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SUMMARY
An 18-year-old man diagnosed with attention-deficit
hyperactivity disorder was recently started on quetiapine
in addition to regular methylphenidate, which he had
been taking for a number of years. He presented with
chest pain and inferolateral ST elevation, and underwent
urgent coronary angiography, which showed normal
coronary arteries. The initial troponin level was raised
and an inpatient echocardiogram showed mild left
ventricular systolic dysfunction with no evidence of
regional wall motion abnormality. Cardiac MRI showed
subepicardial late gadolinium enhancement, which was
suggestive of myocarditis. Quetiapine and
methylphenidate were discontinued and the patient was
discharged home after 1 week. He was followed up
within 8 weeks with complete recovery and no
symptoms.

BACKGROUND
Drug-induced myocarditis is a rare, yet potentially
fatal complication that can occur following the
administration of a number of pharmacological
agents. Atypical antipsychotics have an improved
tolerability profile with absence of extrapyramidal
side effects and are increasingly prescribed to
manage not only psychiatric conditions, but also to
act as mood stabilisers, particularly in younger
patients.
Although there is an awareness of the benign

cardiac side effects such as hypertension and tachy-
cardia that are seen during treatment initiation,
these effects are often transient and subside
without causing the patient any harm. However,
the true incidence of the potential cardiotoxicity
associated with these agents is unknown.
Due to the highly variable clinical presentation

of drug-induced myocarditis, diagnosis is often
delayed, resulting in irreversible damage to the
myocardial muscle and leading to a poor prognosis
for the patient. Our case highlights the fact that
there is a clinical need for increased awareness of
the cardiotoxic side effects associated with the
newer generation antipsychotic agents and makes
apparent the need for more formalised cardiovascu-
lar monitoring for patients initiated on anti-
psychotic therapy.

CASE PRESENTATION
We present the case of an 18-year-old man known
to have attention-deficit hyperactivity disorder
(ADHD) for which he was taking long-term
methylphenidate. Three weeks prior to his admis-
sion, the patient was started on quetiapine for

comorbid ADHD with underlying bipolar affective
disorder.
The patient presented with a severe central crush-

ing chest pain that lasted for an hour, associated
with nausea and vomiting. An initial ECG showed
inferolateral STelevation with reciprocal ST depres-
sion; he was transferred to our centre for primary
percutaneous coronary intervention (figure 1).

INVESTIGATIONS
After loading with prasugrel and aspirin, the
patient underwent an urgent coronary angiography,
which showed unobstructed coronary arteries with
Thrombolysis In Myocardial Infarction (TIMI) flow
3 in all three epicardial vessels. There was no
evidence of aortic dissection. The patient denied
the use of any illicit drugs or excessive alcohol
intake.
On admission, blood investigations showed a rise

in high-sensitive troponin I (hsTnI) of 13 175 ng/L,
creatinine phosphokinase (CPK) of 1060 IU/L and
total cholesterol of 4.4 mmol/L. The patient had a
thrombophilia screen, which was negative with
mildly raised protein C of 150 IU/mL.
An echocardiogram showed mild impairment of the

left ventricular systolic function, with no evidence of
regional wall motion abnormality (figures 2 and 3).
On the second day of admission, the patient’s

hsTnI levels had fallen to 5399 ng/L and he was
pain free.
An inpatient cardiac MRI (CMR) showed mild

left ventricular systolic impairment, with an esti-
mated ejection fraction of 45%. Subepicardial late
gadolinium enhancement was seen on the inferior
wall, lateral wall and the apex, which was suggest-
ive of myocarditis. There was no evidence of sub-
endothelial gadolinium enhancement that would
suggest ischaemic origin (figures 4 and 5).

DIFFERENTIAL DIAGNOSIS
▸ Acute STelevation myocardial infarction
▸ Coronary embolisation
▸ Coronary spasm
▸ Aortic or coronary dissection
▸ Myocarditis

TREATMENT
Following the results of the investigations and a
final diagnosis of myocarditis, the patient was
initiated on a small dose of ramipril; methylphenid-
ate and quetiapine were discontinued, with a refer-
ral to his psychiatric team to review the
management options for his ADHD.
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OUTCOME AND FOLLOW-UP
The patient was discharged home on citalopram, melatonin and
ramipril with directions to his general practitioner (GP) to opti-
mise dosing according to tolerability. Methylphenidate and que-
tiapine were discontinued and despite having not received any
alternative psychostimulant or mood stabiliser the patient was
stable in terms of his symptoms.

He was evaluated by the haematologist for the mildly raised
protein C seen on admission, but this was considered
non-significant.

