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A patient with intracerebral hemorrhage is considered ineligible for hematopoietic stem

cell transplantation (HSCT). We report a 49-year-old woman with myelodysplastic syn-

drome (MDS) complicated by refractoriness to platelet transfusion and intracerebral

hemorrhage, who underwent allogeneic bone marrow transplantation from an HLA-iden-

tical unrelated male donor. Nine days before the scheduled transplantation, she devel-

oped dysarthria and right hemiparesis; computed tomography (CT) of the brain disclosed

an acute hematoma in the left parietal lobe exceeding 3 cm in diameter. She underwent

conditioning with reduced-intensity, including fludarabine (30 mg/m2/day on days –8 to

–3), busulfan (4 mg/kg/day on days –6 and –5), and total body irradiation (4 Gy on day –2).

Two weeks after transplantation, dysarthria and right hemiparesis began to resolve, and

CT showed spontaneous resolution of the hematoma. Simultaneously, engraftment was

confirmed. Thus, recent stroke may be not an absolute contraindication for HSCT.
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INTRODUCTION

Cerebrovascular complications give rise to signifi-
cant morbidity and mortality after allogeneic hemato-
poietic stem cell transplantation (HSCT). These include
intracranial hemorrhage reflecting severe thrombocyto-
penia and infarction or hemorrhage secondary to fun-
gal infection. Bone marrow transplant patients with
stroke have shown over 50% mortality, and surviving
patients have shown serious disability [1]. Because con-
ventional myeloablative pre-transplant conditioning
increases the tendency toward bleeding, patients with
acute or recent cerebrovascular complications are not
considered to be eligible for allogeneic HSCT. How-
ever, for thrombocytopenic patients with malignant
hematologic disease who are refractory to platelet
transfusion, HSCT probably is the only potentially
curative therapeutic option irrespective of the presence
of stroke.

A new approach to conditioning, nonmyeloablative
stem cell transplantation (NST) can reduce regimen-
related toxicity (RRT) and transplant-related mortality
(TRM). NST, which has been used increasingly for
treatment of hematologic malignancies, can be used in
elderly patients and patients with major organ dysfunc-
tions who are at high risk for TRM after conventional
HSCT [2].
Wedescribehereinour experiencewith allogeneicNST

from an HLA-matched unrelated donor for a patient
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with myelodysplastic syndrome (MDS), who developed
refractoriness to platelet transfusions and had an intra-
cerebral hemorrhage (ICH), shortly before NST.

CASE REPORT

A49-year-old womanwithMDSwas referred to us in
September 2003 for allogeneic bone marrow transplan-
tation (BMT) from an HLA-matched unrelated donor.
She had been thrombocytopenic since 1980. In Novem-
ber 2000, she was diagnosed with refractory anemia
(RA) and then became dependent on transfusions of
red blood cells and platelets. Subsequent secondary
hemochromatosis resulted in congestive heart failure,
liver dysfunction, and diabetes mellitus. She developed
a persistent bleeding tendency caused by severe throm-
bocytopenia refractory to platelet transfusions. She had
developedmultispecific anti-HLAantibodies, necessitat-
ing transfusions of HLA-matched platelets to maintain
her platelet count above critical level. In August 2003,
shewas found tohave spontaneous subdural hematomas
in the parietal, subtentorial, and lumbosacral regions.At
the time of admission, the lumbosacral subdural hema-
toma impaired the patient’s mobility. Her performance
status was 3 according to the Eastern Cooperative
Oncology Group (ECOG) scale. Her peripheral blood
examinationshowedpancytopenia:hemoglobin,4.8g/dL;
white blood cell (WBC) count, 0.86 � 109/L includ-
ing 29% mature neutrophils; and platelet count, 2.0 �
109/L. Her prothrombin time and activated partial
thromboplastin time were 13.0 sec (normal range, 11–
14 sec) and 33.8 sec (normal range, 24–38 sec), respec-
tively. Serum ferritin concentrations greatly increased
(9,229 ng/mL). In an attempt to improve the response
to platelet transfusion, high-dose intravenous immuno-
globulin (20 g/day) was administered for 5 consecutive
days, but refractoriness showed no abatement. Just
before starting pre-transplant nonmyeloablative condi-
tioning, at �9 days preceding the scheduled BMT, she

suddenly developed dysarthria. Computed tomography
(CT) scans of the brain revealed an acute intracranial
hematoma over 3 cm in diameter in the left parietal lobe
(Fig. 1). More than 10 units of platelets from random
donors aswell asHLA-matched donorswere transfused,
but post-transfusion augmentation of platelets was
inadequate. Dysarthria and right hemiparesis gradually
worsened, and performance status was deteriorated to 4.
After considering whether the patient could tolerate the
pre-transplant conditioning, we decided upon perform
allogeneic BMT preceded by a reduced-intensity condi-
tioning regimen including fludarabine (30 mg/m2 daily
for 6 days (day �8 to day �3), busulfan (4 mg/kg daily
for 2 days (day�6 to day�5), and total body irradiation
(TBI) (4 Gy in 2 fractions of 2 Gy, both on day �2).
Tacrolimus (FK506) and short-term methotrexate were
used for prophylaxis against graft-versus-host-disease
(GVHD). Bone marrow cells (2.68 � 108 nucleated
cells/kg) from an unrelated male donor matched at
HLA-A, -B, and -DR loci were infused on day 0. Begin-
ning on day +5, filgrastim (300 mg/day) was adminis-
tered until the WBC count exceeded 5 � 109/L. On day
+14, theWBCcount exceeded 1.0� 109/L. Full chimer-
ism was confirmed by a 100% donor–derived male kar-
yotype in a bonemarrow aspirate obtained on day+36.
Final transfusions of platelets and red blood cells were
given on day +36 and day +39, respectively. Neurolo-
gically, the patient began to recover from dysarthria and
right hemiparesis about 2 weeks after transplantation.
CT (on day +15) disclosed spontaneous resolution of
the hematoma (Fig. 1).
The post-transplant course was complicated by Sta-

phylococcus epidermidis bacteremia on day+3; this was
managed successfully with teicoplanin and meropenem.
On day +13, the patient developed respiratory distress.
Chest radiography and CT disclosed pulmonary edema,
considereda component of the ‘‘engraftment syndrome,’’
which responded to administration of high-dosemethyl-
prednisolone. On day +25, she presented stage 1 skin

