Case Reports

Brain Natriuretic Peptide as a Biomarker of
Asymptomatic Clozapine-Related Heart
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Cautious Administration
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Abstract
Clozapine-related pericarditis is a rare side effect of the drug. We reported the clinical cases of two women, aged 22 and
28 years, affected by schizophrenia with pericarditis symptoms related to clozapine treatment of 200 mg/day. Clozapine
was discontinued in both patients, resulting in normalization of the ECG changes, and echocardiography confirmed
the progressive disappearance of the pericardial effusion. Interestingly, while inflammatory indices and pro-brain natriuretic peptide (pro-BNP) plasma levels were high in both patients, only one of them showed tachycardia, subjective
chest pain, shortness of breath and dyspnea, with a clinical symptomatology suggesting a cardiac involvement. BNP is a
vasoactive peptide synthetized by the ventricular myocardium which splits in two fragments: BNP and the N-terminal
(pro-BNP). Both are considered valuable biomarkers in clinical practice for the prediction of disease state and prognosis
in patients with suspected heart failure. Pro-BNP acts as a key regulator in the homeostasis of water and salt excretion
and in the maintenance of blood pressure, mainly by inhibiting the renin-angiotensin-aldosterone axis and blocking the
sympathetic nervous activity. In our cases, pro-BNP plasma levels proved to be a profitable way to identify subjects with
asymptomatic cardiac impairment who could benefit from a therapy preventing progression to heart failure.
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Introduction

Despite clozapine being a valuable treatment in psychotic patients, it is associated with several cardiovascular
side effects (1), such as tachycardia and orthostatic hypotension, whose higher incidence have a clinical relevance only
in a few cases (2). The increasing number of life-threatening
complications related to drug administration is causing concern, particularly the adverse reactions such as myocarditis,
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cardiomyopathy, pericarditis and heart failure (3), which
are reported to occur in less than 1% of treated patients (4).
Wehmeier et al. and others (5, 6) report a high mortality rate
despite the low incidence for these clozapine-related diseases.
Diagnosis of cardiotoxicity is made only in the occurrence of
severe clinical symptoms and marked depression of left ventricular function (7).
Clozapine-related pericarditis represents a rare side effect within a clinical picture presenting heart-related symptoms whose origin may be also due to different factors (8, 9).
Literature reports that clozapine may cause pericardial effusion from 9 days to 7 years after its initiation (5, 9, 10), but
with a higher probability during titration phase and in the
first 5 weeks from its initiation (11, 12).
Eosinophilia is observed in clozapine-related pericarditis (13), although its diagnosis derives from other symptoms—not always concurrent—such as tachycardia, slight
increase in body temperature, subjective chest pain, progressive shortness of breath and dyspnea. In addition, C-reactive
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protein (CRP), troponin T blood levels, electrocardiogram
and echocardiogram might be of great use to make a diagnosis. Eosinophilia is often delayed after the peak in troponin T
for a lapse of time up to 8 days (14); echocardiography often
shows a pericardial effusion suggestive of a cardiac tamponade and signs of heart failure.

Kropp et al. state that pro-BNP may
represent a more accurate marker of early
cardiac dysfunction than BNP.
Toxic doses of clozapine are already acknowledged to
cause cardiac arrhythmias, but also therapeutic doses may
be associated with heart failure (15). Heart failure can result
from both pericarditis and myocarditis, as the systemic inflammatory response in both cases is similar (12); Layland
et al. (16) suggest measuring brain natriuretic peptide (BNP)
levels to detect early and asymptomatic cardiac dysfunctions.
BNP is a vasoactive peptide synthetized by the ventricular
myocardium, which acts as a key regulator in the homeostasis of water and salt excretion and in the maintenance of
blood pressure, mainly by inhibiting the renin-angiotensinaldosterone axis and blocking the sympathetic nervous activity. Its synthesis and secretion as pro-BNP are activated
by myocyte stretch; it splits in two fragments—BNP and the
N-terminal (pro-BNP)—both considered as valuable biomarkers in clinical practice for the prediction of disease state
and prognosis in patients with suspected heart failure (17).
Sensitivity to identify patients with decreased left ventricular
ejection fraction (LVEF) is 91%, specificity is 73% (7), but
very few studies ascertain its diagnostic value in patients with
suspected myocarditis or pericarditis. In particular, Kropp et
al. (18) state that pro-BNP may represent a more accurate
marker of early cardiac dysfunction than BNP.
Up to now we lack decisive data on the pro-BNP plasma
concentration relevance prior to clozapine introduction, and
its significance as a predictor of heart dysfunctions is yet unrecognized.

