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This review provides an overview of the current state of pediatric brain tumor imaging, emphasizing the
role of various imaging sequences and highlighting the advantages of standardizing protocols for pedi-
atric brain tumor imaging in diagnosis and treatment response evaluation. Basic anatomical sequences
such as pre- and post-contrast 3D T1-weighted, T2-weighted, fluid-attenuated inversion recovery,
T2*-weighted, and diffusion-weighted imaging (DWI), are fundamental for assessing tumor location,
extent, and characteristics. Advanced techniques like DWI, diffusion tensor imaging, perfusion imag-
ing, magnetic resonance spectroscopy, and functional MRI offer insights into cellularity, vascularity,
metabolism, and function. To enhance consistency and quality, standardized protocols for pediatric
brain tumor imaging have been recommended by expert groups. Special considerations for pediatric
patients, including the minimization of anesthesia exposure and gadolinium contrast agent usage, are
essential to ensure patient safety and comfort. Staying up-to-date with diagnostic imaging techniques
can contribute to improved communication, outcomes, and patient care in the field of pediatric neu-
rooncology.
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INTRODUCTION

Brain tumors are the most common solid tumors in pediat-
ric patients, and radiological examinations play a fundamental
role in diagnosing and evaluating treatment response in pedi-
atric brain tumor patients. MRI is primarily used in evaluation
of pediatric brain tumors because it provides excellent soft tis-
sue contrast. The role of basic anatomical MR imaging includes
determining the tumor location, extent of tumor involvement,
assessment of tumor burden, presurgical planning, monitor-
ing treatment response, and detecting post-surgical or post-
treatment changes. In addition to basic anatomical imaging,
advanced imaging techniques such as diffusion-weighted im-
aging (DWI), diffusion tensor imaging (DTT), perfusion im-
aging, magnetic resonance spectroscopy (MRS), and functional
MRI (fMRI) offer valuable insights into cellularity, diffusivity,
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vascular characteristics, metabolic activity, and functional as-
pects. This review aims to provide an overview of basics of pe-
diatric tumor imaging. The published guidelines for pediatric
brain tumor imaging will be reviewed and recommended ba-
sic MR imaging sequences will be presented. Additionally, ad-
vanced imaging techniques which can be performed will be
discussed.

IMAGING MODALITIES

CT serves a vital role in the emergency setting and may be
the initial modality for imaging pediatric brain tumor due to
its speed and availability. CT can identify the presence and lo-
cation of the mass, as well as secondary changes, including ob-
structive hydrocephalus. Also, some specific features like solid
and cystic components, cellularity, hemorrhage, and calcifica-
tions can be demonstrated on CT. However, when there is
suspicion of a brain tumor based on CT, MRI should be per-
formed afterward, since MRI provides more comprehensive
information about tumor characteristics. You can use either
a 1.5-T or a 3.0-T scanner, but the 3.0-T scanner offers im-
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proved signal-to-noise ratio and enhanced speed.

CURRENT STATUS AND GUIDELINES
FOR PEDIATRIC BRAIN TUMOR
IMAGING

In adult brain tumor cases, the Response Assessment in
Neuro-Oncology (RANO) working group has developed im-
aging guidelines that are in use. However, applying RANO cri-
teria directly to pediatric cases is challenging due to several spe-
cific differences. Pediatric brain tumors are more commonly
low-grade compared to adults, and contrast enhancement may
be less pronounced or irregular. Moreover, the volume of the
tumor may remain unchanged while the degree of contrast en-
hancement varies, limiting the application of the 2D measure-
ment methods based on RANO criteria. Efforts have been
made to address these challenges, leading to the publication
of recommendations by the Response Assessment in Pediatric
Neuro-Oncology (RAPNO) working group in 2018 for me-
dulloblastoma and leptomeningeal seeding tumor [1]. Subse-
quent recommendations have been published for pediatric
low-grade glioma [2], pediatric high-grade glioma [3], diffuse
intrinsic pontine glioma in 2020 [4], pediatric intracranial ep-
endymoma in 2022 [5], and pediatric craniopharyngioma in
2023 [6], all of which include imaging guidelines. However,
MRI protocols for brain tumor imaging can vary among insti-
tutions, depending on variable factors, including the patient’s
status, the specific tumor type, and the MRI system being used.
These variations can result in differences in image quality, mak-
ing it challenging to compare results and interpret findings con-
sistently. Standardizing MRI protocols for the evaluation of
central nervous system (CNS) tumors can offer significant ad-
vantages. It enhances the consistency and quality of oncologic

