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Abstract. Acute lymphoblastic leukaemia (ALL) is the most 
common paediatric cancer and is often treated with intra‑
thecal therapy (IT therapy) to prevent central nervous system 
(CNS) relapses. Although effective, IT therapy can lead to 
rare, yet severe neurological complications. The present study 
describes the cases of 2 adolescent males (both 17 years of 
age) diagnosed with Philadelphia chromosome‑positive B‑cell 
ALL and T‑cell ALL, respectively, who developed acute 
paraplegia following IT therapy. Both patients had achieved 
haematological remission and were undergoing CNS prophy‑
laxis as part of their treatment regimen, one following the 
St. Jude protocol and the other receiving hyperfractionated 
cyclophosphamide, vincristine, doxorubicin, and prednisolone 
(hyper‑CVAD). Neurological symptoms manifested within 
days of IT therapy, initially presenting as urinary retention, 
followed by progressive lower limb weakness and stool 
incontinence. A diagnostic workup, including cerebrospinal 
fluid analysis and MRI imaging, ruled out infectious or 
malignant CNS involvement; however, the results of this 
workup suggested neurotoxicity‑induced lumbosacral radicu‑
lopathy. Electrodiagnostic analyses confirmed acute axonal 
motor‑sensory neuropathy with absent motor responses in 
the lower limbs. Management included plasmapheresis and 
supportive care, with variable neurological recovery. On the 
whole, the present study highlights the rare, yet severe risk of 

developing paraplegia and other neurotoxic effects following 
IT therapy in paediatric patients. The early identification and 
prompt management of neurotoxicity are crucial to minimize 
long‑term complications and improve functional outcomes.

Introduction

Acute lymphoblastic leukaemia (ALL) is the most common 
paediatric cancer, primarily affecting young children, with 
a peak incidence between the ages of 2 and 4 years  (1,2). 
Characterized by the overproduction of immature lympho‑
blasts, ALL disrupts normal haematopoiesis and weakens 
immune function  (3,4). Advances in treatment, including 
intrathecal therapy (IT therapy), have significantly improved 
the survival rates of patients by effectively preventing central 
nervous system (CNS) relapses, which occur in 5‑10% of 
ALL cases, despite treatment (5). IT therapy, particularly with 
methotrexate, cytarabine and corticosteroids, is essential for 
the management of ALL and for CNS prophylaxis; however, it 
is associated with a significant risk of developing neurological 
complications (6).

The incidence of acute neurotoxicity from IT methotrexate 
in paediatric patients ranges from 3 to 12%, with complications 
such as seizures, encephalopathy, neuropathy and paraplegia 
being particularly concerning  (7,8). Cases of paraplegia 
following IT therapy, although rare, highlight the potential for 
severe and long‑lasting neurological impairment. Rison (9) 
described a 3‑year‑old patient who developed lower extremity 
paraparesis and areflexia after receiving methotrexate, cytara‑
bine and hydrocortisone, with findings suggesting that ventral 
nerve roots may be particularly vulnerable to neurotoxic 
effects. Similarly, Rolf et al (10) reported cases of ascending 
motor paraplegia, underscoring the critical need for vigilant 
monitoring of neurological status in paediatric patients with 
ALL receiving IT therapy.

Other neurotoxic complications beyond paraplegia have 
been documented, including acute encephalomyelitis and 
posterior reversible encephalopathy syndrome (PRES), 
which manifest with seizures, headaches and visual distur‑
bances (11). These symptoms suggest that methotrexate and 
other chemotherapeutic agents can cause direct damage to the 
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CNS, potentially leading to long‑term cognitive and functional 
impairments in survivors (12). The mechanisms underlying 
these complications may be related to the pharmacological 
properties of methotrexate and its metabolites, with cumula‑
tive dosing and concurrent therapies increasing the risk (8,13). 
The present study describes the cases of 2 paediatric patients 
with ALL who developed paraplegia following IT therapy. 
These cases highlight the need for awareness of neurotoxic 
complications in CNS‑directed chemotherapy and emphasize 
the importance of timely intervention to improve patient 
outcomes.

