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Posterior reversible encephalopathy syndrome after intrathecal
methotrexate infusion: a case report and literature update
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Abstract: Posterior reversible encephalopathy syndrome (PRES) is a rare clinical-radiological entity
characterised by seizures, severe headache, mental status instability and visual disturbances. Hypertension is
typically present. We report a case of a 13-year old boy with Burkitt lymphoma/leukaemia, who presented
with posterior leukoencephalopathy 24 hours after intrathecal methotrexate (MTX) infusion. The child
presented with headache, seizures, elevated blood pressure and gradual deterioration of his neurological
status. Midazolam, dexamethazone and furosemide were initiated leading to reduction of cerebral oedema
and clinical improvement. A thorough literature review is discussed in this report. Pathophysiology of
leukoencephalopathy remains unclear. It develops within 5-14 days after intrathecal M'TX and resolves
within a week usually without permanent neurological sequelae. Broad use of MRI has led to an increasing
number of identified cases of PRES. Treatment approach is mainly to manage the underlying cause of

PRES. Prognosis is generally benign; however delayed diagnosis and improper management may result in

permanent brain insult.
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Introduction

The first definition of posterior reversible encephalopathy
syndrome (PRES), dates back to 1996, when Hinchey
described a reversible clinical-radiological syndrome
characterized by acute onset of headache, nausea, dizziness,
changes in consciousness, convulsions and transient visual
disturbances such as cortical blindness and white matter
oedema mainly localised in the occipital-parietal lobes (1,2).
Magnetic resonance imaging (MRI) shows bilateral grey and
white matter abnormalities predominantly in the posterior
regions of the cerebral hemispheres and cerebellum (3).
PRES is the result of multitude of factors and has been
associated with numerous medical conditions. Hypertension
and immunosuppressive or cytotoxic drugs have been
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reported to be the most significant causes of PRES (4).

Methotrexate (M'TX) is a commonly used chemotherapeutic
agent in children with cancer. It can cause leukoencephalopathy,
which ranges from acute and reversible to recurrent, chronic
or irreversible and rarely fatal (5). The pathophysiology
of leukoencephalopathy is not well understood. Acute
encephalopathy generally develops within 5-14 days after
intrathecal (I'T) or high dose (HD) M'TX and resolves within a
week without permanent neurological sequelae (3).

The occurrence of PRES in the paediatric population
has been recently recognized, however, because of the
sparse paediatric cases ever reported, both paediatricians
and radiologists may be less familiar with this entity.
Herein, we report a case of a 13-year old boy with Burkitt
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Figure 1 Axial FLAIR MR imaging shows nearly symmetrical

cortical and subcortical hyperintense lesions in the parieto-occipital
lobes and the frontal border zones. FLAIR, fluid-attenuated

inversion-recovery.

lymphoma/leukaemia, who presented with posterior
leukoencephalopathy 24 hours after I'T M'TX infusion; a

thorough literature review is obtained.

Case presentation

A 13-year-old boy was referred to our department with a
probable diagnosis of intestinal B-cell lymphoma. Bone
marrow aspiration and immunophenotype revealed bone
marrow infiltration of more than 70% blasts, which were
positive for CD45, CD19, CD20 and HLA-DR, DP, DQ.
Cytogenetics showed the presence of t(8;14)(q24;q32)
translocation, that confirmed the diagnosis of Burkitt
lymphoma/leukaemia and the boy was treated according
to the UKCCSG NHL 903 chemotherapy protocol (six
cycles of prednisolone, vincristine, adriamycin, cytarabine,
MTX along with I'T infusions of hydrocortisone, MTX and
cytarabine). Two months after the end of the treatment he
presented with local relapse, without any evidence of bone
marrow disease. Therefore, he started treatment according
to the BFM NHL 2004 chemotherapeutic regimen
(dexamethasone, ifosfamide, cyclophosphamide, high-dose
MTX, cytarabine, teniposide, adriamycin along with IT
infusions of hydrocortisone, MTX and cytarabine).

