hypotension
The side effects of tachycardia and hypotension result
from the blockade of muscarinic receptors and alpha-1
adrenoreceptors by psychotropic drugs. The type-2
muscarinic receptors (M2) are responsible for vagal
inhibition through increased potassium conductance and
inhibition of calcium channels, blockade of these receptors
leads to tachycardia. The vagal preganglionic neurons,
which project to the heart, are also tonically inhibited by
endogenous gamma-aminobutyric acid (GABA).
Constriction of veins is mediated mainly by alpha-1
adrenoceptors and blockade of these receptors leads to
vasodilation. This primarily results in postural hypotension
from the pooling of blood in the major veins upon assuming
an upright posture. This vasodilation in turn leads to reflex
tachycardia and may worsen angina due to the increased
myocardial oxygen demand.
Antipsychotic Drugs
All antipsychotic drugs have antimuscarinic effects to a
greater or lesser extent. These effects often remit with time
and rarely cause clinically significant symptoms. Postural
hypotension was reported in 77% of people receiving
antipsychotic drugs versus 15% receiving placebos.5 Among
the second-generation antipsychotic medications,
olanzapine has relatively less potent antimuscarinic
properties and is reported to produce no changes in heart
rate when compared with placebo.6 Clozapine, on the other
hand, has potent antimuscarinic effects and tachycardia
occurs in 20% to 30% of patients treated with clozapine.7
There is a single case report of a patient developing
postural hypotension and cardiac arrest during risperidone
therapy.8
Quetiapine, through its blockade of the alpha-1 adrenergic
receptors, causes some postural hypotension. More than
20% of elderly patients receiving quetiapine (100 to 200
mg/day) showed increase in heart rate of 20 beats/min or
more or a decrease in systolic blood pressure of 30 mmHg
or greater.9
Other than its high affinity for dopamine D2 and D3
receptor subtypes, amisulpride has no appreciable affinity
for other receptors. Coulouvrat and Dondey-Nouvel10
reviewed 11 clinical studies and reported a slight decrease
in heart rate (defined as any sitting or supine heart rate ≤50
beats/min and decrease versus baseline ≤15 beats/minute)
in 1% of patients. These patients remained clinically
asymptomatic and there were no ECG abnormalities.
Antidepressants
Tricyclic antidepressants (TCAs) at therapeutic dosages
have significant effects on the heart related to their
antimuscarinic properties, which are mainly seen as an

