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□ CASE REPORT □

Zygomycosis Presenting as Acute Myocardial Infarction
during Hematological Malignancies

Satoru Joshita 1,2, Kiyoshi Kitano 1, Tadanobu Nagaya 1,2, Atsushi Kamijo 1,
Koh Nakazawa 3 and Fumihiro Ishida 4

Abstract

Here we report two patients with hematological malignancies associated with complications of fatal cardiac
zygomycosis. The first case, a 72-year-old man with myelodysplastic syndrome being treated with low-dose
cytarabine, died of sudden cardiac arrest. An autopsy revealed disseminated zygomycosis accompanied with
occlusion of the coronary artery by fungal thrombi. The second case, a 52-year-old woman with acute lym-
phoblastic leukemia, developed febrile neutropenia and skin eruptions with induration on the face and ex-
tremities during the first induction chemotherapy. She experienced sudden bradycardia with unstable hemody-
namics and died of acute myocardial infarction. Histological examination of a skin biopsy demonstrated zy-
gomycosis. In light of the above, it should be kept in mind that cardiac zygomycosis might occur in hema-
tologically compromised patients presenting with acute myocardial infarction.
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Introduction

Zygomycosis is an invasive, opportunistic infection
caused by the fungal order Mucorales or Entomophtorales.
It belongs to the Zygomycetes class of true fungi and is
characterized by aseptate or nearly aseptate hyphae (1). Zy-
gomycosis is rare, but occurs with increased frequency dur-
ing chemotherapy-induced prolonged neutropenia and solid
organ or bone marrow transplantation. The mortality of zy-
gomycosis remains high (2). Infections due to Mucormycetes
include rhinocerebral, pulmonary, cutaneous, gastrointestinal,
and disseminated diseases (3, 4). Zygomycosis has a clear
affinity for blood vessels, often causing thrombosis and in-
farction, but cardiac zygomycosis is a rare complication (5-
7). However, we present two patients with zygomycosis
complications who died of acute myocardial infarction in as-
sociation with hematological malignancies, highlighting the
need to remember the possibility of zygomycosis in
immuno-compromised patients.

Case Report

Case 1

A 72-year-old man was admitted to our hospital suffering
from fever and cough. On examination, his temperature was
37.3℃. Coarse crackles were heard on auscultation on the
right side of his chest. Laboratory tests showed a white
blood cell (WBC) count of 45,500/μl with 5% blasts, a red
blood cell count of 242×104/μl, and a platelet count of 3.3×
104/μl. His hemoglobin value was 7.7 g/dl. Renal dysfunc-
tion was also detected as a serum level of creatinine at 1.6
mg/dl. He was diagnosed as having myelodysplastic syn-
drome (refractory anemia with excess blasts) following a
bone marrow examination. Chromosomal analysis showed
normal karyotype. Imipenem cilastatin at 1 g and flucona-
zole at 100 mg daily were administered, but cough and fe-
ver continued intermittently. His WBC count gradually in-
creased to 126,000/μl with 2% blasts before 10 mg/m2 cyta-
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Figure 1. A: Histological finding shows occlusion of the coronary artery by fungal hyphae (Case 
1, Grocott staining, ×10).
B: Macroscopic finding of the heart at autopsy shows anteroseptal (arrows) and lateral (arrow
heads) myocardial infarction (Case 1).
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rabine (Ara-C) therapy was started. Daily doses of 100 mg
cytarabine ocfosfate were taken orally as maintenance treat-
ment afterwards. Four months after admission, bloody pleu-
ral effusions appeared on his right side. Administration of
amphotericin B (AmB) at a dose of 20 mg per day was
started because of raised serum β-D glucan values of 36.3
pg/ml (normal range; <20.0 pg/ml). One month after, the pa-
tient complained of abdominal pain around the umbilicus
and rib bone pain on his left side. A new coin lesion was
detected in left middle lung field X rays on day 205. His
left anterior chest pain continued and echocardiography re-
vealed hypokinesis at the cardial septal wall. In the early
morning of day 208, low blood pressure, sinus bradycardia,
and cyanosis all occurred suddenly. His hemodynamics con-
tinued to deteriorate despite being immediately put on a res-
pirator and intravenously administered catecholamine, and
he died four hours later. Blood cultures had been examined
several times during the clinical course but were all negative
for the Zygomycetes. The diagnosis following autopsy was
disseminated zygomycosis with the findings as follows; oc-
clusion of coronary artery by fungal hyphae (Fig. 1A), an-
teroseptal to lateral myocardial infarction (Fig. 1B), and sys-
temic fungal thrombi with hyphae invasion in the cardiac
ventricular wall, left lung, jejunum, ileum, colon, and kid-
ney.

Case 2

A 52-year-old woman was admitted to our hospital suffer-
ing from general fatigue. Since her father had died two
months earlier, she had been helping with her family’s agri-
cultural fieldwork and frequently played with her grandchil-
dren in the sandbox.
On examination, the patient was 166 cm tall and weighed

50.5 kg. Her body temperature was 37.4℃. She showed he-
patosplenomegaly, and lymphoadenopathy was also detected.
Laboratory tests showed a WBC count of 123,790/μl with

