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ITOH, M., IWAI, K., KOTONE-MIYAHARA, Y., YAMADA, H., OHNO, H., YAMAMOTO, K., 
TASHIMA, M., INOKO, M., NOHARA, R. and UCHIYAMA, T.  Successful Allogeneic Bone 
Marrow Transplantation for Acute Myelogenous Leukemia after Drug-Induced 
Cardiomyopathy.  Tohoku J. Exp. Med., 2004, 204 (1), 85-91 ── Anthracycline de-
rivatives often induce cardiomyopathy.  Patients with seriously decreased cardiac 
function due to chemotherapeutic drugs cannot usually receive allogeneic hemato-
poietic stem cell transplantation (SCT) for hematologic disorders.  We successfully 
performed allogeneic bone marrow transplantation (BMT) in a patient with severe 
cardiomyopathy.  An 18-year-old woman with relapsed acute myelogenous leukemia 
had cardiomyopathy due to previous anthracycline administration.  She underwent 
allogeneic BMT from her HLA-identical brother.  Her preconditioning regimen was 
cytosine arabinoside, etoposide, total body irradiation, and high-dose cyclophospha-
mide.  Congestive heart failure (CHF) was not present before BMT.  Right heart 
pressures were monitored by a pulmonary arterial balloon catheter system (Swan-
Ganz catheter).  After BMT, she had severe CHF, which was controlled using pimo-
bendan and amrinone.  Patients with cardiomyopathy can receive allogeneic SCT un-
der strict hemodynamic management. ──── bone marrow transplantation; acute 
myelogenous leukemia; cardiomyopathy; congestive heart failure; hemodynamic 
management 
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prednisolone, but in May 1995 she relapsed fol-
lowing her fourth consolidation therapy.  She 
again responded to re-induction therapy and re-
ceived consolidation therapy three times.  In 
October 1995, she was hospitalized to receive an 
allo-BMT from her 21-year-old, HLA-identical 
brother.

Her bone marrow was in complete remission 
with a karyotype of 46, XX, but her peripheral 
blood had some blasts.  She also had a tumor on 
the right mastoid bone.  Computed tomography 
(CT) and magnetic resonance imaging showed 
that it was myeloblastoma.  Soon, she relapsed 
hematologically.  The total dose of anthracycline 
received at this time was daunorubicin 1110 mg.  
Her LVEF was 44% by echocardiography and 
32% by radionuclide gated blood pool imaging.

She received therapy consisting of pirarubi-
cin, vindesine, cytosine arabinoside, 6-mercapto-
purine, and prednisolone, and local irradiation (2 
Gy×15) to the mastoid region.  The myeloblasto-
ma disappeared, but her bone marrow was not in 
remission (16.8% blasts).  LVEF decreased to 
22% by echocardiography.  Because of the sensi-
tivity of her malignant cells to chemotherapeutic 
agents, we discussed the opinion of allo-SCT.  
She did not have any other organ dysfunction and 
no symptoms due to cardiac failure.  We decide to 
perform an allo-BMT from her HLA-identical 
brother.  Informed consent was obtained.  In the 
institutional committee (held at Kyoto University 
Hospital), the validity of an allo-BMT was ap-
proved.

She had no complaints, but the heart rate was 
increased by light movement; walking, dressing, 
etc.  For the purpose of controlling her heart rate, 
digoxin was administered.  At first, we had in-
tended to treat with a reduced conditioning regi-
men before transplantation.  She was treated with 
cytosine arabinoside 200 mg/day on days −14 to 
−10, G-CSF 250 μg/day on days −14 to −8, eto-
poside 200 mg on day −10, and TBI 2 Gy×6 on 
days −8 to −5.  Hematologic findings on day −6 
showed WBC 0.1×109/liter with 3% blasts.  For 
increasing therapeutic intensity, cyclophospha-

Allogeneic (allo-) hematopoietic stem cell 
transplantation (SCT), including bone marrow 
transplantation (BMT), is performed routinely as 
a potentially curable treatment for malignant and 
non-malignant hematologic disorders.  However, 
there is a group of patients who cannot receive al-
lo-SCT because of severe cardiac, hepatic, or re-
nal dysfunction, often as a result of prior chemo-
therapeutic drugs.  Such patients are not suitable 
for SCT because of a high risk of mortality due to 
allo-SCT-related toxicity, especially since high-
dose cyclophosphamide (CY) is potentially car-
diotoxic (Goldberg et al. 1986; Bearman et al. 
1990; Braverman et al. 1991; Allen 1992; Ayash 
et al. 1992).  Although a left ventricular ejection 
fraction (LVEF) of less than 50% has been gener-
ally considered a contraindication to SCT 
(Kakavas et al. 1995), there are no data on the ab-
solute level of dysfunction which rules out allo-
SCT.

We successfully performed high-dose che-
motherapy with total body irradiation (TBI), fol-
lowed by allo-BMT, in a patient with very low 
LVEF under strict hemodynamic management.  
This case provides useful information about 
whether patients with cardiomyopathy can receive 
SCT.

