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ABSTRACT

Hematologic disorders and malignancies are commonly encountered in children. The central 
nervous system is affected by many benign and malignant hematological diseases. Neurologic 
findings may occur due to central involvement of hematological disease or neurotoxic effects of 
treatment during the disease. At all these stages, radiological imaging and evaluation have a 
critical role. In this review article, we aim to describe the imaging findings of central nervous sys-
tem involvement in pediatric hematologic diseases. This review was prepared based on the latest 
literature available in the PubMed database in the English language from inception to March 
2022. The radiological images of the patients in our archive were obtained from the PACS (Picture 
Archiving and Communication Systems) to set an example for the diseases described in the text.
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INTRODUCTION

Hematologic disorders and malignancies are commonly encountered in children. Central 
nervous system (CNS) involvement is observed in many hematological diseases, especially 
in the malignant group. Neuroimaging plays an important role in the diagnosis of nervous 
system findings due to hematologic involvement or the neurotoxic effects of treatment. For a 
good radiological evaluation, sufficient information should be obtained about the patient’s 
clinic and treatments. In this review article, we aim to describe the imaging findings of CNS 
involvement in pediatric hematologic diseases.

CNS INVOLVEMENT IN HEMATOLOGIC DISORDERS

Hemorrhagic and Coagulation Disorders
Hemorrhagic disorders may result from disturbances of one or more of the factors involved 
in hemostasis. It can be classified under the main headings as follows: vasculopathies 
(hereditary, secondary, and allergic), platelet disorders (thrombocytopenia, thrombocytosis, 
functional abnormalities), coagulation disorders caused by coagulation factor deficiencies 
(hemophilia A and hemophilia B), and hyperfibrinolysis.1

Osler–Weber–Rendu disease, also known as hereditary hemorrhagic telangiectasia, from 
the vasculopathy group, is an autosomal dominant disease characterized by multiple arte-
riovenous malformations (AVMs). AVM is composed of thin and convoluted vessels that rup-
ture and bleed easily.2 Arteriovenous malformation appears as isodense serpentine vessels 
on noncontrast brain computed tomography (CT). T1-weighted (T1W) and T2-weighted 
(T2W) magnetic resonance imaging (MRI) shows vessels with flow gaps and possible hem-
orrhages. Edema, mass effect, and peripheral gliosis may be demonstrated on FLAIR A and 
T2W sequences.3
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The Ehlers–Danlos syndrome is another hereditary vasculopa-
thy. Vessel wall fragility and microvascular hemorrhages may 
be seen secondary to collagen deformation (intraparenchymal 
and subarachnoid hemorrhages). Most important and com-
mon cerebrovascular complications are carotid-cavernous fis-
tulas and arterial dissections.4,5

Many predisposing factors such as infections, drugs, metabo-
lism disorders and connective tissue diseases affect the ves-
sel wall and cause bleeding. Proximal middle cerebral artery 
(MCA) and posterior perforated arteries are the most com-
monly affected vessels. We can use contrast-enhanced T1W 
images for meningeal inflammatory changes, diffusion-
weighted images (DWIs) for cerebritis and infarcts, and sen-
sitivity-weighted images (SWIs) for microhemorrhages. Also in 
septicemia, bleeding secondary to disseminated intravascular 
coagulation may occur.1

Thrombocytopenic purpura is a disease of unknown etiology 
caused by antiplatelet antibodies. The acute condition usually 
occurs in young children and after an acute febrile illness. The 
most common CNS findings are subarachnoid and intracranial 
bleeding is observed.6

Coagulation factor deficiency or dysfunction excluding fac-
tor XII may cause hemorrhagic disorders. Hemophilia A and 
hemophilia B diseases are seen in the deficiency of factor VII 
and factor IX in the common pathway, respectively. Acute 
bleeding is hyperdense on CT (Figure 1). Today, primarily SWI 
and DWI sequences are preferred. In the chronic process, cere-
bral atrophy, calcifications, and multifocal hyperintensities are 
observed in the cerebral white matter on T2W images.1