evaluations, promotes uniformity in clinical trials, and facili-
tates comparisons of treatment outcomes among institutions.
By ensuring that all patients receive the same high-quality
imaging evaluation, standardized protocols contribute to im-
proved patient care and the advancement of brain tumor re-
search and treatment. To address this issue, in November 2022,
the Children’s Oncology Group (COG) Diagnostic Imaging
Comumittee, the Society for Pediatric Radiology (SPR) Oncol-
ogy Committee, and the American Society of Pediatric Neu-
roradiology (ASPNR) jointly published a Brain Tumor Imag-
ing White Paper [7]. This document synthesizes previously
published literature, RAPNO imaging guidelines, and expert
opinions to standardize pediatric brain tumor imaging. The
white paper includes minimal recommendations and optional
imaging sequences that can be implemented on most MRI
systems and are suitable for both high and low-grade tumors.

BASIC RECOMMENDATION FOR BRAIN
MRI

In general, the minimal recommended sequences for a pe-
diatric brain tumor assessment include pre- and post-contrast
3D T1-weighted (3D T1), T2-weighted (T2), fluid-attenuated
inversion recovery (FLAIR), hemorrhage sensitive sequence
such as susceptibility-weighted imaging (SWI) and DWI.

The T1 sequence is a basic anatomic imaging sequence. Ide-
ally, it is acquired in 3D format, but 2D sequence can be used
when 3D is not available. Certain substances such as fat, blood
products, and mineralization appear T'1 hyperintense and can
aid in tissue characterization (Fig. 1). One important consid-
eration in the pediatric brain tumor imaging is to always look
for the posterior pituitary gland on T1-weighted imaging which
is due to vasopressin storage. The absence of the expected T'1

Fig. 1. Variable T1 hyperintensity in brain tumors. A: A newborn’s cranial ultrasound reveals a hyperechoic lesion in the superior vermis (ar-
row). B: Sagittal T1-weighted image displays a T1 hyperintense lesion (arrow), corresponding to the ultrasound demonstrated hyperechoic
lesion, indicative of a lipoma. C: Axial T1-weighted image of a pineal mixed germ cell tumor shows multifocal T1 hyperintensities attributed
to its fat components (arrows).
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bright signal of the posterior pituitary, even without thicken-
ing of the pituitary stalk, can indicate infiltration by a tumor,
especially germinomas and Langerhans cell histiocytosis [8].
Therefore, it must be followed up with imaging (Fig. 2).

The T2 sequence is also an anatomic imaging sequence sen-
sitive to the detection of tumors, evaluation of tumor margin,
and measurements. The T2 sequence also reflects tumor cel-
lularity, presence of cystic changes, necrosis, and areas of ede-
ma (Fig. 3). T2-FLAIR sequence is sequence in which T2 im-
aging is combined FLAIR technique to suppress the signal
from fluid such as cerebrospinal fluid (CSF). This suppression
causes the CSF to appear dark on FLAIR images, enhancing
the visibility of brain lesions especially those near the areas
containing CSE. In IDH-mutated, 1p/19q non-codeleted low-
grade gliomas in adults, a distinct imaging pattern is observed
on T2-FLAIR sequences [9]. These tumors appear homoge-
neously hyperintense on T2 images but relatively hypointense
on FLAIR images, except for a peripheral hyperintense rim
which is referred to as “T2-FLAIR mismatch sign” (Fig. 4). In
pediatrics, the “T2-FLAIR mismatch sign” may be observed
in other tumors including DNET and astrocytoma but absent
in KIAA1549-BRAF-fused and BRAF p.V600E-mutated pe-
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diatric low-grade gliomas [10].

