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Recent advances in therapy for pediatric hematologic neoplasms have
greatly improved the prognosis but have resulted in an increased incidence
of associated complications and toxic effects. The main neuroimaging
features in pediatric patients with leukemia or lymphoma treated with che-
motherapy or radiation therapy were retrospectively reviewed. To simplify
the approach and facilitate differential diagnosis, the neuroimaging fea-
tures have been classified into three main categories: central nervous sys-
tem manifestations of primary disease, side effects of therapeutic proce-
dures (radiation therapy, chemotherapy, bone marrow transplantation),
and complications due to immunosuppression, particularly infections.
Manifestations of primary disease include cerebrovascular complications
(hemorrhage, cerebral infarction) and central nervous system involvement
(infiltration of the meninges, parenchyma, bone marrow, orbit, and
spine). Effects of radiation therapy include white matter disease, mineral-
izing microangiopathy, parenchymal brain volume loss, radiation-induced
cryptic vascular malformations, and second neoplasms. Effects of chemo-
therapy and bone marrow transplantation include hemorrhage, dural ve-
nous thrombosis, white matter disease, reversible posterior leukoencepha-
lopathy syndrome, and anterior lumbosacral radiculopathy. Both the
underlying malignancy and antineoplastic therapy can cause immuno-
suppression. Fungi are the most frequent causal microorganisms in
immunosuppressed patients with infection. Familiarity with the imag-
ing findings is essential for proper diagnosis of neurologic symptoms in
pediatric patients with oncohematologic disease.
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Introduction

Lymphoreticular malignancies account for about
40% of all malignant disorders in children. Leu-
kemia represents nearly 30% of all malignancies,
with 75% of cases corresponding to acute lym-
phoblastic leukemia (ALL). Lymphoma consti-
tutes 11% of pediatric malignancies (6% non-
Hodgkin lymphoma and 5% Hodgkin disease)
(1). In the past, central nervous system (CNS)
complications were rarely seen due to the rapid
course of the disease. Recent therapeutic ad-
vances such as aggressive polychemotherapy, in-
trathecal cytostatic prophylaxis, and cranial
irradiation have improved the prognosis of acute
leukemia and high-grade lymphoma, with survival
in up to 60% of patients, but complications and
adverse effects have also increased (2).

Bone marrow transplantation, with the possi-
bility of eradicating remaining malignant cells and
suppressing the recipient’s immune system, has
also revolutionized the treatment of these pa-
tients. The typical conditioning regimen used for
this purpose includes cytotoxic drugs (usually
cyclophosphamide) followed by total body irra-
diation given in several fractions. Significant
acute side effects such as graft-versus-host dis-
ease, infections, veno-occlusive disease of the
liver, and the more unusual neurologic complica-
tions due to the associated total body irradiation
and cytotoxic agents are well established (3).

We retrospectively evaluated the results of cra-
nial and spinal neuroimaging studies in all pediat-
ric patients with leukemia or lymphoma referred
to our department for investigation of neurologic
symptoms and signs. Abnormal imaging findings
were subsequently correlated with medical
records or a histopathologic diagnosis, when
available. The diverse pathologic entities that can
affect the CNS in these patients have been
grouped to simplify the approach (Table), and
representative cases are presented. The patho-
logic entities are classified into three main catego-
ries: CNS manifestations of primary hematologic
disease, side effects of therapeutic measures, and
infectious complications. Early recognition and
diagnosis of CNS complications in these patients
is important to establish proper treatment and
increase the chance for overall survival.

CNS Manifestations
of Primary Hematologic Disease

Cerebrovascular Complications
Parenchymal cerebral thrombosis or hemorrhage
can occur in patients with leukemia or lymphoma
as a result of leukocytosis, thrombocytopenia,
sepsis, or coagulopathy (2).

