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Severe eosinophilic myocarditis associated with modafinil in a patient
with normal peripheral eosinophil count
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Sirs:

Eosinophilic myocarditis (EM) is a rare form of myocar-
dial inflammation characterized by myocardial eosinophilic
infiltration [1]. It can lead to a broad spectrum of clinical
symptoms, ranging from asymptomatic cases to dramatic
and life-threatening progression with rapid myocardial dam-
age and acute heart failure [1-4]. The etiology is heteroge-
neous and hypersensitivity or allergic reactions as well as
hematological diseases or neoplastic disorders can lead to
EM [2]. Eosinophilia in peripheral blood is present in the
majority of patients and often suggestive for the diagnosis
[1, 5]. EM in the absence of hypereosinophilia, however, is a
diagnostic challenge and can lead to a potentially fatal delay
in suitable treatment [6]. We present the second description
of modafinil-associated acute necrotizing myocarditis after
a fatal case, which was published in 2006 [7]. In our case,
timely diagnosis by histology and administration of corti-
costeroid therapy enabled full recovery.

A 40-year old previously healthy male patient developed
flu-like symptoms and fever up to 40.4 °C, only partially
responsive to ibuprofen and acetaminophen. Thus, he pre-
sented himself to the emergency department 3 days after the
onset of symptoms. The only abnormalities found in blood
chemistry were an elevated leukocyte count (11.4x 10%/L,
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reference range 4.0-10.4 x 10°/L) and an elevated CRP level
(283 mg/L, reference range <5 mg/L). Electrocardiography,
chest X-ray, urine chemistry and a test for viral respiratory
agents were unremarkable. Empiric antibiotic therapy (sul-
tamicillin) was prescribed for suspected bacterial infection
of the lower respiratory tract and the patient was discharged.

The following day, the patient was admitted again to the
emergency department with dyspnea, persistent fever and
angina pectoris and then transferred to the intensive care unit
due to progressive cardiogenic shock. The laboratory find-
ings now showed increased leukocyte count (12.9 X 10°/L)
and further elevated inflammatory markers compared to the
day before (CRP 377 mg/L). Interestingly, a normal periph-
eral eosinophil count was observed (0.03 Tsd/uL, reference
range 0.03-0.44 Tsd/uL; 0.2% of leukocytes, reference range
0-7% of leukocytes). Total IgE levels were, however, ele-
vated (211 IE/mL, reference range 10—100 IE/mL).

Troponin T level was also elevated with a further increase
after 3 h (177.4 ng/L and 303.5 ng/L, respectively; reference
range < 14 ng/L). Electrocardiography remained unremark-
able, but echocardiography revealed rapid deterioration of
left ventricular systolic function with an ejection fraction
(LVEF) of 50% at admission, which decreased to 35% after
24 h, with hypokinesia of the inferior wall in the absence
of pericardial effusion. Computed tomography showed left
lower lobe pneumonia with small pleural effusion. Type-
1-myocardial infarction due to coronary artery disease was
excluded via coronary angiography.

Empiric antibiotic therapy was escalated to piperacillin/
tazobactam, clarithromycin, and clindamycin. The clini-
cal situation of the patient worsened with a peak in CRP
(541 mg/L), persisting fever and progressive hypoxic respira-
tory failure. Echocardiography showed continued depression
of cardiac function (LVEF 26% on day 3 after admission,
Fig. 1). Attempted cardiac magnetic resonance tomography
[8] had to be interrupted because of respiratory insufficiency.
Low-dose norepinephrin was temporarily administered and
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Fig.1 Profile of (a) inflammatory parameters [C-reactive protein (CRP), procalcitonin (PCT)] and (b) left ventricular ejection fraction (LVEF)

before and during the course of corticosteroid treatment

levosimendan was initiated [9, 10]. Non-invasive ventilation
was temporarily necessary.

A thoracentesis allowed the exclusion of an empyema and
revealed an eosinophilic pleural effusion (i.e., eosinophilic
pleuritis).

Due to the rapid deterioration, the decision to obtain
endomyocardial biopsy (EMB) samples was made. Histolog-
ical and immunohistological evaluation of the EMB revealed
myocyte necrosis and the infiltration of the myocardium
with large amounts of CD3+ T cells, CD68+ macrophages
expressing MHC class II and less frequent with eosinophilic
granulocytes (Fig. 2). Infectious causes for acute myocardi-
tis were excluded by nested RT-PCR and quantitative PCR.
Notably, throughout the entire hospitalization period, the
peripheral eosinophilic blood count remained normal.

