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Stroke-Like Hemiparesis During Acute Lymphoblastic Leukemia
Treatment
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A BST R AC T
In this case report; a 12-year-old male with acute lymphoblastic leukemia who developed transient left hemiparesis associated with dysphasia and central facial paralysis 14 days after high dose methotrexate (5g/m2) and intrathecal methotrexate (12 mg,
according to age) treatment has been reported. Cranial magnetic resonance imaging
revealed restricted diffusion in bilateral centrum semiovale compatible with methotrexate-induced acute encephalopathy. All clinical symptoms resolved completely
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without any treatment.
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Clinical findings including headache, nausea, emesis, lethargy, altered mental status,
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blurred vision, aphasia, dysphasia, hemiparesis and cranial magnetic resonance imag-
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ing findings of restricted diffusion that does not comply with the territory of any ar-
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tery should alert the physician for methotrexate-induced acute encephalopathy.
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INTRODUCTION
Methotrexate (MTX) is an important chemotherapeutic agent in acute lymphoblastic leukemia (ALL)
treatment because it has been shown to increase
the surveillance in children with ALL. However,
MTX may induce significant neurotoxicity. The
MTX neurotoxicity can present as acute or chronic
© 2020 Acta Medica. All rights reserved.

encephalopathy. It has a wide clinical spectrum,
ranging from sub-clinical manifestations with
complete recovery to a progressive encephalopathy. Methotrexate induced acute encephalopathy is
a transient neurological dysfunction that should be
considered in patients presenting with stroke-like
43
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hemiparesis, seizures, aphasia, dysphasia, dysphagia, and diplopia 5 to 14 days after MTX therapy [13] .
Here, we report a 12-year-old male with ALL who developed transient left hemiparesis associated with
dysphasia and central facial paralysis 14 days after
high dose MTX (5g/m2) and intrathecal (IT) MTX (12
mg according to age) treatment. Cranial magnetic resonance imaging (MRI) revealed restricted diffusion in bilateral centrum semiovale compatible
with methotrexate induced acute encephalopathy.
All clinical symptoms resolved completely without
any treatment.

CASE REPORT
A 12-year-old male was admitted to Hacettepe
University Faculty of Medicine, Ihsan Dogramaci
Children’s Hospital, Department of Pediatrics with
the complaints of fatigue, loss of apetite, and weight
loss for two weeks. On his laboratory studies; anemia and mild thrombocytopenia was noticed.
Therefore, he was referred to Pediatric Hematology
Unit. His medical history revealed that he was born
as the first child of a healthy parents and he was a
healthy child without any problem. Physical examination showed pale skin and hepatomegaly (2 cm
below costal margin). His complete blood count revealed that hemoglobin (Hb) was 6.8 g/dL, white
blood cell (WBC) count 15900/mm3, and platelet (PLT) count 121000/mm3. His peripheral blood
smear showed lymphoblasts. On his bone marrow aspiration smear, 98% lymphoblasts were observed. Flow cytometric analysis showed CD2, CD3,
CD4, CD7, CD8, and TdT positivity. The results were
compatible with T cell ALL. Cytogenetic analysis
showed no positive translocation of t(9;22), t(4;11),
t(12;21), and t(1;19). All biochemical parameters were
within normal range except high serum uric acid (9,3
mg/dL) and LDH (3646 U/L) levels. After the diagnosis of T cell ALL, ALLIC BFM 2009 chemotherapy protocol was started [4]. Diagnostic lumbar puncture
(LP) was traumatic so he received extra-intrathecal
treatments at 18th and 27th days according to the
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protocol. At the 8th day of steroid therapy, absolute
blast count was 96/mm3 on peripheral blood smear.
Therefore, it was considered as prednisolone good
response. At the 15th day of the protocol, bone marrow aspiration smear showed no blastic cells with
a minimal residual disease (MRD) of 4.5x10-4 (CD3/
CD7/TdT). At the 33th day of the protocol, bone marrow aspiration smear showed no blastic cells
with a MRD of 0.5x10-4 (CD3/CD7/TdT). After
the completion of induction (IA) and consolidation
(Augmented IB) parts of the protocol, the bone marrow aspiration showed no blastic cells with a MRD
of 0x10-4 (CD3/CD7/TdT). He was considered as
‘Intermediate risk group’ according to the protocol.
Then, he started to M block including four times of
high dose MTX (5gr/m2) and intrathecal MTX (12 mg
according to age) treatments at a two weeks interval. He completed the first high dose and intrathecal MTX treatments without any complication and
he received the second high dose and intrathecal
MTX treatments after two weeks. Leucovorin rescue
was given at a dosage of 15 mg/m2 at 42nd, 48th,
and 54th hours according to the protocol. Six days
after the second MTX treatment, he was admitted to
the hospital with neutropenic fever and intravenous
meropenem treatment was started. Blood culture
was negative; fever was under controlled and absolute neutrophil count (ANC) increased over 1000/
mm3 within one week. On the 7th day of the antibiotic treatment, hemiparesis occurred on his right
side lasting for one hour. Cranial computed tomography (CT) was normal and the symptoms resolved
completely. At the next night, hemiparesis occurred
again on his right side with dysphasia and central
facial paralysis lasting for 2 hours. Cranial MRI revealed lesions with diffusion restriction in bilateral
centrum semiovale more prominent on the left. The
lesions were not appreciated on T2 weighted and
FLAIR imaging and did not show contrast enhancement. As the diffusion restricted areas were bilateral and did not correspond to any single arterial territory, the patient was diagnosed as MTX- induced
acute encephalopathy (Figure 1).
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Figure 1. MRI at the symptomatic period. A: Axial diffusion image (b=1000 s/mm2) demonstrates high signal intensity in bilateral centrum semiovale (more prominent on the left, arrows), B: Corresponding ADC map reveals low values at affected sites showing the diffusion restriction (arrows), C: T2 weighted (TR/TE: 5390/106 ms) reveals no apparent signal abnormality corresponding to the areas with restricted diffusion, D: Postcontrast T1 weighted image (TR/TE: 590/14ms) shows no abnormal contrast enhancement in the affected areas.
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Clinical symptoms started 14 days after high dose
and intrathecal MTX treatments. All the fluctuating
symptoms completely resolved within 24 hours.