Gadolinium contrast agents are commonly used for diag-
nosis and assess treatment response in wide range of CNS dis-
orders including stroke, demyelination, infection, and tumors.
When gadolinium-based contrast media is administered in-
travenously, contrast media passes through the cerebral cir-
culation. In normal circumstances, the blood-brain barrier
(BBB) prevents leaking into surrounding tissues but when the
BBB is disrupted contrast media extravasates from the blood
vessels into the interstitial space. This leads to increased sig-
nal intensity in the area of BBB disruption referred to as “con-
trast enhancement” [11]. In the case of diffuse gliomas, there
is generally a direct relationship between the extent of contrast
enhancement on imaging and the grade of the tumor. How-
ever, in children, low-grade gliomas are more frequent ac-
counting for approximately 40% consisting of diverse groups
of tumors. And some low-grade tumors may show avid en-
hancement and some high-grade tumors show no or minimal
enhancement on post-contrast T1 sequence (Fig. 5). And to
further complicate, enhancement can change, even in the ab-
sence of treatment and without variation in the volume of
the tumors (Fig. 6). Contrast enhancement can also be affect-

Fig. 2. Loss of expected T1 bright signal in germinoma. A: Unenhanced sagittal T1-weighted image shows the expected T1 bright signal of
the posterior pituitary gland (arrow) due to vasopressin storage. B: Unenhanced sagittal T1-weighted image from a 13-year-old boy with di-
abetes insipidus shows the absence of the T1 bright signal of the posterior pituitary gland (arrow). C: Post-contrast sagittal T1-weighted im-
age exhibits equivocal thickening of the pituitary stalk (arrow). D: A subsequent image 15 months later after the patient was lost to follow-up

displays multifocal masses in the suprasellar and pineal regions with extensive ventricular seeding.

~ D

Fig. 3. Variable T2-weighted signal in brain tumors. A: Axial T2-weighted image shows a 4th ventricle mass extending through bilateral fora-
men Luschka (arrows), confirmed as posterior fossa ependymoma. B: Coronal T2-weighted image shows a heterogeneous, T2 hypoin-
tense mass in the right cerebellum causing a mass effect and edema, confirmed as medulloblastoma. C: Axial T2-weighted image depicts a
T2 hypointense, hemorrhagic mass in the left parietal lobe accompanied by perilesional edema, confirmed as glioblastoma. D: Axial T2-
weighted image reveals a large cystic and solid mass in the left cerebral hemisphere, diagnosed as supratentorial ependymoma.



Imaging of Pediatric Brain Tumors

i

Fig. 4. T2-fluid-attenuated inversion recovery (FLAIR) mismatch in IDH-mutant, 1p/19q non-codeleted astrocytoma. A: Axial T2-weighted
image shows a well-demarcated T2 hyperintense mass in the right frontal lobe. B: Axial FLAIR image shows a FLAIR hypointense mass
with a surrounding hyperintense rim, representing the “T2-FLAIR mismatch” sign.

Fig. 5. Variable enhancement patterns of pediatric brain tumors. A: Axial enhanced T1-weighted image shows a right thalamic mass with
some enhancement, confirmed as pilocytic astrocytoma. B: Axial enhanced T1-weighted image depicts a well-enhancing heterogeneous
mass involving the optic pathway, confirmed as pilocytic astrocytoma. C: Axial enhanced T1-weighted image illustrates a solid mass in the
right thalamus causing a mass effect and compression of the 3rd ventricle leading to obstructive hydrocephalus. A small internal enhancing
focus is discernible, diagnosed as glioblastoma. D: Axial enhanced T1-weighted image demonstrated expansile mass centered in the pons
(arrow) with minimal enhancement, diagnosed as diffuse midline glioma, H3K27M altered.
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ed by technical factors including difference in imaging tech-
niques or timing of imaging after administration of gadolini-
um [12], which can lead to misinterpretation of enhancement
on interval imaging.

When performing contrast-enhanced images, it is neces-
sary to perform a 3D acquisition with reconstructions in all
three anatomical planes to reduce the risk of missing small le-
sions (Fig. 7). Typically, images are acquired in the “sagittal”
plane and then reconstructed into both axial and coronal planes.
Post-contrast T2-FLAIR sequence is sensitive for detecting
meningeal pathologies including leptomeningeal metastasis
and 3D is preferred over 2D if available (Fig. 8).

