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Unusual clinical course

Myocarditis is cardiac muscle inflammation caused by infectious or noninfectious agents. Rarely, clozapine, an
atypical antipsychotic drug used to treat resistant schizophrenia, has been reported to cause myocarditis, as
we report in this case.

A 29-year-old man, who was known to have schizophrenia and was on olanzapine therapy, presented in our
Emergency Department with active psychosis, and was subsequently admitted to the psychiatric ward for re-
fractory schizophrenia. He was started on clozapine, which was cross-titrated with olanzapine. On day 20 of
being treated with clozapine, he developed a high-grade fever and chest pain. EKG demonstrated new-on-
set prolonged QT corrected for heart rate (QTc), premature ventricular contractions, ST-T wave changes with
an increased ventricular rate, and ventricular bigeminy with elevated troponin and inflammatory markers.
Echocardiography showed a reduced left ventricular ejection fraction. Coronary angiography showed normal
coronary arteries, low cardiac output, and cardiac index consistent with cardiogenic shock was also observed.
Other pertinent laboratory results included negative respiratory viral panel, including COVID-19 PCR, negative
blood cultures, and negative stool screen for ova and parasite. Clozapine was discontinued and the patient re-
ceived management for heart failure with reduced ejection fraction. He improved clinically with return of EKG
to normal sinus rhythm and improved left ventricular ejection fraction on repeat echocardiogram.

Acute myocarditis can occur due to a myriad of causes, both infectious and noninfectious; thus, determining the
lesser-known causes, such as drug-related etiology, is essential to provide appropriate treatment for patients.

Antipsychotic Agents ¢ Myocarditis ¢ Clozapine ¢ Drug Hypersensitivity ¢ Heart Failure
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Background

Myocarditis is an inflammatory disease of the cardiac mus-
cle that can be caused by infectious and noninfectious con-
ditions with focal or diffuse involvement of the myocardium.
Myocarditis is often caused by cardiotropic viruses, and the
presentation is often mild and self-limited [1]. However, in se-
vere cases patients can develop acute cardiomyopathy with
severe arrhythmias, cardiogenic shock, and sudden cardiac
death [1,2]. The actual incidence of myocarditis is unknown
as presentation is variable and the criterion standard for di-
agnosis is biopsy [3].

Clozapine was the first atypical antipsychotic approved for
treatment of schizophrenia. Due to its association with severe
and potentially fatal adverse effects, especially agranulocyto-
sis and acute liver injury, its use is restricted to treatment-re-
sistant schizophrenia, and monitoring during treatment is re-
quired [4]. Myocarditis as a complication of clozapine therapy
is even more challenging as it is a rare adverse effect of this
antipsychotic medication [5]. According to the literature, clo-
zapine is the most commonly used antipsychotic to induce
myocarditis typically occurring early in treatment, but know!-
edge is still scarce on the incidence and the pathogenesis of
clozapine-induced myocarditis [5]. Therefore, it is important
to closely monitor patients on antipsychotic medications, es-
pecially clozapine, for the development of this rare and poten-
tially life-threatening complication.

Case Report

A 29-year-old man with a medical history of schizophrenia,
non-response to risperidone, and multiple admission to the
Psychiatry Ward presented to the Emergency Department with
active psychosis and was admitted to the Psychiatry Ward.
He was on olanzapine for almost 3 months prior to this ad-
mission. During his management, clozapine was initiated at a
dose of 12.5 mg twice daily, which was titrated up to 100 mg
twice daily over a period of 18 days, cross-titrated with olan-
zapine. He was also commenced on lithium 450 mg twice a
day and haloperidol injection as needed (see Table 1). Twenty
days after starting clozapine, the patient developed a fever of
38.4°C without an apparent source, necessitating transfer to
the medical floor for further evaluation.

While on the medical floor, he was worked up for possible
sources of infection, including chest X-ray and cultures. An
electrocardiogram (EKG) obtained to monitor the QTc while
on antipsychotics showed prolonged QTc of 562 and frequent
polymorphic ventricular complexes. These changes were not
noted on the patient’s previous EKG, which showed normal si-
nus (Figure 1). A chest X-ray was unremarkable. The patient’s
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Table 1. Dose titration and duration of antipsychotics treatment
prior to onset of myocarditis symptoms.