DISCUSSION
Myocarditis refers to an acute inflammatory process which
involves the myocardium and occurs secondary to cardiac
injury/insult. In terms of aetiology, a number of factors are
known to contribute to this inflammatory process, including
autoimmune disorders, viruses as well as the administration of
several medications, for example, sulfonamides, lithium, antic-
onvulsants and antipsychotic agents.1–4

The association between psychiatric conditions and the
accompanying increase in cardiovascular morbidity and mortal-
ity has long been recognised; however, the nature of the link
between the two disease states is yet to be fully elucidated. In
addition to this non-specific link, awareness exists of the

increased incidence of adverse cardiac events in patients who
are treated with antipsychotic medications. These range from
sinus tachycardia and hypertension, which may be observed at
the initiation of treatment and are often viewed as benign side
effects that are transient in nature, to the more fatal instances of
sudden cardiac death secondary to ventricular arrhythmias.5

Methylphenidate, a central nervous system stimulant, is indi-
cated for the treatment of ADHD, a neurobehavioural condition
that is predominantly diagnosed in children and adolescents.
Cardiac adverse effects such as cardiomyopathy and pericarditis,
although rare, are known to occur after treatment with
methylphenidate.6

The principal mechanism of action of methylphenidate is to
block the re-uptake of dopamine and norepinephrine, resulting
in an increase in synaptic concentrations of dopamine.4 The
transient hypertension and sinus tachycardia observed following
the initiation of treatment is thought to be due to the increase
in circulating catecholamines that occur as a result of methyl-
phenidate administration.6

Prolonged tachycardia is known to cause heart failure, as
demonstrated by the overexpression of β-1 receptors, which
leads to apoptosis of myocardial cells and subsequently results
in dilated cardiomyopathy.7

A study by Singh et al demonstrated that overstimulation of α-1
receptors can lead to myocardial hypertrophy. Persistent and

Figure 1 ECG showing inferolateral ST elevation of lead II, III and aVF, as well as V5 and V6 with reciprocal ST depression in V1 and V2. There
was poor R wave progression and low voltage in limb leads.

Figure 2 Echocardiography parasternal long-axis view showing no
evidence of pericardial effusion.

Figure 3 Echocardiography parasternal short-axis view showing good
left ventricular function.
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sustained exposure to increased levels of circulating catechola-
mines results in negative remodelling that is seen in dilated
cardiomyopathy.7

Our patient, prior to his admission, had been taking methyl-
phenidate for several years, and although his admission, in our
opinion, is most likely a consequence of quetiapine-induced
myocarditis, it is unclear as to what extent this may have been
exacerbated by the pre-existing effect of methylphenidate on the
patient’s heart.

The long-term safety and efficacy of methylphenidate has not
been evaluated in clinical trials and, as such, the manufacturers
advise caution if the drug is prescribed for more than
12 months.8 Methylphenidate should not be used indefinitely
and ought to be discontinued during or after puberty; we
should therefore question the long-term safety of methylphenid-
ate in our patient and whether this could have contributed to
his current admission.

As proposed in a case report by Dadfermy et al, prolonged
administration and chronic exposure to methylphenidate can
lead to ‘adrenergic’ susceptibility. Our patient’s heart may have
been primed in such a way that the administration of quetiapine
acted as a stimulus for development of acute myocarditis.4

Quetiapine, is a second-generation antipsychotic that can be pre-
scribed as an adjunct to methylphenidate for treatment-resistant

ADHD in adolescents.9 Quetiapine is chemically similar to cloza-
pine and olanzapine, both of which are known to cause cardiac
hypersensitivity reactions.10 11

Myocarditis and cardiomyopathy are known to be rare, yet
fatal cardiotoxic effects associated with clozapine administra-
tion. The exact pathophysiology of clozapine-induced myocardi-
tis is unknown, but it is thought to be attributable to a type 1
hypersensitivity reaction secondary to an IgE-mediated immune
response.12 13

Clozapine-induced myocarditis usually occurs within the first
6–8 weeks of treatment initiation.13 In view of our patient’s
recent admission and its timing in relation to the initiation of
quetiapine, it is highly probable that his admission is due to
quetiapine-induced myocarditis.

There are a small number of case reports that link the admin-
istration of both methylphenidate and quetiapine to acute
dilated cardiomyopathy, pericarditis and myocarditis. In a case
report submitted by Roesch-Ely, a 35-year-old man with para-
noid schizophrenia and no history of heart disease or cardiac
risk factors was diagnosed with myocarditis on the basis of tran-
sient ST elevation on ECG and elevation of cardiac markers
2 months after the initiation of quetiapine. Since the origin of
the patient’s myocarditis was unknown and the only recent
change to his management was the initiation of quetiapine, the
drug was immediately withdrawn. Over the following days, a
decrease in troponin and creatine kinase levels were observed
and a definitive diagnosis of myocarditis secondary to a hyper-
sensitivity reaction to quetiapine was made.14

In addition to the case report by Roesch-Ely, there have been
reports of cardiac muscle disorders, predominantly relating to
cardiomyopathy and myocarditis, in New Zealand. Of the nine
cases reported, quetiapine was found to be the causative agent
in five cases with clozapine the causative agent in a further two
cases.15