Methods

We report the clinical cases of 2 women, aged 22 and
28 years, whose body weight was 91 kg (BMI: 37.9) and 65
kg (BMI: 25.4). The two patients and their caregivers were
informed, and gave consent to measure BNP plasma levels.
They both suffered from an early-onset schizophrenia (paranoid subtype), showing persecutory and reference delusions,
auditory hallucinations (commenting voices with a hostile
tone) and aggressive behavior. Treated for several years with
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first-generation (haloperidol) or second-generation antipsychotics (olanzapine, paliperidone) at therapeutic doses, they
reported only occasional ameliorations, usually followed by
a worsening of their clinical picture, with a clear tendency
to a chronic course and considerable social, relational, and
occupational dysfunctions. Therefore, the two patients were
frequently hospitalized over the years and, given their resistance to other typical and atypical antipsychotics, the initial
treatment (haloperidol in the first patient and paliperidone
in the second) was gradually tapered down and then discontinued.
Clozapine was gradually introduced up to a dose of 200
mg/day, associated with diazepam (30 mg/day) or delorazepam (2 mg/day), showing no previous evidence of pericarditis prior to its introduction. The co-treatment with benzodiazepines aimed to control patients’ agitation and aggression.
We used the 18-item Brief Psychiatric Rating Scale
(BPRS) (19) to assess clinical efficacy both before the initiation of clozapine therapy and every week during the first 16
weeks of treatment. Clinical response was established as a
minimum of 20% improvement of the BPRS global score (20)
and, in both cases, a clinical improvement was registered.
After about one month, the first patient was nearly
asymptomatic, displaying only high CRP, pro-BNP and
troponin I values: 16.9 mg/dl, 1,004 pg/ml and 0.14 ng/ml,
respectively. The second patient, however, showed a complex clinical picture, with several symptoms as tachycardia,
subjective chest pain, progressive shortness of breath and
dyspnea. In addition, fibrinogen plasma levels (517 mg/
dl), VES and CRP were increased (36 mm and 10.5 mg/dl,
respectively), WBC and ANC counts ranges were
9.93x10³–11.40x10³/mm³ and 7.10x10³–8.39x10³/mm³, respectively, and pro-BNP levels were high (164.1 pg/ml).
Other laboratory values were normal and the tests for
antinuclear antibodies, C3, C4, procalcitonin and urine toxicology screen were negative. In both cases, no eosinophilia
emerged, and ECG showed only a sinus tachycardia.
Despite the absence of symptomatology in the first patient, due to the high pro-BNP plasma levels and the sinus
tachycardia we did an echocardiography, which showed a
normal ejection fraction and a pericardial effusion suggestive of a cardiac tamponade, similar to what occurred to the
symptomatic subject. Both patients were then transferred to
the coronary emergence unit.
The clinical assessment and the Naranjo Adverse Drug
Reaction Probability Scale (an algorithm to ascertain the
likelihood of whether an adverse drug reaction is actually
due to a drug rather than a combination of other factors) suggested a probable relationship between clozapine treatment
and pericarditis with effusion (21).
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Results

Multiple clinical consultations were made to explore the
possible triggers of pericarditis with pericardial effusion. No
clinical evidence of infection was present as displayed with
urine analysis, hepatitis profile, thyroid/liver/kidney function tests, serum electrolytes, chest x-ray, and full abdomen
echography all within normal limits. Medical and immunological consultations found no evidence of any systemic illness.

Interestingly, in both patients, pro-BNP
returned to normal plasma levels after
clozapine cessation.
Clozapine was discontinued in both patients and 75
mg/day indomethacin treatment was initiated, and then increased to 150 mg/day, until resolution of the tachycardia.
Echocardiography confirmed the progressive resolution of
the pericardial effusion. Interestingly, in both patients, proBNP returned to normal plasma levels after clozapine cessation. Specifically, pro-BNP plasma concentration fell from
1,004 to 13 pg/ml in a few days in the first patient. Clozapine
was replaced by quetiapine 300 mg/day in the first patient
and haloperidol 6 mg/day in the second, with a worsening
in their psychopathological picture. For both patients, loss of
treatment efficacy emerged in the thought disorder subtotal
score (20) and in the hostility-suspiciousness subtotal score
(17). At three-month follow-up, there was no accumulation
of pericardial fluid, and transthoracic echocardiography
showed a complete resolution of pericardial effusion.