Fig. 1. Serial cranial computed tomography.
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rashes on the upper limbs and anterior chest wall, repre-
senting acute GVHD. These resolved with a slight dose
escalation of FK506. On day +47, the patient was dis-
charged from the hospital in a wheelchair (Fig. 2).

DISCUSSION

A variety of neurologic complications have been
reported after allogeneic BMT. While subdural hema-
toma has been reported to have a relatively benign out-
come [3], ICH has ominous prognostic implications [4].
Reported occurrence rates of ICH in patients with

leukemia and neurologic complications following BMT
have varied widely. Graus et al. noted ICH in 11% of
425 patients [5], while Antonini et al. encountered only
one case among 115 [6]. In a large series of 1,402 BMT
patients at the Johns Hopkins Hospital [7], 2% of
patients developed ICH within 100 days following
BMT.Several factors have been reported tobe associated

with ICH, including a low platelet count or refractori-
ness to platelet transfusion [5,6,8–11], underlying disease
[5,6,9,12], veno-occlusive disease [13], coagulopathies
[3,14,15], infections [10,11,14,16,17], and irradiation [9].
Although thrombocytopenia is considered the most
important among risk factors for ICH, considerable
disagreement exists. Morhmann et al. [8] and Pomeranz
et al. [4] have mentioned that thrombocytopenia and/or
coagulopathies alone often are insufficient to produce
cerebral hemorrhage. In transplant recipients, most
bleeding has been associated with additional complica-
tions including fever and veno-occlusive disease [13].
Since nonmyeloablative conditioning causes less RRT
than myeloablative conditioning, NST should cause less
bleeding tendency than conventional HSCT. Clinical
indications for HSCT have been expanding with respect
to both disease categories and patient eligibilities [18].
With introduction of NST, the strict exclusion criteria
for allogeneic HSCT have been questioned [2].

Fig. 2. Time line of the patient’s clinical course. Abbreviations: RBC, red blood cells; Random-PC, platelet concentrate
from random donors; HLA-PC, platelet concentrate from HLA-matched donors; Flu, fludarabine; BU, busulfan; TBI, total
body irradiation; FK506, tacrolimus; CT, computed tomography. [Color figure can be viewed in the online issue, which is
available at www.interscience.wiley.com.]
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Our patient was refractory to platelet transfusion
and had a history of central nervous system hemor-
rhage, including spontaneous parietal, subtentorial,
and lumbosacral subdural hematomas. At the time
of admission to our hospital, she had no documented
infections and no history of lumbar puncture. We
decided to perform unrelated donor BMT because
her prognosis with conservative management was
compromised by transfusion-related iron overload
and by persistent refractoriness to platelet transfu-
sions. One day before planned initiation of pre-trans-
plant conditioning, she developed ICH. Most
transplant centers maintain that allogeneic HSCT is
not indicated during the acute phase of cerebrovas-
cular events. However, the scheduled unrelated donor
BMT would have been prohibitively difficult to post-
pone. After extensive discussion with the patient’s
family, we decided to perform unrelated donor
BMT with nonmyeloablative pre-transplant condi-
tioning. Our patient clearly was at high risk for enlar-
gement or additional occurrence of ICH, even though
her thrombocytopenia was treated maximally by
transfusion. Despite persistent thrombocytopenia
throughout much of the clinical course (Fig. 2), she
did not develop further ICH.
In the post-transplant course, neurologic recovery

paralleled hematologic recovery. About 2 weeks after
transplantation, the patient started to recover from
dysarthria and right hemiparesis; almost simulta-
neously, hematologic engraftment was confirmed.
Several possible factors could have contributed to
her neurologic functional improvement. FK506 and
G-CSF are potent neuroprotectants in experimental
models of stroke [19–21]. However, prompt adminis-
tration is necessary to observe the neuroprotective
effect. In our patient, FK506 and G-CSF were admi-
nistered more than 1 week after the onset of her ICH.
Although the time profile did not seem suitable, it
remains possible that FK506 or G-CSF contributed
to her neurologic recovery.
Recent evidence suggests that neural stem cells, fetal

transplants, immortalized cell lines, and bone marrow
stromal cells may be beneficial in experimental models
of neurologic disease including stroke [22–24].
Our patient was infused with bone marrow cells

from an HLA-matched unrelated donor 9 days after
the onset of her stroke. In animal brain injury models,
bone marrow cells usually are infused immediately
after the insult [25]. In an experimental model of
ICH, transplanted human neural stem cells were
reported to enter the rat brain, survive, migrate, and
promote functional recovery after 2 weeks. Despite
difficulty of objective evaluation, neurologic recovery
in our patient was more rapid than one ordinarily
might expect, and the infused bone marrow cells

might have played some role in improving neurologic
recovery, although it is highly speculative.
In conclusion, we report a patient with MDS who

developed ICH but who was treated successfully by
unrelated nonmyeloablative BMT during the acute
phase of the stroke. This case suggests that the acute
phase of ICH may not be an absolute contraindica-
tion for allogeneic BMT, if other clinical considera-
tions require transplantation without delay.
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