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Case report: methrotexate induced neurotoxicity
mimicking stroke, following leukoencephalopathy

Abstract

Acute lymphocytic leukemia (ALL) is the most prevalent cancer in children. The
definitive diagnosis is made specially through myelogram and bone marrow biopsy.
Methotrexate (MTX) is an essential drug in the treatment of childhood acute
lymphoblastic leukemia (ALL) and may be used alone or in combination with other
drugs in a multi-chemotherapy approach. However, MTX has some several side
effects attributed to it, such as neurotoxicity, especially administrated intrathecal.
Neurotoxicity can be acute, subacute or long-term encephalopathy. The case presented
is classical evolution of a transient encephalopathy with a stroke-like manifestation.
It is a rare early adverse effect of MTX medication and resolves in a short period of
time with medication for vasodilation (aminophylline). However, focal white matter
lesions are firstly shown in diffusion weighted imaging (DWI) and within days can
be seen in other sequences. Abnormal diffusion areas vanishes as the improvement of
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Introduction

Acute lymphocytic leukemia (ALL) is the most prevalent cancer
in children. It has various presentations secondary to a deregulated
proliferation of the lymphocytic lineage and consequent accumulation
of immature lymphocytes in healthy tissues, leading to deregulation
of its normal function.! The diagnostic suspicion is made through the
signs and symptoms that are secondary to the accumulation of blasts
in the bone marrow, generating insufficiency of the bone marrow and
later invasion of the tissues. However, the definitive diagnosis is made
through myelogram, bone marrow biopsy and imunophenotyping/
cytogenetics.”

Methotrexate (MTX) is an essential drug in the treatment of
childhood acute lymphoblastic leukemia (ALL) and may be used alone
or in combination with other drugs in a multi-chemotherapy approach.
It can be administrated intravenously as well as intrathecally, being
crucial for prophylaxis and treatment of sanctuary sites, including the
CNS. However, it demonstrates several toxic effects such as mucositis,
myelosuppression, nephrotoxicity, hepatotoxicity and neurotoxicity.**

Special attention is given to neurotoxicity, and may cause acute,
subacute, and long-term encephalopathy. Clinically, manifestations
can be stroke-like symptoms, encephalopathy, seizures, and/or aphasia,
and are usually reversible, but occasionally causes patient death or
severe sequelae, for this reason is important to monitor patients in
risk. Magnetic resonance imaging is very useful in diagnosis, showing
alterations in diffusion-weighted imaging of a precocious way.>¢

Case presentation

S.O.M, a 16-year-old male patient, was referred from an

outside institution to the Pediatric Oncology Institute - GRAACC
with complaint of ankle pain joint swelling in both knees, making
it impossible to walk. He also reported weight loss, prostration
and fever. During the diagnostic investigation myelogram was
performed, leading to the diagnosis of acute lymphoblastic leukemia
subtype B. After that, chemotherapy with MTX, doxorubicin and
cyclophosphamide was started. After 9 days of receiving intrathecal
MTX, the patient reported headache associated with decreased
strength in right arm and aphasia.

A CT (Computerized Tomography) scan of the skull was requested
and did not show any signs of intracranial hemorrhage. Subsequently,
magnetic resonance imaging (MRI) of the brain was performed,
evidencing two focal areas of high signal in DWTI in bilateral centrum
semiovale (Figures 1-5). Considering that the treatment wasn't
finished and still consisted in high and continuous doses of MTX,
aminophylline was introduced in order to prevent/reverse the effects
of the subacute ischemic event due to the medication.

Figure | Focal and symmetrical regions of restricted diffusion on DWI on
centrum semiovale.
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Figure 5 with no correspondence in FLAIR images.

Figure 2 FLAIR images showing no abnormalities.

Figures 6 (DWI) No more identification of the focal areas of restricted
diffusion in both centrum semiovale.

Figure 3 FLAIR images showing no abnormalities.

Figure 7 (FLAIR) now it is possible to identify correspondently high signal
FLAIR images.

Figure 4 Focal and symmetrical regions of restricted diffusion on DWI on
centrum semiovale.

Two days after aminophylline was started, there was improvement
of areas with high DWI signal. Four days later, the patient recovered
glovements gn the facfehgn;il upperlhmbsz. I.n the two- V&zleek followl-up, Figure 8 (FLAIR) now it is possible to identify correspondently high signal

emonstrated areas of high signal in T2 in correspondence previous g AR images.
areas of change of signal in DWI. (Figures 6-8).
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Discussion

Although multiple drugs are used in addition to MTX, the acute
neurotoxicity reported in patients with ALL undergoing therapy is
usually attributed to MTX.” The pathogenesis of encephalopathy is not
well understood nowadays and is postulated to be related to multiple
dysregulated neuronal biochemical processes in addition to a potential
direct neurotoxic effect of MTX. Relevant processes are inhibition
of the enzyme dihydrofolate reductase, preventing cell replication;
disturbances of myelin and glucose metabolism. In addition, causes
a relative excess of homocysteine, which is thought to induce small-
vessel vasculopathy.”

Both high-dose intravenous MTX and intrathecal MTX are
associated with parenchymal damage and the mechanism of the
changes may represent metabolic effects, increased capillary
permeability, transient vasospasm, small vessel occlusion, or the
demyelinating process itself.'” MTX neurotoxicity could be acute
(within hours), subacute (days to weeks after administration), and
chronic (after months andyears) encephalopathy. Clinically, acute and
subacute neurotoxicity usually results in stroke like symptoms, such
as aphasia, weakness, sensory deficits, ataxia, and seizures."!

The imaging modality of choice is MRI, because it has a high
sensitivity and specificity for relevant differential diagnosis such
as cerebral metastases, opportunistic infection, hemorrhage, dural
venous obstruction or ischemic infarction. In acute/subacute stroke
like MTX-induced neurotoxicity, DW and T2 hyperintensities are
typically located in the periventricular white matter, particularly in the
centrum semiovale, and often seen only on DWI (diffusion weighted
images).'?

The MR imaging findings consists of increased signal intensity
on DWI with correlated hypointensity on the ADC map are
indicative diminished random water motion, usually associated with
irreversible cytotoxic injury. However, it can be identified in acute
MTX neurotoxicity related to cytotoxic edema and is not necessarily
associated with irreversible cell death as the proposed mechanism.
After recovery, DWI findings are usually normal, but T2 and/or
FLAIR (Fluid-attenuated inversion recovery) may show residual
abnormalities until 3weeks. Reversibility of markedly decreased
in apparent diffusion coeficient (ADC) values without a clinically
apparent permanent deficit is in striking contrast with findings in acute
ischemia.’

Conclusion

The case here presented showed the expected evolution of a
subacute transient encephalopathy with a stroke-like manifestation. It
is common adverse effect of MTX medication and it tends to resolve
spontaneously within few days. However, once it is diagnosed,
aminophylline plays a special role on reversing and preventing from
further MTX- toxicity related symptoms. MRI is fundamental on the
diagnosis, showing focal white matter lesions which are firstly seen in
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DWI and within days, these areas vanishes in DWI and appears in T2
images. As these focal areas disappear in DWI, there is a correlation
with clinical symptoms improvement.
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