Name of antipsychotic and dosage  Duration of treatment

1. OLANZAPINE

complete metabolic profile at this time showed mild hypo-
natremia (132 mEq/L), but other electrolytes, including po-
tassium, magnesium, chloride, and calcium, were within nor-
mal limits. Renal function was within normal range. Complete
blood count (CBC) was negative for leukocytosis and leukope-
nia. However, eosinophilia was noted on CBC trend, with peak
value of 1.23x10(3)/mcL (0-500/mcL). The baseline eosinophil
count was 0.34x10(3)/mcL prior to initiation of clozapine thera-
py. Troponin T was elevated to 3.070 ng/ml (0.000-0.010 ng/ml)
and Pro BNP was elevated to 6056.0 pg/ml (1-125 pg/ml). He
was subsequently upgraded to the Cardiac Care Unit (CCU)
for further management.

During the patient’s stay at the CCU, he reported mild chest
pain and dyspnea, which were new to him, but he denied pal-
pitations and other cardiovascular symptoms. He also denied
myalgias, headache, sore throat, and recent symptoms of up-
per respiratory tract infection. Troponin T trend was followed,
and it remained persistently elevated over 48 hours, with a
peak value of 4.09 ng/ml (0.000-0.010 ng/ml). Inflammatory
markers were elevated, including erythrocyte sedimentation
rate (ESR) 50 mm/hr (0-15 mm/h) and C-reactive protein 125.9
mg/L (0.0-5.0 mg/L). Creatine phosphokinase was 674 U/L (20-
200 U/L), liver function tests were unremarkable, and a respi-
ratory viral panel including COVID-19 PCR was negative. EKG
showed sinus rhythm, with new RBBB and ventricular bigeminy
(Figure 2). All antipsychotics were held due to the likelihood of
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Figure 1. EKG before Clozapine therapy began showing normal sinus rhythm and ventricular rate.
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Figure 2. EKG after instituting clozapine therapy showing ventricular bigeminy.
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Video 1. Echocardiogram (apical 4-chamber view), showing
reduced ejection fraction during Clozapine therapy.

Figure 3. Coronary angiogram, showing normal left coronary
artery.

antipsychotic-induced cardiotoxicity. A transthoracic echocar-
diogram (TTE) showed a left ventricular ejection fraction (LVEF)
of 25% with a normal LV size and wall thickness with a normal
RV size. Both right and left atria were normal in size (Video 1).

The patient underwent cardiac catheterization for new-onset
heart failure with reduced ejection fraction (HFrEF), which was
unexplained. The procedure revealed angiographically nor-
mal left (Figure 3) and right (Figure 4) coronaries, elevated
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Figure 4. Coronary angiogram, showing normal right coronary
artery.

Video 2. Echocardiogram (apical 4-chamber view), showing
improved ejection fraction after discontinuing clozapine
therapy.

right and left heart filling pressures, mild pulmonary hyper-
tension with mean pulmonary arterial pressure 32 mmHg (12-
16 mmHg), low cardiac output of 3.0 L/min (4.0-8.0L/min)
and low cardiac index 1.1 L/min/m? (2.5-4.0 L/min/m?), con-
sistent with cardiogenic shock. The pulmonary artery pulsa-
tility index of 2 was consistent with preserved right ventricu-
lar function. Based on new-onset heart failure, EKG changes,
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Figure 5. EKG prior to discharge, showing normal sinus rhythm and ventricular rate.

elevated cardiac biomarkers, and eosinophilia within days of
initiation of clozapine therapy, and absence of another prob-
able cause, the diagnosis of acute myocarditis likely clozap-
ine-induced was made.

Milrinone, losartan, and metoprolol were started, with improve-
ment of cardiac index to 2.29 L/min/m?2. During the course of
admission, his dyspnea improved, fever subsided, and the eo-
sinophil count trended down. Cultures (blood and urine) and
ova and parasite stool screen came back negative. The patient
was discharged back to Psychiatry after 14 days of admission
in the CCU. Prior to discharge, a repeat TTE showed improve-
ment of LVEF from 25% to 55% (Video 2), while EKG showed
NSR without arrythmias (Figure 5).