Three months later, while he was still continuing with
his treatment, and 24 hours after I'T MTX infusion, he
presented with an episode of generalized tonic-clonic
seizures and developed severe headache. Neurological
examination revealed mydriasis, while physically he
remained stable and generally in good condition.
Cerebrospinal fluid (CSF) had been tested routinely for
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central nervous system (CNS) disease on the day prior
to this episode while he was under I'T M'TX. The results
from the CSF specimen were normal. Blood pressure was
slightly elevated (129/82 mmHg) (95th percentile both for
systolic and diastolic according to his height) and the heart
rate was about 90 beats/min. Biochemical and electrolyte
screening were within normal limits. He was treated with
intravenous (IV) bolus administration of 5 mg diazepam
after 5 min. Due to the continuation of seizures for over
20 minutes IV phenytoin was initiated with 20 mg/kg of
body weight with success. However three hours later two
new episodes of generalized tonic-clonic seizures occurred.
His blood pressure was elevated further (170/120 mmHg),
while his neurological status gradually deteriorated and
the child became lethargic. He was treated with the
additional administration of IV bolus midazolam 0.2 mg/kg,
dexamethasone and furosemide for the reduction of cerebral
oedema.

Over the ensuing two days his neurological examination
steadily improved and his mental status restored to normal.
Brain MRI, performed on the sixth day after the cessation
of the convulsions, demonstrated frontal and parietal-
occipital cortical and subcortical hyperintense lesions on
fluid-attenuated inversion-recovery (FLAIR) and T2W
images with no contrast enhancement on T1W images.
On apparent diffusion coefficient (ADC) maps the lesions
showed increased ADC values, representing vasogenic
oedema (Figure I). Two weeks later, a follow-up MRI scan
was performed showing no abnormality in those areas
(Figure 2). On examination, no neurological deficit was
detected. Despite intensive chemotherapy the patient died
due to the progression of the underlying disease and the
severe long term bone marrow suppression.

Discussion

PRES is a clinical-radiological entity characterised clinically
by seizures, severe headache, mental status instability
and visual disturbances such as cortical blindness and
hallucinations. Somnolence and lethargy are the key clinical
features on presentation. Visual abnormalities may present
as the disease evolves. Hypertension is typically presented
from the outset, though normal blood pressure has been
reported in some cases. The term “posterior reversible
leukoencephalopathy” may not be accurate since the
outcome is not always reversible, the lesions are not always
located to the posterior regions of the brain and it may
affect not only the white but also the grey matter (6). In the
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recent years, the broad use of MRI has led to an increasing
number of identified cases of PRES. However, the incidence
of PRES in children remains still low (7,8). It seems that
there is a significant female predominance, which may
reflect some of the immunological causes of this entity (9).
A thorough literature search found that up to now few cases
of PRES in children with haematological malignancies have
been reported (Table 1) (10-17).

The pathophysiology of PRES remains not only unclear
but also enigmatic. One reason for this is its multifactorial
nature. PRES reflects a cerebral vasogenic oedema and
the main pathophysiology is that of neurotoxicity. It is
speculated that PRES is due to a breakdown in the blood
brain barrier leading to a leakage of fluid to the intermediate
space of the cerebral parenchyma which in turn generates
vasogenic oedema (18). Immunosuppressant drugs have also
a cytotoxic effect on the vascular endothelium. Whether

Figure 2 Axial FLAIR imaging shows no abnormality in these

areas. FLAIR, fluid-attenuated inversion-recovery.

Table 1 Cases of PRES in children with haematological malignancies

vasospasin per se contributes to ischemia it remains unclear.
Alterations in systemic blood pressure may affect the
vessels of the brain, however sympathetic auto-regulatory
mechanisms can control and reverse this effect (18,19).
PRES can occur in the absence of hypertension in
20-40% of the cases (20). Additionally, patients with severe
hypertension are reported to have a milder vasogenic
oedema than normotensive patients (20). This result would
have been unexpected, if the mechanism of PRES was
exclusively severe hypertension with dysfunctional auto-
regulation mechanisms (21). Since several patients with
PRES have normal blood pressure, endothelial damage
and default of the blood-brain barrier could explain the
pathogenesis of the syndrome (22). However, it is still
unclear whether this phenomenon is the direct effect of
an autoimmune process or an indirect complication of the
applied treatment for the underlying disease.
Immunosuppressive and cytotoxic drugs have been accused
to cause either direct endothe-lial damage or disruption of
the endothelial cell integrity. The latter leads to release of
endo-thelin, a protein that causes vasoconstriction of the
cerebral vessels. This as a domino phenomenon triggers mild
and reversible ischemia and oedema of the white matter (23).
Moreover, chemotherapeutic agents (MTX, L-asparaginase,
adriamycin, cyclophosphamide, cytosine arabinoside,
vincristine) contribute to PRES also by inducing or
exacerbating hypertension due to corticosteroids treatment
or renal dysfunction (24). Erythropoietin and certain colony
stimulating factors such as G-CSF have been associated with
PRES as well. This syndrome has also been reported to be
associated with newer targeted therapies such as antivascular
endothelial growth factor (VEGF) agents (bevacizumab),