Protein C and S Deficiency
Protein C is a vitamin K-dependent anticoagulant. Protein S is 
a cofactor for activated protein C.7 The activated protein C/
protein S complex proteolyzes procoagulant factors V and 
VIII. Thus, factor X and prothrombin activation are prevented 
and fibrin formation is delayed.8 Deficiency of these factors 
is inherited autosomal dominant and is associated with an 
increased risk of venous thrombosis9,10 (Figure 2). Homozygous 
cases are usually present in neonates with purpura fulminans. 
Heterozygous cases can range from varying degrees of venous 

thromboembolism to embolic complications. There are no 
specific radiographic features while imaging thrombotic and 
embolic complications.9

Sickle Cell Disease
Sickle cell disease (SCD) is inherited autosomal recessively 
and results in abnormal hemoglobin S (Hgb S) production as 
a result of defects in the formation of normal hemoglobin A. 
In the deoxygenated state, Hgb S forms aggregates causing 
red blood cells (RBCs) to lose their normal discoid biconcave 
shape, a process called sickling. The abnormal RBCs increase 
the tendency for thrombosis and result in vascular occlusions 
and finally organ damage.11 Magnetic resonance imaging is 
a useful and first-choice imaging modality for both silent and 
clinical infarctions. In these patients, infarctions are frequently 
observed in the white matter and peripheral feeding regions of 
the anterior cerebral arteries and MCAs.12

In SCD, the most common neurological complication is stroke 
which develops due to vasculopathy and thrombosis. Infarction 
is usually ischemic. Embolic and thrombotic strokes are 
unusual. Diffusion-weighted imaging is performed in the acute 
period and pathological findings are shown even in the first 
6 hours. Between 1 week and 1 month, infarcts are only slightly 
hypointense on T1W images and hyperintense on T2W images. 
In the chronic phase, signs of focal atrophy develop (Figure 3a). 
At CT, infarcts show areas of low attenuation in the acute phase 
and atrophic findings are observed over time.13

It is possible to evaluate large cerebral artery flow dynam-
ics with transcranial Doppler ultrasonography (US) to identify 
patients at risk of stroke to initiate preventive therapy. Studies 
show that high velocities (velocities above 170–200 cm/s) in the 
distal internal carotid artery and proximal MCA are associated 
with an increased risk of stroke. Transcranial Doppler US scan-
ning begins at age 3 and maintenance of transfusion therapy is 
given to high-rate patients on two consecutive examinations.14

Stroke is responsible for approximately 12% of deaths in patients 
with SCD.15 Computed tomography angiography (CTA) may 
be used; however, its utilization in children is controversial 
due to ionizing radiation. Magnetic resonance arteriography 
(MRA) is the imaging modality of choice in the evaluation of 

Figure 1. A 13-year-old male diagnosed with Factor XIII deficiency has an acute hematoma in the right temporal lobe is seen on axial CT (a) and SWI 
(b) images. In the same patient, there is an encephalomalastic area secondary to the previous hemorrhage accompanied by calcifications in the right 
frontal lobe (c, d).
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SCD vasculopathy. While small caliber arterial disease is diffi-
cult to diagnose with MRA, the larger vessels can be adequately 
assessed without administering contrast material.

Due to chronic and progressive stenosis and occlusion of the 
internal carotid arteries and their proximal branches, multiple 
collaterals may develop at the base of the brain resulting in 
Moyamoya syndrome.16 Collateral multiple small abnormal 
net-like vessels give a characteristic “puff of smoke” appear-
ance on angiography. Due to the lower flow and spatial 
resolution in CTA and MRA, this view is not always shown17 
(Figure 3). Moyamoya syndrome refers to the typical Moyamoya 

vasculopathy plus associated conditions such as SCD or neu-
rofibromatosis type I.16 In a large group of patients (n, 5516), 
Thangarajh et al defined vasculopathy on MR angiography in 
10.3% of asymptomatic children with SCD.18 Diffusion-weighted 
imaging allows for evaluation of acute ischemic injuries in chil-
dren with SCD19 (Figure 4).

Thalassemia
It is an autosomal recessive hemoglobinopathy that causes 
microcytic anemia occurring in the Mediterranean region. 
Severe anemia secondary to ineffective hematopoiesis causes 
bone marrow enlargement and conversion of yellow marrow 

Figure 2. A 17-year-old male with protein C deficiency. 2D time of flight magnetic resonance venography image shows nonocclusive thrombus within the 
dominant right sigmoid sinus.