Hemorrhage is most common in acute leuke-
mia and often leads to death. Alterations in co-
agulation factors, thrombocytopenia, and the pos-
sible associated disseminated intravascular coagu-
lation all contribute to the bleeding diathesis.
Owing to the common disseminated intravascular
coagulation during therapy, the acute promyelo-
cytic form of leukemia has particular risk for mas-
sive brain hemorrhage, and this type of hemor-
rhage is the cause of death in more than 60% of
cases (2,4). In patients with fulminant leukocyto-
sis (blast crisis), particularly those with a leuko-
cyte count over 300,000/mm3, leukostasis or blast
cell thrombi within small arterioles can also pro-

CNS Manifestations in 49 Patients with
Oncohematologic Disease

CNS Manifestation
No. of

Patients

Manifestations of primary disease
(n � 11)

Hemorrhage 1
CNS involvement

Meningeal infiltration 2
Parenchymal infiltration 1
Bone marrow infiltration 2
Orbital infiltration 3
Spinal infiltration 2

Effects of therapeutic methods (n � 38)
Effects of radiation therapy

White matter disease 3
Mineralizing microangiopathy 3
Parenchymal volume loss 12
Radiation-induced cryptic

malformations
2

Second neoplasms 2
Effects of chemotherapy and bone

marrow transplantation
Hemorrhage 3
Dural venous thrombosis 3
White matter disease 2
Reversible posterior encephalopathy 4

Effects of immunosuppressive states
Infectious processes 4
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duce vascular damage and massive hemorrhage
(Fig 1). The risk of major spontaneous intracra-
nial hemorrhage in thrombocytopenia is minimal
until the platelet count drops below 10,000/mm3,
although this risk can be increased if coagulopa-
thy is present or with the use of medications such
as prednisone or l-asparaginase (5).

Cerebral infarction is far less common in onco-
hematologic patients than hemorrhage and is
mainly related to sinovenous thrombosis. The
pathogenic mechanisms contributing to venous
occlusion are leukostasis, hypercoagulability, and
use of certain chemotherapeutic agents, particu-
larly l-asparaginase, which may be compounded
with the concurrent use of prednisone (2,4–6).

Another cause of ischemic accidents is radiation-
induced vascular damage, with thrombosis re-
ported up to 22 years after therapy (5).

CNS Involvement
Involvement at sites other than the hemopoietic
organs and skeleton is uncommon at presentation
of pediatric leukemia or lymphoma. Nevertheless,
the so-called sanctuary sites (CNS, testes, and
kidneys) are affected in 50% of children who ex-
perience a relapse after therapy (1,2), even during
bone marrow remission. Incidence of CNS re-
lapses has been dramatically reduced with metho-
trexate prophylaxis (7), but they still occur.

Leukemic or lymphomatous cells can involve
the calvarial bone marrow, dura, leptomeninges,
or all three (8). Involvement may be diffuse or
focal with abnormal meningeal enhancement at
contrast material–enhanced CT and particularly
at magnetic resonance (MR) imaging (Fig 2).

Figure 2. Non-Hodgkin lymphoma with transcalvarial infiltration in an 18-year-old man with a left-sided calvarial
mass and no other symptoms. Axial contrast-enhanced T1-weighted (a) and coronal T2-weighted (b) MR images
show abnormal signal intensity of bone marrow (*) with an extraosseous subperiosteal (black arrows) and epidural
(white arrows) enhancing soft-tissue mass. Surgical biopsy demonstrated a non-Hodgkin lymphoma.

Figure 1. Leukemic debut with fulminant leukocytosis in
an 8-year-old boy who presented with a sudden headache,
progressive lethargy, and coma. Enlargement of the spleen
was detected at physical examination; hyperleukocytosis
(white blood cell count of 800,000/mm3) and thrombocyto-
penia (platelet count of 58,000/mm3) were significant labora-
tory parameters. ALL of the L1T type with cerebrospinal
fluid involvement was diagnosed. Axial computed tomo-
graphic (CT) scan shows multiple hemorrhagic lesions in-
volving the corpus callosum and cerebral white matter with
intraventricular extension. The lesions did not enhance after
administration of contrast medium. Chemotherapy was
started, but the patient died in 48 hours.
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Cytologic examination of cerebrospinal fluid or
histologic confirmation is necessary for diagnosis
because several conditions, such as infectious or
chemical meningitis, can mimic neoplastic seed-
ing (Fig 3).