Discussion

Clozapine is a second-generation antipsychotic used for the
management of schizophrenia, a complex chronic brain dis-
order that affects less than 1% of the U.S. population [6].
Currently, there is no cure for schizophrenia and antipsychot-
ic drugs are the mainstay of treatment. First-generation anti-
psychotics potently block dopamine D2 receptor, which corre-
lates with clinical potency as well as extrapyramidal adverse
effects [4]. Clozapine, first developed in 1959, was classified as
an atypical antipsychotic because, unlike the first-generation
antipsychotics, it displayed clinical efficacy without a potent
dopamine D2 receptor blockade, thereby reducing the risk for
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extrapyramidal adverse effects [4]. Clozapine acts as an an-
tagonist on dopamine, serotonin, alpha-adrenergic, histamine
H1, and cholinergic receptors, with the highest affinity for the
D4 dopamine receptor and weak D2 blocking properties [7].
It is known to cause agranulocytosis, sedation, seizures, and
weight gain but also it can cause more serious but rare ad-
verse effects like myocarditis [8].

Current guidelines recommend clozapine for treatment of re-
sistant schizophrenia or those with substantial risk of sui-
cide or suicide attempts, and therapy requires monitoring for
agranulocytosis at baseline and periodically, usually weekly
to monthly [9]. However, less emphasis was placed on mon-
itoring for myocarditis. Postulated risk factors for clozapine-
induced myocarditis include genetic polymorphisms affecting
drug metabolism, co-administration with other psychotropic
medication, and rapid dose titration [10,11]. Some guidelines
recommend baseline EKG and avoidance of clozapine therapy
in patients with congenital long QT syndrome, individuals with
persistent corrected QT interval (QTc) >500 ms on EKG, and
cardiology consultation for higher-risk clinical patients such as
those with known heart disease [10]. Despite the potentially
lethal clozapine-induced cardiac toxicity, there are no recom-
mendations for periodic EKG or cardiac enzyme monitoring
for changes that could herald the development of myocarditis,
especially in patients without known cardiovascular diseases
[10]. In recent reviews, the incidence of myocarditis associat-
ed with clozapine exposure was 3%, which may lead to cardio-
myopathy as described in our present case, usually occurring
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during the first 2-3 months of treatment initiation [13]. Our
patient developed early cardiotoxicity (<2 months) during the
first month of treatment with clozapine, which according to
a systematic review occurs in <0.1 to 1.0% of patients, mak-
ing this adverse effect rare [14]. Although quetiapine, olan-
zapine, aripiprazole, amisulpride, and lithium have all been
reported to cause myocarditis, the risk of developing myocar-
ditis with non-clozapine antipsychotics is very low; howev-
er, the risk of myocarditis is increased when co-administered
with clozapine [11,15].

The mechanism of clozapine myocarditis is still not clearly un-
derstood, but possible causes have been proposed, like IgE-
mediated hypersensitivity, cholinergic dysfunction, and genetic
predisposition [16]. Our patient had eosinophilia, which was a
finding noted in 66% of patients with clozapine-induced myo-
carditis according to a report, suggesting a strong likelihood
of IgE-mediated hypersensitivity as a causal or contributing
factor [17]. Clozapine has also been linked to development of
cardiomyopathy with reduction in LVEF in the absence of cor-
onary artery disease, hypertension, valvular disease, and con-
genital heart disease sufficient to explain the observed myo-
cardial abnormality. Reports have mentioned that the time to
onset of clozapine-induced cardiomyopathy can vary between
3 weeks to 4 years, with most cases occurring 6-9 months af-
ter initiation of clozapine [18]. Clozapine-induced cardiomy-
opathy does not appear to be dose-dependent, ensuing with
doses ranging from 125 mg to 700 mg and mean dose of 360
mg [18]. In the U.S. FDA report, the median dose was 450 mg
in patients who survived and 400 mg daily in patients who
died from clozapine-induced cardiomyopathy [18]. Whether
cardiomyopathy related to clozapine use is a consequence of
myocarditis being unrecognized in the early stages, or a clini-
cally distinct and chronic cardiac disorder, is still being inves-
tigated [19].