Figure 3. In the axial FLAIR-W images of the patient with Moyamoya syndrome, a continuous chronic ischemic encephalomalasic area is observed in the 
left temporooccipital region (a). Perimesencephalic collateral vascular structures are selected in axial post-contrast T1W images (b). In the diagnostic 
angiography examination of the patient, collateral vascular structures that create a puff of smoke appearance are observed (c).

269



Imaging of Hematologic Disorders Turk Arch Pediatr 2022; 57(3): 267-281

to red marrow As in sickle cell anemia, the medullary spaces of 
bones expand and the cortical bone thins20,21 (Figure 5).

Osteopenia and osteoporosis develop by causing cortical and 
trabecular thinning and destruction of medullary trabecu-
lae. In the cranium, the occipital bone is spared due to lack of 
hemopoietic bone marrow. Classic appearance of the cranium 
‘hair-on-end’ is rare in children over 9 years of age and under 
treatment.20

Extramedullary hematopoiesis develops as a response to fail-
ure of erythropoiesis in the bone marrow. It usually affects 
internal organs such as the liver, spleen, and lymph nodes and 
includes the thorax. Less commonly, it can affect the pleura, 
lungs, gastrointestinal tract, breast, skin, brain, kidneys, and 
adrenal glands. Anemia, splenectomy, and thrombocytosis 
are the risk factors in the development of infarction in silent 

cerebral ischemia in thalassemia patients.22 Occasional blood 
transfusion/regular transfusion has been cited as an important 
preventative.23

Regular blood transfusion is needed from the first year of life 
in thalassemia major. Chelation therapy is performed, and iron 
accumulation occurs in various tissues. Although there is often 
cardiac and endocrinological involvement, another tissue at 
risk is the nervous system.24-26

Among the CNS lesions, iron accumulation in the basal ganglia, 
millimetric ischemic foci due to hypoxia, thromboembolism, 
dura mater thickening due to extramedullary hematopoi-
esis, and cerebral atrophy can be observed. The most com-
mon finding on cranial MRI is basal ganglia calcifications. Iron 
deposition has also been demonstrated in the thalamus, red 
nucleus, and choroid plexus. The second most common cranial 

Figure 4. Signal changes consistent with ischemia are observed in the bilateral basal ganglia and ventromedial of the thalamus in FLAIR W (a) diffusion-
weighted images (b) and ADC mapping (c) in a patient diagnosed with sickle cell anemia who applied to the emergency department with acute 
neurological findings. An area of acute ischemic tissue is observed in the posterior parietal at the vertex level in the non-contrast CT examination 
performed in the emergency department at a different time (d).

Figure 5. Axial head computed tomography in bone window shows characteristic expansion of the calvarial bone marrow in sickle cell disease.
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MRI pathology is millimetric ischemic changes.25 While extra-
medullary hematopoiesis is more common in other parts of the 
body, it is rare intracranially (Figure 6).

CNS Involvement in Langerhans Cell Histiocytosis
Langerhans cell histiocytosis (LCH) is a rare multisystem dis-
ease with a wide clinical spectrum. The true incidence is 
unknown, as many patients remain undiagnosed. The disease 
is more common in the pediatric population, with a peak inci-
dence between 1 and 3 years of age with a male predilection 
(M : F ~ 1.5 : 1).27

CNS involvement of LCH is uncommon and poorly understood. 
The most common sites of CNS involvement with LCH are the 
pituitary infundibulum and hypothalamus, resulting in diabetes 
insipidus at presentation. A lack of T1W high signal intensity of 
the posterior pituitary and enhancement of thickened infun-
dibulum are characteristic but nonspecific findings28 (Figure 7). 
Especially sagittal pre- and post-contrast T1W sequences are 
important in diagnosis. The primary differential consideration 
of LCH when it involves the hypothalamic–pituitary axis is ger-
minoma. In the absence of additional foci of involvement for 
both entities, discriminating one from the other is nearly impos-
sible on imaging. Magnetic resonance imaging with contrast is 
the modality of choice for diagnosis and follow-up of intracra-
nial LCH.29

Neurodegenerative LCH refers to poorly understood condi-
tion that may be encountered at any time following the intitial 
diagnosis of LCH. Cerebellum, brain stem, optic chiasm, basal 
ganglia, and cerebral hemispheres may be involved. While 
some lesions may show enhancement, typically there is volume 
loss, confluent gliosis of the white matter, and calcifications of 
deep gray matter structures, particularly the cerebellar den-
tate nuclei.30

Hemaphagocytic Lymphohistiocytosis
Hemaphagocytic lymphohistiocytosis (HLH) is a heteroge-
neous disorder characterized by toxic uncontrolled immune 
activation.31 This immune activation is often driven by genetic 
mutations occurring along the perforin-dependent granule 
exocytosis pathway and is referred to as primary HLH.32 In 
secondary HLH, there is no underlying genetic mutation but 
systemic inflammation or immunotherapy may cause macro-
phage activation.

