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Summary: A 7-year-old girl with an unusual reaction to

induction chemotherapy for precursor B-cell acute lymphoblas-

tic leukemia (ALL) is described. The patient developed acute

encephalopathy evidenced by behavioral changes, aphasia,

incontinence, visual hallucinations, and right-sided weakness

with diffuse cerebral vasospasm on magnetic resonance angio-

graphy after the administration of intrathecal cytarabine.

Vincristine, dexamethasone, and polyethylene glycol-asparagi-

nase were also administered before the episode as part of

induction therapy. Neurologic status returned to baseline within

10 days of the acute event, and magnetic resonance angiography

findings returned to normal 4 months later.
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Acute lymphoblastic leukemia (ALL) is one of the most
common malignancies in children. Its treatment is

highly successful but not without side effects. We describe
a patient who developed an unusual reaction to che-
motherapy given during induction therapy for precursor
B-cell ALL. After the administration of intrathecal
cytarabine, the patient developed acute neurologic
symptoms associated with documented cerebral vaso-
spasm on magnetic resonance angiography (MRA).
Neurotoxicity has been well documented in association
with intrathecal chemotherapy.1,2 Diffuse cerebral vaso-
spasm, however, has never been reported in the pediatric
population after intrathecal cytarabine.

CASE REPORT
The patient presented at the age of 7 years with a 2-year

history of intermittent abdominal pain, worsening over the
2 weeks preceding admission to hospital. She also presented with
fever, malaise, and fatigue for 1 to 2 weeks. Her past medical
history was unremarkable. Physical examination revealed small
bilateral cervical, submandibular, and axillary adenopathy as
well as hepatomegaly. Bloodwork revealed a hemoglobin level
of 29 g/L, platelet count of 22� 109/L, white blood cell count of
4.2� 109/L, and the presence of blasts. Cerebrospinal fluid
examination revealed a glucose level of 3.2mmol/L, protein of
0.15 g/L, red blood cell count of 28� 106/L, white blood cell
count of 6� 106/L, with 83% lymphocytes and 17% monocytes,
and no blast. A bone marrow aspirate contained 90% blasts,
which were CD 19, CD 10, CD 79a, HLA-DR, CD 34, and TdT
positive, consistent with precursor B-cell ALL.

She was started on 3-drug induction chemotherapy as per
protocol COG AALL 0331 for standard risk ALL. On day 1 of
treatment, she received 70mg of preservative-free intrathecal
cytarabine, 1.5mg/m2 intravenous vincristine, and 6mg/m2 of
oral dexamethasone. On days 2 and 3 of treatment, she received
6mg/m2/d of oral dexamethasone. On day 4 of treatment,
6mg/m2 of oral dexamethasone and 2500 IU of intramuscular
polyethylene glycol (PEG)-asparaginase were administered.

A few hours after the injection of PEG-asparaginase, the
patient was noted to scream uncontrollably upon waking up
from sleep. She then progressed to develop aphasia, incon-
tinence, and visual hallucinations. Pronounced right-sided
weakness was also noted. Blood pressure remained within
normal limits throughout the episode.

Coagulation markers were within normal limits on day 1
of treatment [partial thromboplastin time (PTT) of 23.4 s, and
international normalized ratio (INR) of 1.02], on the day of the
event (PTT of 23.6 s, INR of 1.04), and a few days after the
event (PTT of 24 s, INR of 0.9). Thrombophilic work-up,
including anticardiolipin antibodies, Russell’s viper venom,
lupus anticoagulant, antithrombin III, proteins C and S were
all within normal limits. There was no mutation identified in
factor V Leiden, methylene tetrahydrofolate reductase or
prothrombin gene complex. A computed tomography scan of
the head at the time of the occurrence of symptoms was normal.
Magnetic resonance imaging (MRI) performed about 16 hours
after the onset of symptoms showed increased signal on
diffusion-weighted imaging (DWI) in the white matter of both
frontal lobes extending up into the left parietal lobe adjacent to
the motor cortex. The apparent diffusion coefficient (ADC)
maps showed corresponding low signal intensity areas inCopyright r 2007 by Lippincott Williams & Wilkins
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keeping with restricted diffusion, which were strongly suggestive
of cytotoxic edema. These changes in DWI and ADC maps were
absent on a previous MRI performed 2 days prior as a baseline
study (Fig. 1). MRA performed at the time of the acute event
showed prominent diffuse vasospasm (Fig. 2).

