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Three children with acute lymphocytic leukemia (ALL) developed delayed-onset
transient hemiparesis and facial palsy after intrathecal (IT) administration of
methotrexate (MTX) alone or as part of triple intrathecal chemotherapy for central
nervous system (CNS) prophylaxis. The hemiparesis developed 10 to 14 days after
IT therapy. Two of three children also experienced transient, profound expressive
dysarthria. These episodes occurred during maintenance treatment after multiple
IT administrations and without previous CNS toxicity. Two of three children
received intermediate-dose MTX, 1 g/m? not less than 5 weeks before events. These
patients had not received cranial irradiation and had no evidence of CNS leukemia
before or after these episodes, Ischemic changes on computerized tomographic scan

or magnetic resonance imaging studies were documented in all three cases. Such
changes are unusual manifestations of neurotoxicity in children after intrathecal

therapy. Cancer 67:2058-2061, 1991.

S UCCESSFUL TREATMENT of childhood acute lym-
phocytic leukemia (ALL) requires therapy directed
to the central nervous system (CNS).! Intrathecal (IT)
therapy with methotrexate (MTX) alone, or in combi-
nation with hydrocortisone and cytosine arabinoside as
triple intrathecal therapy (TIT) is used widely for control
of meningeal leukemia.'? Various acute and chronic neu-
rologic complications have been associated with this
treatment.>® A transient neurologic dysfunction, char-
acterized by hemiparesis, facial nerve weakness, speech
disturbance, seizures, and the patient being obtunded has
been observed in those who have been treated with high-
dose parenteral MTX (doses > 8 to 10 g/m?) with citro-
vorum rescue.”'® No computed tomography (CT) or
magnetic resonance imaging (MRI) evidence of ischemic
insult correlating with neurologic manifestations was de-
tected in these patients.
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We report three very similar patients with ALL in re-
mission who experienced transient hemiparesis and dy-
sarthria 10 to 14 days after the administration of IT MTX
alone, or TIT, during the course of maintenance therapy.
Ischemic lesions corresponding anatomically with the pa-
tients neurologic complications were detected by CT or
MRI examination.

Case Reports
Case 1

A 12-year-old white boy was diagnosed with non-T, non-B
ALL in March 1984. At diagnosis, the patient had no organo-
megaly. The white blood cell count was 3200/mm? and the ce-
rebrospinal fluid (CSF) showed normal cytologic features. He
achieved complete remission (CR) at the end of induction treat-
ment consisting of weekly vincristine, daily prednisone, and six
doses of L-asparaginase. Consolidation consisted of IT MTX 15
mg/m? followed by 4 days of intravenous (IV) MTX 15 mg/m?/
day, which was repeated at 2-week intervals for six courses. The
maintenance treatment consisted of daily, oral 6-mercaptopurine
and weekly, oral MTX, with reinforcement with IT MTX 15
mg/m?, and prednisone approximately every 16 weeks.

Eleven days after receiving IT MTX in treatment week 73,
he experienced expressive dysarthria and left hemiparesis. Over
the next 2 days he began to regain strength and was able to speak
clearly. The significance of the clinical finding was not initially
appreciated and no neurodiagnostic test or lumbar puncture
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was obtained. Left-sided motor strength returned to near normal
level within 2 weeks.

In August of 1985, he was transferred to the Hematology-
Oncology Service of Texas Children’s Hospital (Houston, TX).
He continued to receive the same maintenance treatment with-
out IT MTX. A neurologic reevaluation, including CT scan, was
obtained approximately 6 months after the episode and dem-
onstrated a lacunar, hypodense region in the right posterior
frontal white matter, compatible with an old area of infarction
(Fig. 1). He is currently off all therapy and remains in complete
clinical remission {(CCR} with only minimal weakness on the
left side.