In children with HLH, MR imaging findings frequently overlap 
with those of infection, inflammation, or demyelination, caus-
ing delay in diagnosis and treatment. A myriad of nonspecific 
imaging findings have described in HLH, including regions of 
confluent or focal T1 and T2 prolongation which may demon-
strate enhancement (Figure 8). There may be involvement of 
the cerebral hemispheres, deep gray matter structures, brain 

Figure 6. 15-year-old with thalassemia. Coronal T2-weighted (T2W) image show marked T2 hypointensity within the pituitary gland due to iron 
accumulation secondary to chronic blood transfusions. There is marked expansion and T2 hypointensity of the calvarial and skull base bone marrow. A 
14-year-old girl with a diagnosis of thalassemia, hypointensity is observed in the vetebral bone marrow (b) and liver (c) in T2W images secondary to 
coronal iron deposition. The same patient has a nodular lesion consistent with extramedullary hematopoiesis in the spleen (c).

Figure 7. An 11 year-old female diagnosed with LCH, presented with diabetes insipidus. There is lack of visualization of the normal neurohypophysis 
(a, thin arrow) in pre-contrast sagittal T1W images. The suprasellar mass demonstrates heterogenous, intense enhancement (thick arrow). Incidental note 
is made of a pineal cyst (arrow head).
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stem, and cerebellum. Occasionally, mass-like lesions are 
encountered. Cranial nerve involvement has been reported.31

CNS INVOLVEMENT IN HEMATOLOGIC 
MALIGNANCIES

Leukemia
Leukemia is the most common malignancy of childhood and 
constitutes 25–30% of all pediatric malignancies. Acute lym-
phoblastic leukemia (ALL) is the most common type accounting 
for 85% of all pediatric leukemias.33 CNS is one of the so-called 
sanctuary sites for leukemia along with testicles and kidneys.34

CNS involvement is less than 5% of B-ALL and 10–15% of T-ALL 
cases at the time of diagnosis. The detection of CNS involve-
ment in ALL is essential for CNS-targeted therapy.35

Cerebrospinal fluid (CSF) cytology is the primary diagnostic test 
for CNS involvement in pediatric leukemia. MRI is not routinely 
indicated for assessment of CNS involvement. While CT without 
contrast may be used in evaluation of acute events (such as 
intracranial hemorrhage, dural venous sinus thrombosis, and 
ischemic stroke), MRI is more frequently used for the evaluation 
of the complications encountered during therapy. Mass-like 
involvement in leukemia referred to as chloroma is rare in chil-
dren.36 Chloroma can involve the extraaxial spaces (epidural 
or subdural), meninges, or parenchyma of the brain or spinal 
cord (Figure 9). More commonly, complications related to the 
primary disease (hemorrhage or stroke) or related to therapy 
are seen (methotrexate toxicity or l-asparaginase toxicity).37 It 
is not uncommon to encounter cerebral and cerebellar volume 
loss, white matter injury, and microhemorrhages in asymptom-
atic pediatric leukemia survivors.38