SWI is highly sensitive for magnetic susceptibility effect
caused by blood products or mineralization. It allows detec-
tion of hemorrhage, vascular structures and identification of
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calcium within tumors which can aid in tumor grading. Cal-
cium deposits and blood vessels exhibit different phase pat-
terns due to their differing magnetic susceptibilities allowing
differentiation between calcium and blood possible (Fig. 9).
DWI maps the motion of water molecules in tissue with gen-
erated apparent diffusion coefficient (ADC) map. In general,
tumor cellularity increases with tumor proliferation resulting
in restricted diffusivity of water molecules [13]. When water
diffusion is restricted, it results in low ADC values, which can
be indicative of highly cellular tumor, whereas in low-grade
tumors, ADC values are higher (Fig. 10). It also helps differ-
ential diagnosis with tumor like lesions, with epidermoid cyst

or abscesses which show restricted diffusion.

Fig. 6. Optic pathway glioma. A: Axial fluid-attenuated inversion recovery enhanced image displays tortuous thickening of the intraorbital
segment of the left optic nerve (arrow) in a neurofibromatosis type 1 patient, suggestive of an optic pathway glioma. B: Enhanced axial T1-
weighted image shows diffuse enhancement of the enlarged left optic nerve (arrow). C: Follow-up MRI without treatment shows mildly re-
duced thickening of the left optic nerve and the disappearance of enhancement (arrow).

Fig. 7. Enhanced 3D T1-weighted imaging in brain tumors. A: Enhanced 3D sagittal T1-weighted image shows a large posterior fossa mass
with some enhancing components. Another enhancing mass in the suprasellar cistern (arrow) is noted due to cerebrospinal fluid dissemina-
tion. B: Enhanced 3D sagittal T1-weighted image in a medulloblastoma show a small enhancing nodule (arrow) in superior cerebellum. C:
The presence of a small enhancing nodule (arrow) on the enhanced 3D axial T1-weighted image corresponding to the nodule depicted on
sagittal image confirms leptomeningeal seeding.
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Fig. 8. Utility of post-contrast 3D fluid-attenuated inversion recovery

(FLAIR). A: Enhanced axial 3D T1 image displays a posterior fossa

mass with central enhancement. B: Enhanced axial 3D FLAIR image offers a better depiction of the large posterior fossa mass with multiple
tiny FLAIR-enhancing nodules along the cerebellar folia. C: Enhanced axial T1 image of a patient post-ependymoma resection does not
show discrete enhancing lesions in the surgical bed. D: Enhanced axial 3D FLAIR image better demonstrates FLAIR hyperintense nodules

(arrows), suggesting tumor recurrence.

ADDITIONAL SEQUENCE
RECOMMENDATION

Additional MRI sequences include post-contrast 3D T1 or
3D T2 sequences for neurosurgical navigation, and advanced
MRI sequence, including DTTI for surgical guidance, 3D heav-
ily T2-weighted sequences, task-based fMRI, and MRS [7].
One thing to note is that MR perfusion and MRS are useful
when performed both at baseline and follow-up since a one-
point-in-time assessment of perfusion and MRS can be mis-
leading and cannot aid in problem-solving.

Post-contrast 3D T1 or 3D T2 sequence for surgical naviga-
tion or stereotactic radiosurgery planning can be obtained with
markers or a head frame. Obtaining these images during the
initial imaging session eliminates the need for additional im-
aging sessions, anesthesia, and contrast agent administration,
critical for pediatric patients.

The use of 3D heavily T2-weighted sequences has been grow-
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ing including tumor imaging [14]. These sequences enable
the identification of small non-enhancing residual tumors and
leptomeningeal metastases due to their high resolution and
assist in distinguishing between intra-axial and extra-axial
tumors by allowing visualization of CSF cleft (Fig. 11). Addi-
tionally, 3D heavily T2-weighted sequence gives guidance to
endoscopic surgery and allows visualization of surgical defects,
membranes, or adhesions.

DTTI is an advanced technique of diffusion imaging that
provides insights into diffusion within tissues. DTT combines
information about the rate and direction of water molecule
movement. Commonly used metrics are mean diffusivity and
fractional anisotropy. Tumors in the brain have the potential
to infiltrate, destroy; or displace the surrounding white mat-
ter tracts, which are critical for various brain functions. DTT
can provide critical information for presurgical planning and
neuronavigation (Fig. 12).

fMRI is a technique that indirectly measures neuronal ac-
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Fig. 9. Susceptibility-weighted imaging (SWI) in medulloblastoma. A: Axial T2-weighted image shows a well-defined mass in the 4th ventri-
cle with multiple internal T2 hypointense foci. B: Axial SWI image shows multiple susceptibility foci corresponding to the T2 hypointense
foci. C: Axial phase image shows several hyperintense foci, suggesting calcifications rather than hemorrhages. D: Axial non-enhanced CT
images display multiple hyperdense foci, indicating calcifications within the 4th ventricle mass.