Granulocytic sarcomas, formerly known as
chloromas, are masses of primitive precursors of
the granulocytic cells, which include myeloblasts,
promyelocytes, and myelocytes. They mainly oc-
cur in patients with myelogenous leukemia, al-
though they can be seen in other myeloprolifera-
tive disorders such as myelofibrosis with myeloid
metaplasia. Children are more often affected than
adults (9). These masses may be a presenting sign
of myelogenous leukemia or develop during the
course of the disease. Parenchymal leukemic

masses are very uncommon and often are hyper-
attenuating at CT, are contiguous with a menin-
geal surface, and enhance after contrast material
administration (10). Leukemic masses can also
affect the head and neck, particularly the orbital
soft tissues, as focal intra- or extraconal masses
(Fig 4).

Other ophthalmic manifestations in patients
with leukemia or lymphoma are extraocular
muscle, optic nerve, and intraocular involvement
(Fig 5). The presence of enhancing optic nerve
enlargement in children with a history of leuke-
mia should suggest the diagnosis of leukemic in-
filtration even in the absence of previous CNS
involvement. This area might represent another
“sanctuary” for leukemic cells due to suboptimal
penetration of chemotherapy in the retrobulbar
optic nerve (11).

Figure 3. Leptomeningeal seeding by non-Hodgkin lymphoma in a 4-year-old boy with right arm and leg paresis
who had been treated for primary abdominal Burkitt lymphoma. Sagittal (a) and axial (b) contrast-enhanced T1-
weighted MR images of the lumbosacral region and coronal contrast-enhanced T1-weighted MR image of the cervi-
cal spinal cord (c) show multiple enhancing subarachnoid nodules (white arrows) with coating of the nerve roots on
the right side (black arrow), findings consistent with leptomeningeal seeding. A lymphomatous leptomeningeal re-
lapse was confirmed at cytologic examination of cerebrospinal fluid. Follow-up MR images obtained after treatment
were normal.
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Figure 4. Acute myeloblastic leukemia with an orbital granulocytic sarcoma in a 1-year-old girl with a left orbital
mass. Axial CT scan (a) and coronal T1-weighted (b), T2-weighted (c), and gadolinium-enhanced T1-weighted
(d) MR images show a mass in the left inferior preseptal region (arrow). The mass is isoattenuating relative to muscle
on the CT scan (a) with no bone involvement. It is slightly hypointense on the T2-weighted image (c) and has ho-
mogeneous enhancement on the gadolinium-enhanced image (d). Surgical biopsy demonstrated a granulocytic sar-
coma.

Figure 5. ALL with orbital relapse in a 5-year-old
girl with left proptosis who was previously treated for
ALL with no CNS involvement. Axial contrast-en-
hanced CT scan of the orbit shows an enlarged enhanc-
ing left optic nerve (arrow). Examination of cerebrospi-
nal fluid demonstrated a leukemic relapse. Results of
follow-up examinations performed after local radiation
therapy and systemic chemotherapy were normal.
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Spinal involvement is also frequent in leukemia
and lymphoma, either as initial manifestation or
in relapse, with bone marrow or meningeal infil-
tration (Fig 6). MR imaging of the bone marrow
in affected children demonstrates low-signal-in-
tensity leukemic infiltrates on T1-weighted im-
ages, particularly apparent in areas where red
marrow is converting to yellow marrow (1).

Side Effects of
Therapeutic Measures

Radiation Therapy

White Matter Disease.—Neurotoxic reactions
to radiation therapy can be divided into acute
(1–6 weeks after treatment), early delayed injury
(3 weeks to several months after irradiation), and
late delayed injury (months to years after treat-
ment). In acute injury, there is increased capillary