Methotrexate toxicity is usually encountered 3-14 days after 
intrathecal administration.39 Although less common, metho-
trexate toxicity can be seen following intravenous administra-
tion as well. The patients were present with acute neurological 
deterioration. Diffusion-weighted images are particularly use-
ful in the diagnosis of acute methotrexate toxicity, excluding 
stroke in patients with leukemia. While ischemic stroke involves 
a vascular territory, the lesions related to the methotrexate tox-
icity are generally bilateral, periventricular (involving the cen-
trum semiovale and corona radiata), and do not conform to a 
single vascular territory. In general, the transient hyperintense 

signal is observed on T2W and FLAIR-weighted MRI sequences 
in the white matter at the level of the bilateral centrum semi-
ovale. Subcortical U fibers are preserved. Characteristically, 
reversible signal changes consistent with cytotoxic edema are 
observed on DWI MRI in the defined areas. These DWI changes 
are considered reliable and early manifestations of acute 
methotrexate-related leukoencephalopathy (Figure 10). Dural 
venous sinus thrombosis is encountered less commonly than 
acute methrotrexate toxicity, but it is most frequently associ-
ated with l-asparaginase therapy.40 l-Asparaginase leads to 
the depletion of plasma proteins involved in both coagulation 
and fibrinolysis, causing cortical infarction, dural sinus throm-
bosis, intracerebral hemorrhage, or infarctions41 (Figure 11).

The risk of opportunistic infections increases in neutropenic 
periods. Imaging appearance of infections seen in leukemic 
patients is not different than those seen in the general popula-
tion. The sinonasal regions should be investigated closely as 
these could be the sites for direct extension of infection to the 
CNS.42

It is possible to evaluate bone marrow infiltrates in craniofacial 
bones and vertebra with brain MRI and spinal MRI (Figure 9e). 
With contrast-enhanced brain MRI and DWI, bone marrow 
signal, cortical expansion, erosions, and soft tissue masses can 
be demonstrated.43 Mineralizing microangiopathy, one of the 
effects of radiation therapy, is an imaging complication that is 
occasionally encountered in pediatric leukemia survivors.43 As a 
side effect of radiotherapy, hyalinization and fibrinoid necrosis 
of small arteries and arterioles develop secondary to endothe-
lial proliferation and calcium deposition.34,44 The patients are 
generally asymptomatic, and symmetrical calcifications are 
seen on CT involving the basal ganglia and subcortical white 
matter in children previously treated with radiation therapy 
and intrathecal methotrexate (Figure 12).

Lymphoma
Central nervous system lymphoma occurs as an isolated 
primary lesion or as a secondary involvement of systemic 
lymphoma.

Primary CNS Lymphoma
Primary CNS lymphoma (PCNSL) is a form of extranodal, 
high-grade, non-Hodgkin B-cell neoplasm and rarely spreads 

Figure 8. A 2-year-old male diagnosed with hemaphagocytic lymphohistiocytosis, hyperintense areas forming confluence are observed in the subcortical 
and peiventricular white matter in the left posterior parietal in axial FLAIR-W images (a). In diffusion-weighted studies, there are signal changes 
consistent with periventricular and subcortical millimetric ischemic diffusion limitations (b). In post-contrast axial T1-weighted images, contrast 
enhancements in the periventricular white matter at the centrum semiovale level are remarkable (c).
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Figure 9. A 4-year-old male diagnosed with ALL, in the axial plane T2W, diffusion, and post-contrast T1W images, respectively, there is an extraaxially 
posterior fossa solid mass (arrow) with subperiosteal component (arrowhead). There is a cytotoxic edema effect by pressing the right cerebellar 
hemispheres and brain stem with diffusion restriction (b) and heterogeneously contrasting (c). A 4-year-old patient with a diagnosis of ALL has a solid 
mass lesion in the spinal canal extradurally at L5-S2 levels in sagittal T2W (d), pre (e) and post-contrast T1W images (f), developed during the follow-up. 
Hypointencity of vertebrae is also seen on T1W images secondary to diffuse leukemic bone marrow infiltration.

Figure 10. Bilateral periventricular nodular diffusion restriction is observed at centrum semiovale and corona radiata levels in diffusion-weighted images 
(a,b) and ADC maps (d,e) in a 12-year-old male who received intrathecal treatment 5 days ago.

Figure 11. In a 7-year-old male with ALL, a cortical-subcortical hemorrhagic infarct in the right frontal lobe secondary to superior sagittal sinus 
thrombosis is observed in the images of T2W (a), SWI (b), and MR venography (c).
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outside the nervous system, typically involving the brain paren-
chyma with less frequent involvement of the leptomeninges, 
spinal cord, pituitary gland, cranial nerves, and the orbita. 
It is a rare tumor that accounts for 2-6% of all primary brain 
tumors and 1-2% of all non-Hodgkin lymphomas. Unlike adults, 
PCNSL is extremely rare in children.45,46 The most common pre-
sentation is a single intracranial mass, most commonly located 
supratentorially in the white matter of the frontal and pari-
etal lobes. Basal ganglia are involved in 13-20% of patients45 
(Figure 13).