There was gradual complete improvement of her neuro-
logic status over the following 10 days, and the patient returned
to baseline with no subsequent neurologic sequelae. MRA
performed 10 days after the acute event was improved but still
showed some residual focal areas of vasospasm in the left middle
and posterior cerebral arteries (Fig. 3). Follow-up MRA
performed 4 months later showed complete resolution of the
vasospasm (Fig. 4).

The intrathecal administration of methotrexate due on
day 8 of treatment was delayed until day 15 and the patient
finished her induction therapy as per the 3-drug induction
protocol AALL 00311 without further complications. Trisomies
4, 10, and 17 were demonstrated on cytogenetic studies, which
allowed the patient to be downgraded from standard risk ALL
to low risk ALL for the maintenance part of her treatment.

A decision was made to treat the patient as per the
previous low risk protocol POG 9904 for her maintenance
therapy so as to avoid additional doses of cytarabine and
intramuscular PEG-asparaginase, in the event that some of
the symptoms experienced by the patient were secondary to the
PEG-asparaginase. At 6 months into maintenance therapy, the
patient remained well.

DISCUSSION
This case demonstrates an unusual adverse event in

a child undergoing induction therapy for ALL. We
postulate that the patient’s symptomatology was caused
by diffuse cerebral vasospasm after administration of
intrathecal cytarabine.

Treatment regimens for ALL include systemic
chemotherapy (oral, intramuscular, and intravenous)
and intrathecal chemotherapy to eradicate leukemic cells
from the central nervous system (CNS) and prevent CNS
recurrence. Acute neurotoxicity is most commonly
reported with the use of methotrexate, a cell cycle-specific
agent that inhibits the enzyme dihydrofolate reductase.

Stroke like symptoms, such as aphasia, weakness, sensory
deficits, ataxia, and seizures have been seen.3

At the time of the acute neurologic episode, our
patient had not yet been exposed to methotrexate. As
mentioned above, she had received 1 dose of intravenous
vincristine and 1 dose of intrathecal cytarabine on day 1
of therapy, and 1 dose of intramuscular PEG-asparagi-
nase on day 4 of therapy. She had also been receiving oral
dexamethasone daily.

PEG-asparaginase is used in the treatment of
childhood ALL and works by catalyzing the hydrolysis
of the amino acid L-asparagine to aspartic acid and
ammonia. Acute encephalopathy has been described in

FIGURE 1. Left, DWI, baseline study, with no abnormalities detected. Right, Increased signal on DWI in the white matter of both
frontal lobes extending up into the left parietal lobe seen after the event.

FIGURE 2. MRA image performed on the day of onset of
symptoms showing diffuse vasospasm affecting all cerebral
arteries.
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association with PEG-asparaginase and is characterized
by somnolence, lethargy, disorientation, seizures, and
coma.4 L-asparaginase also increases the risk for cerebral
thrombosis or hemorrhage because of coagulation protein
deficiencies.5 L-asparaginase therapy is associated with
deficiencies in antithrombin, plasminogen, fibrinogen,
factor IX and XI concentrations6 as well as an increase
in prothrombin, thrombin, and PTT.7 The catalysis of
PEG-asparaginase leads to the release of ammonia; levels
of ammonia have been previously shown to be directly,
rather than inversely, correlated with cerebral blood
flow.8

Cytarabine is a pyrimidine nucleoside analog that is
used as a chemotherapeutic agent in the treatment of
acute leukemia. It is used intravenously at a conventional
dose (100 to 200mg/m2/d) or at a high dose (3 to
6 g/m2/d).9 High-dose intravenous cytarabine has been
reported to cause CNS toxicity in 16% to 50% of
patients.10 The main CNS toxicities seen are seizures,
cerebral dysfunction (somnolence, confusion, personality
changes), and acute cerebellar syndrome (ataxia, nystag-
mus, and dysarthria). In a study of 12 children who
underwent single photon emission computed tomography
scans during high-dose cytarabine administration for the
treatment of acute leukemia, 9 out of 12 patients were
found to have perfusion abnormalities on single photon
emission computed tomography scan consistent with
diffuse heterogeneous brain hypoperfusion.9

In our patient, MRA performed shortly after the
neurologic deterioration demonstrated impressive cere-

bral vasospasm. Increased signal on DWI and low signal
intensity areas on ADC maps were demonstrated,
suggestive of recent events. Cytotoxic edema results in a
characteristic decrease in ADC and increase in signal
intensity on DWI that can be detected shortly after an
ischemic event. These changes can be detected within
minutes of the event.11 Follow-up MRA performed on
our patient 10 days later, although significantly improved,
still showed residual abnormalities. These abnormalities
were completely resolved 4 months later.

