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The intrathecal chemotherapy with methotrexate and cytarabine arabinoside is used for the treatment and 
prophylaxis of the primary central nervous system lymphoma. The therapy may induce neurotoxicity including 
the cauda equina syndrome. We report a case of a 58-year-old man with the diffuse large B-cell lymphoma, 
who developed the cauda equina syndrome after the administration of intrathecal methotrexate and cytarabine 
arabinoside, as diagnosed by the electrodiagnostic, urodynamic, and radiologic approaches.
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INTRODUCTION

The intrathecal (IT) chemotherapy is an important 
component of the treatment and prophylaxis of the pri-
mary central nervous system (CNS) lymphoma. There 
have been reports of neurotoxicity attributed to the IT 
chemotherapy, including arachnoiditis, seizures, en-
cephalopathy, and the spinal cord lesion. The incidence 
rates range from 4.2% to 61%, showing a large discrep-
ancy between the various reports [1-4].

The spinal cord lesions manifesting as tetraplegia, 
paraplegia, and the cauda equina syndrome are some of 
the most frequently described neurotoxicity cases after 
the IT chemotherapy. Of the 28 reported cases with the 
spinal cord lesions after the IT chemotherapy, paraplegia 
has occurred in 23 cases (82%), tetraplegia in three cases 
(11%), and the cauda equina syndrome in two cases (7%). 
Most patients have shown poor recovery and are left with 
residual neurological deficits [2]. 

Three cases of paraplegia after the IT chemotherapy 
have been reported in Korea [1,4,5]. Two cases had re-
ceived IT methotrexate (MTX) only. One case was diag-
nosed as thoracic myelopathy by the magnetic resonance 
imaging (MRI). The other case was suspected as the tho-
racic spinal cord lesion clinically, but not confirmed by a 
radiologic evaluation. Another case had received IT MTX 
and cytarabine arabinoside (Ara-C), and was diagnosed 
as the thoracic myelopathy by MRI. There is no report 
of the cauda equina syndrome after IT MTX and Ara-C, 
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a standard method for the primary CNS lymphoma, as 
diagnosed by the electrodiagnostic, urodynamic, and 
radiologic approaches. This is the first case report of the 
cauda equina syndrome after the IT chemotherapy in Ko-
rea.

CASE REPORT

A 58-year-old male patient who had no past medical 
history presented with fatigue, subjective feeling of the 
left lower-extremity weakness for 1 month, and the left 
facial palsy for 3 days. Brain MRI was preformed after 
admission to the Department of Neurosurgery at the 
Konkuk University Medical Center. A brain tumor was 
revealed at corpus callosum and septum pellucidum. On 
the physical examination was observed was the central 
type left facial palsy without other neurological abnor-
malities. He underwent craniotomy and a tumor removal 
operation, and didn’t show any changes in the neurologi-
cal examination following the surgery. After the diagnosis 
of the diagnosed as diffuse large B-cell lymphoma on the 
tissue biopsy, the patient he was transferred to the De-
partment of Internal Medicine for chemotherapy. He re-
ceived one treatment of the systemic chemotherapy, with 
MTX, thiopeta, and vincristine, 16 days after the surgery. 
Five weeks after the surgery, the patient he underwent 
the IT chemotherapy 9 times, with MTX 15 mg, Ara-C 40 
mg, and hydrocortisone 50 mg over a 4-week period, fol-
lowed by the intracranial radiation therapy with 30 Gy 
doses. After 4 weeks from the initiation of the IT chemo-
therapy, he developed a gradual weakness of the bilateral 
lower extremities, and then dysuria 4 days later. The ce-