increased heart rate.11 The alpha-1 adrenergic antagonism
by TCAs also results in postural hypotension.12 Of the
SSRIs, fluvoxamine has been reported to cause decreases
in recumbent systolic blood pressure in patients. 13
Tachycardia was one of the most common features in
fluoxetine overdose. 14 Anecdotal reports exist of
supraventricular tachycardia occurring with fluoxetine at
therapeutic dose range15 and of sinus bradycardia in a
patient taking fluoxetine and pimozide.16
Mirtazapine is an antagonist of presynaptic alpha-2
adrenergic autoreceptors and heteroreceptors on both
norepinephrine and serotonin presynaptic axons. Analysis
of the data from the clinical trial development programme
in the US and Europe showed that no changes in heart rate
and blood pressure occurred with mirtazapine treatment.17
Bremner et al18 reporting on 6 cases of mirtazapine overdose
reported that there were no serious adverse effects of
overdose. However, Tulen et al19 reported that after 4
weeks of treatment, patients with unipolar affective disorder
showed increased heart rate and decreased heart rate
variability. This was attributed to mirtazapine’s weak
anticholinergic properties resulting in vagal inhibition.
However, it had no effect on blood pressure or blood
pressure variability.
Venlafaxine has no appreciable muscarinic or adrenergic
receptor activity although sinus tachycardia has been
reported.20 A potential adverse effect is the development of
hypertension from the inhibition of noradrenaline re-uptake.
Increases in diastolic blood pressure of 15 mmHg or more
have been reported in up to 6% of patients on venlafaxine,
although other studies did not report this finding and is
unlikely to be of clinical significance.21 Nefazodone has no
significant alpha-1 adrenergic or muscarinic activity;
however, the drug insert reported postural hypotension in
3% of patients on clinical trials. Trazodone has been shown
to have no appreciable effect on the heart rate.22
Mood Stabilisers
White and Santos23 reported a case of severe hypotension
in an 11-year-old child with status epilepticus after being
treated with intravenous valproate. We found no published
report linking carbamazepine with hypotension.
Benzodiazepines
It has been suggested that benzodiazepines reduce the
vagal tone and thereby increase the heart rate.24 However,
this effect does not seem to be clinically significant as
benzodiazepines have been shown to be effective and safe
in treating the anxiety associated with myocardial infarction
and coronary bypass.25,26
Cardiac Arrhythmias
One of the mechanisms by which some psychotropic
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drugs may cause sudden death is by inducing cardiac
arrhythmias by their effects on the conduction system of
the heart. These actions are similar to those of the antiarrhythmic drug, quinidine, and involve sodium, potassium
and calcium channel’s blockade. On the ECG, these effects
may appear as broadening of the QRS complex
(prolongation of the QT interval, abnormalities of the T
waves, and/or prominent U waves). As the QT interval
varies with the heart rate, this is adjusted for in the corrected
QT interval (QTc). QTc prolongation is associated with the
development of polymorphic ventricular tachycardia
including torsade de pointes, and it has been reported to be
an independent risk factor for sudden death presumably
from ventricular arrhythmias.27
Antipsychotic Drugs
Long-term treatment with antipsychotic drugs in
conventional doses prolonged both QTc and QTc
dispersion.28 Most of the conventional (first generation)
antipsychotic medications including thioridazine, pimozide,
haloperidol and chlorpromazine have been reported to
cause QTc lengthening.29,30 However, the risk seems to be
substantially higher with thioridazine31 with a rate of cardiac
complications (QRS and QT prolongation) equal to or
higher than that of TCAs.32
Pimozide is another antipsychotic that has been implicated
in QT prolongation and torsades de pointes. Forty reports
(16 deaths) of serious cardiac reactions with pimozide use
have been reported between 1971 and 1995.33 An increase
of QT (mean change of only 1.3 ms) has been reported in
5% of patients treated with olanzapine, which is not
statistically different from placebo.6 Increase of mean QTc
of up to 8 ms has been reported with quetiapine use.34 There
is a case report of a patient developing postural hypotension,
prolonged QTc interval and subsequently cardiac arrest
during risperidone therapy.8 However, data from 10 studies
indicate that mean QTc changes in patients receiving
risperidone were negative or minimally positive.35 It has
also been reported that clozapine can cause ventricular
tachycardia and atrial fibrillation.36
There is a case report of a patient with amisulpride
overdose who developed seizures, hyperthermia, minimal
extrapyramidal side effects, tachycardia and slight
prolongation of QT interval.37 The risk factors for prolonged
QTc are increasing age and higher doses.31 Other factors,
such as electrolyte imbalances, coincident cardiac disease,
stress and extremes of emotion or physical exertion
including restraint procedures, may predispose the patient
to arrhythmia.38
Antidepressants
Overdoses of TCAs like amitriptyline, doxepin,
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imipramine and clomipramine have been associated with
QTc prolongation and ventricular arrhythmias.39, 40 Sudden
deaths have been reported with clomipramine and
imipramine.41 However, a recent study by Reilly et al31
suggested that even at therapeutic doses, TCAs prolong the
QT interval independent of any cardiac problems. The
TCAs have also been associated with the Brugada’s sign
i.e., right bundle branch block and elevation of the ST
segment,42 which has been linked to sudden death from
ventricular fibrillation.
The SSRIs have a generally benign cardiovascular
profile.43 However, there are anecdotal reports of QTc
prolongation with fluoxetine poisoning44 and at therapeutic
dose in a healthy 74-year-old woman taking no other
medications.45
There are case reports of tachycardia, right axis deviation,
prolonged QT interval and T wave changes with venlafaxine
overdose.46,47 Trazodone like the tricyclic antidepressants
prolongs ventricular polarisation seen as an increase in the
QTc interval and decreased T wave height.48 Van de
Merwe et al, 49 however, reported that the increased QTc,
reduced heart rate and increased PR interval emerged only
in the initial part of treatment but disappeared subsequently.
Mood Stabilisers
Lithium has been known to cause symptomatic sinus
node bradyarrhythmias. This effect of lithium on the sinus
node seems to be intrinsic and not the result of increased
parasympathetic tone. Lithium replaces intracellular
potassium50 and may lead to electrophysiological changes
including reduced electrical impulse propagation.
Rosenqvist et al51 reported the presence of moderate sinus
node dysfunction (sinus arrest >1.5 s, minimum heart rate
<56 beats/min) in 56% of patients in a lithium-treated
group (without any known cardiovascular disease, or
concomitant chronotropic medication) compared with 30%
in an age-stratified reference population of healthy
individuals. The authors also found that among individuals
with pacemakers, 0.46% had treatment with lithium and
concluded that clinically significant dysfunction is
uncommon.
It is well documented that lithium has some inhibitory
effect on impulse generation and transmission within the
atrium and that it poses other risks for rhythm disturbances
and conduction defects52 with advancing age as a risk
factor.53 T wave depression may occur in up to 20% of
patients treated with lithium.54 Reversible atrioventricular
block (first degree), sinoatrial dysfunction, bradycardia
and sinus pauses have been observed even within the
therapeutic serum level range, mostly in elderly patients.55
Carbamazepine is also known to cause sinus node, AV
node and Purkinje conduction disturbances. Kasarskis et
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al56 reviewed the literature and defined two distinct clinical
cardiac syndromes. The first group consisted of
predominantly younger patients with massive self-induced
carbamazepine overdoses who developed persistent sinus
tachycardia although not life threatening. The second
group consisted of older female patients with
carbamazepine-induced bradycardia or A-V conduction
delays, which can occur with therapeutic or modestly
elevated levels. A report by Ladefoged and Mogelvang57
speculated that carbamazepine may unmask a latent AV
conduction defect in older patients, causing varying degrees
of heart block even at therapeutic levels.
Benzodiazepines
Mullins58 reported a case of alprazolam overdose in a
man who developed marked first-degree atrioventricular
block and suggested that it could have resulted from
blockade of the calcium channel.
Myocardial Ischaemia/Infarction
Antidepressants
Thorogood et al59 found an incidental 17-fold increase in
the risk of myocardial infarction [relative risk (RR), 16.9;
95% confidence interval (CI), 3.9-72.8] in women aged 16
to 39 years receiving psychotropic drugs. Lapane et al60
reported an association between antidepressants (excluding
fluoxetine) and ischaemic heart disease (IHD) (RR, 2.0;
90% CI, 1.1-3.9). Likewise, Cohen et al61 reported an
association between use of tricyclic antidepressants (but
not SSRIs) with an increased risk of myocardial infarction.
They reported a more than two-fold increased risk of
myocardial infarction in health plan members who received
prescription of tricyclic agents compared with those with
no antidepressant use. They concluded that tricyclic
antidepressants aggravate the cardiovascular effects of
depression and that SSRIs do not carry this increased risk.
A possibility of the purported link between TCAs and
myocardial infarction is that TCAs could somehow
contribute to this adverse cardiac event.62 On the other
hand, it could have been the psychiatric conditions for
which these drugs were prescribed that are associated with
myocardial infarction. For instance, panic attacks have
been associated with IHD63,64 and hyperventilation, which
is one of the cardinal features of panic disorder, can cause
coronary artery spasm which in turn can lead to myocardial
infarction. Chronic stress, which increases cardiac
sympathetic input, could contribute to the initiation and
progression of atherosclerosis.65 The apparent association
of ischaemia/infarct in patients treated with TCAs and not
SSRIs could be that TCAs do not counteract the elevated
risk resulting from depression whereas SSRIs do so.66
Among the atypical antidepressants, we found only one
reported case of an elderly woman with a history of IHD