CASE REPORT

An 18-year-old Japanese woman was diag-
nosed with acute myelogenous leukemia (AML), 
M2 subtype by French-American-British classifi-
cation (Bennett et al. 1976), in October 1994.  
Hematologic findings at diagnosis were white 
blood cell (WBC) 64.4×109/liter with 25% neu-
trophils, 3% lymphocytes, 1% monocytes, 1% eo-
sinophils, 7% metamyelocytes, and 63% blasts; 
platelets were 46×109/liter and hemoglobin 5.2 
g/100 ml.  Bone marrow was hypercellular with 
75.2% blasts which contained Auer rods.  
Cytogenetic analysis revealed abnormal meta-
phases; 45, X, -X, t(8;21)(q22;q22).  She had no 
cardiac dysfunction before induction therapy.  She 
responded to induction therapy consisting of dau-
norubicin, enocitabine, 6-mercaptopurine, and 
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mide 60 mg/kg/day on day −3 and 40 mg/kg/day 
on day −2 were administered under strict hemo-
dynamic monitoring by a pulmonary arterial bal-
loon catheter system (Swan-Ganz catheter) and 
using dobutamine and furosemide.  Mesna was 
administered to prevent hemorrhagic cystitis, and 
hydration was 3000 ml/day.  After administering 
cyclophosphamide, the infusion volume was 
within 1000 ml/day.  Red blood cells (RBC) and 
plasma were removed (Braine et al. 1982) from 
the bone marrow transplant because reduction of 
the infused cell volume was critical to protect car-
diac function.  Swan-Ganz catheter management 
occurred on days −5 to +1.  Cyclosporine A (CsA) 
(2.7 mg/kg/day, in two divided doses) and short-
term methotrexate (10 mg on day +1, 5 mg on day 
+6) were administered as prophylaxis against 
graft-versus-host disease (GVHD).  Heparin was 
administered as prophylaxis against veno-occlu-
sive disease (VOD).  Grade I cutaneous GVHD 
was observed.  Hematologic engraftment (neutro-

phils >5×108/liter) was on day +15.
Administration of furosemide (20 mg/day) 

was started again after bone marrow infusion be-
cause body weight and heart rate gradually in-
creased.  She complained of dyspnea and cough-
ing on day +10; administration of dopamine, 
dobutamine, and O2 inhalation also were initiated, 
and symptoms promptly improved.  Serum creati-
nine concentrations began to increase (2.0 mg/100 
ml) with a decrease in urinary volume due to ad-
verse effects from CsA (serum concentrations at 
155 to 219 ng/ml).  Dose reduction of CsA im-
proved her renal function.  However, on day +35, 
Swan-Ganz catheter management was re-initiated 
because of lung congestion with dyspnea and car-
diomegaly.  Echocardiography showed that the 
LVEF was 20%.  Her Forrester classification 
(Forrester et al. 1977) fell to subset IV: pulmonary 
artery pressure (PAP) was 36/26 mm Hg, pulmo-
nary capillary wedge pressure (PCWP) 26 mm 
Hg, right atrial pressure (RAP) 14 mmHg, and 

Fig. 1.  Clinical course of patient.  This figure shows cardiological management, especially medication 
and changes of cardiac parameters.

       HR, heart rate (/min.); LVEF, left ventricular ejection fraction; S-G, Swan-Ganz; PAP, pulmonary 
artery pressure (mmHg); PCWP, pulmonary capillary wedge pressure (mmHg); RAP, right atrial 
pressure (mmHg); CI, cardiac index (l/min./m2); NA, not available.
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cardiac index (CI) 2.2 l/min./m2.  In addition to 
dopamine, dobutamine, and furosemide, nitro-
glycerin (0.5 μg/kg/min.) was given because tri-
cuspid and mitral regurgitation were detected by 
echocardiography, but it was not effective.  
Therefore, pimobendan (0.12 mg/kg), a positive 
inotropic and vasodilating drug, and amrinone (3 
to 5 μg/kg/min.), a phosphodiesterase inhibitor, 
were tried.  These drugs improved her PCWP de-
creased from 27 to 21 mmHg.  The catheter was 
removed on day +41 as her cardiac function was 
well-controlled without symptoms.  For improv-
ing cardiac function, an angiotensin converting 
enzyme (ACE) inhibitor (captopril) and low-dose 
beta-blocking agent (carvedilol) were started.  
Cardiac function recovered gradually and on day 
+142, LVEF was 53%.  Bone marrow has been in 
complete remission, and the myeloblastoma is ab-
sent on CT examination.  She was able to return 
to student life for 1 year and 9 months following 
the BMT.  The patient had a Karnofsky score 
(Karnofsky et al. 1949) of 90% and her quality of 
life was not compromised until October 1997 
when she relapsed with myeloblastoma and died 
of pneumonia in February 1998.

Autopsy disclosed that the cardiac muscle 
cells were atrophic and degenerated.  Diffuse in-
terstitial fibrosis was also observed.  These find-
ings are compatible with drug-induced cardiomy-
opathy (von Herbay et al. 1988).