The clinical presentation of myocarditis is highly variable and
non-specific, ranging from no symptoms at all, to dyspnea,
chest discomfort, arrythmia, heart failure, and sudden car-
diac death at the other end of the spectrum. According to
Kilian et al, fever, chest pain, and dyspnea were reported as
presenting symptoms in 23 cases of myocarditis and cardio-
myopathy [20]. In other reports, the most common clinical fea-
tures were fever and chest pain [13,16]. Our patient presented
with fever and vague chest pain but denied having palpitations
or fatigue. Apart from an irregular heart rate, our patient had
no overt features of heart failure on examination. Diagnosing
myocarditis is challenging because its clinical features are
non-specific, necessitating a high index of suspicion. A defin-
itive diagnosis of myocarditis is established by diagnostic find-
ings on endomyocardial biopsy (EMB) [21]. According to the
American Heart Association/American College of Cardiology
Foundation/European Society of Cardiology (AHA/ACCF/ESC),
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EMB is recommended for specific situations in which it will
offer specific diagnostic, therapeutic, and prognostic benefits
[22]. In patients not meeting the criteria for EMB, myocarditis
should be suspected in patients with or without cardiac signs
and symptoms who present with a rise in cardiac biomarker
levels especially troponin, EKG suggestive of acute myocardi-
al injury, arrhythmia, or abnormalities of ventricular systolic
function on echocardiogram or cardiac MRI, especially if these
clinical findings are new and unexplained [3]. Other features
that support the diagnosis of drug-induced myocarditis in-
clude fever, elevated acute-phase reactants, and eosinophil-
ia suggesting IgE-mediated hypersensitivity as seen in the in-
dex case, but there is no established clinical marker [22,23].
Although generally not required, our patent had coronary an-
giography with unremarkable findings.

There are no universal diagnostic criteria for clozapine-induced
myocarditis and cardiomyopathy. According to a systematic
analysis of drug-related myocarditis, antipsychotic was the
first (1979) and most reported class [24]. Ronaldson et al pro-
posed diagnostic criteria for clozapine-associated myocardi-
tis which includes onset of new symptoms within 45 days of
initiating clozapine plus histological evidence of myocarditis
or signs of cardiac dysfunction plus 1 of the following 5 find-
ings on investigation: elevated troponin level or muscle/brain
creatine kinase level >2 times the upper limit of normal, EKG
changes consistent with myocarditis, chest radiograph sug-
gestive of heart failure, evidence of ventricular dysfunction,
or MRI tissue characterization suggestive of myocarditis [17].
The temporal relationship of these findings in our patient to
an implicated medication and absence of other probable eti-
ology (negative respiratory viral panel, negative blood cultures
for disseminated bacterial or fungal infection, no known sys-
temic disorders, absence of protozoan and helminthic infec-
tion, and absence of exposure to cardiotoxins or other medi-
cations known to cause myocarditis) established the diagnosis
of clozapine-induced cardiomyopathy in our patient.

Management of drug-induced myocarditis and cardiomyop-
athy includes discontinuing the offending drug, in this case
clozapine, and a possible role for glucocorticoid therapy [25].
Patients with cardiomyopathy, reduced LVEF, and cardiogen-
ic shock are treated with optimal medical care, according to
guidelines for the management of heart failure. Sustained ven-
tricular arrhythmias should be treated with urgent cardiover-
sion while recurrent arrhythmias and non-sustained ventric-
ular arrythmia should be treated with antiarrhythmic drugs.
Cardiac device implantation for the management of ventricu-
lar arrythmia should be evaluated after the resolution of re-
versible acute myocarditis, generally within 3 to 6 months [22].
Discontinuation of clozapine often leads to partial or full clinical
recovery, but the mortality rate of clozapine-induced myocar-
ditis and cardiomyopathy varies according to different reports,
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with fatalities averaging 25% [14,15]. According to a systemat-
ic review of 144 articles, recommendation for monitoring pat-
ents on clozapine therapy vary widely. For daily practice, some
authors recommended baseline laboratory investigations, with
or without follow-up for C-reactive protein, troponin, and elec-
trocardiography; echocardiography was less commonly recom-
mended but was a consideration [26]. Given the potentially
fatal outcome of clozapine-induced cardiomyopathy, we rec-
ommend a more detailed guideline for initiation and follow-
up of patients on clozapine therapy, identification of potential
risk factors for clozapine-induced cardiotoxicity, and a possible
genetic screening of some patients based on post-marketing
surveillance. In addition, if myocarditis or cardiomyopathy is
suspected, clozapine should be stopped and prompt evalua-
tion by a cardiologist sought to ensure appropriate manage-
ment and prevention of fatal outcomes.
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Conclusions

To summarize, acute myocarditis has several etiologies, with
viral infection being the most common. However, antipsychotic-
related myocarditis, in particular clozapine, is a rare causative
factor with potentially devastating consequences such as life-
threatening cardiac arrythmias, cardiomyopathy, and sudden
cardiac death. It is therefore crucial to ensure that providers
are aware of this rare but possible adverse effect. In addition,
more robust guidelines are needed to ensure adequate pre-
therapy baseline evaluation aimed at identifying patients at
risk, and subsequent follow-up for early detection and prompt
management of clozapine-induced myocarditis.
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