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A B S T R A C T

This review discusses the rare but potentially life-threatening cardiovascular side-effects of myocarditis and
dilated cardiomyopathy associated with the use of Clozapine. The clinical presentation of these conditions is
non-specific, making it difficult to both risk-stratify and identify patients who develop these consequences. This
review aims to examine the proposed aetiologies, diagnostic approaches and subsequent management strategies
of cardiotoxicity associated with clozapine use; offering guidance to psychiatrists and general physicians.
Current evidence highlights the importance of accurate diagnosis to prevent premature and unnecessary ces-
sation of clozapine. Guidance on monitoring and reintroduction of the drug is emerging and current practice
recommends a combination of regular monitoring of biomarkers and imaging to make a diagnosis of cardio-
toxicity although further work is needed to establish evidence-based guidelines.

1. Introduction

Treatment-resistant schizophrenia (TRS) affects 30% of those with
schizophrenia and refers to those who do not respond to two or more
antipsychotic agents. Clozapine is the only licensed agent for TRS and
reduces symptoms of psychosis by 40%, significantly decreases psy-
chiatric-related hospital admissions and reduces mortality in terms of
suicidality (De Berardis et al., 2012; Siskind et al., 2017; Stroup et al.,
2016). The effects on morbidity and mortality offer further benefits of
improved societal and economic functioning (Fitton and
Benfield, 1993).

Evidence shows that prescription rates of clozapine in eligible pa-
tients is low (Warnez and Alessi-Severini, 2014). Underuse is thought to
arise from the side-effect profile and underlies a tendency to dis-
continue clozapine at the earliest sign of toxicity. A survey of practi-
tioners familiar with clozapine prescribing guidelines identified the
main barriers to initiating treatment as concerns over tolerability and
compliance (Gee et al., 2014). Although the most frequently cited toxic
side-effect of clozapine is agranulocytosis, there are well-established
guidelines to facilitate monitoring of this. Cardiovascular side-effects,
although rarer, include life-threatening myocarditis and dilated

cardiomyopathy (De Berardis et al., 2012) but at present, no guidelines
exist for their monitoring.

The British National Formulary (BNF) supports a tentative stance on
clozapine use, recommending cautious use in those with pre-existing
cardiac disease and avoidance in those with severe cardiac conditions.
Whether all pre-existing cardiac diseases are considered contra-
indications is not known, nor what defines a ‘severe’ condition. Given
the increased frequency of comorbid cardiovascular disease in those
with schizophrenia, a “by-the-book” approach automatically excludes a
significant proportion of patients who might otherwise derive sig-
nificant benefit from clozapine. Furthermore, the FIN11 study found
that long term use of anti-psychotic drugs is associated with an overall
lower mortality than placebo, with clozapine carrying the lowest
mortality of all (Tiihonen et al., 2009).

This review article is written by cardiologists and focuses specifi-
cally on clozapine-induced cardiotoxicity, primarily manifesting as
myocarditis and cardiomyopathy. Recent trials of novel antipsychotic
agents have proven inconclusive in offering alternative options to
clinicians, facilitating a resurgence of interest in ensuring all those who
might benefit from clozapine receive it (Dunlop and Brandon, 2015).
We will describe the known aetiologies, diagnosis and management of
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cardiotoxicity associated with clozapine use; offering guidance to psy-
chiatrists and general physicians, thereby hopefully supporting its in-
creased use and preventing premature cessation of therapy where
possible.

2. Methods

Literature searches were performed through PubMed and Cochrane
databases using keywords including clozapine, schizophrenia, cardio-
myopathy and myocarditis to identify manuscripts on the development
or implementation of current guidelines and common clinical practice,
including relevant individual clinical trials and older landmark studies.