Immunocompromised patients are at increased risk for devel-
oping primary CNS lymphoma. In this group, it may be difficult 
to distinguish PCNSL from the more common cerebral toxoplas-
mosis. Both of them can present with multiple ring-enhancing 
lesions on CT and MRI. Perfusion MRI and MRI spectroscopy 
can be used to differentiate CNS lymphomas from other brain 
lesions.47

PCNSL lesions cause diffusion restriction secondary to high cel-
lularity and appear hyperintense on DWI and hypointense on 
apparent diffusion coefficient (ADC) maps (Figure 9). However, 
this imaging feature may not necessarily help in discriminating 
PCNSL from toxoplasmosis as there is a significant overlap in 
the ADC values of these two entities.48

Secondary CNS Lymphoma
While secondary CNS lymphoma is not uncommon in adults, it 
is rare in children.49 CNS involvement by systemic lymphoma 
presents as leptomeningeal disease in 60-70% of patients 
(Figure 14). Less common parenchymal CNS involvement in 

systemic lymphoma can present as single or multiple paren-
chymal masses.50 The imaging characteristics of secondary 
CNS lymphoma are similar to those seen in PCNSL (Figure 15).

CNS Complications After Chemotherapy and Hematopoietic 
Stem Cell Transplantation
Neurological complications have serious effects on morbidity 
and mortality in children undergoing cancer treatment. Acute 
methotrexate toxicity and complications related to l-asparagi-
nase were discussed above.

Hematopoietic stem cell transplantation (HSCT) is a treat-
ment method that is increasingly employed in the treatment 
of various malignant and hemotologic diseases in children. 
Prior to HSCT, high-dose chemotherapy is given to the patient, 
increasing the likelihood of infectios, vascular, and hemor-
rhagic complications.

Posterior Reversible Encephalopathy Syndrome
While posterior reversible encephalopathy syndrome (PRES) 
can be observed in patients with hypertension or eclampsia, 
patients who are on immunosuppressive medications fol-
lowing organ transplantation are at risk for developing this 
condition. Although initially described involving the posterior 
parts of the brain, it can involve the anterior parts of the brain, 
basal ganglia, brain stem, and cerebellum. Symmetrical cor-
tical and subcortical hyperintense signals are most commonly 
observed on T2 and FLAIR-W MR images of the parieto-
occipital lobes (Figure 16). These areas are often hypoin-
tense on T1W MR images and have reduced attenuation on 
CT scans.51 Additionally, while generally reversible, the lesions 

Figure 12. In a 4-month-old male with ALL, unenhanced axial CT scan shows multiple dystrophic calcifications at bilateral periventricular white matter 
secondary to mineralized microangiopathy.
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that show diffusion restriction have a greater likelihood of 
developing encephalomalacia, gliosis, and volume loss.52 
PRES is believed to be related to a dysfunction of neurovas-
cular autoregulation. Immunosuppressive therapy, hyperten-
sion, eclampsia, systemic inflammatory response syndrome, 
autoimmune diseases, porphyria, and chemotherapy have 
been reported as causes of PRES.53 There is usually no corre-
lation between the severity of the clinical findings and lesions 
observed on MRI.54

Cerebrovascular Complications
Vascular complications include arterial occlusion, venous 
thrombosis, and bleeding. Acute intracranial hemorrhage can 
result from cancer and cancer therapy. Coagulopathy, plate-
let count below 10,000/mm3, and a history of drug use such as 
prednisolone and treatment with l-asparaginase are among 
the risk factors.55 Increased thrombin production due to leuke-
mia, asparaginase and corticosteroids chemotherapy agents, 
infections, and hereditary prothrombotic diseases are risk 

Figure 13. A 4-year-old male diagnosed with primary CNS lymphoma, coronal T2-weighted (T2W) images show a hypointense solid mass involving the 
basal ganglia and extending into the ventricle in the right frontoparietal white matter (a). Also, right hemispheric subdural effusion and midline shift are 
seen in pre-contrast T1-weighted (T1W) images (b). There is diffuse heterogeneous enhancement in post-contrast T1W images and the mass extends to 
the opposite hemisphere through the corpus callosum (c). In diffusion-weighted images (d) and ADC mapping (e), there is diffusion restriction secondary 
to high cellularity in the mass. 8-year-old male with spinal Burkitt lymphoma, In sagittal T2W images (f), there is a hypointense mass lesion in the spinal 
canal. In pre- and post-contrast axial images, we see a diffusely enhancing solid mass located extra-axial space in the spinal canal that compresses the 
spinal cord (g, h).

