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Mr. C, age 23, has a 4-year history of schizophrenia. He is brought
to the ED with worsening psychosis and altered vital signs. Is it

an infection, or something else?

Posing a threat to his family
Mr. C, age 23, who was diagnosed with schizo-
phrenia with daily auditory hallucinations 4
years earlier, is transferred from an outside
psychiatric hospital to our emergency depart-
ment (ED) after developing fever, tachycardia,
headache, and nasal congestion for the past
day. He had been admitted to the psychiatric
hospital 3 weeks ago due to concerns he was
experiencing increased hallucinations and
delusions and posed a threat to his sister and
her children, with whom he had been living.
Mr. C tells us that while at the psychiatric
hospital, he had been started on clozapine,
250 mg/d. He said that prior to clozapine, he
had been taking risperidone. We are unable to
confirm past treatment information with the
psychiatric hospital, including exactly when the
clozapine had been started or how fast it had
been titrated. We also were not able to obtain
information on his prior medication regimen.
In the ED, Mr. C is febrile (39.4°C; 102.9°F),
tachycardic (160 beats per minute; reference
range 60 to 100), and tachypneic (24 breaths
per minute; reference range 12 to 20). His
blood pressure is 130/68 mm Hg, and his
lactate level is 2.3 mmol/L (reference range
<1.9 mmol/L). After he receives 3 liters of
fluid, Mr. C's heart rate decreases to 117 and
his lactate level to 1.1 mmol/L. His white
blood cell count is 10.6 X 103/mm? (reference
range 4.0 to 10.0 x 10*/mm?3); a differential
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can be found in the Table (page 45). His
electrocardiogram (ECG) demonstrates sinus
tachycardia and a QTc of 510 ms (reference
range <430 ms), but is otherwise unremark-
able. His creatinine kinase (CK) level is within
normal limits at 76 U/L (reference range
52 to 336 U/L). A C-reactive protein (CRP)
level was not drawn at this time. Other than
marijuana and cocaine use, Mr. C's medical
history is unremarkable.

Mr. C is admitted to the hospital and is
started on treatment for sepsis. On the eve-
ning of Day 1, Mr. C experiences worsen-
ing tachycardia (140 beats per minute) and
tachypnea (=40 breaths per minute). His
temperature increases to 103.3°F, and his
blood pressure drops to 97/55 mm Hg. His
troponin level is 19.0 ng/mL (reference range
<0.01 ng/mL) and CK level is 491 U/L.

As Mr. C continues to deteriorate, a rapid
response is called and he is placed on non-
rebreather oxygen and transferred to the
medical intensive care unit (MICU).
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What is in your differential diagnosis for
Mr. C's presenting symptoms?

a) myocardial infarction

b) infectious endocarditis

¢) pulmonary embolism

d) clozapine-induced myocarditis
e) Takotsubo cardiomyopathy

The authors’ observations

With Mr. C’s presenting symptoms, multiple
conditions were included in the differential
diagnosis. The initial concern was for sepsis.
Sepsis is defined as life-threatening organ
dysfunction caused by a dysregulated host
response to infection.! Organ dysfunction
is defined by a quick Sepsis-Related Organ
Failure Assessment (GSOFA) score >2 and is
associated with an increased probability of
mortality (>10%). Although no infection had
been identified in Mr. C, the combination of
fever, altered vital signs, and elevated lactate
level in the setting of a qSOFA score of 2 (for
respiratory rate and blood pressure) raised
suspicion enough to start empiric treatment.

With Mr. C’s subsequent deterioration on
the evening of Day 1, we considered cardio-
pulmonary etiologies. His symptoms of dys-
pnea, hypotension, tachycardia, tachypnea,
and fever were nonspecific and thus required
consideration of multiple life-threatening eti-
ologies. Thygesen et al* published an expert
consensus of the definition of myocardial
infarction, which was of concern given our
patient’s elevated troponin level. Because
there was already concern for sepsis, the
addition of cardiac symptoms required us
to consider infectious endocarditis.* Sudden
onset of dyspnea and a drop in blood pres-
sure were concerning for pulmonary embo-
lism, although our patient did not have the
usual risk factors (cancer, immobilization,
recent surgery, etc.).* Additionally, in light
of Mr. C’s psychiatric history and recent
stressors of being moved from his sister’s
house and admitted to a psychiatric hospi-
tal, coupled with dyspnea and hypotension,
we included Takotsubo cardiomyopathy in
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Differential for Mr. C’s initial
white blood cell lab results

Total number
(thousands/mm?®) Percentage

Granulocytes 9.2 L 86%
Lymphocytes 0.6 L 6%
Monocytes 0.6 6%
Eosinophils 0.2 L 2%
Basophils 0.0 L 0%

the differential > This disease often occurs in
response to an emotional or physical stressor
and is characterized by transient systolic
dysfunction in the setting of ventricular wall-
motion abnormalities reaching beyond the
distribution of a single coronary artery. Acute
ECG and biomarker findings mimic those of
myocardial infarction.®