3. Definitions & incidence

Myocarditis is defined as inflammation of the myocardium and
tends to present acutely with a short prodrome of illness.
Cardiomyopathy is characterised by structural abnormality of the left
ventricle (LV) and can in fact be caused by myocarditis. It is however a
much more chronic disease. Both can result in left ventricular systolic
dysfunction associated with a fall in the left ventricular ejection fraction
(LVEF) and both are associated with significantly increased morbidity
and mortality.

The incidence of clozapine-induced myocarditis is ill-defined and
estimated at 0.2–3% (Cook et al., 2015). Although it can occur at any
time during treatment, the literature suggests that over 80% of cases
developed within the first 4 weeks of treatment, thus occurs early on
starting therapy (Bellissima et al., 2018; Kilian et al., 1999).

Clozapine-induced cardiomyopathy occurs less frequently, in less
than 1 in 1000 patients (Longhi and Heres, 2017). It tends to manifest
later during therapy, with onset of symptoms between 3 weeks to 4
years following initiation. One systematic review quoted an average of
14.4 months for symptoms to develop (Alawami et al., 2014).

4. Clozapine dosages in treatment-resistant schizophrenia

The current National Institute for Health and Care Excellence
(NICE) guidelines for starting clozapine in TRS recommends incre-
mental dose increases up to a minimum effective dose, usually between
250–400 mg/day. Current evidence on whether a dose-dependent re-
lationship between clozapine and subsequent cardiotoxicity exists, is
inconclusive: One review of myocarditis found that the median dose of
clozapine at presentation was 250 mg/day (Bellissima et al., 2018).
Another identified patients presenting with myocarditis whilst taking
doses as low as 12.5 mg/day (Hill and Harrison-Woolrych, 2008). A
systematic review of 26 individual cases of cardiomyopathy found the
mean daily dose at presentation to be 360 mg, with a wide range be-
tween 125–700 mg (Alawami et al., 2014). Interestingly, the only study
showing dose-related decreases in LVEF was in clozapine-treated rats
but this study used concentrations above the recommended maximum
daily dose in humans (Abdel-Wahab and Metwally, 2014). There is no

clear evidence therefore, that the dose of clozapine has a direct effect on
the risk of cardio-toxicity.

5. Risk factors

Several risk factors for developing clozapine-induced cardiotoxicity
have been proposed: Rapid dose titration in the development of myo-
carditis, alongside increased age and concomitant use of sodium
valproate was identified in one study, whilst another found a significant
association with concomitant SSRI use (Ronaldson et al., 2012a;
Youssef et al., 2016). Clozapine-induced cardiomyopathy was not as-
sociated with any specific risk factors in the latter study (Youssef et al.,
2016). Nonetheless, there are no established specific risks and it is the
authors’ opinion that since myocarditis occurs early with the initiation
of any causative drug, up-titration is more of a coincidence than a risk
during this time period.

There is underlying significant cardiovascular risk in psychiatric
patients (Brown et al., 2000; De Hert et al., 2011). A large meta-analysis
of patients with severe mental illness found 10% to have at least one
comorbid cardiovascular disease and identified significantly increased
cardiovascular morbidity and mortality (Correll et al., 2017). This is
likely to add an extra burden of risk to patients subsequently prescribed
clozapine and highlights the importance of a holistic approach in any
therapeutic strategy. A holistic approach could usefully include asses-
sing for, and actively treating any baseline co-morbidity, such as car-
diovascular or metabolic dysfunction – as part of a pre-clozapine work-
up. Whilst it is established that antipsychotic use can induce adverse
metabolic effects, it must also be remembered that effective treatment
of the underlying psychiatric disease can lead to better uptake of
therapy for concomitant cardiovascular conditions and subsequent de-
crease in long-term risk. This, in some patients, is the only way to
manage and treat underlying cardiovascular disease.