Fig. 10. Diffusion-weighted imaging in brain tumors. A: Axial apparent diffusion coefficient (ADC) image shows a reduced ADC value in me-
dulloblastoma (arrow). B: Axial ADC image presents an intermediate ADC value in the posterior fossa ependymoma (arrow). C: Axial ADC
image illustrates a high ADC value within the solid component of a posterior fossa cystic mass (arrow), confirmed as pilocytic astrocytoma.
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Fig. 11. Utility of 3D heavily T2-weighted sequences. A: Axial T2 preoperative image of posterior fossa ependyma shows a 4th ventricle
mass extending to the bilateral foramina of Luschka. B and C: Axial heavily T2-weighted images demonstrate multiple nodular lesions along
the right trigeminal nerve (arrow) and right cerebellopontine cistern (dotted arrow) which were less apparent on conventional sequences.

Fig. 12. Diffusion tensor imaging (DTI) in thalamic glioma. A: Axial T2 image depicts a T2 hyperintense mass in the right thalamus (arrow).
B: DTI image shows the corticospinal tract (dotted arrow) traversing posteriorly to the right thalamic tumor but within a 2 cm distance.

tivity in the brain by assessing changes in blood oxygenation
and blood flow in response to neural activity referred to as
blood oxygen level-dependent (BOLD) signal difference. In
fMRI, when a brain region is more active, it consumes more
oxygen leading to increase in the blood flow resulting in in-
creased BOLD signal in that region. This allows noninvasive
spatial mapping of eloquent cortex during the performance of
specific tasks, therefore helpful for achieving effective tumor
resection while minimizing post-surgical neurological deficits.

Angiogenesis is a key factor for tumor cell proliferation, re-
sulting in abnormally large, tortuous, highly permeable vessels
[11]. Perfusion is a marker of angiogenesis and aids in under-
standing tumor characteristics. The most widely used meth-
od is dynamic susceptibility contrast perfusion (DSC), based
on the detection of signal loss on T2*-weighted sequence with
the gadolinium contrast injection. This allows derivation of
relative cerebral blood volume (rCBV) and other perfusion
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parameters. Elevated rCBV is observed in tumors and indic-
ative of angiogenesis and has been positively correlated to gli-
oma grade (Fig. 13) [15]. Arterial spin labeling (ASL), on the
other hand, does not require IV injection because arterial blood
water is used as an endogenous tracer to evaluate cerebral
blood flow. ASL offers the advantage of 3D whole brain cov-
erage and is particularly promising in pediatric patients due
to its non-invasive nature, obviating the need for IV, large bore
needle, and contrast agent use. However, ASL is limited by a
relatively low signal-to-noise ratio. It is crucial to consider the
perfusion trends and make comparisons with baseline and pre-
vious exams when interpreting perfusion imaging. Isolated as-
sessment of perfusion can be misleading.

MRS is a non-invasive technique to provide information on
specific metabolites within the brain (Table 1). MRS can be ob-
tained using a single-voxel technique or multivoxel technique.
In general, MRS of brain tumors demonstrate increased cho-



line (Cho) and decreased N-acetylaspartate (NAA) levels (Fig.
14), reflecting increased cellular turnover and the loss of nor-
mal neuronal markers [16]. When analyzing MRS, ratios are
used rather than the absolute heights of individual metabo-
lite peaks.

In Table 2, we have summarized key MRI sequences for
pediatric brain tumor imaging.