A similar case was previously described in an adult
patient. Henderson et al12 described the case of a 54-year-
old woman undergoing induction therapy for the treat-
ment of ALL. She also developed a clinical picture of
encephalopathy after receiving intrathecal cytarabine,
with abnormalities seen primarily in a posterior cerebral
distribution. They were associated with prominent
vasospasm on MRA. Follow-up of this patient revealed
gradual but incomplete improvement over the subsequent
week. On repeat MRA performed 19 days later, the
vascular changes had resolved. However, changes con-
sistent with leukoencephalopathy persisted on MRI.

Posterior reversible encephalopathy syndrome also
presents with neurologic deficits and has been associated
with chemotherapy treatment, especially intrathecal
methotrexate. It is thought to occur secondary to a loss
of cerebral autoregulation and capillary leakage.11

Clinically, it most often presents with headache, de-
creased level of consciousness, seizures, visual loss, and
blood pressure dysregulation. T2 and fluid-attenuated
inversion recovery weighted sequences typically demon-
strate bilateral white matter lesions in the occipital,
parietal, and posterior temporal lobes, associated with
increased diffusion on DWI. Given the absence of such

FIGURE 3. Follow-up MRA 9 days after the event showing
larger caliber intracranial arteries but focal narrowing in left
middle cerebral and left posterior cerebral arteries (see
arrowheads).

FIGURE 4. MRA performed 4 months after the acute event
showing complete resolution of the vasospasm.
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changes in our patient on T2 and fluid-attenuated
inversion recovery weighted sequences, as well as the
absence of headache and blood pressure abnormalities at
the time of the event, the clinical picture did not point
toward posterior reversible encephalopathy syndrome as
an etiology for her symptoms. Also, the changes noted on
DWI and ADC maps were confined to both frontal lobes,
extending into the left parietal lobe, whereas her posterior
lobes were normal.

Other less likely etiologies would include vasculitis
of autoimmune process, clotting disorders, and cerebral
leukemia. An autoimmune process is unlikely given the
fact that the patient has had no further neurologic
problems since the event and that her MRA findings have
completely normalized. Normal coagulation profile at the
time of the event makes clotting disorder extremely
unlikely. The absence of leukemic cells on cerebrospinal
examination rules out cerebral leukemic affection.

Given the short interval between the development of
neurologic symptoms in our patient and the time of
administration of both PEG-asparaginase and intrathecal
cytarabine, it is difficult to know with certainty which was
responsible for the clinical picture. However, the lack of
evidence for cerebral thrombosis and/or hemorrhage, as
well as the absence of coagulation abnormalities on
bloodwork at the time of the event make PEG-asparaginase
less likely to be responsible for the patient’s symptomato-
logy. Also, as discussed above, the deamination of PEG-
asparaginase would lead to increased ammonia levels, which
in turn would lead to an increase in cerebral blood flow.
This would be expected to be associated with cerebral
vasodilation rather than vasoconstriction. Finally, a similar
case was previously reported in the adult literature with
intrathecal cytarabine causing cerebral vasospasm.12 The
temporal association between the clinical resolution of
symptoms and the significant improvement of vasospasm
on MRA suggest that the cytarabine was in fact responsible
for her acute presentation.

CONCLUSIONS
Acute neurologic changes should be recognized as a

potential complication of chemotherapy in childhood

ALL. Rapid diagnosis is essential so that the possible
inciting agents can be discontinued and appropriate
therapy modifications made to decrease the risk of long-
term sequelae. Close monitoring of patients who suffer
acute neurologic events is essential to identify subtle long-
term deficits so that appropriate support systems can be
put in place.
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