6. Proposed mechanisms

The mechanism by which clozapine induces cardiotoxicity remains
unclear but numerous hypotheses have been proposed, including IgE-
mediated pathways, cytokine-driven responses and oxidative stress re-
lated to a hypercatecholaminergic state (Table 1) (Abdel-Wahab and
Metwally, 2014, 2015; Kilian et al., 1999; Kluge et al., 2009;
Pollmächer et al., 1996; Wang et al., 2008). Interestingly, interactions
between free radicals, nitrogen oxide species and oxidative stress are
also the best described mechanisms through which anthracycline drugs
injure the myocardium during cancer therapy. This has been vigorously
studied for over 30 years in these populations but the same cannot be
said with regards to those on antipsychotic agents. It is intriguing that
similar mechanisms may underpin both phenotypes and this might
suggest that the diagnosis, management and long-term outcomes might
perhaps be similar. Furthermore, cancer therapy can be regarded as just
as life-saving as anti-psychotic therapy for TRS with its associated risk/
benefit decisions.

Table 1
Proposed mechanisms of clozapine-induced cardiotoxicity.

Proposed mechanism Evidence

Type 1 IgE-mediated acute hypersensitivity
reaction

Killian et al., studies 23 cases of clozapine-induced cardiotoxicity and found both a peripheral eosinophilia and eosinophilic
inclusions at endomyocardial cardiac biopsy in 5 patients with myocarditis and 1 patient with cardiomyopathy related to
clozapine use.

Pro-inflammatory cytokines Multiple studies of animal models of clozapine-induced cardiotoxicity have demonstrated an increase in plasma level of the
pro-inflammatory cytokine TNF-α. Kluge replicated these results in a small randomised controlled trial of 30 patients. Abdel-
Wahab also observed a decrease in the anti-inflammatory cytokine IL-10 in rodents with clozapine-induced cardiotoxicity.

Catecholamine and oxidative stress Multiple studies in animal models also identified a rise in circulating catecholamines which correlated with myocardial
inflammation. Use of beta-adrenergic blockade significantly attenuated these effects. One author inferred that the
subsequent increased myocardial oxygen demand from the hypercatecholaminergic state will contributed to an increase
production of free radicals which plays an important role in oxidative stress.
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7. Signs and symptoms

The signs and symptoms of clozapine-induced cardiotoxicity are
varied; there is no classical presentation.

7.1. Myocarditis

Typically, drug-induced myocarditis occurs early on exposure. It
presents with a spectrum of features, from low-grade fever to fulminant
cardiogenic shock and unheralded sudden death, though this is very
uncommon. It presents similarly regardless of aetiology, with the
commonest symptoms being fever, chest pain, new breathlessness and/
or palpitations (Layland et al., 2009; Razminia et al., 2006). Signs are
likewise varied and can even be absent unless in cardiogenic shock.

With mild symptoms, it is not unusual for many patients to ex-
perience myocarditis and be unaware until many years later, if at all. As
such, ‘asymptomatic’ or ‘atypical’ myocarditis has also been docu-
mented in the literature with regards to clozapine use. In one study, six
such cases were identified which presented with no symptoms, three of
which were described as fatal (Ronaldson et al., 2010, 2011). Many of
the patients were entirely asymptomatic and further, did not undergo
the expected investigations that one might expect prior to their fatality.
It is unclear to the authors whether these patients actually had myo-
carditis or not.

7.2. Cardiomyopathy

Cardiomyopathy is generally regarded as a chronic long-term dis-
ease and most often manifests months or years following exposure to
causative agents. As with cardiomyopathy of any other cause, cloza-
pine-induced cardiomyopathy presents with increasing breathlessness
most commonly, alongside orthopnoea (inability to lie flat), paroxysmal
nocturnal dyspnoea (waking up in the night gasping for breath and
needing to sit up) and increasing peripheral oedema (Alawami et al.,
2014). Common signs can include peripheral oedema, decreased ex-
ercise tolerance and evidence of central congestion (raised jugular ve-
nous pressure, coarse crackles at lung bases). In addition, systolic
murmurs are common from possible mitral and/or tricuspid in-
sufficiency. Drug-induced cardiomyopathy is rarely asymptomatic
throughout its course, though in young and otherwise healthy in-
dividuals it can often present late at a stage with extremely poor LV
systolic function. Malignant arrhythmia (ventricular tachycardia/fi-
brillation) and so-called ‘pump failure’ are established modes of death
for all causes of cardiomyopathy.