98% blasts, a red blood cell count of 233×104/μl, and a

platelet count of 1.8×104/μl. Her hemoglobin value was 6.8
g/dl and hematocrit was 21.8%. Blood chemistry showed
lactate dehydrogenase at 1,004 U/l. A bone marrow biopsy
revealed marked hypercellularity with peroxidase-negative
monotonous proliferating cells. Translocation (9; 22) (q34;
q11) was noted in chromosomal analysis and the amount of
minor-bcr / abl chimera messenger RNA was 8.5×104 cop-
ies/μgRNA. The patient was subsequently diagnosed as hav-
ing Ph-positive acute lymphoblastic leukemia and received
the first induction chemotherapy using an isolator for pre-
vention of fungal infection on day 3 of admission with cy-
clophosphamide, doxorubicin hydrochloride, vincristine sul-
fate, prednisolone, and imatinib mesilate (8). Itraconazole
capsules at 200 mg daily were used as prophylactics against
mycotic infection from the time of admission. On day 21,
she experienced continuous abdominal pain and became
constipated, bearing a paralytic ileus on abdominal X-ray,
and then displayed marked fever on day 23. Cefepime at 4 g
daily and granulocyte-colony stimulating factor (G-CSF)
were started. Blood cultures were tested several times after
the onset of fever but were all negative for Zygomycetes.
Purpuric skin lesions with induration (Fig. 2A) appeared on
the face and extremities on day 25, which were biopsied and
sent for tests. In the early morning of day 27, bradycardia
suddenly occurred and she fell into shock. Her hemodynam-
ics continued to deteriorate despite being immediately put
on a respirator and intravenously administered catechola-
mine. Electrocardiograms showed bradycardial escape
rhythm and ST segment elevation in leads II, III, and aVF.
Serological troponin T and heart-type fatty acid-binding pro-
tein were both positive. The patient suddenly entered ven-
tricular tachycardia and ventricular fibrillation and passed
away three hours later. An autopsy was not performed.
Three days following her death, the histological findings of
the skin biopsy showed fungal hyphae located in an arterial
vessel with a fibrin thrombus and outside the vessel
(Fig. 2B), leading to a diagnosis of zygomycosis.
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Figure 2. A: Purpuric skin lesions with induration, nodules, plaques, and echthyma appeared on 
the lower extremities (Case 2).
B: Skin biopsy shows fungal hyphae with wide, hyaline, ribbon-like, predominantly aseptate, and 
wide-angled branching, located both within an arterial vessel with a fibrin thrombus (arrow) and 
around it (arrowheads) (Case 2, periodic acid-Schiff staining, ×40).

A

B

Discussion

Zygomycetes fungi are ubiquitous in nature and can be
found on decaying vegetation and in the soil, meaning all
humans are exposed to these fungi in their day-to-day activi-
ties. The most common route of transmission for Zygomy-
cetes is inhalation of spores from the environment (9). Spe-
cifically in case 2, the patient had contact with soil prior to
admission, which might have constituted a route of infec-
tion. Therefore, it is essential to get pre-hospital history in
detail, especially about the home environment, before initia-
tion of chemotherapy for hematological malignancies.
The diagnosis of zygomycosis relies upon the identifica-

tion of organisms in tissues by culture and/or histopathologi-
cal examination, and not upon serological examinations,
such as those for serum β-D glucan. In our cases, we identi-
fied Zygomycetes hyphae histologically either at autopsy or
through a skin biopsy section. In case 1, high serum β-D
glucan was noticed and indicated a concurrent infection of
Candida albicans confirmed by a sputum culture.
The risk of systemic fungal infection with Zygomycetes

increases noticeably during a prolonged neutropenic phase
(9, 10). Disseminated zygomycosis is a rare, usually fatal in-
fectious complication in immunocompromised patients, and
constitutes up to 40% of zygomycosis in patients with he-
matological malignancy (6). The most characteristic histo-
logical features of zygomycosis are perivascular and blood
vessel invasions that result in arterial thrombosis and subse-
quent tissue necrosis. Cardiac involvement of zygomycosis

is relatively rare; it has been documented that only one of
59 patients (6) and two of 34 patients (5) with zygomycosis
had cardiac involvement as the primary site of infection.
However, cardiac zygomycosis seems to be a component of
disseminated zygomycosis (11). In another report, two cases
of cardiac involvement of zygomycosis were documented to
have disseminated zygomycosis as well (7), and all five
cases of cardiac zygomycosis had involvement of lungs and
other organs in yet another study (12). It has also been re-
ported that the clinical manifestations of cardiac zygomyco-
sis with predominant myocardial involvement are quite non-
specific (7). In the present study, case 1 suffered from chest
pain, but no chest symptoms were noted in case 2 with the
exception of a dull, continuous abdominal pain.
A critical component of treatment for zygomycosis is
early surgical intervention accompanied with high-doses of
AmB or liposomal AmB and improvement of general condi-
tion with immune reconstitution (9, 13, 14). Several antifun-
gal agents, such as voriconazole or caspofungin, which have
been evaluated as empiric therapies for patients with fever
and neutropenia (15-18), are not effective against Zygomy-
cetes (19). It appears the patient in case 1 did not receive a
sufficient dose of AmB due to renal dysfunction. The fea-
tures of zygomycosis were likely overlooked in case 2 due
to the side effects induced by chemotherapy, especially in
the induction phase, which was complicated by febrile neu-
tropenia. Gubarev et al described a 37-year-old male who
underwent successful treatment of cardiac zygomycosis with
high-dose liposomal AmB (20). Liposomal AmB has been
shown to be as effective as conventional AmB, but with less
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infusion-related toxicity, and nephrotoxicity (21).
In conclusion, cardiac zygomycosis is rare, but should be
kept in mind when treating hematologically compromised
hosts with complicating life-threatening cardiac diseases,

such as AMI or irreversible arrhythmia.
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