rebrospinal fluid (CSF) study was normal with a pressure 
of 13.0 cm H2O, the protein level 78.1 mg/dL, and the 
glucose level more than 70% of blood sugar. There were 
no findings of white blood cells nor malignant cells in the 
CSF. The patient was transferred to the Department of 
Rehabilitation Medicine for the evaluation and treatment 
of the bilateral lower extremities weakness. He dem-
onstrated a Medical Research Council (MRC) grade III 
weakness of the right hip flexor and knee extensor, MRC 
grade II weakness of the right hip extensor, knee flexor, 
ankle dorsiflexor and plantarflexor, and big toe extensor 
and flexor, and general MRC grade II weakness of the left 
lower extremity. There was hypesthesia to the pain, tem-
perature, vibration, and proprioception at the derma-
tome below L2 level bilaterally. There were no responses 
of the bilateral knee and the ankle deep tendon reflexes, 
and the pathologic reflexes including Babinski sign and 
ankle clonus were absent. He received a Foley catheter 
insertion, as he did not have any urination sense and was 
not able to void at all. He also could not sense anal mu-
cosa touch or deep anal pressure, and showed weakness 
of the anal sphincter muscle. There were no responses of 
the bilateral bulbocavernosus reflexes (BCR). However, 
the bilateral upper extremities and trunk had normal 
neurological findings. Electrodiagnostic examination was 
performed 5 weeks after the onset of the bilateral lower 
extremities weakness. It revealed a decreased compound 
muscle action potential (CMAP) amplitude of the right 
common peroneal nerve, measured from the extensor 
digitorum brevis (EDB) and the left tibial nerve from the 
abductor hallucis (AH) muscles. No CMAP response was 
detected from the left EDB muscle. There were normal 

Table 1. Results of the nerve conduction studies

Nerve
Right Left

DL 
(ms)

Amplitude
CV 

(m/s)
Latency 

(ms)
DL 

(ms)
Amplitude

CV 
(m/s)

Latency 
(ms)

CMAP Peroneal (EDB) 3.7 2.5 mV 40.6 NR NR NR

Tibial (AH) 4.5 7.3 mV 40 5 5.4 mV 35.9

SNAP Superficial peroneal 2.85 14.1 μV - 3.2 8.4 μV -

Sural 2.25 26.5 μV - 2.4 20.7 μV -

F-wave Peroneal 52.85 NR

Tibial 52.95 61.95

H-reflex Tibial NR NR

DL, distal latency; CV, conduction velocity; CMAP, compound muscle action potential; SNAP, sensory nerve action 
potential; EDB, extensor digitorum brevis; AH, abductor hallucis; NR, no response.
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sensory findings of the bilateral superficial peroneal and 
sural nerves. Late response studies showed the delayed 
F-wave latency of the left tibial nerve, with no F-wave of 
the left common peroneal nerve. The H-reflex was absent 
in the bilateral tibial nerves (Table 1). The motor-evoked 
potentials recorded from the bilateral AH muscles fol-
lowing the stimulation of the bilateral primary motor 
cortices showed delayed latencies, 46.00 ms in the right 
and 45.85 ms in the left side. However, the recordings 
of the bilateral upper extremities were normal. The so-
matosensory evoked potentials which were recorded on 
the bilateral somatosensory cortices had no responses 
when the bilateral tibial nerves were stimulated, but 

showed normal findings when the bilateral upper ex-
tremities were stimulated. The needle electromyogram 
revealed abnormal spontaneous activities in the bilateral 
iliopsoas, vastus medialis, tibialis anterior, peroneus 
longus, gastrocnemius, gluteus maximus, and the 1st 
sacral paraspinalis muscles, along with the polyphasic 
motor unit potentials in the left tibialis anterior and the 
peroneus longus muscles (Table 2). The electrodiagnostic 
study findings were consistent with the bilateral lumbo-
sacral polyradiculopathy from the 2nd lumbar to the 1st 
sacral spinal nerve. The urodynamic study revealed the 
areflexic neurogenic bladder which may present the 2nd 
to the 4th sacral nerves dysfunction. He also presented a 

Fig. 1. Spinal computed tomogra-
phy of the patient. (A) Sagittal im-
age and (B) axial image at the L4-5 
intervertebral disc level. L4, 4th 
lumbar vertebra; L5, 5th lumbar 
vertebra.