7.3. Sinus tachycardia

In isolation, sinus tachycardia is not regarded as evidence of car-
diotoxicity as it is a common feature of clozapine use and is largely
benign (Merrill et al., 2005). However, it is mentioned here in part as it
is very common, and can sometimes indicate underlying cardiotoxicity.
Presence of a new sinus tachycardia should prompt examination of the
patient and consideration of further investigations as below.

8. Diagnostic criteria

There are no clear diagnostic criteria for clozapine-induced cardi-
otoxicity. Some authors have proposed guidance although these are not
in line with current cardiac practice, such that there is a significant risk
of both under- and over-diagnosing patients. Given that clozapine-in-
duced cardiotoxicity manifests and is treated in the same way as any
other cause of myocarditis or cardiomyopathy (namely consideration of
dose reduction and cessation of the causative agent), it is the authors’
opinion that it should be investigated and diagnosed in this same
manner, given the large evidence base underpinning this guidance.

The diagnostic criteria for myocarditis requires both clinical

symptoms (chest pain, new breathlessness, palpitations, syncope, car-
diogenic shock or sudden cardiac death) and one or more diagnostic
criteria (electrocardiogram (ECG), biochemical or imaging changes)
(Richardson et al., 1996). Goodison et al. found that 65% of patients
labelled as having clozapine-induced myocarditis in the literature, did
not fulfil the European Society of Cardiology criteria for myocarditis
(Goodison et al., 2015). This has significant implications when dis-
cussing the incidence/outcomes of clozapine-induced myocarditis.

Some authors have made a diagnosis of clozapine-induced myo-
carditis through clinical and biochemical suspicion alone, with some
patients having clozapine discontinued without myocardial imaging or
endomyocardial biopsy (EMB) (Baptista et al., 2015; Chow et al., 2014;
Munshi et al., 2014). This is unfortunate. As with most diseases, mul-
tiple investigative measures can support a diagnosis of clozapine-in-
duced cardiotoxicity, such that the authors consider cardiac imaging as
mandatory.

8.1. Myocarditis

1 ECG: The sensitivity and specificity for diagnosing myocarditis is
low (Cooper, 2009); it is not recommended. ECG can be entirely
normal or show sinus tachycardia or indeed any number of ab-
normalities. It is not uncommon for young patients presenting
acutely to have ECG changes resembling acute myocardial infarction
(Fig. 1) and subsequently undergoing invasive coronary angio-
graphy as a result (which is normal). Cardiac protocols therefore do
not recommend the use of ECG in diagnosing myocarditis
(Ronaldson et al., 2011) but it should remain a routine part of the
work-up.

2 Biomarkers: Cardiac-specific biomarkers, namely troponin, are fre-
quently used to investigate cardiac complaints. Troponin is a protein
found in cardiac muscle, and in skeletal muscle to a lesser extent. It
is an established marker of cardiac damage; high sensitivity tropo-
nins are guideline-based measurements for the identification of
coronary ischaemia and inflammation. Myocarditis would be ex-
pected to be associated with very high troponin levels. When ele-
vated in a young patient with new symptoms of chest pain and/or
breathlessness, myocarditis should always be considered and this
should trigger further investigation with cardiac imaging.
Many non-specific biomarkers have been linked to clozapine-in-
duced myocarditis, including c-reactive protein (CRP). Ronaldson
et al. found CRP levels increased prior to troponin in 90% of cases
and on the basis of this, suggested that troponin and CRP be used
routinely as early markers of clozapine-induced cardiotoxicity
(Ronaldson et al., 2011). With the advent of high-sensitivity tro-
ponin, it is unclear how relevant CRP may remain. Beyond the
clozapine cohorts, CRP is not used in the diagnosis of myocarditis.
Creatine kinase (CK) is another protein found in both skeletal and
cardiac muscle and was previously used as a biomarker to diagnose
myocardial injury, especially in myocardial infarction. However,
troponin is significantly more sensitive and as such, CK is now rarely
used. CK remains unhelpful in screening for myocarditis given its
poor predictive value and should not be used routinely
(Magnani and Dec, 2006).