Case report

Case 1. A 17‑year‑old male adolescent diagnosed with Philadelphia 
chromosome‑positive precursor B‑cell ALL by flow cyto‑
metric analysis (performed at another hospital) presented to 
Mayo Hospital, Lahore, Pakistan with the first bone remis‑
sion. His most recent haematological evaluation revealed a 
white blood cell count of 67.91x103/µl, comprising 94% blast 
cells and 6% lymphocytes, a red blood cell (RBC) count 
of 2.57x106/µl and a platelet count of 85x103/µl (Table  I). 
Additionally, a histological report indicated platelet anisocy‑
tosis. Molecular biological analysis demonstrated the absence 
of BCR‑ABL translocations (data not shown). The patient 
commenced treatment following the St. Jude protocol for the 
induction of bone marrow remission. After ~2.5 months, the 
patient completed the second St. Jude maintenance and IT 
therapy cycle. At 5 days post‑IT therapy, the patient devel‑
oped urinary retention, followed by sudden‑onset paraplegia 
and stool incontinence 1 day later. A whole‑body bone scan, 
anterior and posterior projections, was performed following 
3 h of intravenous injection of 600 MBq Tc‑99m MDP, which 
revealed bone lesions suggestive of marrow infiltration in the 
pelvis, femora, tibia and right knee joint. Cerebrospinal fluid 
(CSF) analysis indicated the absence of microorganisms, 
with lactate dehydrogenase levels of 25 U/l, glucose levels of 
76 mg/dl and protein levels of 32.3 mg/dl. Cytological analysis 
revealed a light proteinaceous background and no atypical or 
malignant cells (Table II).

Further imaging analyses, including an MRI of the 
lumbosacral and dorsal spines, revealed atrophy of the spine 
in the thoracic region and below some side effects of chemo‑
therapy‑subacute combined degeneration (which involves 
spinal cord atrophy) (Fig. 1). The other notable finding was a 
few hyperintense signals in the cervical cord at the C3, C4 and 
C5 levels, that mimicked transverse myelitis and discrepancy 
in size of cervical cord at this level (Fig. 2). However, a nerve 
conduction analysis performed on the 7th day following the 
onset of weakness revealed evidence of lumbosacral (L5‑S1) 
radiculopathy. In the subsequent management, the patient 
underwent five sessions of plasmapheresis, each with a 3‑day 
gap. At 1  month thereafter, follow‑up nerve conduction 
analyses demonstrated absent motor responses in both the 
tibial and peroneal nerves. By contrast, the median and ulnar 
nerves exhibited normal distal latencies, reduced compound 
muscle action potential amplitudes, typical conduction veloci‑
ties and absent F‑waves. Sensory nerve conduction analyses 
revealed absent sural and normal responses in both median 
nerves. Additionally, electromyography findings indicated the 

absence of motor units in the right tibialis anterior, gastrocne‑
mius and rectus femoris muscle samples, with mildly reduced 
recruitment in the right first dorsal interosseous muscle. These 

Table II. Cerebrospinal fluid analysis: Biochemical and micro‑
scopic findings of case 1.

Test	 Value	 Reference value

Biochemical parameters
  LDH	 25 U/l	 0‑40 U/l
  Glucose	 76 mg/dl	 40‑74 mg/dl
  Protein	 32.3 mg/dl	 20‑45 mg/dl
Microscopic findings
  RBCs	 100/cmm	 ‑
  WBCs	 04/cmm	 ‑
  Neutrophils	 25%	 ‑
  Lymphocytes	 75%	 ‑

LDH, lactate dehydrogenase; RBCs, red blood cells; WBCs, white 
blood cells.

Table I. Blood profile analysis of case 1.

Test	 Value	 Reference value

RBCs	   2.57x106/µl	  4.4‑5.8x106/µl
WBCs	 67.91x103/µl	 4.5‑11.0x109/µl
Platelets	      85x103/µl	 130‑400x103/µl

RBCs, red blood cells; WBCs, white blood cells.

Figure 1. MRI indicating atrophy of the spine in the thoracic region and 
subacute combined degeneration. The green circle indicates the atrophy.
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findings indicate acute axonal motor sensory neuropathy 
characterized by denervation potentials that predominantly 
affect the lower limbs. The patient is currently undergoing 
regular follow‑up with continued chemotherapy as per the St. 
Jude protocol with close monitoring of neurological status. 
Neurological deficits, including paraplegia and stool incon‑
tinence, have shown no significant improvement to date. A 
working diagnosis of possible transverse myelitis secondary to 
intrathecal chemotherapy is being considered, although differ‑
ential diagnoses, such as paraneoplastic or treatment‑induced 
neurotoxicity remain under evaluation.

Case 2. A 17‑year‑old male came to Mayo Hospital, Lahore, 
Pakistan and was diagnosed with T‑cell ALL after a histopa‑
thology report revealed the presence of T‑cell markers, such as 
CD3, CD4, CD5 and CD7 (Table III). The viability index of 
the lysed peripheral blood sample was 90%. A bone marrow 
examination revealed Sudan Black B‑negative ALL (T‑cell 
ALL) with >90% blast cells, suppressed erythropoiesis, leuko‑
poiesis and the absence of megakaryocytes. The bone scan did 
not reveal any active bone pathology. The cardiac function of 

the patient was as expected, with good biventricular systolic 
function. The patient was scheduled to receive two cycles of 
hyperfractionated cyclophosphamide, vincristine, doxorubicin 
and prednisolone (hyper‑CVAD) treatment, with reassessment 
planned after each cycle. At 4 days after completing both cycles 
of hyper‑CVAD treatment, the patient underwent IT therapy. 
After 3 days, he developed urinary retention and underwent 
catheterization. At 2 days thereafter, the patient experienced 
stool incontinence. Following 10 days of IT therapy, he began 
to experience weakness in his lower limbs, starting from the 
hip joint and progressing distally.