Table 2. Results of the needle electromyography

Muscle
ASA

MUAP Recruitment pattern
IA Fib PSW

Right Iliopsoas Normal 1+ 1+ Normal Normal

Vastus medialis Increase Normal Normal Normal Reduced

Tibialis anterior Normal 2+ 2+ Normal Reduced

Peroneus longus Normal 3+ 3+ Normal Reduced

GCM Normal 3+ 3+ Normal Reduced

Gluteus maximus Normal 3+ 3+ NT NT

S1 paraspinalis Normal 2+ 2+ - -

Left Iliopsoas Normal 1+ 1+ Normal Normal

Vastus medialis Normal 1+ 1+ Normal NT

Tibialis anterior Normal 2+ 2+ Polyphasic Reduced

Peroneus longus Normal 3+ 3+ Polyphasic Reduced

GCM Normal 3+ 3+ Normal Reduced

Gluteus maximus Normal 3+ 3+ NT NT

S1 paraspinalis Normal 2+ 2+ - -

ASA, abnormal spontaneous activity; IA, insertional activity; Fib, fibrillation; PSW, positive sharp wave; MUAP, motor 
unit action potential; GCM, medial head of gastrocnemius; NT, not testable due to poor cooperation.
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decreased sense of the anus and a weakness of the anal 
sphincter muscle. He was diagnosed with the cauda 
equina syndrome based on his clinical presentation 
and the results of the electrodiagnostic and urodynamic 
studies. The lumbar computed tomography (CT) did not 
show other lesions except the central spinal stenosis at 
the L4-5 intervertebral disc level to a mild degree, which 
was not significant enough to induce a nerve injury (Fig. 
1). He received a rehabilitation program regimen includ-
ing the wheelchair transfer training, strengthening of the 
upper extremities, activities of daily living training, and 
management of neurogenic bladder and bowel. There 
were no neurological improvements upon discharge and 
at 14 months follow-up visit after the onset.

DISCUSSION

The IT chemotherapy is commonly used for the treat-
ment of the hematologic malignancies in the CNS and 
prophylaxis of the CNS metastasis, especially in the pa-
tients with aggressive lymphomas and acute leukemia. 
The two most commonly used drugs for IT chemotherapy 
are MTX and Ara-C.

There are several hypotheses on the mechanism of the 
neurotoxicity of IT MTX. The neurotoxicity can occur 
when the malignant cells are located at the sites of the 
CSF transition area, where MTX cannot be absorbed into 
systemic circulation [4]. The second hypothesis is that a 
prolonged exposure to a high-dose IT MTX can change 
the neural tissues [4]. Bleyer et al. [6] reported that a pa-
tient who showed neurotoxicity showed large amounts of 
MTX in the CSF, which was 13.8 times greater than that of 
an a asymptomatic patient. The third hypothesis is that 
methyl hydroxybenzoate and propyl hydroxybenzoate, 
used as the preservatives, can induce the conduction 
block of the spinal nerve roots and diffuse the degenera-
tive changes of the nerves, respectively [4,5]. If normal 
saline or distilled water is used as diluents, the chemical 
irritation to the nerves is increased as a change in acidity 
or the ionic contents is induced [4,7]. Another theory is 
that the lack of folic acid in the CSF can induce the lack 
of protein synthesis in the nerve cells and interfere with 
the metabolism of the nerve cells. It is reported that the 
patients who developed myelopathy after the IT chemo-
therapy have shown showed improvement after the ad-
ministration of folic acid [4,5,8]. Finally, paraplegia can 

be induced by the hypersensitive reaction to MTX. There 
has been one fatal case of allergic urticaria and paralysis 
following IT MTX [4]. 

 Systemic Ara-C is eliminated rapidly by hepatic cyti-
dine deaminase, with the plasma half-life of less than 20 
minutes. However, cytidine deaminase is not present in 
the CNS, and the half-life of Ara-C in the CSF is typically 
much longer, reaching to 2―6 hours. The longtime expo-
sure of Ara-C in the CSF can induce neurotoxicity [2,5,9]. 
Additionally, Ara-C triphosphate, a metabolite of Ara-C, 
can interfere with the DNA synthesis and cell replica-
tion in the CNS. It also forms arabinosyl cytidine choline, 
which interferes with the synthesis of glycoprotein and 
glycolipid, the components of the cell membrane [8]. 