3 Imaging: Transthoracic echocardiography (TTE) remains the most
commonly used modality in the diagnosis of clozapine-induced
myocarditis, as it does with all myocarditis (Albouaini et al., 2013).
Findings normally show regional or global LV, or biventricular
systolic dysfunction with normal wall thickness.
Similar findings are seen on cardiac magnetic resonance imaging
(CMRI), though this modality provides superior information to TTE
as it facilitates scar and oedema (inflammation) imaging within the
myocardial tissues (Bellissima et al., 2018; Belloni et al., 2007;
Chow et al., 2014) (Fig. 2). CMRI is regarded as being highly sen-
sitive and specific in diagnosing acute myocarditis, providing in-
formation over and above that gained from TTE imaging, and should
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always be performed alongside TTE in suspected cases where
available (Friedrich et al., 2009). CMRI is now routinely undertaken
in most centres but there is a cost implication to its routine use as
compared to TTE and as such, its use is often reserved for cases
where troponin levels and symptoms are suggestive of myocarditis,
even in cases of normal TTE.

4 Biopsy: Endomyocardial biopsy (EMB) is the gold standard diag-
nostic tool for myocarditis (Pieroni et al., 2004). Despite this, it is
undertaken rarely as imaging tests have evolved considerably and
this invasive procedure does carry uncommon but significant risks
(Wei et al., 2017). Its use is limited to cases of fulminant myocarditis
when other causes of myocarditis need to be excluded (such as Giant

Cell) which are invariably fatal without specific immunotherapy.

8.2. Cardiomyopathy

1 ECG: This does not form part of the diagnostic criteria for cardio-
myopathy, but can provide valuable information both in terms of
aetiology (Q waves seen in myocardial infarction, left ventricular
hypertrophy and strain seen in hypertension etc.) and potential
therapy (QRS duration when considering implantation of cardiac
resynchronisation therapy devices).

2 Biomarkers: Brain natriuretic peptide (BNP) and N-terminal pro b-
type natriuretic peptide (NT-proBNP) are hormones that are

Fig. 1. 12-lead ECGs highlighting the similarity between acute myocarditis and acute myocardial infarction. ECG (a) represents an acute myocarditis with global
saddle-shaped ST elevation in the majority of the 12 leads. ECG (b) represents an acute myocardial infarction with anterior ST elevation but demonstrates ST
depression (reciprocal changes) in the 2 of the 3 inferior leads (Leads III and aVF).
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produced by the ventricles when the heart is subject to stretch
(normally by increased volumes). These hormones are very bene-
ficial in that they promote natriuresis and diuresis as well as a re-
duction in fibrosis and hypertrophy. Normal levels essentially rule
out heart failure and cardiomyopathy and as such they are also
guideline-based blood tests for access to specialist care when ele-
vated. Both active myocarditis and cardiomyopathy can be asso-
ciated with raised natriuretic peptide levels. Their role in clozapine-
induced cardiomyopathy have not been sufficiently examined, but
the authors would expect this to be very similar to all other causes of
heart failure. As such, in any suspected case of cardiomyopathy,

natriuretic peptide testing should always be undertaken. If elevated,
further imaging tests are mandatory.