permeability and vasodilatation leading to vaso-
genic edema. Early delayed injury includes vaso-
genic edema and demyelination. The late delayed
effects include white matter necrosis, demyelina-
tion, astrocytosis, and vasculopathy (12,13).
Acute lesions are in general mild and reversible,
with areas of periventricular white matter edema
seen at CT or MR imaging, whereas the delayed
toxic effects are more severe and usually irrevers-
ible, resulting from white matter vasculopathy
and infarction. Patients with this latter injury can
manifest focal deficits or stupor, but no direct
association between mild or moderate changes at
imaging and clinical symptoms has been found
(Fig 7). Focal or multiple white matter lesions
with edema and demyelination will appear on MR
images, usually sparing the subcortical U-fibers
and the corpus callosum, often with mass effect
and enhancement, and always within the previ-
ously irradiated area (14). One of the most severe
processes, necrotizing diffuse leukoencephalopa-
thy, which is seen with combined chemotherapy

Figure 6. Spinal involvement by Hodgkin lymphoma in a 17-year-old boy with low back pain and sci-
atica. Sagittal T1-weighted (a) and T2-weighted (b) MR images show abnormal signal intensity of bone
marrow (arrows). An anterior mediastinal mass was found at chest radiography and CT. The patient re-
sponded well to therapy, and follow-up spinal MR images were normal.
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and radiation therapy, is associated with subse-
quent rapid and progressive clinical deterioration.
Extensive areas of white matter necrosis can be
seen at neuroimaging, with marked enhancement
after contrast medium administration and a ten-
dency toward posterior calcification (13,15).

Mineralizing Microangiopathy.—Radiation
therapy produces hyalinization and fibrinoid ne-
crosis of small arteries and arterioles with endo-
thelial proliferation and calcium deposition (1,4).
Dystrophic calcifications in the basal ganglia and
subcortical white matter were a relatively com-
mon finding at cranial CT in children previously
treated with radiation therapy and intrathecal
methotrexate (Fig 8). Nowadays, with the more
conservative protocols, a subtle pattern can be
discovered on follow-up MR images, with pu-
taminal increased signal intensity on T1-weighted
images due to a surface-relaxation mechanism
and decreased signal intensity on T2-weighted

Figure 7. Delayed therapeutic injury in a 9-year-old boy with seizures who had been treated for ALL
with chemotherapy and radiation therapy. Axial T2-weighted MR images (a obtained at a lower level
than b) show abnormal signal intensity of periventricular white matter with some parenchymal volume
loss.

Figure 8. Mineralizing microangiopathy in a
17-year-old boy who had been treated for ALL
with irradiation and intrathecal chemotherapy.
Several years after remission, he developed sei-
zures. Nonenhanced axial CT scan shows calcifi-
cations in the subcortical parenchyma and basal
ganglia.
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images (Fig 9). These imaging findings appear 2
or more years after the cranial irradiation, are
more common with combined chemotherapy (es-
pecially intrathecal) and radiation therapy, and do
not clearly correlate with clinical symptoms (16).

Parenchymal Brain Volume Loss.—Children
receiving CNS prophylaxis with irradiation or
intrathecal chemotherapy may posteriorly develop
cerebral volume loss, even when CNS leukemic
involvement was not originally present. This find-
ing correlates with posterior neurocognitive defi-
cits, more severe in the youngest group of patients
(Fig 10). Although enlarged cerebrospinal fluid
spaces usually result from therapy (mainly, corti-
cotherapy), 31% of children with ALL have
slightly enlarged ventricles before treatment,
probably related to hydrocephalus secondary to
primary disease (1,4,12). Nevertheless, when the
enlargement does not reverse after remission but
instead persists or even increases, it is probably
related to cranial irradiation and is responsible for
posterior learning problems in up to 80% of survi-
vors (17).

Radiation-induced Cryptic Vascular Malfor-
mations.—Children treated with cranial irradia-
tion due to leukemia or CNS primary neoplasms
can develop white matter hemorrhagic lesions

with heterogeneous signal intensity quite similar
to that of cryptic malformations or cavernous an-
giomas on MR images. These features are prob-
ably capillary telangiectases secondary to the al-
tered venular endothelium with subsequent ve-
nous occlusive disease (18). Gradient-echo

Figure 9. Subtle mineralizing microangiopathy in a 10-year-old girl who had been treated for ALL with ra-
diation therapy and chemotherapy. Follow-up MR imaging was performed 3 years after treatment. (a) Coronal
T1-weighted MR image shows subtle hyperintense areas involving the lenticular nuclei. (b) Coronal fast spin-
echo T2-weighted MR image shows no clear lesion. The patient was asymptomatic; she did not have liver fail-
ure and was not receiving parenteral nutrition, conditions that could also produce high signal intensity of the
lenticular nucleus on T1-weighted images secondary to manganese deposition.