and who developed an acute ischaemic attack within the
first week of venlafaxine treatment.67
Antipsychotics
Ketch et al68 described a man without coronary heart
disease who developed ST elevation subsequent to clozapine
therapy for which none of the usual causes were found. The
ST segment returned to baseline after clozapine was stopped.
Mood Stabilisers
Perrier et al 69 reported a case of severe lithium intoxication
in a patient who presented with myocardial infarction and
as the myocardial injury was segmental, the authors
proposed a probable vascular aetiology, such as prolonged
coronary artery spasm, rather than a toxic effect of lithium
on myocardial cells.
Benzodiazepines
Benzodiazepines appear safe and are often used as
anxiolytics in cardiac patients (in the aftermath of a
myocardial infarction and well as those recovering from a
coronary pass).26,70
Other Adverse Cardiac Effects
Cardiomyopathy and myocarditis have been reported in
patients treated with antipsychotic medications, although a
causal link with clozapine seems more likely with an
incidence of at least 0.29% in one series.71 Autopsy results
of 6 fatal cases of myocarditis and cardiomyopathy revealed
eosinophils and myocytolysis consistent with an acute
drug reaction.72
Genetic Factors and Psychotropic Drugs
One of the main isoenzymes involved in the metabolism
of a large number of these psychotropic drugs is CYP2D6.
Genetic polymorphisms exist for these enzymes and, in
some instances, confer different metaboliser status; those
with normal rates of metabolism being classified as
“extensive metabolisers” and those with reduced
metabolism being referred to as “poor metabolisers”. In the
case of CYP2D6, the proportion of “poor metabolisers” for
Caucasians ranges between 5% and 10%, but is less than
1% in Asians.73 These “poor metabolisers” will not only be
missing the hepatic component of CYP2D6 mediated
metabolism, but will also lack the right ventricular CYP2D6
expression.74,75 Thus, both presystemic and target tissue
metabolism of most TCAs and antipsychotic drugs in these
individuals may render them to be more vulnerable to the
cardiotoxic effects of some of these drugs. Chinese
“extensive metabolisers” also tend to have slightly slower
metabolic rates compared with Caucasian “extensive
metabolisers” due to the presence of a special allele.76
Therefore, these individuals may also be more susceptible
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to the adverse effects of psychotropic drugs.
Comments and Conclusions
Taking these published reports into consideration, certain
drugs carry a greater potential for adverse cardiac
complications. Tempering this, however, is the fact that the
majority of these cardiac effects comprised anecdotal
reports and the validity of reports of this nature is often
questioned.77 Venning77 suggested that the criteria of validity
should include the following: whether the adverse effect is
consequent on the expected pharmacological action of the
drug, or was the event an immediate adverse reaction, or it
recurred with rechallenge or it was a repetition of a rare
event. Clinicians should incorporate these criteria in
assessing the validity of such reports. Table I summarises
the side effects of commonly used psychotropic drugs.
The risk of adverse effects is also increased in
individuals with pre-existing cardiac illness or electrolyte
imbalances. Genetic characteristics also increase the risk
of cardiac adverse effects. Other risk factors include
increasing age and the need for usage of higher doses of
psychotropic drugs.
Drug-drug interaction is also an important consideration.
Drugs like antiarrhythmic agents (quinidine, procainamide),
antihistaminics (terfenadine) and antimicrobials (erythromycin, chloroquine) have a propensity to prolong the QT
interval. The concurrent prescription of these agents with
an antipsychotic medication could have a synergistic
additive effect. Inhibition of the cytochrome P450 enzymes
involved in the metabolism of antipsychotic and
antidepressant drugs which leads to increased blood levels
of these drugs and prolongation of the QT interval in
individuals taking antipsychotic medications, such as
haloperidol, sertinole, risperidone and olanzapine, have
been reported to occur in a concentration-related manner.78
Certain SSRIs (fluoxetine, fluvoxamine, paroxetine) are