3 Imaging: TTE is the first imaging test that should be undertaken.
Features include a dilated and thin-walled LV with systolic impair-
ment (Fig. 2). CMRI imaging can provide additional information
over TTE to further distinguish between other common causes of
cardiomyopathy and can help aid prognostication. Given the rare
occurrence of clozapine-induced cardiomyopathy, presence of spe-
cific features that distinguish it from other aetiologies of cardio-
myopathy are currently lacking.

4 Biopsy: This is not routinely undertaken.

Fig. 2. Cardiac imaging in myocarditis and cardiomyopathy.Cardiac Magnetic Resonance Imaging (CMRI) demonstrating myocarditis. Cine imaging following
gadolinium contrast (a) shows high signal in the lateral wall corresponding to high T2 values (b) T1 values (c) and patchy subepicardial late gadolinium enhancement
seen in short-axis (d) and long-axis (e) views. Transthoracic Echocardiogram (TTE) demonstrating a dilated left ventricle in the parasternal long axis (f), parasternal
short axis (g) and apical 4 chamber windows, which demonstrates evidence of spontaneous echo contrast in the left ventricle, a characteristic feature of left,
ventricular impairment (h).
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9. Monitoring

Only one protocol for monitoring of clozapine-induced cardiotoxi-
city exists, developed by Ronaldson et al. They recommend baseline
troponin, CRP and TTE with assessment of biomarkers weekly, vital
signs every other day and symptoms of illness daily (Fig. 3)
(Ronaldson et al., 2011). The group advocate more frequent monitoring
be performed if abnormalities in vital signs or biomarkers are detected
(Ronaldson et al., 2011). If the troponin does not elevate to twice the
upper limit of normal (2x ULN) or CRP levels do not rise above 100 mg/
L, the advice is to continue clozapine (Ronaldson et al., 2011). If there is
any suggestion that either CRP or troponin rise above the stated
thresholds, then cardiology opinion should be sought, with a view to
repeat imaging and cessation of clozapine (Ronaldson et al., 2011). The
authors advocate caution in strict adherence to this guideline and feel
that applying this protocol will improve safety of clozapine initiation
without adding greatly to treatment costs.

Within cardiology there exists one other frequent cause of acute
drug-induced cardiotoxicity. Trastuzamab is a life-prolonging breast
cancer drug that is associated with a high incidence of cardiotoxicity
during therapy. It is similar in importance in breast cancer as clozapine
is for TRS, but is much more commonly available and as such, has had a
great deal of interest. Dedicated cardiology clinics for those patients
who have/are receiving Trastuzamab are increasingly common, with
the aim of early guideline-based referral for cardiology advice with the

specific view of improving cardiac function to facilitate ongoing use of
this life-saving therapy.

It is the authors opinion that cessation of clozapine, whilst some-
times necessary, is not always mandatory. Cohesive investigations are
necessary that should trigger cardiology review and these should be
based on biomarker testing as clinically indicated. There are well-es-
tablished medical therapies for LV systolic dysfunction of any cause
(myocarditis or cardiomyopathy; see below) that can significantly im-
prove cardiac function and may facilitate continued therapy with clo-
zapine.

10. Therapy

The mainstay of therapy of clozapine-induced cardiotoxicity is
consideration of clozapine cessation, specialist review and instigation of
disease modifying cardiac treatment. In all cases of fulminant myo-
carditis or cases where there is new, at least moderate, LV dysfunction,
clozapine should be withheld.

In any case of LV systolic dysfunction, disease modifying heart
failure medications should be commenced under specialist supervision
(Table 2) (Ponikowski et al., 2016). These drugs significantly improve
morbidity and mortality and can facilitate myocardial recovery: An-
giotensin-converting enzyme inhibitors (ACEi) together with beta-
blockers are first line agents. If there is severe LV impairment, then a
mineralocorticoid receptor antagonist (MRA) can also be added.

In the cohort of patients with trastuzamab-related LV systolic dys-
function, early instigation of the above medications very often facil-
itates ongoing anti-cancer therapy without further cardiac compromise.