CHALLENGES IN DISTINGUISHING
BETWEEN TUMOR PROGRESSION AND
TREATMENT-RELATED CHANGES

Both treatment-related changes and tumor progression can
present similarly on standard imaging, showing enlargement
and new contrast enhancement, which poses a diagnostic chal-
lenge. Recurrent tumors are characterized by increased vas-
cular proliferation, cellularity, and neoangiogenesis, while ra-
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diation necrosis is characterized by necrosis, an inflammatory
response, and vascular endothelial proliferation, leading to en-
hanced BBB permeability and increased contrast enhancement
and edema. Parameters such as rCBV, Cho/Cr, and Cho/NAA
ratios are higher, and ADC is decreased in recurrent tumors

Table 1. Major metabolites on magnetic resonance spectroscopy

Metabolite ppm Property
NAA 2.0 Neuronal marker
Creatine 3.0 Normal cellular metabolism
Choline 32 Membrane turnover
Lipids and lactate 1.3 Necrosis and hypoxia
Myo-inositol 35 Astrocyte integrity
2-hydroxyglutarate 225  IDH-mutant tumors
Lactate 1.3 Anaerobic metabolism, tumor

proliferation

NAA, N-acetylaspartate

oy ™ P

Fig. 13. Perfusion characteristics in brain tumors. A: Enhanced axial T1-weighted image offers a view of a large cystic mass in the posterior
fossa with a peripherally strong enhancing nodule (arrow), suggestive of hemangioblastoma. B: Cerebral blood volume (CBV) map from
dynamic susceptibility contrast perfusion (DSC) perfusion reveals elevated relative CBV in the solid enhancing nodule (arrow). C: Enhanced
axial T1-weighted image illustrates a peripheral rim-enhancing lesion in the left frontal lobe (dotted arrow) with accompanying perilesional
edema in a patient who had been resected for a diffuse hemispheric glioma, H3 G34-mutant, WHO grade 4. D: CBV map from DSC perfu-
sion shows elevated relative CBV (dotted arrow), suggesting a tumor. This was surgically confirmed as a recurrence of the diffuse hemi-

spheric glioma, H3 G34-mutant, WHO grade 4.
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Fig. 14. Magnetic resonance spectroscopy (MRS) in medulloblastoma. A: Axial T2-weighted image shows a large mass in the 4th ventricle
with obstructive hydrocephalus. B: The axial apparent diffusion coefficient (ADC) map displays low ADC values, suggesting a highly cellular
tumor. C: MRS reveals elevated choline (arrow), decreased NAA (dotted arrow), an elevated Cho/Cr ratio, and elevated lipid peaks. NAA,

N-acetylaspartate; Cho, choline; Cr, creatine.

compared to radiation necrosis [16,17]. Multiparametric MRI
may enhance diagnostic accuracy in differentiating tumor
progression and from treatment-related change [18].

TIMING OF POST-SURGICAL IMAGING

The optimal timing for MRI evaluation to assess residual tu-
mor after surgery is typically within the first 72 hours follow-
ing the surgical procedure. This initial post-surgery MRI helps
in identifying any remaining tumor tissue and evaluating the
extent of resection, but in some cases, post-surgical changes
can make it difficult to distinguish residual tumor from these
changes. In such situations, a second MRI should be done
2-3 weeks after the surgery to allow some of the acute post-
operative changes to resolve.

SPINE IMAGING

Assessment of spinal leptomeningeal metastasis is integral
to pediatric brain tumor staging, along with brain imaging for
certain brain tumors to assess for CNS dissemination. When
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imaging the pediatric spine, one of the major challenges is deal-
ing with CSF flow-related artifacts, particularly when evalu-
ating conditions like leptomeningeal metastases. Utilizing 3D
sequences can offer better control over CSF pulsation artifacts.
The use of DWI can significantly enhances sensitivity when
detecting leptomeningeal metastasis, especially in tumors with
high cellularity, such as embryonal tumors and germ cell tu-
mors. Also, use of 3D myelographic T2-weighted images en-
able detection of small metastasis which might be missed on
enhanced T1 mages (Fig. 15) [1].

SPECIAL CONSIDERATIONS IN
CHILDREN

The U.S. Food and Drug Administration warning issued in
December 2016 regarding the use of repeated and lengthy gen-
eral anesthesia and sedation in children under the age of 3 years
highlighted concerns about potential neurotoxicity [19]. Mini-
mizing the frequency and duration of anesthesia or sedation
procedures is in line with these safety considerations. Pediat-
ric patients may find undergoing anesthesia or sedation mul-
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Table 2. Useful MRI sequences for pediatric brain tumor imaging

