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BRIEF REPORT
Reversal of Neurologic Disturbances Related to High-Dose

Methotrexate by Aminophylline

Helene Peyriere, PHARM D, PhD,1,2* Maryline Poiree, MD,3 Marylene Cociglio, PHARM D, PhD,1
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High-dose methotrexate (superior to 1 g/m2, HDMTX)
is a common component of therapy for childhood acute
lymphocytic leukemia (ALL) [1]. Alkalinization, vigor-
ous hydration and rescue with leucovorin are needed to
minimise the toxicity of this drug. After HDMTX infu-
sions, monitoring of MTX plasma levels allows to
promptly detect delayed elimination of the drug (often
secondary to impaired renal function), which may lead to
various toxicities. HDMTX is associated with adverse-
effects such as acute renal failure, stomatitis or neuro-
logical disturbances, which are related to serum MTX
concentrations [2]. Neurotoxicity induced by MTX inclu-
des headaches, nausea, emesis, lethargy, blurred vision,
aphasia, convulsions, and leucoencephalopathy [2].
Our experience using aminophylline in the management
of MTX-related neurotoxicity in a 9-year-old boy is
informative.

He was diagnosed with high-risk ALL in January 1999.
Therapy with the EORTC 58951 protocol was started.
This protocol provides for nine courses of HDMTX
(5 g/m2 over 24 hr) associated with vincristine. Folinic
acid rescue (12 mg/m2 each 6 hr) is started 36 hr after the
start of MTX infusion and continued until an MTX
plasma level below the threshold value of 0.2mmol/L.
The patient received triple intrathecal chemotherapy
(methotrexate, 12 mg; cytarabine 30 mg; prednisolone,
15 mg) at the end of MTX infusion; i.e., at the 24th hour.
The ®rst cycle was well tolerated. However, serious
complications occurred during the second cycle of MTX:
2 days after the start of the infusion, the child developed
a nonreactive coma, seizures treated with diazepam
and clonazepam, and an increase of the arterial pressure
(175/102 mmHg) treated with intravenous nicardipine.
During the following night, his neurologic status wor-
sened with coma grade II, Glasgow scale at 6, bilateral
mydriasis, and respiratory insuf®ciency. The serum
creatinine level, which was 33mmol/L a few days before
this second cycle, reached 102 mmol/L 48 hr after the start
of MTX infusion. At this time, the dosage of folinic acid

was increased to 100 mg each 6 hr and the alkaline
hydration was intensi®ed.

A cerebral scan was performed, which showed bila-
teral hypodensity in the occiput, compatible with MTX
toxicity. The lumbar puncture performed at this time was
normal.

The child was then transferred to the Intensive Care
Unit. The neurologic status of the patient being still a
worry, he received aminophylline (2.5 mg/kg over 1 hr).
At the end of the infusion, the neurologic status rapidly
improved despite persistent high MTX levels. Mental
confusion and agitation persisted and the child was able
to return to the nonspecialized pediatric unit. Normal
values of serum creatinine level were observed only 10
days later.

MTX plasma levels measured were signi®cantly
increased during this MTX course: 9.8mmol/L 48 hr
after the start of the infusion and still 4.2mmol/L at 72 hr.
The threshold value of 0.2mmol/L in plasma was reached
only 8 days after the start of the infusion. The cerebro-
spinal ¯uid (CSF) MTX level 3 days after intrathecal
administration, was 0.27mmol/L.

HDMTX was resumed at the same dose, after a suf®-
cient washout, without neurologic or renal disturbances.
The patient received the additional seven courses of
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HDMTX, as previously provided in the protocol, without
prophylactic treatment with aminophylline. MTX plasma
levels during these seven cycles were within the normal
range (Table I); the plasma level of 0.2 mmol/L, when
rescue with folinic acid is discontinued, was reached
within 72 hr in all courses. At this time, the patient's ALL
is in remission.

DISCUSSION

Neurotoxicity is one of the side effects of methotrexate
therapy, and occurs after high-dose methotrexate
(HDMTX) in about 15% of treated patients [3]. It usually
takes the form of a reversible, (within a few days) acute,
stroke-like encephalopathy with seizures, confusion and
hemiparesis. Chronic delayed leucoencephalopathy is
less common [2]. Central nervous system toxicity
attributed to low-dose MTX has been also reported, in
the treatment of rheumatoid arthritis or psoriasis [2].
Then, headache, dizziness, poor memory and rarely
hallucinations may be seen. The pathogenesis of the var-
ious forms of MTX neurotoxicity is poorly understood.