Finally, we needed to consider the poten-
tial adverse effects of clozapine. Clozapine
is a second-generation antipsychotic (SGA)
used to treat patients with schizophrenia
for whom other antipsychotic medications
are ineffective. Clozapine has been shown
to be more effective than first-generation
antipsychotics (FGA) in reducing symptoms
of schizophrenia.” It has also been shown to
be more effective than several SGAs, includ-
ing quetiapine, risperidone, and olanzapine.”
In fact, in patients with an insufficient thera-
peutic response to an SGA, clozapine proves
to be more effective than switching to a dif-
ferent SGA. As a result of more than 20 years
of research, clozapine is the gold-standard for
treatment-resistant schizophrenia.” Yet despite
this strong evidence supporting its use in
patients with treatment-resistant schizophre-
nia, the medication continues to be underuti-
lized, especially in patients at risk for suicide.”

It appears that clozapine remains a
third-choice medication in the treatment
of schizophrenia largely due to its seri-
ous adverse effect profile” The medica-
tion includes several black-box warnings,
including severe neutropenia, orthostatic

Clinical Point

Clozapine is effective

for patients with

treatment-resistant
schizophrenia but
has a serious adverse

effect profile
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Clinical Point

Clozapine-induced
myocarditis is more
likely to develop early
on during treatment
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Electrocardiogram taken on Day 1 of Mr. C's admission demonstrates
sinus tachycardia and nonspecific ST elevation in lateral leads
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hypotension, bradycardia, syncope, seizures,
myocarditis, cardiomyopathy, and mitral
valve incompetence.® Tachycardia, brady-
cardia, and orthostatic hypotension are all
clozapine-related adverse effects associated
with autonomic dysfunction, which can
result in serious long-term cardiac complica-
tions.? With regards to the drug’s neutropenia
risk, the establishment of the Clozapine Risk
Evaluation and Mitigation Strategy (REMS)
program has allowed for safer use of clozap-
ine and reduced deaths due to clozapine-
induced agranulocytosis. Clinicians and
pharmacists must be certified in order to
prescribe clozapine, and patients must be
registered and undergo frequent absolute
neutrophil count (ANC) monitoring.
Clozapine-induced myocarditis, a condi-
tion observed in up to 3% of patients started
on the medication,’ is more likely to develop
early on during treatment, with a median
time of detection of 16 days following drug
initiation."” Myocarditis often presents with
nonspecific sighs and symptoms that include
chest pain, tachycardia, palpitations, dyspnea,
fever, flu-like symptoms, and / or hypotension.
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What laboratory/imaging tests would you
next order for Mr. C?

a) arterial blood gas (ABG) analysis

b) cardiology consult

o) ECG

d) all of the above

The authors’ observations

Initial workup in the MICU for Mr. C
included an ABG analysis, ECG, and car-
diology consult. The ABG analysis dem-

onstrated metabolic alkalosis; his ECG
demonstrated sinus tachycardia and non-
specific ST elevation in the lateral leads
(Figure). The cardiology consult team
started Mr. C on treatment for a non-ST-
elevation myocardial infarction (NSTEMI),
which it believed to be most likely due to
myocarditis with secondary demand isch-
emia, and less likely acute coronary syn-
drome. The cardiology consult team also
recommended performing a workup for
pulmonary emboli and infectious endo-
carditis if Mr. C’s symptoms persist or the
infectious source could not be identified.



Gradual improvement
Mr. C demonstrates gradual improvement
as his workup continues, and clozapine is
held on the recommendation of the cardiac
consult team. By Day 2, he stops complain-
ing of auditory hallucinations, and does not
report their return during the rest of his stay.
His troponin level decreases to 8.6 ng/mL
and lactate level to 1.4 mmol/L; trending
is stopped for both. The erythrocyte sedi-
mentation rate (ESR) is elevated at 59 mm/hr
(reference range 0 to 22 mm/hr), along with
a CRP level of 21 mg/L (reference range
<8.0 mg/L). An echocardiogram demon-
strates a 40% ejection fraction (reference
range 55% to 75%) and moderate global
hypokinesis. The cardiology consult team is
concerned for Takotsubo cardiomyopathy
with sepsis as a source of adrenergic surge
vs myopericarditis of viral etiology. The car-
diology team also suggests continued stop-
page of clozapine, because the medication
can cause hypotension and tachycardia.

On Day 3, Mr. C's ST elevation resolves on
ECG, and his CK level decreases to 70 U/L, at
which point trending is stopped. On Day 5,
Mr. Cundergoes MRI, which demonstrates an
ejection fraction of 55% and confirms myo-
carditis. No infectious source is identified.

By Day 6, with all other sources ruled out,
clozapine is confirmed as the source of myo-
carditis for Mr. C.