Discussion

The presentation of clozapine-induced pericarditis may
range from a nearly asymptomatic clinical picture characterized only by a flu-like syndrome and an elevation of proinflammatory indices up to a fulminating cardiomyopathy
resulting in death. On the other hand, there may also appear a
subclinical clozapine-mediated cardio-toxic effect (7), which
is underestimated. Therefore, it is advisable to maintain a
high level of suspicion when treating patients who take clozapine and who develop cardiac symptoms. As we reported,
one of our patients was nearly asymptomatic, apart from the
increase of pro-inflammatory indices and pro-BNP plasma
levels. Troughton et al. (22) maintain that in patients with
left ventricular systolic impairment and symptomatic heart
failure, drug treatment that encompasses the monitoring of
pro-BNP concentrations reduces the number of cardiovascular diseases more effectively than a treatment based only
on clinical judgment.

Plasma pro-BNP concentrations might help to reveal
symptomatic cardiac impairment but, as we suggested, also
to predict clozapine-related adverse effects. The measurement of the pro-BNP concentration both at baseline and after
the beginning of antipsychotic treatment might help to diagnose an increased risk of cardiovascular diseases in patients
with no specific symptomatology.
Annamraju et al. (23) recommend pro-BNP plasma levels as a diagnostic marker of both symptomatic and asymptomatic heart failure, thus offering a means of monitoring
clozapine-treated patients to detect early and initially asymptomatic myocarditis before clinical signs of heart failure (2).
Moreover, the systemic inflammatory response is similar in
myocarditis and pericarditis, which may lead to heart failure
if not recognized (12).
Mechanisms of clozapine-induced cardiotoxicity, though yet unexplained, may cause an imbalance in autonomic
nervous system, which might explain clozapine-related rest
tachycardia and QT interval prolongation (24). Considering pro-BNP involvement in the sympathetic activity and
increased noradrenaline plasma levels correlation with left
ventricular dysfunction, new evidence suggests that catecholamines may contribute to cardiac pathology (16). When
clozapine treatment is discontinued (25), left ventricular impairment becomes reversible, and cardiac function improves
overtime, with the pro-BNP levels within the normal range
indicating an improvement of heart function (23).
The measurement of pro-BNP concentration both at
baseline and after the beginning of clozapine treatment revealed a promising method to identify patients with an increased risk of cardiovascular side effects due to antipsychotics. Some studies show considerable immunomodulatory
effects of clozapine (26, 27). Clozapine-mediated inflammatory response appears mainly during the first month of treatment through an increase of pro-inflammatory cytokines;
Pollmächer et al. (28) found a significant increase in TNF-α
while Maes et al. (29) in IL-6 levels during the first 6 weeks of
clozapine treatment. These immunologic mechanisms could
be triggered by clozapine treatment in the onset of myocarditis, pericarditis, serositis and hyperthermia (27).
Pro-BNP plasma levels appear to be a valuable laboratory biomarker to identify patients with asymptomatic cardiac impairment who might benefit from a therapy preventing progression to heart failure. It would be interesting to
ascertain whether early treatment with ß-blockers and ACEinhibitors might prevent progression to heart dysfunction in
patients still receiving clozapine but presenting mild signs of
cardiac toxicity.
Further studies, conducted in large populations and
controlled environments, might confirm or reject this hypothesis, which remains, at the moment, purely speculative.
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Conclusions

• Clozapine-related pericarditis could be early identified
by pro-BNP plasma levels elevation.
• Measurement of pro-BNP plasma levels appears to be
an interesting screening test to identify subjects with
asymptomatic cardiac impairment. Treatment with
ß-blockers and ACE-inhibitors may allow the continuation of therapy despite mild signs of cardiac toxicity
due to clozapine.
• Further research is needed to clarify the real importance of pro-BNP in early detection of clozapinerelated pericarditis.
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