DISCUSSION
Acute encephalopathy after MTX treatment is a very
rare event in children with acute leukemia. The incidence of acute encephalopathy after MTX treatment was 0.8% for patients with leukemia/lymphoma and 4.5% for patients with osteosarcoma or malignant fibrous histiocytoma [5]. This shows that
higher incidences of acute encephalopathy are related to higher doses of MTX that used in the treatment of osteosarcoma or malignant fibrous histiocytoma (8-12 g/m2). Clinical findings of acute encephalopathy may include headache, nausea, emesis, lethargy, altered mental status, blurred vision,
aphasia, dysphasia, hemiparesis, and seizure [6-8].
In our hospital, MTX-induced acute encephalopathy was observed in only 1/179 (0.5 %) children who
have been followed up in Pediatric Hematology
Unit with the diagnosis of ALL since January 2010.
Therefore, MTX-induced acute encephalopathy is a
very rare complication seen in our hospital.
In a study performed by Mahoney et al; cumulative
dosage of systemic MTX, a high MTX: leucovorin ratio, and concurrent intrathecal MTX treatment have
been shown to increase the risk of acute encephalopathy [9]. Acute encephalopathy generally develops within 5-14 days after MTX treatment and usually resolves within a week. However, recurrences
may occur after MTX therapy is resumed. Most patients can resume MTX therapy without permanent
neurological sequelae, although 10–56% may experience recurrence on rechallenge. Prophylactic aminophylline treatment is recommended to prevent
recurrence of acute encephalopathy [6-10].
In our patient, acute encephalopathy developed
after 14 days of MTX treatment. His symptoms became evident after waking up. Dysphasia, facial paralysis, and hemiparesis developed after an episode of headache. He had no seizure. The symptoms evolved over minutes to many hours, progressing, resolving, and involving bilateral brain
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areas. His cranial MRI revealed restricted diffusion
at bilateral centrum semiovale. Restricted diffusion
did not comply with the irrigation area of any artery.
Therefore, MTX-induced acute encephalopathy was
diagnosed with these clinical and cranial MRI findings. All his symptoms resolved within 24 hours. His
clinical status is very well now. We decided to resume other doses of MTX treatment with aminophylline prophylaxis.
The pathophysiology of MTX-induced acute encephalopathy is not exactly known. However, it
does not appear to be related to MTX pharmacokinetics [6] . Dufourg et al [5] reported that high dose
MTX doses of 1.5–8 g/m2 and age >10 years were
associated with MTX-induced acute encephalopathy in children with ALL. The tendency of slow MTX
clearance in adolescents may contribute to the risk
of MTX-induced acute encephalopathy. However,
no significant relation between MTX pharmacokinetics and the development of MTX-induced acute
encephalopathy has been shown, yet. Although the
pathophysiologic mechanisms are unclear, slow
waxing and waning of neurologic symptoms indicates progressive depolarization of neuronal and
axonal membranes as in migraine-associated cortical spreading depression rather than vascular occlusion [11]. Furthermore, MTX promotes release of adenosine from fibroblasts and endothelial cells and
elevated adenosine has been demonstrated in cerebrospinal fluid after MTX treatment. High adenosine levels cause dilatation in cerebral blood vessels,
modify the release of pre- and postsynaptic neurotransmitters, and may slow the discharge rate of
neurons. Thus, adenosine release may contribute to
the pathophysiology of MTX-induced acute neurotoxicity. Aminophylline displaces adenosine from
its receptor sites [12]. Although its efficacy is diffucult to acertain, aminophylline prophylaxis is recommended to prevent recurrence of MTX-induced
acute encephalopathy.
MTX-induced acute encephalopathy may develop in leukemic children who received high dose
MTX treatment and age >10 years.. Since treatment strategies are different, differential diagnosis of acute iskemic stroke and MTX-induced acute
© 2020 Acta Medica. All rights reserved.