Figure 10. Cerebral parenchymal volume loss in a
5-year-old girl receiving radiation therapy and intra-
thecal chemotherapy for ALL. Axial CT scan shows
that ventricular and subarachnoid spaces are widely
dilated. These imaging findings did not reverse at
follow-up examinations.
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sequences are particularly useful for their identifi-
cation because of their greater magnetic suscepti-
bility (Fig 11). The lesions can be isolated or
multiple and show calcifications at cranial CT.
Patients are usually asymptomatic, although some
have headaches, seizures, or focal signs. These
lesions, which appear several years after treat-
ment, can have hemorrhagic potential, but surgi-
cal removal is justified only in cases of symptom-
atic hemorrhage (19,20).

Second Neoplasms.—Second neoplasms are
relatively rare neoplasms that are mainly related
to radiation therapy and have an overall preva-
lence of 3%–12%. Among the second intracranial
tumors, 70% correspond to meningiomas, 20%
to gliomas, and 10% to sarcomas. The latency
period between treatment and development of
these tumors can be variable. Children who un-
derwent cranial irradiation at 5 years of age or
younger, those with a genetic predisposition to
tumors (bilateral retinoblastoma, type 1 neurofi-
bromatosis), or survivors of bone marrow trans-
plantation have a markedly increased risk. Unfor-
tunately, treatment-induced tumors are more ag-
gressive and highly refractory to therapy (21,22).
Secondary meningiomas are also characterized by
younger age at presentation, higher male-to-fe-
male ratio, and biologically more aggressive vari-
ants compared to primary spontaneous meningio-
mas (Fig 12).

Figure 11. Radiation-induced cryptic vascular
malformations in a 15-year-old boy with headaches
who had been treated for ALL. (a, b) Axial T1-
weighted (a) and T2-weighted (b) MR images show
a hyperintense lesion with a hypointense rim in the
left thalamic nucleus. A hypointense lesion in the
subcortical white matter of the right frontal region is
also seen on the T2-weighted image (b). (c) Axial
gradient-echo MR image shows both lesions more
clearly. These hemorrhagic lesions were unchanged
at follow-up MR imaging examinations.
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Figure 12. Secondary meningioma in a 17-year-old girl with occipital headaches who underwent therapy for
ALL (including cranial irradiation) at the age of 2 years. She was treated for papillary carcinoma of the thyroid
2 years earlier. Axial T2-weighted (a) and gadolinium-enhanced T1-weighted (b) MR images show an ex-
traaxial mass in the posterior fossa; the mass has slightly low signal intensity on the T2-weighted image (a) and
demonstrates homogeneous enhancement on the gadolinium-enhanced T1-weighted image (b). The tumor
was resected, and the histopathologic diagnosis was meningioma with anaplastic foci. Follow-up MR imaging
examinations did not demonstrate tumor recurrence.

Figure 13. Parenchymal hemorrhage after bone marrow transplantation in a 10-year-old boy with ALL
and severe thrombocytopenia who experienced sudden neurologic deterioration. Axial CT scans (a ob-
tained at a lower level than b) show a huge parenchymal hemorrhage in the left hemisphere with sur-
rounding edema and mass effect. The patient died in the intensive care unit.
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Chemotherapy and
Bone Marrow Transplantation

Hemorrhage.—In patients with hematologic
malignancies, hemorrhage can also occur during
chemotherapy or bone marrow transplantation
(Fig 13). The effect of some chemotherapeutic
agents such as l-asparaginase aggravates the un-
derlying thrombocytopenia and the anomalous
production or breakdown of coagulation factors
with subsequent bleeding diathesis (23). Leuke-
mic patients may also develop disseminated intra-
vascular coagulation with resulting hypofibrino-
genemia and a pattern of multiple small hemor-
rhages in the subcortical white matter. Subdural
or subarachnoid extraaxial hemorrhage is less
common than intraaxial. Leukemic patients and
oncologic patients in general are also at increased
risk for cerebral hemorrhagic infarction, although

the pathogenic mechanism is often sinovenous
thrombosis (2,4,15).