All the neurologic symptoms presented by our young
patient were in accordance with the clinical picture of
HDMTX-related neurotoxicity. The severe signs and
symptoms developed during the second cycle of
HDMTX, when acute renal failure supervened leading
to an increase in MTX plasma levels (Table I). The same
protocol, followed in the following courses of HDMTX,
was well tolerated, the difference being only the delayed
excretion of MTX, suggesting a concentration-dependent
mechanism. For the second cycle of HDMTX, prehy-
dration regimen was the same as in the other cycles, but
was intensi®ed after the onset of acute renal failure.

The patient received triple intrathecal chemotherapy
as well as MTX. The association of intravenous and
intrathecal MTX could represent a risk factor [4]. We
cannot rule out the possibility that a part of the toxicity
was due to cytarabine in combination with MTX, and the
evidence argues for MTX having been responsible:

(i) MTX-CSF concentrations measured in our patient
(0.27 mmol/L 3 days after the intrathecal injection
and 1 day after the acute neurotoxicity) was
tenfold higher than the values reported previously
[5]: in a study, the geometric mean of MTX-CSF
levels measured 3 days after the injection was
0.028� 0.016mmol/L. This high MTX-CSF level
associated with high MTX plasma levels may re-
present cumulative factors, which led to the severe
neurologic dysfunction observed in our patient.

(ii) The rapid improvement in neurologic status after
the infusion of aminophylline. Only one study,
concerning six children treated for ALL, reported
the bene®cial effect of aminophylline in the
treatment of HDMTX neurotoxicity [6]. In that
report, the onset of neurologic symptoms occurred
within 24 hr of systemic MTX and completely
resolved within 30 min of aminophylline infusion
in four children. Cronstein et al., [7] have pro-
posed a mechanism for the bene®t of aminophyl-
line in HDMTX neurotoxicity:

(a) Increased adenosine may account for some of
the neurotoxicity observed with MTX; and

(b) aminophylline is a competitive antagonist for
adenosine receptors at serum concentrations
within the therapeutic range established for
asthma therapy (50±100mmol/L).

TABLE I. MTX Plasma Levels During the Nine Courses of HDMTX Received by the Patient

Time after start MTX plasma Time after start MTX plasma Time after start MTX plasma Time after start MTX plasma

of infusion levels (mmol/L) of infusion levels (mmol/L) of infusion levels (mmol/L) of infusion levels (mmol/L)

1st cycle 3rd cycle 6th cycle 9th cycle

H 33 1,9 H 24 30 H 24 39 H 27 9.3

H 62 0,17 H 36 1,1 H 36 1 H 36 0.76

2nd cycle H48 0,31 H 48 0,20 H 48 0.21

H24 94 H69 0,08 7th cycle H 65 0.05

H48 9.8 4th cycle H 24 56
H60 3.5 H 25 40 H 36 1.5

H70 4.7 H 36 1,3 H 48 0.4

H77 4.2 H 44 0,65 H 72 0.1

H91 1.4 H 60 0,08 8th cycle

H100 0.82 5th cycle H 24 37

H112 0.44 H 24 38 H 36 1.6

H124 0.36 H 36 1 H 48 0.39

H136 0.42 H 48 0,30 H 69 0.11

H148 0.33 H 60 0,08

h160 0.25

H191 0.27
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An increase of adenosine concentrations in the
cerebrospinal ¯uid was also found in six previous
children receiving systemic MTX [6]. In our patient,
the improvement of the neurologic status started at the
end of the aminophylline infusion, making us think that
the improvement was related to this treatment. Our
experience con®rms the favourable effect of this drug on
the CNS signs and symptoms related to HDMTX, as
reported by Bernini et al. [6].

HDMTX must be closely monitored. When acute
neurotoxicity develops, infusion of aminophylline appears
to be a safe and effective treatment. In this connection, it
must be remembered that MTX can also cause renal
failure. Since adenosine decreases glomerular ¯ow rate
and aminophylline antagonises this effect, aminophylline,
acting as a diuretic, may restore renal function. This in
turn would MTX neurotoxicity [6]. Renal function must
be strictly monitored during cycles of HDMTX. An
increase of the serum creatinine level, even though still
within normal range must be detected early if the CNS
toxicity of MTX related to high plasma levels is to be
prevented.

The delayed elimination of MTX occurring during one
course does not affect the MTX pharmacokinetics of later
chemotherapy cycles. After discussion with pediatric
oncologists, MTX treatment was resumed in our patient
at the same dose without any toxicity. This affords this
child every chance for a sustained remission, which

would have been severely compromised if MTX had to be
discontinued. Proper management of delayed MTX
elimination yielding increased plasma levels demands
repeated measures of serum creatinine levels. Folinic acid
dosage can then be increased, as can intensi®cation of
hydration. In some cases, speci®c therapeutic interven-
tions such as the use of aminophylline can be employed
to antagonise severe adverse CNS effects.
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