Nerve conduction analyses revealed reduced amplitudes 
of the bilateral common peroneal nerves, absent F‑wave 
responses and reduced amplitudes of the bilateral tibial 
nerves. These findings suggested lumbosacral (L5‑S1) 
radiculopathy. The MRI thoracolumbar spine report docu‑
mented mild straightening of the spine and disc bulges at 
L3‑L4 and L4‑L5, resulting in mild indentation of the ante‑
rior thecal sac and fatty atrophy in back muscles indicating 
reduced mobility state (Fig. 3). There were hyperintense 

Figure 2. MRI indicating a few hyperintense signals (blue circle) in the cervical cord at the C3, C4 and C5 levels.

Table III. Histopathology report: Leukaemia immunopheno‑
typing (case 2).

Marker	 Value (%)

T‑cell markers	
  CD3	 15
  CD5	 71
  CD7	 81
  CD4	 33
  CD10	 45
Others	
  CD45	 93
  TdT	 48

Table IV. Cerebrospinal fluid analysis: Biochemical and 
microscopic findings of case 2.

Test	 Value	 Reference value

Biochemical parameters
  LDH	 33 U/l	 0‑40 U/l
  Glucose	    101 mg/dl	 40‑74 mg/dl
  Protein	 123.8 mg/dl	 20‑45 mg/dl
Microscopic findings
  RBCs	 10/cmm	 ‑
  WBCs	 04/cmm	 ‑
  Lymphocytes	 100%	 ‑

LDH, lactate dehydrogenase; RBCs, red blood cells; WBCs, white 
blood cells.
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signals in the T2 sagittal cervical spine along central canal; 
however, no evidence of spondylolisthesis was found (Fig. 4). 
CSF analysis revealed increased glucose and protein levels 
and cytological examination of smears revealed a light 
proteinaceous background with barely visible red RBCs 
and lymphocytes (Table  IV). Atypical or malignant cells 
were not observed. An MRI of the cervical spine revealed 
non‑compressive disc bulges at C4‑C5, L3‑L4 and L4‑L5. A 
further examination revealed an intact sensory input and 5/5 
upper limb power. However, the lower limb power was 0/5 
for both legs, and plantar reflexes were absent in both legs 
(Table V). The thyroid profile exhibited decreased serum T3 
and TSH levels (Table VI). The patient remains under regular 
follow‑up, with intrathecal chemotherapy ongoing as per 

protocol. Neurological impairments, including paraplegia 
and bowel incontinence, persist without notable improve‑
ment.

Discussion

Paraplegia following IT therapy is a rare, yet severe complica‑
tion of paediatric ALL treatment. IT chemotherapy, primarily 
with methotrexate, cytarabine and corticosteroids, is essential 
for preventing CNS relapse in ALL; however, it also poses a 
risk of neurotoxicity. The cases presented herein underscore 
the need for vigilance in identifying and managing neurotoxic 
effects, particularly given the severe impact that paraplegia can 
have on the quality of life and functional outcomes of patients.

Neurological complications associated with IT therapy in 
ALL range from mild symptoms, such as headaches and seizures, 
to severe outcomes, including myelopathy, encephalopathy and 
progressive paraplegia. The neurotoxic effects of IT methotrexate 
have been reported in 3‑12% of paediatric patients with ALL, 
with potential mechanisms including direct neurotoxicity, chem‑
ical arachnoiditis and spinal cord injury (7,8). Mauler et al (14) 
reported acute neurotoxicity due to IT methotrexate overdose, 
while Pan et al (15) documented transverse myelopathy, both 

Table VI. Thyroid profile of case 2.

Test	 Value	 Reference value

Serum T4	 6.33 µg/dl	 5.6‑15 µg/dl
Serum T3	 56.10 ng/dl	 70‑204 ng/dl
Serum TSH	 0.11 µlU/ml	 0.7‑6.4 µlU/ml

TSH, thyroid‑stimulating hormone.

Table V. Nerve conduction studies (case 2).