Quetiapine-induced myocarditis results in myocardial inflam-
mation either through direct toxic effects on myocytes/cardiac
tissue or through inducing a hypersensitivity-type reaction that
may present as eosinophilic myocarditis.16

Following myocardial injury, patients will often present with
raised cardiac enzymes, namely troponin I or T. Both of which
provide greater sensitivity and specificity than CPK, which is asso-
ciated with a low predictive value and does not aid in the diagnosis
of myocarditis and is therefore not recommended.2 16 17

Other non-specific markers of inflammation such as C react-
ive protein (CRP) or erythrocyte sedimentation rate are also ele-
vated during the acute phase of myocarditis/inflammation.
Ronaldson et al indicate that elevated CRP can, in fact, be an
early warning sign of acute inflammation. CRP elevation in the
context of myocarditis is known to pre-date troponin rise by
5 days and can act as an early indicator of myocarditis particu-
larly during that time when patients may be asymptomatic or
have non-specific symptoms.18

In order to aid a definitive diagnosis of myocarditis,
Ronaldson et al18 advise utilising CRP measurements in add-
ition to cardiac troponin; a combination of the two parameters
will provide 100% sensitivity for myocarditis.

An echocardiogram is currently recommended as the initial
diagnostic tool in patients with suspected myocarditis, the find-
ings of which can often be varied and non-specific.17 Typical
findings on echocardiography include evidence of impaired left
ventricular systolic function, and segmental or regional wall
motion abnormalities may be present.3

Endomyocardial biopsy (EMB) was once thought to be the
gold standard diagnostic test, since it provides definitive

Figure 4 Cardiac MRI short-axis view showing subepicardial late
gadolinium enhancement of the lateral and inferior walls, which is
suggestive of myocarditis rather than coronary artery disease.

Figure 5 Cardiac MRI vertical long-axis view showing subepicardial
late gadolinium enhancement of the inferior wall and the left
ventricular apex, which is suggestive of myocarditis.
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evidence of acute myocardial inflammatory infiltrate, to differ-
entiate myocarditis from cardiomyopathy.19 However, it is an
invasive test with a major limitation due to the number of false
negative results reported following biopsy.17 20

Cardiac MRI is a non-invasive alternative to EMB; it can
localise and quantify the degree and nature of myocardial injury,
for example, it can identify oedema, hyperaemia or fibrosis sus-
tained secondary to the inflammation associated with myocardi-
tis.18 19 Cardiac MRI will diagnose myocardial inflammation
and myocyte injury in 80% of cases; there is a close correlation
between regions of abnormal signal on MRI and regions of
myocarditis.4 17

In line with current recommendations, as with all
hypersensitivity-type reactions, the underlying cause must be
identified and eliminated. For our patient we omitted his mood
stabiliser medication in addition to advising bed rest for at least
6 weeks.17

The mainstay of treatment after withdrawal of the offending
drug(s) is supportive care. AHA/ACC and ESC recommenda-
tions regarding management, following initial haemodynamic
stabilisation are those that would be initiated for patients with
left ventricular systolic dysfunction; ACE inhibitors and
β-blockers.21

While myocarditis may be a rare side effect, the consequences
of missed/late diagnosis can be fatal for the patient. A delay in
diagnosis can lead to irreversible damage to the ventricles and a
poor prognosis for the patient with untreated myocarditis, with
a mortality rate of 50%, with half of those deaths occurring
suddenly and unexpectedly.3 4

There is currently an absence of any definitive guidance
regarding cardiovascular monitoring for patients started on/fol-
lowing dose optimisation of antipsychotic medications. Based

on our literature search and review of the small number of pub-
lished case reports, we propose weekly ECG monitoring and
assessment of CRP and cardiac troponin measurements follow-
ing the initiation of treatment with antipsychotic medication or
following a dose change, for a period of 4 weeks. Since we
know that drug-induced myocarditis, particularly with cloza-
pine, usually occurs within 21 days of initiation/dose change,
monitoring over a 4-week period would seem reasonable.3

This will allow for proactive monitoring and surveillance of
an individual’s predisposition to myocardial injury and will
facilitate early detection of impending myocarditis.
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Learning points

▸ Myocarditis refers to acute inflammation of the myocardium
and its aetiology is usually viral in origin, however,
autoimmune conditions have also been implicated as well as
hypersensitivity reactions secondary to drug administration.

▸ Myocarditis may be under-reported or underdiagnosed due
to the variable symptoms on presentation that are often
non-specific.

▸ A high index of clinical suspicion of myocarditis should be
maintained particularly in younger patients, even with no
previous history/risk factors for cardiac disease, who present
with chest pain while on antipsychotic medication.

▸ More rigorous monitoring, particularly early on in treatment,
is necessary to pre-empt and prevent long-term damage that
may occur as a consequence of myocarditis to prevent
progression to cardiomyopathy. This will require closer
liaison between cardiology and psychiatry specialties,
particularly during the first few weeks following the
initiation/dose change of antipsychotic therapy.
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