TABLE I: IMPORTANT CARDIAC EFFECTS OF PSYCHOTROPIC
DRUGS
Cardiac effects
Antipsychotic drugs
Thioridazine, pimozide,
chlorpromazine,
risperidone, haloperidol
Clozapine
Antidepressant
Tricyclic antidepressants

Mood stabilisers
Carbamazepine
Lithium
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QTc prolongation

Tachycardia

QTc prolongation,
postural hypotension,
tachycardia

Sinus node arrhythmias
Bradyarrhythmias, A-V block
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potent inhibitors of some of these cytochrome P450 enzymes
and the concomitant use of these drug with another
psychotropic drug may increase the risk of an adverse
cardiac event.
An ideal psychotropic drug would be one that is devoid
of psychiatric, extrapyramidal and peripheral adverse effects
at therapeutic dosage. However, no existing antipsychotic
drug fulfills the criteria. The pharmacological and clinical
data on the existing drugs and their risk for cardiovascular
toxicity is not sufficient to rank these drugs in terms of their
side effects. Therefore, for patients in whom cardiac
complications are likely, e.g. the elderly, those with preexisting cardiac disorders, those on concurrent medications
with potential cardiac effects and poor metabolisers, the
choice of psychotropic drugs where indicated has to be
considered with these factors in mind as well as the
inherent risk of these psychotropic drugs. The clinician
must consider the risk-benefit ratio and monitoring of
blood pressure, heart rate and ECG should be done regularly
in this group of patients.
Lastly, large-scale epidemiological studies must be done
to establish the link between psychotropic drugs and their
peripheral side effects.
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