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Methotrexate neurotoxicity can present with a wide spectrum of neurologic  
symptoms and brain magnetic resonance imaging (MRI) typically demonstrates cere-
bral edema, demyelination, multifocal white matter necrosis, and atrophy relatively 
selective for the deep cerebral white matter. Here, we report a case of subacute meth-
otrexate neurotoxicity in a 40-year-old man with B cell acute lymphoblastic leukemia. 
Brain MRI showed cytotoxic lesion in the splenium of corpus callosum and left middle 
cerebellar peduncle. Patient significantly improved 24 hours after receiving oral dex-
tromethorphan. Methotrexate neurotoxicity should be suspected in any symptomatic 
patient receiving high dose of methotrexate or intrathecal methotrexate therapy. 
Dextromethorphan should be considered in these patients as it can modulate the 
excitatory responses to homocysteine and its metabolite which are usually elevated 
in such patients.
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Introduction

Methotrexate (formerly amethopterin) is an antimetabolite 
used in the treatment of severe psoriasis, adult rheumatoid 
arthritis, and certain neoplastic diseases including acute 
lymphoblastic leukemia (ALL).1 Methotrexate neurotoxic-
ity (MNT) is a known adverse reaction that happens likely 
through disruption of central nervous system (CNS) folate 
homeostasis and/or direct neuronal damage. Brain magnetic 
resonance imaging (MRI) typically reveals diffusion restric-
tion abnormalities with pathologic findings including cere-
bral edema, demyelination, multifocal white matter necrosis, 
and atrophy relatively selective for the deep cerebral white 
matter.2,3

Case Description

A 40-year-old man with B cell ALL diagnosed 3 months 
prior to admission currently on consolidation therapy with 

pegaspargase and vincristine was admitted for management 
of neutropenic fever, severe holocranial headache, nausea, and 
encephalopathy. Physical exam on admission was remark-
able for fever at 38.4 and low Glasgow Coma Scale of 11 with 
nonfocal neurologic exam. White blood count was low at 
980 cell per cubic microliter with absolute neutrophil count 
of 350 cell per cubic microliter (normal > 4,000 and > 1,500, 
respectively). He was started on broad spectrum antibiotics 
and extensive infectious work-up was sent. He was also given 
filgrastim for severe neutropenia. Brain MRI with contrast 
did not show any abnormal contrast enhancement; however, 
it revealed diffusion restriction on diffusion-weighted imag-
ing (DWI) sequence with correlating low signal on apparent 
diffusion coefficient (ADC) sequence at the splenium of cor-
pus callosum as well as a small focus within the left middle 
cerebellar peduncle (►Fig.  1). Electroencephalogram, toxic 
metabolic panel, cytology, bacterial, and viral studies in 
serum and cerebrospinal fluid (CSF) were all unremarkable. 
Nevertheless, the patient’s mental status did not improve, in 
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spite of supportive treatment. Fever and neutropenia both 
resolved on day 4 of admission; however, neurologic exam 
remains unchanged.

As patient received three doses of 15 mg intrathecal meth-
otrexate for ALL (last dose was 14 days prior to admission), 
subacute MNT was suspected. On day 6 of admission, dextro-
methorphan 60 mg every 12 hours was empirically started 
and the next day patient significantly improved and his 
neurologic exam was back to normal. He was monitored for 
another 24 hours then discharged home in good condition 
with total of 7 days of oral dextromethorphan 60 mg twice 
daily. Patient did not have any recurrent of his symptoms 
upon 1-month follow-up.

Discussion
MNT is a well-known side effect that presents most fre-
quently after prolonged low-dose oral, intrathecal, or 
high-dose methotrexate. It has been categorized as being 
acute, subacute, or chronic.4,5 Acute MNT occurs within a 
few hours after methotrexate administration and patients 
usually exhibit signs of chemical meningitis including fever, 
somnolence, confusion, headache, nausea, vomiting, and diz-
ziness. Subacute MNT is observed within days to weeks of 
methotrexate therapy where patient usually exhibit seizures 
or stroke-like symptoms including hemiparesis, hemisen-
sory deficits, aphasia, and diplopia and some patients may 

experience fever and encephalopathy (similar to what was 
described in our case).6 Chronic CNS toxicity occurs months 
to years after methotrexate therapy where patients develop 
cognitive dysfunction, behavioral abnormalities, and spastic-
ity. Between all different types of MNT, the subacute form 
stands out as the most challenging one to be diagnosed. The 
association between sudden onset and acute progression of 
symptoms (frequently similar to the presentation of stroke) 
along with receiving methotrexate days or even weeks prior 
can be easily missed. Hence, MNT should be always on the 
differential for any patient with unexplained neurologic 
symptoms who received methotrexate therapy.

The pathogenesis of MNT is multifactorial, but CNS folate 
homeostasis likely plays a major role in it. Some studies 
suggested that acute toxicity is partly mediated by adenos-
ine as methotrexate induces metabolic changes leading to 
increased extracellular adenosine.7 Subacute and chronic tox-
icity, on the other hand, are probably mediated with homo-
cysteine, S-adenosylmethionine/S-adenosylhomocysteine, 
and other excitatory amino acids.8 There is usually an ele-
vated level of homocysteine in CSF of patients who had 
received methotrexate.6,9 Homocysteine is directly toxic 
to vascular endothelium and its metabolites are excit-
atory agonists of the N-methyl-D-aspartate (NMDA) recep-
tor.10 Dextromethorphan, a noncompetitive NMDA receptor 
antagonist, can modulate the excitatory responses to homo-
cysteine and its metabolites and hence it has been used as 

Fig. 1  Magnetic resonance imaging (MRI) shows axial diffusion-weighted imaging (DWI), apparent diffusion coefficient (ADC), and 
fluid-attenuated inversion recovery (FLAIR) sequences. Yellow arrows point to increased diffusion restriction with ADC correlation in the sple-
nium of the corpus callosum (upper row) and left middle cerebellar peduncle (lower row). There are no corresponding changes on FLAIR in 
either cut.
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a treatment of the neurological dysfunction associated with 
MNT and in some centers it is used as a prophylactic agent 
prior to methotrexate administration.6,10,11

Our patient’s MRI showed diffusion restriction on DWI 
with ADC correlation at the splenium of corpus callosum 
and the left middle cerebellar peduncle. These changes are 
consistent with cytotoxic edema. Cytotoxic cerebral edema 
refers to a type of cerebral edema in which water is trapped 
inside the cells resulting in their swelling. This intracellular 
edema mainly affects gray matter but also involves the white 
matter as astrocytes are also involved.12 As cells swell due 
to inward shift of water, this will lead into decrease in dif-
fusion, which will be identified as high signal on DWI and 
low signal on ADC.12 Glutamate, a known neurotransmitter, 
plays major role in excitotoxicity by acting on aquaporins 
and NMDA receptors (among other receptors) leading into 
influx of water into both astrocytes and neurons resulting 
in cytotoxic edema appearance on MRI.13 The elevated lev-
els of homocysteine and its metabolites in patients treated 
with methotrexate can act as an excitatory agonists of NMDA 
receptors which can possibly explain the cytotoxic edema 
seen in such patients. The neurons, astrocytes, and oligo-
dendrocytes of the corpus callosum have a higher density 
of receptors, including cytokine receptors, toxin receptors, 
and drug receptors comparing with other parts of the brain 
which makes the corpus callosum, and particularly the sple-
nium, more vulnerable for cytotoxic edema.13,14
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