Dural Venous Thrombosis.—Sinovenous oc-
clusion is now reported more frequently in onco-
logic pediatric patients, particularly in leukemia.
Contributing factors include CNS infiltration,
leukostasis, and chemotherapeutic agents such
as l-asparaginase and vincristine. Up to 2% of
patients treated with l-asparaginase develop hem-
orrhagic or nonhemorrhagic infarcts, usually sec-
ondary to sinovenous occlusion (24,25). Tran-
sient protein S deficiency induced by l-asparagi-
nase has been advocated as a causal mechanism
(26). Diagnosis requires a high index of suspi-
cion, and radiologists should look for subtle signs
at CT such as venous infarcts, abnormal sinus
high attenuation on precontrast scans, and abnor-
mal central sinus low attenuation (“empty delta
sign”) on postcontrast scans (27–30). MR imag-
ing with flow-sensitive gradient-echo techniques
or MR venography can easily show the lack of
flow void in the affected dural sinuses (Fig 14).

Figure 14. Dural venous thrombosis in a 10-year-old
girl with headaches and seizures who had been treated
for ALL with l-asparaginase. (a) Sagittal T1-weighted
MR image shows high signal intensity along the supe-
rior sagittal sinus, a finding suggestive of a subacute
thrombus. (b) Axial T2-weighted MR image shows
frontal subcortical hemorrhagic lesions and high signal
intensity within the sagittal sinus (arrow), which is sug-
gestive of lack of flow. (c) Sagittal phase-contrast MR
venogram shows thrombosis involving the superior sag-
ittal sinus. Anticoagulant therapy was started, and fol-
low-up MR imaging showed resolution of the thrombosis.
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White Matter Disease.—Chemotherapeutic
agents, particularly methotrexate, cisplatin, arabi-
nosylcytosine, carmustine, and thiotepa, occa-
sionally cause cerebral white matter anomalies.
These abnormalities, which can be asymptomatic
or symptomatic, transient or permanent, are char-
acterized by diffuse, symmetrical involvement of
central and periventricular white matter, usually
with relative preservation of subcortical fibers
(12,13). Treatment exclusively with high-dose
chemotherapy in leukemic patients, usually con-
sisting of both intravenous and intrathecal metho-
trexate, can cause acute or subacute transient be-
nign neurotoxic effects (Fig 15) or rarely more
severe encephalopathy with permanent neuro-
logic deficits (7,31). More significant alteration of

intellectual performance after cranial irradiation
than after intrathecal methotrexate therapy has
been reported in children with ALL, although
neurologic sequelae can be seen in both groups
(17).

Reversible Posterior Leukoencephalopathy
Syndrome.—The term reversible posterior leukoen-
cephalopathy syndrome refers to reversible acute
neurologic complications in pediatric patients
under treatment for myeloproliferative disorders,
occurring with immunosuppressor medication,
mainly cyclosporine. The clinical syndrome was
first described as acute neurologic changes in the
setting of sudden or prolonged arterial hyperten-
sion that overcomes the autoregulatory capacity
of the cerebral vasculature (32,33). The relative
paucity of sympathetic innervation in the poste-
rior circulation may account for the preponder-
ance of posterior cerebral changes. Neurologic