Literature suggests that the concomitant use of IT MTX 
and IT Ara-C may enhance the neurotoxicity of MTX [5], 
but there are few studies on the interaction of the two 
drugs. IT corticosteroids are used to increase cytotoxicity 
and to reduce the risks of chemical arachnoiditis which 
may arise in response to other IT drugs. However, no 
studies have proven the preventive effect of the concomi-
tant use of hydrocortisone to date [2,5,10]. 

Three cases of paraplegia after the IT chemotherapy 
have been reported in Korea [1,4,5]. The first case [1], 
presenting with a neurological abnormality on the trunk 
and the bilateral lower extremities, was diagnosed as tho-
racic myelopathy with severe atrophy at multiple levels, 
which were ranged from T8 to T12 by MRI. There was 
no improvement at 15 months after the symptom onset. 
The second case [4] demonstrated similar symptoms as 
the first case and was diagnosed as multiple polyradicu-
loneuropathy of the bilateral lower extremities. Because 
there were abnormal spontaneous activities at the bi-
lateral thoracic 5th to 9th paraspinalis muscles on the 
needle electromyogram study, the patient was suspected 
to have thoracic spinal lesions, but was not confirmed by 
a radiologic evaluation. There was no improvement up 
to the 3 months follow-up after the onset. The last case 
[5], where the patient developed the neurological abnor-
mality of the bilateral lower extremities, was diagnosed 
as thoracic myelopathy with severe thoracic cord atro-
phy by MRI. This case also had no signs of neurological 
improvement up to the 18 months follow-up. Our case 
demonstrated flaccid paralysis, hypesthesia, and a loss of 
the deep tendon reflexes of the bilateral lower extremities 
with the neurogenic bladder and bowel symptoms. He 
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was diagnosed as bilateral lumbosacral polyradiculopa-
thy from the 2nd lumbar to the 1st sacral spinal nerves 
by the electrodiagnostic evaluation. The 2nd to 4th sacral 
nerves could not be evaluated as the patient did not tol-
erate the examination, and there was fecal incontinence. 
The urodynamic study showed areflexic bladder. Based 
on the above study results and his clinical presentation, 
including the decreased sense of anus, a weakness of the 
anal sphincter muscle, and no response of the bilateral 
BCR, he was diagnosed with the cauda equina syndrome. 
There were no symptoms suggesting arachnoiditis, sei-
zures, or encephalopathy in the patient. As his brain le-
sions did not involve the corticospinal tract, they were 
ruled out as the cause of the neurological abnormalities. 
We could not have the lumbar MRI after the developed 
symptoms, because his blood pressure dropped when 
he received sedatives. However, there were no abnormal 
lesions in the lumbar spines CT which could induce the 
cauda equina syndrome. There were no inflammatory 
findings nor malignant cells in the CSF study. There is a 
small possibility that the needle used for the CSF tapping 
could have injured the cauda equina. However, his symp-
toms were diffuse and gradually manifested, and there 
was no hematoma seen in the CT. This is the first case 
report in Korea, where the cauda equina syndrome was 
occurred by neurotoxicity after the IT chemotherapy with 
MTX and Ara-C.

Our patient did not show any neurological improve-
ments up to 14 months follow-up after the symptoms on-
set, same as the two previous cases of paraplegia after the 
IT chemotherapy reported in Korea. A complete recovery 
has been exceptional, occurring in only three of the 28 re-
ported cases as reported by Kwong et al. [2]. Variable de-
grees of motor power recovery may be achieved, but the 
neurogenic bladder and bowels rarely improve [2]. There 
is a case of the paraplegia occurred after the IT chemo-
therapy, where there were neurological improvements 
after the administration of folic acid [8]. However, there 
are no randomized controlled trials with a large subject 
size at this time. There is no standard treatment for the 
spinal cord lesions occurred after the IT chemotherapy, 
but if the symptoms of neurotoxicity are doubted, the IT 
chemotherapy should be stopped immediately and the 
folic acid administration should be considered.

We have reported the case of the cauda equina syn-
drome after IT MTX and Ara-C for the treatment of the 

primary CNS lymphoma, which was diagnosed by the 
electrodiagnostic, urodynamic and radiologic approach-
es.
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