Case 2

A S-year-old east Indian girl was diagnosed with non-T, non-
B ALL in June 1984. At presentation the patient had no or-
ganomegaly. The leukocyte count was 24,600/mm? and the CSF
showed no evidence of leukemic involvement. She achieved a
CR with vincristine and prednisone. She received intramuscular
L-asparaginase 6000 U/m?/day for 14 days and two doses of
cyclophosphamide 1000 mg/m? at 14-day intervals. She received
pulses of TIT with MTX 15 mg/m?, hydrocortisone 15 mg/m?,
and cytosine arabinoside 30 mg/m? and IV MTX 15 mg/m?/
day for 4 days at 2-week intervals for six courses. Maintenance
treatment consisted of daily oral 6-mercaptopurine, weekly oral
MTX, which was reinforced with intermediate-dose [V MTX |
g/m? and IT MTX 15 mg/m? at 8-week intervals, and 28 days
of prednisone at 16-week intervals. Beginning at week 130, the
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FIG. 1. A CT examination through the superior lateral ventricles dem-
onstrates lucency in posterior frontal white matter consistent with old
infarction.
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routine CNS prophylaxis schedule was modified to TIT at 8-
week intervals, with scheduled doses no earlier than 4 weeks
after a course of intermediate-dose MTX.

She was well until 14 days after receiving TIT in week 135
and 42 days after intermediate-dose MTX when she developed
sudden onset of right-sided weakness and slurred speech that
rapidly progressed to complete right hemiparesis and aphasia.
Upon hospitalization, she was alert and responsive but dysarthric.
She had right central facial palsy with weakness of right arm
and leg. She was not able to stand due to severe right-sided
weakness. The CSF showed leukocyte count 1/ul, erythrocyte
count 0/ul, protein 22 mg/dl, glucose 45 g/dl with normal cy-
tologic findings. Her initial CT scan was normal. An electro-
encephalogram (EEG) strongly suggested a cortical lesion.
She recovered her speech and motor function by the sixth
hospital day.

A MRI 2 weeks after the episode showed a poorly defined
region of abnormal signal intensity on T2-weighted imaging in
the left centrum semiovale and corona radiata (Fig. 2). Follow-
up MRI 4 months from the episode showed a persistent lesion
without noticeable change. She completed maintenance treat-
ment without TIT and intermediate-dose MTX in June 1987.
She continues to remain CCR without motor or speech distur-
bance.

Case 3

A 3-year-old white boy was diagnosed with non-T, non-B ALL
at age 3 years in December 1985. At presentation the patient
had no organomegaly. The leukocyte count was 5300/mm? and
the CSF showed normal cytologic results. He achieved CR with
vincristine and prednisone. He received intramuscular L-aspa-
raginase 6000 U/m?/day for i4 days and two doses of cyclo-
phosphamide 1000 mg/m? at a 14-day interval. He also received
pulses of TIT followed by IV MTX 15 mg/m?/day for 4 days at
2-week intervals for six courses. Maintenance treatment, there-
after, consisted of daily oral 6-mercaptopurine and weekly in-
tramuscular MTX. Reinforcement consisted of intermediate-
dose MTX 1 g/m? and IT MTX 15 mg/m? every § weeks and
28 days of prednisone every 16 weeks. Beginning at week 61 of
maintenance, the patient’s routine CNS prophylaxis program
was modified to TIT, administered every 8 weeks, with scheduled
doses no earlier than 4 weeks after a course of intermediate-
dose MTX.

Ten days after the TIT treatment in week 85, and 38 days
after a course of intermediate-dose MTX, he developed right
facial weakness, and weakness of the right arm and leg that rap-
idly progressed to complete hemiparesis. Upon hospitalization,
he was drowsy and difficult to arouse. Neurologic examination
revealed right central facial palsy, flaccid paralysis of right arm,
and weakness in the right leg. He had increased deep tendon
reflexes, positive clonus, and a positive Babinski sign on the
right side.

The CSF showed leukocyte count 1/ul, erythrocyte count 0/
ul, protein 15 mg/dl, glucose 75 g/dl with negative cytologic
findings. A CT scan and an EEG within 6 hours of the event
showed no focal abnormality. He became alert and responsive
within a few hours. He regained strength by the sixth day of
hospitalization.
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FiG. 2. A MRI image with T-2 weighting demonstrates small, well-
defined area of increased signal in the centrum semiovale consistent with
an ischemic lesion.

A MRI 10 days after the episode revealed an area of slightly
increased spin density and T2 signal in the centrum semiovale
on the left side suggestive of an ischemic lesion (Fig. 3). Follow-
up MRI 2 months and 27 months after the event continued to
show this lesion, and suggested that this may represent a small
infarct. The patient has completed maintenance treatment
without TIT and intermediate-dose MTX and remains in CCR
with minimal weakness of the right upper exiremity.