Figure 15. Pure methotrexate leukoencephalopathy in a 6-year-old boy who had been treated for ALL only
with chemotherapy (intravenous and intrathecal methotrexate therapy). He developed progressive neurologic
deterioration with motor dysfunction and lethargy. Axial T2-weighted (a) and fluid-attenuated inversion-re-
covery (b) MR images show hyperintense symmetrical lesions involving the periventricular white matter. The
patient’s condition improved, but he was lost to further MR imaging follow-up.
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manifestations include headache, nausea, vomit-
ing, seizures, visual changes, confusion, and
coma. CT and MR imaging show subcortical
white matter edema, predominantly in the poste-
rior temporal, parietal, and occipital areas, al-
though more severe cases can also affect the basal
ganglia, cerebellar hemispheres, and brainstem
(Figs 16, 17). Characteristically, these affected

areas usually have increased or facilitated diffu-
sion at diffusion-weighted MR imaging because
of the absence of cytotoxic edema. Prompt con-
trol of blood pressure and withdrawal of the im-
munosuppressive drug often result in complete

Figure 16. Reversible posterior leukoencephalopathy in a 12-year-old boy with ALL and a bone marrow transplant
who presented with visual disturbances and seizures. The clinical symptoms coincided with arterial hypertension.
(a) Axial CT scan shows hypoattenuating cortical-subcortical lesions in the parietal lobes (arrows). (b, c) Axial fluid-
attenuated inversion-recovery MR images (b obtained at a lower level than c) show the lesions more clearly. (d) Axial
isotropic diffusion-weighted MR images show an elevated apparent diffusion coefficient in regions with the corre-
sponding signal intensity abnormality on T2-weighted images. The patient recovered from the neurologic symptoms
after blood pressure was controlled, and follow-up MR imaging demonstrated complete resolution of the lesions.
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Figure 17. Reversible posterior leukoencephalopathy with cerebellar involvement in a 10-year-
old boy with ALL and a bone marrow transplant who presented with posterior headaches and cer-
ebellar signs. (a) Axial CT scan shows symmetrical hypoattenuating cerebellar lesions. (b) Axial
T2-weighted MR image obtained 24 hours later shows improvement of the lesions.

Figure 19. Fungal meningitis in an 8-year-old girl being treated for a cervicothoracic neuroblastoma. She later de-
veloped acute myelogenous leukemia and during chemotherapy and bone marrow transplantation presented with
persistent headaches and fever. Sagittal (a) and axial (b) gadolinium-enhanced cranial T1-weighted MR images
show nodular enhancing leptomeningeal lesions along the brainstem and spinal cord (arrows). A very rare opportu-
nistic fungus (Pseudallescheria Boydii) was identified at cerebrospinal fluid culture, and antifungal therapy was intensi-
fied with administration via an Ommaya reservoir. However, the patient developed hydrocephalus and eventually
died.
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neurologic recovery with resolution of the neuro-
imaging abnormalities. Nevertheless, if left un-
treated, arterial hypertension can lead to progres-
sive neurologic deterioration with infarction or
hemorrhage and possible irreversible neuro-
logic deficit (34). In these cases, the presence of
cytotoxic edema due to cerebral vasospasm and
cerebral ischemia can result in decreased water
mobility at diffusion MR imaging (35).

Anterior Lumbosacral Radiculopathy.—In-
trathecal methotrexate administration can pro-
duce anterior lumbosacral radiculopathy attrib-
uted to direct toxic effects on the spinal cord. The
clinical picture was similar in the three patients
seen in our hospital and consisted of progressive,
flaccid weakness of the lower extremities without
sensory deficit. All of these patients showed en-
hancement of the anterior lumbosacral nerve
roots on gadolinium-enhanced MR images (Fig
18). It has been suggested that this finding is re-
lated either to a susceptibility of the anterior roots
to the toxic effect of methotrexate or to a gravity-
dependent increased concentration of the drug
around these roots, although a selective autoim-
mune process cannot be excluded (36). Nerve

conduction and electromyographic abnormalities
usually correlate with the root enhancement at
MR imaging (37). The clinical outcome was dis-
similar in our three patients, with posterior recov-
ery in one patient, partial recovery in another, and
persistent paraplegia in the third. Spinal MR im-
aging allows quick differential diagnosis between
this anterior toxic radiculopathy and the potential
epidural-subdural hematoma occurring after lum-
bar puncture secondary to thrombocytopenia.