Figure 14. A 15-year-old patient with a diagnosis of diffuse B-cell lymphoma lost the normal hyperintense signal in the neurohypophysis on pre-contrast 
T1-weighted (T1W) images. Nodular mass thickening was observed in the pituitary stalk on post-contrast T1W images. After the treatment, the thickening 
of the stalk regressed and the dimensions of the pituitary gland decreased. Normal brightness in the neurohypophysis has not returned.
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Figure 15. A 15-year-old male with orophayrngeal B-cell lymphoma and central nervous system involvement. In axial FLAIR-W images (a), there is a 
periventricular mass (arrow) that compresses the 3rd and lateral ventricle, accompanied by a peripheral large edema (arrowhead). Multiple lesions with 
ring-like enhancements are seen in post-contrast images (b). Midline shift is better seen in coronal T2W images (c) and there is diffusion restriction in 
ADC mapping (d).

Figure 16. A 16-year-old patient with a diagnosis of thalassemia who underwent bone marrow transplantation, has hyperintense vasogenic edema 
consistent with PRES in the posterior parietal areas, right temporal lobe, and frontal subcortical areas in FLAIR-W images.

Figure 17. In an 8-year-old patient diagnosed with ALL, hyperintensity in the vertebrae on T1 W (a) and T2W (b), fat-free images and hypointensity 
secondary to fat suppression on coronal STIR (c) images consistent with fatty bone marrow conversion secondary to radiotherapy are observed. There is 
also a loss of height secondary to a compression fracture in vetebrae.
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factors for dural venous sinus thrombosis.56 Dural venous sinus 
thrombosis appears as increased density (>70 HU) on noncon-
trast CT.57 Contrast-enhanced CT and MR venography (MRV) 
can be used for evaluation of acute and chronic dural venous 
sinus thrombosis. However, MRI is preferred as it allows for 
better evaluation of the parencyma. Addditionally, MRV is pre-
ferred in follow-up dural venous thrombosis due to the radia-
tion exposure during CT examinations.58

Infectious Complications
Due to immunosuppression after chemotherapy and radio-
therapy, the risk of CNS infection increases in the whole body 
as well. Viral (herpes, cytomegalovirus) and fungal agents 
are generally responsible for these complications, which are 
observed as meningoencephalitis or cerebral-cerebellar 
abscess. Concurrent lung infections are seen in 90% of these 
patients.55

Fungal cerebral abscesses may have central restricted diffu-
sion similar to bacterial abscesses due to highly proteinaceous 
fluid and cellular infiltration.59 Because of the systemic distribu-
tion of fungal infection, whole body MRI is performed in these 
patients. MRI should be preferred for imaging, as false nega-
tive findings may be present on CT in the early period.

Pediatric cytomegalovirus infection mostly occurs in patients 
with human immunodeficiency virus infection or after solid 
organ or bone marrow transplantation. Neurological involve-
ments associated with cytomegalovirus, such as diffuse 
micronodular encephalitis, ventriculitis, and polyradiculopathy, 
one of the late complications, were seen in AIDS patients.60

Encephalopathies caused by human herpesviruses, espe-
cially HHV-6, can be observed 2-6 weeks after bone marrow 
transplantation. On T2W and FLAIR MR images, bilateral or 

Figure 18. A 1-year-old girl diagnosed with ALL has hypointensity in sagittal T1W (a) and hyperintensity in STIR (b) images, consistent with bone marrow 
reconstruction.

Figure 19. A 15-year-old girl with a diagnosis of primary vertebral diffuse b-cell lymphoma has a solid mass lesion extending to the pre-paravertebral 
areas, which causes compression by destructing the L4 vertebra on coronal CT (a), T2W (b), and enhanced T1W (c) images.
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Figure 20. A 17-year-old male was diagnosed with lymphoma. Heterogeneous patchy bone marrow infiltration is observed on sagittal CT (a), pre- (b), 
and post-contrast (c) T1W and T2W (d) images, respectively.