Researcher Year Country  Patients Underlying disease Result
Ulu et al. (10) 2009 Turkey 2 Leukemia -
Hourani et al. (11) 2008  Lebanon 3 ALL 1/3 Resolved
Lucchini et al. (12) 2008 Italy 12 ALL, Fanconi anemia, langerhans cell histiocytosis and immune 8/12 Resolved
haemolytic anemia
Inaba et al. (13) 2008 USA 8 Lymphoma, leukemia and bone sarcoma 2/8 Resolved
Morris et al. (14) 2007 USA 11 NHD and Ewing sarcoma 4/11 Persistent
Dufourg et al. (5) 2007 France 20 ALL 67% Resolved
Umeda et al. (15) 2007 Japan 5 ALL 4/5 Resolved
Cooney et al. (16) 2000 USA 3 ALL Resolved
Bernini et al. (17) 1995 USA 6 ALL 4/6 resolved

PRES, posterior reversible encephalopathy syndrome; ALL, acute lymphoblastic leukemia.
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anti-CD20 antibodies (rituximab), tyrosine kinase inhibiting
(TKI) agents (sorafenib, sunitinib, pazopanib) and, most
recently, with anti-cytotoxic T-cell lymphocyte antigen 4
(CTLA-4) agents (ipilimumab) (24).

Throughout the treatment of acute childhood leukemia,
PRES may occur as a neurological complication. Induction
chemotherapy regimens of acute lymphoblastic leukaemia
(consisting of systemic steroids, repetitive intrathecal MTX,
vincristine, and L-asparaginase) may comprise predisposing
factors of PRES. Asparaginase-induced toxicity or MTX-
induced encephalopathy should be differentiated from PRES.
High-dose MTX of 1.5-8 g/m’ and age above 10 years old
are associated with an increased risk for acute encephalopathy
in children with ALL (5). In our case, the child presented
with recurrent generalized tonic-clonic seizures followed
by lethargy and hypertension, in accordance with the
symptoms described by other authors (12,13). MTX-induced
encephalopathy shows a tendency to involve more often
the cerebral white matter and also has a tendency to occur
in a certain time period, usually few weeks after intrathecal
MTX infusion. These characteristics may prove helpful in
the differential diagnosis between chemotherapy-induced
leukoencephalopathy and PRES (25).

Risk factors for PRES in paediatric cancer patients are
hypertension (not necessarily acute) and remission induction
chemotherapy. Common complications of treatment in
malignancies, such as hypertension, systemic inflammatory
response, sepsis, hyperviscosity syndrome, coagulopathy and
electrolyte imbalance, could affect negatively the prognosis
and alter the course of the disease (21). Most of the patients
develop PRES during the induction phase of treatment (26).
The reason for this timing is not clarified but it does not seem
to be random. Possibly unidentified systemic factors associated
with the induction phase of treatiment predispose patients to
PRES perhaps through an autoimmune response. A recent
study showed that serum lactate dehydrogenase (LDH), a
marker of endothelial dysfunction, had a statistically significant
elevation at the onset of PRES toxicity in cancer patients
receiving chemotherapy (27). Immunological processing
seems to be further involved in the genesis of PRES. Cytokine
production in the early phase of Guillain-Barré Syndrome
could play a role in altering capillary permeability and cause
breakdown of the blood brain barrier (28).

The typical features of PRES are not present in all
paediatric PRES patients. Kwon et 4/l. reported 12 patients
that presented with seizures (42 %), visual disturbances (33 %),
headache (17%), or altered mental status (8%) (29). Incecik
et al. detected that the most common clinical features were:
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altered mental status, seizures and headache (30). Other
symptoms were nausea, vomiting and blurred vision (30).
The findings from the physical examination, in the majority
of cases, are non-specific for the disease. With the exception
of brisk deep tendon reflexes, particularly of the lower
extremities, and possibly extensor plantar responses, the rest
of the clinical examination is relatively unimpressive (18).