Infectious Complications
Infectious complications are one of the most sig-
nificant causes of morbidity and death in the
pediatric cancer patient. Both the underlying ma-
lignancy (leukemia or lymphoma) and the anti-
neoplastic therapy can cause immunosuppres-
sion. The risk of infection increases as a function
of the degree and duration of granulocytopenia.
Fungi are the most frequent causal microorgan-
isms (Fig 19) and typically affect patients hav-
ing absolute granulocytic counts of less than 100/
mm3 for more than 2 weeks (4,15). Additional
risk factors for disseminated fungal disease in-
clude prolonged hospitalization, administration of
broad-spectrum antibiotics, chemotherapy- or
radiation therapy–induced mucosal damage, and
steroid administration. Candida and Aspergillus
species are the organisms most frequently identi-
fied (38–42).

Figure 18. Anterior lumbosacral radiculopathy in a 7-year-old
boy with ALL who was undergoing treatment with intrathecal
methotrexate. He developed progressive areflexive paraparesis.
Sagittal (a) and axial (b) gadolinium-enhanced T1-weighted MR
images show selective enhancement of the anterior lumbosacral
roots (arrows). The clinical symptoms improved, and follow-up
MR images were normal.
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Aspergillus disseminates to the CNS hematog-
enously, most commonly from the lung, causing
infectious vasculopathy leading to acute infarc-
tion or hemorrhage, or extends into surrounding
tissue as infectious cerebritis or abscess. In neu-
tropenic patients, fungal sinusitis, usually as-
pergillosis or mucormycosis, may manifest only
as mild rhinorrhea or facial pain and quickly
progress to rhinocerebral syndrome with invasion
of the CNS via the cribriform plate (5). Three
imaging patterns have been described in neutro-
penic patients with cerebral invasive aspergillosis
(40): (a) cortical-subcortical hypoattenuating
areas on CT scans (Fig 20) or hyperintense areas
on T2-weighted images, (b) multiple ring-en-
hancing lesions, and (c) dural enhancement
adjacent to sinonasal disease (Fig 21). In our ex-
perience, subtle or minimal peripheral enhance-
ment is more common in leukemic patients than a
well-defined ring pattern because edema and en-
hancement capacity are dependent on lympho-
cyte and total leukocyte counts.

Candidiasis can also be seen in immunocom-
promised patients; however, in our experience, it

is rather uncommon beyond the neonatal period.
It appears at imaging as numerous ring-enhancing
microabscesses less than 3 mm in diameter at the
gray-white matter junction, basal nuclei, and cer-
ebellum. The predilection of Candida for vascular
structures may cause vasculitis, intraparenchymal
hemorrhage, mycotic aneurysms, and thrombosis
of small vessels with secondary infarction (43).

Conclusions
Many pathologic conditions affect the CNS in
pediatric patients with oncohematologic pro-
cesses. These pathologic conditions are related to
the primary disease, the various antineoplastic
therapies required for its treatment (radiation
therapy, chemotherapy, and bone marrow trans-
plantation), or infectious complications. Use of
modern imaging techniques facilitates prompt
diagnosis, which is essential for early therapy and
increased overall survival.
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Figure 20. Invasive thoracic and cerebral aspergillosis in a very neutropenic patient being treated with intensive
chemotherapy and bone marrow transplantation. The invasive pulmonary aspergillosis required treatment in the in-
tensive care unit. (a) Chest radiograph shows bilateral pulmonary infiltrates (arrows) with a huge bulla on the right
side (*). (b) Axial cranial CT scan shows large hypoattenuating areas that correspond to invasive aspergillosis with
secondary infarcts. Postmortem examination demonstrated aspergillosis in multiple locations.

1426 November-December 2002 RG f Volume 22 ● Number 6

R
a
d
io

G
ra

p
h
ic

s



References
1. Parker BR. Leukemia and lymphoma in child-

hood. Radiol Clin North Am 1997; 35:1495–
1516.

2. Ginsberg LE, Leeds EN. Neuroradiology of leuke-
mia. AJR Am J Roentgenol 1995; 165:525–534.
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