The authors’ observations

Close cardiovascular monitoring should
occur during the first 4 weeks after start-
ing clozapine because 80% of cases of clo-
zapine-induced myocarditis occur within
4 weeks of clozapine initiation." Baseline
CRP, troponin I/T, and vital signs should
be obtained before starting clozapine."
Vital signs must be monitored to assess
for fever, tachycardia, and deviations
from baseline blood pressures." Although
eosinophil counts and percentages can
also be considered in addition to a base-
line CRP value, they have not proven to be
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sensitive or specific for clozapine-induced
myocarditis.”” A baseline echocardiogram
can also be obtained, but is not necessary,
especially given that it may not be readily
available in all clinics, and could therefore
delay initiation of clozapine and limit its
use. C-reactive protein and troponin levels
should be assessed weekly during the first
6 weeks of clozapine therapy." For symp-
tomatic patients presenting with concern
for clozapine-induced myocarditis, a CRP
level >100 mg/L has 100% sensitivity in
detecting clozapine-induced myocarditis.”
Clozapine should also be stopped if tro-
ponins levels reach twice the upper limit
of normal. More mild elevations of CRP
and troponins in the setting of persistent
tachycardia or signs of an infectious process
should be followed by daily CRP and tro-
ponins levels until these features resolve."

Mr. C’s case highlights clinical features
that clinicians should consider when screen-
ing for myocarditis. The development of
myocarditis is associated with quick titra-
tions of clozapine during Days 1 to 9. In this
case, Mr. C had recently been titrated at an
outside hospital, and the time frame during
which this titration occurred was unknown.
Given this lack of information, the potential
for a rapid titration should alert the clini-
cian to the risk of developing myocarditis.
Increased age is also associated with an
increased risk of myocarditis, with a 31%
increase for each decade. Further, the con-
comitant use of valproate sodium during
the titration period also increases the risk of
myocarditis 2.5-fold."

When evaluating a patient such as Mr. C,
an important clinical sign that must not
be overlooked is that an elevation of body
temperature of 1°C is expected to give rise
to a 10-beats-per-minute increase in heart
rate when the fever is the result of an infec-
tion.” During Day 1 of his hospitalization,
Mr. C was tachycardic to 160 beats per min-
ute, with a fever of 39.4°C. Thus, his heart
rate was elevated well beyond what would
be expected from a fever secondary to an

Clinical Point

Baseline CRP, troponin
I/T, and vital signs
should be obtained

before starting
clozapine
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Clinical Point

Prompt
discontinuation of
clozapine should
lead to spontaneous
resolution of
myocarditis
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Related Resources

« Clozapine Risk Evaluation and Mitigation Strategy [REMS]
Program. What is the Clozapine REMS Program? https://www.
clozapinerems.com.

- Keating D, McWilliams S, Schneider |, et al. Pharmacological
guidelines for schizophrenia: a systematic review and
comparison of recommendations for the first episode. BMJ
Open. 2017;7(1):e013881.

- Curto M, Girardi N, Lionetto L, et al. Systematic review of
clozapine cardiotoxicity. Curr Psychiatry Rep. 2016;18(7):68.

Drug Brand Names

Clozapine « Clozaril
Olanzapine - Zyprexa
Quetiapine - Seroquel

Risperidone - Risperdal
Valproate - Depacon

infectious process. This further illustrates
the need to consider adverse effects caused
by medication, such as clozapine-induced
tachycardia.

While clozapine had
stopped in Mr. C, it is conceivable that other

already been

patients would potentially continue receiv-
ing it because of the medication’s demon-
strated efficacy in reducing hallucinations;
however, this would result in worsening and
potentially serious cardiac symptoms.

What is an appropriate ongoing treatment for
a patient who experiences clozapine-induced
myocarditis?
a) clozapine rechallenge
b) another antipsychotic plus a mood
stabilizer
¢) electroconvulsive therapy (ECT)
augmentation

The authors’ observations

A diagnosis of clozapine-induced myocar-
ditis should be followed by a prompt dis-
continuation of clozapine. Discontinuation
of the drug should lead to spontaneous
resolution of the myocarditis, with sig-
nificantly improved left ventricular func-
tion observed within 5 days."* Historically,
rechallenging a patient with clozapine was
not recommended, due to fear of recur-
rence of myocarditis. However, recent
case studies indicate that myocarditis
need not be an absolute contraindication
to restarting clozapine.'® Rather, the risks
must be balanced against demonstrated
efficacy in patients who had a limited
response to other antipsychotics, as was
the case with Mr. C. For these patients, the
decision to rechallenge should be made
with the patient’s informed consent and
involve slow dose titration and increased
monitoring.'”” Should this rechallenge fail,
another antipsychotic plus augmenta-
tion with a mood stabilizer or ECT may
be more efficacious than an antipsychotic
alone.’®

Return to the
psychiatric hospital

On Day 8, Mr. C is medically cleared; he had
not reported auditory hallucinations since
Day 2. He is discharged back to the psychi-
atric hospital for additional medication man-
agement of his schizophrenia.

continued on page 51

B I I I .
Clozapine-induced myocarditis should be included in the differential diagnosis for
patients who present with nonspecific complaints and have an incomplete history
pertaining to clozapine use. After discontinuing clozapine, and after myocarditis
symptoms resolve, consider restarting clozapine in patients who have limited
response to other treatments. If rechallenging fails, another antipsychotic plus
augmentation with a mood stabilizer or electroconvulsive therapy may be more

efficacious than an antipsychotic alone.
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