Typically, PRES presents as widespread, usually
reversible vasogenic oedema, predominantly in the sub-
cortical white matter of the occipital and parietal lobes
(Figure 1). In large retrospective studies, this is the most
common pattern of oedema (31). The predilection for the
posterior cerebral areas is thought to be due to the fact
that the circulation there is more susceptible to impaired
auto-regulation and to the genesis of vasogenic oedema
in the setting of hypertension (32). With the advent of
neuroimaging, PRES has become more easily identifiable.

The findings from the brain MRI are typical for this
disease and include hyperintense signal in T2 weighted and
FLAIR images at the cortical-subcortical level. FLAIR and
DWTI images can be helpful to distinguish vasogenic from
cytotoxic oedema, the second being rather unusual in PRES
lesions (12). Vasogenic oedema typically shows isointensity
or hypointensity in DWI and hyperintensity on the ADC
map, while cytotoxic edema shows hyperintensity in DWI
and hypointensity on the ADC map (21). The presence of
vasogenic oedema within the posterior arterial watershed
region suggests a reversible process with a favourable
prognosis. In contrast, cytotoxic oedema beyond the
posterior circulation is atypical findings for PRES with a
less favourable outcome (29).

Although rarely, atypical imaging findings of unusual
distribution patterns, presence of cytotoxic oedema,
infarction, hemorrhage, and contrast enhancement have
been recently reported (33,34).

Moreover, the median time of clinical resolution in a
recent study of children with PRES was 4.8 days (range,
1.5-14 days) (35), consistent with the result of adults
(5.3 days) (8). MRI remains the examination of choice for
establishing the diagnosis of PRES. Various conditions must
be differentiated from PRES, such as infectious encephalitis,
acute disseminated encephalomyelitis, progressive
multifocal leukoencephalopathy (PML), vasculitis, cerebral
venous sinus thrombosis, and ischemic stroke (32).

The treatment approach is to restore the underlying
cause of PRES. Early diagnosis and immediate correction of
the cause of PRES are the keys to successful management.
Symptom-directed management consisting of antiepileptic
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drugs, removal of potentially triggering factors, and of
course, treatment of the underlying cause that leads to
hypertension (35).

No consensus has yet been achieved about which patients
should receive antiepileptic drugs for seizures after PRES
(25,36). Anticonvulsant therapy is recommended even after a
single seizure (9). Morris et 4l. recommended continuation of
the antiepileptic treatment for 3—6 months in uncomplicated
cases (14). They also recommended an anticonvulsant
regimen for at least 12 months in patients with recurrent
seizures and abnormal findings on electroencephalogram (14).
Lucchini ez a/. advised anticonvulsant therapy for 12 months
in patients with brain damage (12).

Withdrawal of the potential triggering agents may not
always be accompanied by a favourable outcome. Some authors
have treated PRES by initiating cyclophosphamide and few
have continued ongoing treatment with cyclophosphamide
and reported no recurrence (37). Conversely, other authors
have reported a case of worsening of symptoms when a patient
with PRES received cyclophosphamide (38). High-dose
corticosteroids can cause hypertension. However, removal of
steroids could also be proven harmful unless the blood pressure
is not controlled (22).

The prognosis of PRES is often benign provided that
early diagnosis is made and management is accurate and
in time. In these cases restoration is usually seen several
days or weeks after the onset of symptoms (8). However,
delayed diagnosis and improper management may result in
permanent brain insult, even death (23,35).

The presence of cytotoxic oedema is the strongest
unfavourable prognostic factor for the disorder as it can lead
to irreversible cerebral insult (39). A significant number of
patients develop epilepsy despite of clinical and radiological
evidence of recovery (14). A minimum follow up period
of two years with clinical surveillance, EEG and MRI is
needed in order to evaluate furthermore the prognosis of

PRES (12).

Conclusions

Early recognition of PRES as a complication during
various diseases and therapies in childhood may facilitate
precise diagnosis and appropriate treatment in a timely
manner, conferring a good prognosis. Given the widespread
use of steroids and other medications used in oncology,
it is important to recognize PRES as a rare but usually
reversible complication, especially in paediatric patients
receiving treatment for acute lymphoblastic leukaemia.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Appropriate treatment should be initiated accordingly after
ruling out other causes, which could result in a similar
clinical presentation like cortical venous thrombosis, CNS
hemorrhage, CNS leukemic infiltration, and encephalitis.
We should emphasize the importance of close monitoring of
blood pressure in children with critical neurological illness
and predisposing factors for PRES. High suspicion should
be raised in these patients when hypertension is detected,
especially in the context of acute consciousness alteration or
convulsions.
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