Figure 21. A 14-year-old with T cell lymphoma. Nelarabine neurotoxicity is characterized by nonenhancing, symmetrical T2 prolongation involving the 
central and posterior spinal cord throughout axial cervical (a), thoracic (b), and sagittal images.
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unilateral increased signal intensity is found in the hippocampi, 
amygdalae, or parahippocampal gyri, usually without diffusion 
restriction.61

NEUROIMAGING OF SPINAL ABNORMALITIES OF 
HEMATOLOGICAL DISORDERS

Non-neoplastic Disorders
Bone marrow hyperplasia or reconversion occurs in some situ-
ations, such as anemia, heart diseases, secondary to treatment. 
In reconversion, the fatty marrow transforms to red marrow 
and the T1W signal is reduced. In some cases, paravertebral 
symmetrical nodular masses may occur as a result of extra-
medullary hematopoiesis.62

In sickle cell anemia and thalassemias, “H-shaped” defor-
mities secondary to collapse in endplates are observed as a 
result of microvascular infarction. In chronic anemias, second-
ary to transfusion hematochromatosis may develop, resulting 
marked T2 hypointensity of the bone marrow related to iron 
accumulation.62

After radiation therapy, the red marrow undergoes fat change 
and the T1W signal increases. A similar appearance occurs in 
other bone marrow depletion disorders such as aplastic ane-
mia, but there is involvement throughout the bone marrow as 
opposed to the focal signal changes seen after radiation ther-
apy where exposure occurs63 (Figure 17).

Neoplastic Disorders
Fatty bone marrow appears hyperintense on T1W images. 
Infiltrative processes generally present as diffuse hypointensity 
on T1W images. In younger children, due to the predominance 
of hematopoietic marrow, it may be difficult to appreciate the 
abnormalities on the T1W images, as the expected signal is inher-
ently low. Utilization of Short tau inversion recovery (STIR) images 
recommended in both young and older children as the cellular 
infiltrates will generate increased signal and fat within the bone 
marrow (as expected in older children) will be supressed.62

Noncontrast T1W, STIR, and post-contrast fat-suppressed T1W 
sequences are routinely used in the evaluation of the bone 
marrow and paraspinal lesions in children.

Leukemia infiltrates the bone marrow diffusely rather than 
replacing it focally. Focal masses called granulocytic sarcomas 
may be encountered mostly in myeloid leukemias (Figure 18). 
MRI of the spine may be normal in approximately 10% of cases 
with leukemia.

Meningeal/spinal cord involvement is less common. Nodular 
or diffuse meningeal infiltration can be detected in contrast-
enhanced images on MRI. Cerebrospinal fluid sampling is 
more specific as a normal MRI does not exclude neoplastic 
meningitis.64

Primary vertebral lymphoma is rare. It is mostly observed as 
metastatic lesions. Non-Hodgkin Lymphoma (NHL) is 3 times 
more common than others. In Hodgkin's disease, extranodal 
and vertebral involvement can usually be seen in the late stage 
(Figure 19). Vertebral involvement in lymphoma is usually in the 
form of focal lesions. Computed tomography and radiography 

show increased permeability of the vertebrae or a “moth-
eaten” pattern. Focal lesions may be lytic, sclerotic, or mixed. 
Lesions are slightly hypointense in T1WI and hyperintense in 
T2WI and may be enhanced. Epidural spread and meningeal 
involvement can be seen64 (Figure 20).

Lymphoma is a great imitator and in patients whose primary 
diagnosis is unclear, it is difficult to distinguish spinal lesions 
from tuberculosis, sarcoidosis, and other malignancies.65

Nelarabine is used in the treatment of T-cell leukemia and 
lymphoma. Its use is rarely associated with paraplegia and/or 
sensory problems due to diffuse involvement spinal cord, par-
ticularly of the posterior columns66 (Figure 21).

CONCLUSION

Neuroimaging plays an important role in the diagnosis, but 
more importantly follow-up of pediatric patients with hema-
tologic diseases and malignancies. Familiarity with the indica-
tions of the imaging tests and common imaging manifestations 
are important in the management of these patients.
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