MRI sequence

Comment

T1

T2

T2-FLAIR

Post contrast T'1

SWI

Basic anatomic imaging sequence

Fat, blood products, and mineralization appear hyperintense on T1

Basic anatomic imaging sequence

Sensitive for tumor detection

Useful for evaluation of tumor margin and measurements

Helpful in assessing cystic changes, necrosis and edema

T2 imaging with suppressed signal from fluid

CSF appear dark, enhancing visibility of brain lesions

Detects increased signal intensity in the areas of BBB disruption

3D acquisition with reconstructions in 3 planes recommended to reduce the risk of missing small lesions

Sensitive for detection of hemorrhage, vascular structures and calcium within tumor

DWI Maps the motion of water molecules

Restricted diftusion results in low ADC values, indicative of high cellularity

Heavily T2-weighted

Helpful in identification of small non-enhancing residual tumors and leptomeningeal metastases

Guides endoscopic surgery, visualization of surgical defects, membranes or adhesions

DTI Provide information about the rate and direction of water molecule movement

Critical for presurgical planning and neuronavigation

Functional MRI Offers noninvasive spatial mapping of eloquent cortex

Helps achieve effective tumor resection while minimizing post-surgical neurological deficits
Perfusion Marker of angiogenesis

Includes techniques like DSC for evaluating cerebral blood volume, ASL for cerebral blood flow
MRS Provide information on metabolites within the brain

FLAIR, fluid-attenuated inversion recovery; CSE cerebrospinal fluid; BBB, blood-brain barrier; SWI, susceptibility-weighted imaging; DWI,
diffusion-weighted imaging; ADC, apparent diffusion coefhicient; DTI, diffusion tensor imaging; MRS, magnetic resonance spectroscopy;

DSC, dynamic susceptibility contrast perfusion; ASL, arterial spin labeling

tiple times distressing. By completing both brain and spine
imaging in a single session, you reduce the need for repeated
anesthesia, making the overall experience less challenging for
the child and their family.

Imaging of the spine can be performed immediately follow-
ing brain MRI. Enhanced T1 acquired first, as necessary, fol-
lowed by T2. This approach reduces the frequency of sedation
and the dose of anesthetic agent, as well as minimizes the use
of gadolinium, even for non-sedated children. Combining
brain and spine imaging during the same imaging session is
more efficient, as it minimizes the need for multiple anesthesia
or sedation sessions for pediatric patients. This approach can
significantly reduce the frequency of sedation and the dose of
anesthetic agents required, which is particularly important for
the safety and comfort of young children.

Gadolinium-based contrast agents are commonly used to
enhance the visibility of certain structures during MRI scans.
However, concerns about the potential risks associated with
repeated gadolinium exposure, particularly in children, have
arisen. By acquiring both brain and spine imaging together
during a single session, you can avoid the need for additional
gadolinium administration for spinal imaging, reducing the

cumulative exposure to these contrast agents.

RADIOLOGIC RESPONSE CRITERIA

The current standard clinical practice for assessing tumor
response involves using 2D or 3D measurements on the sin-
gle cross section that best shows tumor extent. However, these
measurements are prone to interrater variability, especially for
tumors that are diffuse or irregular in shape [20]. In a recent
study comparing volumetric and 2D tumor assessments, in-
consistent responses were noted in 20% of 70 pediatric low-
grade gliomas [21]. There is ongoing research into alternative
methods for evaluating treatment response including targeted
therapy, with volumetric assessment showing promise [22].
Further research is required to determine its clinical useful-
ness for various tumor types and to establish methods for in-
tegration into routine clinical practice.

CONCLUSION

The evolving landscape of pediatric brain tumors under-
scores the importance of staying up to date with the latest re-
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Fig. 15. 3D myelographic T2-weighted imaging of the spine in ependymoma. A and B: Sagittal 3D myelographic T2-weighted images show
multifocal tiny T2 hypointense seeding nodules (arrows). C-F. Reconstructed axial T2-weighted images show multifocal tiny T2 hypointense

seeding nodules (arrows) corresponding to the sagittal images.

search and diagnostic techniques. Standardizing neuroimag-
ing protocols helps ensure consistent and high-quality care for
pediatric patients, especially those who may receive care from
multiple institutions. Utilizing additional advanced imaging
techniques with combining multiple parameters may enhance
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diagnostic accuracy. Optimizing imaging sessions to minimize
sedation/anesthesia and contrast agent exposure can contrib-
ute to improved patient outcomes and safety.
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