The definitive diagnosis of acute necrotizing eosino-
philic myocarditis confirmed by EMB histology/immu-
nohistology now allowed the administration of high-dose
corticosteroid (prednisolone 250 mg for 3 days, then 1 mg/
kg/BW for 1 week, followed by a stepwise reduction of
20 mg/week up to a dosage of 40 mg/day, then a stepwise

reduction of 10 mg/week up to a dosage of 10 mg/day, then
5 mg/day for another 7 days with a complete tapering dur-
ing the next 4 weeks). The used schema had been proven
successful in our clinic to treat systemic autoimmune dis-
orders with organ-threatening course.

Twenty-four hours after starting corticosteroid ther-
apy, LVEF improved to 35%. Within a few days, further
increase could be noted, CRP had almost normalized and
antibiotics were discontinued. Ten days after starting pred-
nisolone, echocardiography showed a complete recovery
of the left ventricular function (LVEF 60%) and absence
of pleural effusion. A follow-up cardiac magnetic reso-
nance tomography 1 month after the end of corticosteroid
therapy confirmed stable normal bi-ventricular function.

The search for possible triggers of eosinophilic inflam-
mation revealed intake of modafinil the week before
the onset of symptoms (three single doses of 200 mg).
Modafinil promotes wakefulness by an unknown mecha-
nism and is used to treat sleepiness caused by narcolepsy
or abnormal sleep disorder due to shift work.

Fig.2 Immunohistochemical stainings of endomyocardial biopsies reveal numerous CD3+ T cells (a) and MHCII+ macrophages (b). In addi-
tion, Giemsa staining illustrates the presence of eosinophilic granulocytes (c); all X400
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The patient had also taken ibuprofen and acetaminophen,
but only after onset of symptoms. Haematological diseases
or neoplastic disorders were ruled out. Therefore, hypersen-
sitivity to modafinil was considered as the most likely cause.

EM is rare and was identified in only 0.1% of cases
among a cohort of patients biopsied because of the tenta-
tive diagnosis of myocarditis [11].

A broad spectrum of clinical presentations ranging from
asymptomatic forms to cardiogenic shock, ventricular
arrhythmias and sudden cardiac death is possible, but as in
our case most patients initially complain of chest pain, pal-
pitations, and dyspnea and two-thirds report the symptoms
of a common cold [2, 12, 13].

Pathomechanistically, a variable amount of eosinophils
infiltrate the interstitial compartment and their degranulation
can result in tissue damage and consecutively lead to acute
heart failure [14]. This can be life-threatening and about
36% of patients with hypersensitivity-associated acute EM,
the most frequent cause for EM in developed countries, die
in hospital [1, 14].

NSAIDs are frequently described as capable of causing
hypersensitivity reactions [14], but there is only one case
report in literature linking modafinil and EM [7]. The patient
described in that report died in 2006 and as a consequence,
the package insert for modafinil was modified to include a
warning relating to multiorgan hypersensitivity reactions.

Identifying the causative agent is often not trivial,
because of the delay between the intake of medication and
the clinical manifestation of EM, which may be up to 2 years
[3]. In our case, the patient had been healthy before and did
not consume any other drugs than modafinil.

A specific laboratory marker for EM is lacking. An eleva-
tion of CRP and cardiac markers is not necessarily present
in all cases of EM and is a very unspecific marker for myo-
carditis. More suggestive for EM is an elevated peripheral
eosinophilic blood count. Among 59 patients with eosino-
philic myocarditis collected by Brambatti et al. from the lit-
erature, peripheral hypereosinophilia was lacking in approxi-
mately 25% of cases [1]. The prevalence of peripheral
hypereosinophilia was lowest in the hypersensitivity group
(63.5%, p <0.05 compared with other etiologies). The case
hereby presented did not develop hypereosinophilia during
hospitalization. Nevertheless, some patients with normal
eosinophil count on admission may develop hypereosino-
philia during the ensuing days [1, 5]. Thus, white blood cell
including eosinophil count should be repeated in the days
after admission to reduce the possibility of misdiagnosis.

In cases without development of peripheral eosinophilia
like the one described here, obtaining an EMB is the only
way to make the definitive diagnosis of EM and initiate the
correct and life-saving treatment [2].

Corticosteroid administration is the mainstay of ther-
apy by consensus, but there are no clinical guidelines for

duration and dosage of corticosteroid and supportive therapy
[2, 15]. In our case, the reported schema of corticosteroid
use and tapering led to complete and stable recovery of
LVEF.

In patients with the tentative diagnosis of myocarditis,
EMB is sometimes the only way to identify the etiology for
this potentially life-threatening cardiac disease. We therefore
advocate for early invasive diagnostics and close collabora-
tion between clinicians and pathologists to prevent delays
in treatment.
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