Bisoprolol and carvedilol are cardio-selective beta-blockers. The
potential hallucinogenic side effects of beta-blockers are rare with these
formulations (Cruickshank, 2010), an important consideration for pa-
tients with established psychiatric disease.

The routine use of corticosteroids in the treatment of clozapine-in-
duced myocarditis is not recommended. In wider clinical practice, the
use of steroids is limited to rare, very fulminant specific conditions
where EMB will be mandated to exclude an infectious cause.

11. Outcomes of clozapine cessation

The literature suggests that once the drug is discontinued, myo-
carditis usually resolves symptomatically and biochemically
(Annamraju et al., 2007). Evidence is lacking for cardiomyopathy, but
one case report suggests partial reversibility upon cessation of clozapine
(de Knijff et al., 2001). There is evidence that cessation of clozapine

Fig. 3. Monitoring for signs of Clozapine-induced cardiotoxicity upon initiation of treatment.

Table 2
The starting and target doses of commonly used prognostic medications for left
ventricular systolic impairment (ACE inhibitors, beta-blockers and miner-
alocorticoid receptor antagonists). Frequency can be once daily (OD), twice
daily (BD) or three times per day (TDS).

Drug class and examples Starting dose Target dose

ACE inhibitors
Ramipril 2.5 mg OD 10 mg OD
Lisinopril 2.5–5 mg OD 20 mg–35 mg OD
Enalapril 2.5 mg BD 10–20 mg BD
Captopril 6.25 mg TDS 50 mg TDS
Beta-blockers
Bisoprolol 1.25 mg OD 10 mg OD
Carvedilol 3.125 mg BD 25 mg BD
Metoprolol tartrate 12.5–25 mg OD 200 mg OD
Mineralocorticoid receptor antagonists
Spironolactone 25 mg OD 50 mg OD
Eplerenone 25 mg OD 50 mg OD
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when LVEF is >40% has the best chance of complete recovery
(Malik et al., 2015); the lower the LVEF, the worse the prognosis tends
to be. The key therefore is in correctly identifying cardiotoxicity and
involving specialist input sooner rather than later. None of the reviewed
literature documented outcomes in those treated for the reduction of LV
systolic function.

12. Re-introduction of clozapine in those with cardiotoxicity

In the event of LV recovery, reintroduction of clozapine is an im-
portant consideration (Manu et al., 2012). The significant majority of
evidence however, relates to single case reports.

The success rate of clozapine “re-challenge” following myocarditis
in one series was 50–70% (Nguyen et al., 2017; Ronaldson et al.,
2012b). In these cases, clozapine re-introduction primarily occurred
after many months off therapy with only 2 cases being within 11 days
(Ronaldson et al., 2012b). From a cardiac perspective, this perhaps
infers that the original myocardial insult either did not relate to clo-
zapine or was mis-diagnosed.

Factors such as slower up-titration, close monitoring and longer
period of time to re-challenge from discontinuation, have been suggested
to help resume successful clozapine therapy (Rosenfeld et al., 2010).
Evidence for clozapine re-challenge in cardiomyopathy is lacking. Not-
withstanding, clozapine re-challenge can still result in cardiotoxicity and
the need for further study in these patients remains relevant.

Fig. 4 illustrates the recommendations made by Cook et al. for
monitoring during clozapine re-challenge. They suggest baseline bio-
markers and TTE on day 1 of clozapine re-challenge, followed by serial
TTE and repeat biomarker measurements taken at several time intervals
throughout the up-titration of clozapine (Cook et al., 2015). Given the
absence of evidence-based guidance in the literature, this strategy offers
a systematic approach for monitoring during re-challenge.