Acta Medica 2020; 51(2): 43 -48

encephalopathy should be performed carefully.
Anticoagulant treatment is not necessary for MTXinduced acute encephalopathy. Instead of anticoagulation, aminophiline treatment may be useful to
decrease the clinical symptoms and also to prevent
recurrences. Cranial MRI findings of restricted diffusion that does not comply with the territory of any
artery must alert the radiologist. Diffusion weighted
imaging (DWI) has been described as the most sensitive modality to show the affected areas in MTXinduced acute encephalopathy in the acute period

© 2020 Acta Medica. All rights reserved.

Bajin et al.

before T2 weighted and FLAIR signal changes occur.
The resolution of DWI findings can be observed on
follow-up cranial MRI studies [2].
Thus, pediatric hematologists and neurologists
should be aware the clinical picture of MTX-induced
acute encephalopathy. Therefore, prompt diagnosis and right treatment strategy may decrease the
development of neurological sequelae after MTXinduced acute encephalopathy.

47

Encephalopathy Durıng Methotrexate Treatment
REFERENCES
[1] Bhojwani D, Sabin ND, Peiet D et al. MethotrexateInduced Neurotoxicity and Leukoencephalopathy in
Childhood Acute Lymphoblastic Leukemia. J Clin Oncol
2010; 32:949-9592.
[2] Inaba H, Khan RB, Laningham FH, et al. Clinical and radiological characteristics of methotrexate-induced acute
encephalopathy in pediatric patients with cancer. Ann
Oncol. 2008;19(1):178-84.
[3] Yap SM, MacEneaney P, Ryan C, et al. Alternating hemiparesis and orolingualapraxia as manifestations of methotrexate neurotoxicity in a paediatric case of acutelymphoblastic leukaemia. . BMJ Case Rep. 2016 Apr 25. pii:
bcr2016214677.
[4] Castillo L. Final Version of Therapy Protocol from
August-14-2009. Start. 01.04.2010. End. 31.03.2015. ALL ICBFM 2009 – TRIAL STEERING COMMITTEE. www.bialaczka.
org/wp
content/uploads/2016/01/24_06_11_ALLIC_
BFM_2009.pdf
[5] Dufourg MN, Landman-Parker J, Auclerc MF, et al. Age and
high-dose methotrexate are associated to clinical acute
encephalopathy in FRALLE 93 trial for acute lymphoblastic leukemia in children. Leukemia 2007; 21:238-247.
[6] Rubnitz JE, Relling MV, Harrison PL, et al. Transient encephalopathy following high-dose methotrexate treatment in
childhood acute lymphoblastic leukemia. Leukemia 1998;
12: 1176–1181.

48

[7] Walker RW, Allen JC, Rosen G, et al. Transient cerebral dysfunction secondary to high-dose methotrexate. J Clin
Oncol 1986; 4: 1845–1850.
[8] Jaffe N, Takaue Y, Anzai T, et al. Transient neurologic disturbances induced by high-dose methotrexate treatment.
Cancer 1985; 56: 1356–1360.
[9] Mahoney DH Jr, Shuster JJ, Nitschke R et al. Acute neurotoxicity in children with B-precursor acute lymphoid leukemia: an association with intermediate-dose intravenous
methotrexate and intrathecal triple therapy—a Pediatric
Oncology Group study. J Clin Oncol 1998; 16: 1712–1722.
[10] Brugnoletti F, Morris EB, Laningham FH, et al. Recurrent
intrathecal methotrexate induced neurotoxicity in an
adolescent with acute lymphoblastic leukemia: Serial
clinical and radiologic findings. Pediatr Blood Cancer.
2009;52(2):293-5.
[11] James MF, Smith MI, Bockhorst KH et al. Cortical spreading depression in the gyrencephalic feline brain studied
by magnetic resonance imaging. J Physiol 1999; 519 Pt 2:
415–425.
[12] Bernini JC, Fort DW, Griener JC et al. Aminophylline for
methotrexate-induced neurotoxicity. Lancet 1995; 345:
544–547.

© 2020 Acta Medica. All rights reserved.