DISCUSSION

High-dose chemotherapy with or without 
TBI followed by SCT is a highly effective treat-
ment for various malignancies.  However, a group 
of patients with decreased cardiac function due to 
previous treatment with cardiotoxic drugs, such as 
anthracycline derivatives (Bu’Lock et al. 1993; 
Vora et al. 1996; Sadzuka et al. 1997; Singal et al. 
1997), usually are excluded from such therapy.  
However, several studies of allo-SCT and autolo-
gous (auto-) SCT in patients with decreased car-
diac function or cardiomyopathy have been re-
ported (Bearman et al. 1990; Heyderman et al. 
1991; Kakavas et al. 1995; Broady et al. 1998; 
Nicolini et al. 2000; Skinner et al. 2004).  
Kakavas et al. (1995) reported six allo- and auto-
BMT patients whose initial LVEF measured by 
radionucleotide gated blood pool imaging was 
less than 50%.  Bearman et al. (1990) reported 
that patients with LVEF less than 50% had similar 
survival compared with patients whose LVEF was 
greater than 50%.  Yet, there are several reasons 
to avoid SCT for these patients; cardiomyopathy 
after BMT has been reported (Braverman et al. 
1991), radiation and high-dose chemotherapeutic 
agents for conditioning are harmful to cardiac 
function (Cazin et al. 1986; von Herbay et al. 
1988; Pihkala et al. 1994; Lele et al. 1996; Eames 
et al. 1997), and more than 1.55 g/m2/day of CY 

Fig. 2.  Chest X-ray of patient.  A: Before BMT.  B: Day +30.  Congestive heart failure increased.
　　C: Day +64.  There was no heart failure signs.
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is cardiotoxic (Goldberg et al. 1986).  Cardiac 
failure due to transplantation-related toxicity may 
be severe.  Furthermore, extensive fluid adminis-
tration is required to avoid hemorrhagic cystitis to 
CY.  Nutrients and antibiotics are also given par-
enterally because nausea, vomiting, stomatitis, 
and diarrhea inhibit oral ingestion.  Thus, volume 
overload can worsen cardiac function.  Finally, 
circulatory management with a Swan-Ganz cathe-
ter may be difficult in clean room and may in-
crease the possibility of severe infection during 
neutropenia.

Our case suggests that some patients with a 
very low LVEF may tolerate high-dose chemo-
therapies with TBI followed by SCT.  However, 
consultation with cardiologists is important for 
such cases.  The drugs and dosages chosen for 
pre-transplant conditioning should minimize car-
diotoxicity.  Several strategies can be used to re-
duce cardiotoxicity with conditioning.  Divided 
infusions of CY may also reduce cardiotoxicity 
(Voelcker et al. 1984). Melphalan can be used in-
stead of CY because of its low cardiac toxicity 
and less urinary injury (van Besien et al. 1995; 
Martino et al. 1995).  In fact, we wanted to avoid 
CY administration, but we were unable to get 
melphalan, and the conditioning regimen was ini-
tially insufficient.  So, we added CY administra-
tion.  Recently, nonmyeloablative SCT has been 
performed with patients who were not candidates 
for conventional myeloablative therapy (Giralt et 
al. 1997; Slavin et al. 1998).  This method might 
make it possible for patients with organ dysfunc-
tion, such as cardiomyopathy, to undergo SCT.  
The volume of intravenous infusion should be ad-
justed carefully to avoid volume overload.  The 
stem cells should be concentrated by elimination 
of RBC and plasma.  Hemodynamic management 
with a Swan-Ganz catheter is essential to detect 
early progression of congestive heart failure, in 
addition to monitoring heart rate, blood pressure, 
urinary volume, body weight, body temperature, 
and central venous pressure.  Although Swan-
Ganz catheter insertion is invasive and manage-
ment is difficult, we were able to safely infuse the 

necessary volume of fluid during CY administra-
tion.  However, long-term catheter use should be 
avoided because of the increased possibility of in-
fection.  Its management in clean rooms is diffi-
cult due to the confined space.  In our case, the 
period of Swan-Ganz catheter detention was 1 
week, and no complications were observed.  Strict 
hemodynamic control with appropriate catechol-
amine, vasodilator, and diuretic therapy was criti-
cal.  Finally, ACE inhibitors (Jensen et al. 1996) 
or long-term beta-blocking agents (Olsen et al. 
1995) may be used to improve cardiac function 
after transplantation.  These drugs caused the 
LVEF of this patient to improve from 20%, the 
lowest value after BMT, to 53%.  Her cardiac 
dysfunction was reversible to some extent, but 
ACE inhibitors were effective in protecting cardi-
ac function during SCT (Kakavas et al. 1995).

In conclusion, patients with low LVEF are 
not absolutely contraindicated from receiving 
SCT and can tolerate allo-SCT if strict hemody-
namic management is done in close contact with 
cardiologists.  In the future, such patients may 
benefit from receiving SCT, including nonmye-
loablative SCT.
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