ACEi could also be used to aid re-challenge, and even facilitate
continued use of clozapine; a strategy already adopted in patients
needing Trastuzamab for breast cancer therapy (Fanous and Dillon,
2016; Hamirani et al., 2016). Abdel-Wahab found that the ACEi cap-
topril had a cardio-protective effect against clozapine-induced myo-
carditis in rats (Abdel-Wahab et al., 2014). Rostagno also suggested that
the use of beta-blockers and ACEi may allow resumption of clozapine
after withdrawal for cardiotoxicity (Rostagno et al., 2008). This is an
area with little research with regards to clozapine that may allow for
the continuation of effective, safe therapy.

13. Pre-existing heart conditions

Most of the literature focuses on clozapine-induced cardiotoxicity in
those with preceding normal cardiac structure and function. Current
guidelines and evidence do not focus on patients with established heart
disease, such that most evidence is in the form of case reports.

Sanchez et al. highlights the case of a 36-year-old with hypertrophic
cardiomyopathy requiring clozapine for TRS (Sanchez et al., 2016). The

guidance on clozapine initiation and monitoring was followed and
despite an asymptomatic yet significant rise in troponin levels, it was
safely continued with cardiology advice (Sanchez et al., 2016). This
report highlights the need for early specialist input and the ability to
continue clozapine safely despite apparently abnormal blood results.

The authors feel that specialist cardiology review would provide
guidance as to the safety of starting clozapine. With regular cardiology
input and appropriate disease modifying therapy, many of those la-
belled as having pre-existing cardiac conditions might safely receive
clozapine.

14. Discussion

Clozapine is a very effective medication for TRS; however, it is
markedly underused in clinical practice. Clozapine-induced cardio-
toxicity is likely over-reported in the literature, with few patients re-
ceiving diagnostic cardiac imaging or myocardial biopsy. It is possible
that this condition is rarer than thought and further, that many patients
have therapy discontinued unnecessarily. Lastly, BNF guidance ad-
vocates caution in using clozapine in those with prior cardiac com-
plaints, resulting in many patients receiving advice to not initiate or
discontinue clozapine when this may not be the case.

The challenge amongst clinicians and patients alike remains note-
worthy, especially considering the importance of baseline and regular
blood test monitoring to screen for cardiotoxicity in these patients.
56–65% of clinicians in one survey identified patient refusal of ob-
taining baseline blood tests and regular blood monitoring as the major
barriers to initiating treatment with clozapine (Gee et al., 2014). An-
other survey of 50 patients found that only 30% would take clozapine,
with 49% citing hospital admission as the biggest issue for treatment
initiation (Gee et al., 2017) – this is rarely needed for cardiac mon-
itoring however.

As stated, there are significant concerns with regards to the accuracy
of diagnosis of cardiotoxicity. A significant proportion of patients may be
being inaccurately labelled with cardiotoxicity and this stems from a
clear lack of established guidelines for diagnosis. This extends to the
limited guidance for monitoring patients being initiated on clozapine
therapy or for those being restarted on treatment following cessation of
the drug. This must be a clear focus for further work to ensure patients
are both accurately diagnosed and therefore managed accordingly.

As stated earlier, the use of disease modifying heart failure medi-
cations to facilitate ongoing chemotherapy in chemotherapy-induced
cardiotoxicity highlights another key area for research in this field.
More evidence is needed as to whether these same agents, used in all
cases of heart failure regardless of cause, can help improve cardiac
function in patients with clozapine-induced cardiotoxicity such that this
drug might be tolerated. This could allow a significant number of pa-
tients to not only be treated safely for cardiotoxicity but continue their
clozapine alongside cardiac treatments – this would no doubt offer
morbidity and mortality benefits from both psychiatric and cardiovas-
cular perspectives.

Fig. 4. Recommendations for monitoring during re-challenge.
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Effective therapeutic managements exist for stabilisation and im-
provement in LV function in either myocarditis or cardiomyopathy. The
authors advocate for early cardiology input and feel that with adequate
support, increased clozapine use can be safely facilitated.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.psychres.2019.112491.
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