Discussion

Intrathecal MTX alone, as part of TIT, or in combi-
nation with irradiation is an essential part of successful
CNS preventive therapy for childhood ALL. Neurologic
complications may follow such therapy.'? Three clinical
patterns of neurotoxicity have been observed: (1) an acute
reaction, occurring within hours of IT chemotherapy,
probably resulting from chemical arachnoiditis; (2) sub-
acute toxicity occurring within days or weeks, and char-
acterized by symptoms of seizures, paraparesis, or cere-
bellum abnormalities; and (3) a delayed leukoencepha-
lopathy form that is more commonly observed when IT
MTX is used with cranial irradiation.>%®

We report three children who experienced transient,
severe hemiparesis and facial nerve palsy 10 to 14 days
after IT medication. Two children had a brief but pro-
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found dysarthria. Seizure activity was not detected by
EEG. The neurologic complications could not be attrib-
uted to metabolic, infectious, or leukemic causes. Preser-
vative-free MTX, in Elliott’s B solution, was used in prep-
aration of IT medications and no technical difficulties
were associated with administration of treatments. The
children had no prior history of meningeal leukemia, and
previously had received I'T therapy without adverse effects.
Focal, cortical defects most compatible with an ischemic
insult, were documented by neuroimaging examination
2 weeks to 6 months after these transient neurologic dys-
functions. This form of neurologic sequelae rarely com-
plicates IT therapy.

Intrathecal therapy alone as CNS prophylaxis is highly
unlikely to produce structural CNS abnormalities.5'! Sei-
zures have been reported to occur in patients after IT
MTX,'? but is most frequent in those patients with men-
ingeal leukemia and/or after cranial irradiation. There is
no correlation with structural CNS abnormalities. Re-
versible and irreversible paraparesis have been reported
in children after IT MTX and cytosine arabinoside. This
neurotoxicity is uncommon (ten cases in the literature),
and results from localized spinal myelopathy.'>!'* In one
case, a fatal encephalomyelopathy followed 24 hours after
IT MTX."® The use of neurotoxic preservatives in MTX
preparations, unphysiologic pH/dilutions of MTX, or the
presence of meningeal leukemia have been associated with
the majority of these cases. None of these associations
were present in our case reports.

FIG. 3. A MR1image with T-2 weighting demonstrates an area of high
signal in the left centrum semiovale. There is no distortion of adjacent
white matter.
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Transient neurologic dysfunction has followed courses
of moderate-dose (> 2 g/m?)° and high-dose (> 8 g/m?)
IV MTX.”®10 The frequency in osteosarcoma patients
receiving high-dose MTX is less than 4%.%!° Symptoms
have included hemiparesis, aphasia, cranial nerve palsies,
and seizures. The prodromal interval averaged between
7 to 14 days, with a range of up to 50 days. The EEG
were abnormal and indicated focal dysfunction. Cranial
CT scans and CSF analyses were unremarkable. This form
of neurotoxicity has not been reported in children with
ALL or lymphoma, receiving moderate-dose or high-dose
IV MTX, with or without [T MTX.*¢

Our three patients experienced a transient neurologic
dysfunction similar to the above cases. However, the
complications were temporally associated with IT che-
motherapy; no patient received IV MTX (1 g/m?) earlier
than 38 days before the neurologic complications. Unlike
previous reports, our patients had CT or MRI findings of
focal cortical injury. In two of three cases, the lesions were
best defined by MRI scans performed 10 to 14 days after
injury. The abnormalities have persisted on follow-up ex-
ams. These focal lesions are not identical to the lesions
of leukoencephalopathy as reported in asymptomatic ALL
patients who have been treated previously with intrathecal
therapy and irradiation or intermediate-dose MTX.'6-18
The focal cortical injuries observed in our cases suggest
an ischemic or stroke-like insult. I -asparaginase therapy
has been associated with thrombotic strokes.!® However,
our patients had not received L-asparaginase recently.
DiMario and Packer reported stroke syndromes in four
of 31 patients with ALL presenting with acute mental
status changes during the course of therapy. One of four
patients had received IT MTX and had toxic levels of
CSF MTX 8 days after administration. Neuroimaging
studies were not performed.?

In summary, transient neurologic dysfunction char-
acterized by hemiparesis and dysarthria, and associated
with ischemic insults to cortical white matter can be a
rare complication of IT therapy. Patients presenting with
similar symptoms 10 to 14 days after IT therapy should
undergo a MRI examination to exclude possible ischemic
CNS injury. Discontinuation of presymptomatic IT ther-
apy should be considered for patients experiencing this
neurologic complication.
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