Nerve	 DML/AMP	 PML/AMP	 Distance	 Velocity	 F‑wave

Right common peroneal	   4.5 (390 µV)	   12.3 (350 µV)	 38 cm	 48 m/sec	 Absent
Left common peroneal	 4.7 (45 µV)	 11.3 (55 µV)	 38 cm	 57 m/sec	 Absent
Right tibial	   3.3 (1.2 mV)	   11.3 (1.1 mV)	 39 cm	 48 m/sec	 46 m/sec
Left tibial	   2.7 (1.8 mV)	   11.5 (1.7 mV)	 39 cm	 44 m/sec	 46 m/sec

DML, distal motor latency; PML, proximal motor latency.

Figure 4. MRI demonstrating hyperintense signals in T2 sagittal cervical 
spine along central canal (blue circle).

Figure 3. MRI demonstrating mild straightening of the spine and fatty 
atrophy in back muscles (blue circle), indicating reduced mobility.
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underscoring the capacity for significant neurological impair‑
ment following treatment. Similarly, Rison (9) described a case 
of polyradiculoneuritis in a 3‑year‑old patient, suggesting that the 
ventral nerve roots may be particularly susceptible to neurotoxic 
damage from IT agents.

The timing and dosage of IT chemotherapy play a critical 
role in developing neurotoxic effects. Hirakawa et al (16) noted 
that higher doses and cumulative administration frequen‑
cies were associated with an increased risk of myelopathy, 
seizures and encephalopathy. Richards et al (13) also noted a 
dose‑dependent association, which necessitates careful dosing 
strategies, particularly in paediatric patients whose neuro‑
logical systems are still developing. This is further supported 
by the study by Brock and Jennings (17), who reported a fatal 
case of acute encephalomyelitis following a single dose of IT 
methotrexate, highlighting the risks associated with short‑term 
exposure. A high CSF protein level has been recognized as a 
possible marker of IT chemotherapy‑induced neurotoxicity, 
particularly in ALL (18). High CSF protein levels can result 
from the disruption of the blood‑brain barrier, inflammatory 
processes, or direct cytotoxic action on neural tissue, and all of 
these factors lead to dysfunction in the spinal cord (19). Studies 
have reported that elevated CSF protein levels are associated 
with demyelination (20), arachnoiditis (21) and myelopathy, 
leading to symptoms, such as weakness of the lower limbs or 
paraplegia (22). In the patients in the present study, a significant 
increase in CSF protein levels (case 2, 123.8 mg/dl) was noted 
in the days following IT therapy. Based on the lack of other 
aetiologies on neuroimaging and the temporal association 
with treatment, it can be hypothesized that the elevated CSF 
protein level was due to chemotherapy‑induced neurotoxicity 
and the probable pathophysiological mechanism resulting in 
paraplegia in this case.

Beyond paraplegia, other severe neurotoxic conditions have 
been associated with IT chemotherapy, including PRES, which 
manifests as seizures, headaches and visual disturbances (11). 
PRES and related syndromes illustrate a broad range of CNS 
effects that can result from ALL treatment, with neurotoxicity 
potentially leading to lasting cognitive and motor impairments 
in survivors (12). Given these risks, continuous monitoring 
and individualized dosing regimens are essential for patient 
management.

In the cases presented herein, interventions such as plas‑
mapheresis were utilized in response to severe neurotoxic 
symptoms. Plasmapheresis has been suggested as a thera‑
peutic option to reduce the neurotoxic effects by removing 
circulating neurotoxic agents. However, the efficacy of plas‑
mapheresis for treating IT chemotherapy‑induced paraplegia 
remains unclear and warrants further investigation. Future 
research is needed to understand the mechanisms underlying 
these complications and refine preventive and therapeutic 
approaches, especially regarding dosage adjustments and 
early recognition of neurotoxic symptoms. These cases 
highlight the importance of awareness and preparedness 
among clinicians to promptly identify neurotoxic complica‑
tions associated with IT chemotherapy in paediatric ALL. 
Understanding the risk factors and mechanisms of neuro‑
toxicity could lead to better prevention and management 
strategies, ultimately enhancing patient safety and outcomes 
of patients with ALL.

In conclusion, the cases reported herein highlight the rare, 
yet serious risk of paraplegia and other neurotoxic effects 
following IT therapy for the treatment of paediatric patients 
with ALL. Early identification and prompt management of 
neurotoxicity are crucial to minimize long‑term complica‑
tions and improve functional outcomes. Clinicians should 
remain vigilant for neurological symptoms in patients with 
ALL undergoing IT therapy to ensure timely intervention. 
Future research is required to better elucidate the mechanisms 
of neurotoxicity in IT chemotherapy, including prospective 
studies examining its safety profile in paediatric patients with 
ALL. Investigations focusing on optimal dosing strategies, 
early detection of markers and effective therapeutic interven‑
tions are essential to enhance patient safety and reduce the 
neurotoxic risks associated with this life‑saving treatment.
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