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Abstract Conventional MRI protocols are an integral part of
routine clinical imaging in pediatric patients. The advent of
several newerMRI techniques provides crucial insight into the
structural integrity and functional aspects of the developing
brain, especially with the introduction of 3T MRI systems in
clinical practice. The field of pediatric neuroimaging con-
tinues to evolve, with greater emphasis on high spatial reso-
lution, faster scan time, as well as a quest for visualization of
the functional aspects of the human brain. MR vendors are
increasingly focusing on optimizing MR technology to make
it suitable for children, in whom as compared to adults the
head size is usually smaller and demonstrates inherent neuro-
anatomical differences relating to brain development. The
eventual goal of these advances would be to evolve as poten-
tial biomarkers for predicting neurodevelopment outcomes
and prognostication, in addition to their utility in routine
diagnostic and therapeutic decision-making. Advanced MR
techniques like diffusion tensor imaging, functional MRI,
MR perfusion, spectroscopy, volumetric imaging and arterial
spin labeling add to our understanding of normal brain devel-
opment and pathophysiology of various neurological disease
processes. This review is primarily focused on outlining ad-
vanced MR techniques and their current and potential pediat-
ric neuroimaging applications as well as providing a brief
overview of advances in hardware and machine design.
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Introduction

MR imaging has evolved significantly in the last two decadeswith
advances in hardware design and software capabilities. There has
however been a slight lag in the translation of these technical
developments for clinical applications, especially in pediatric im-
aging due to the unique set of challenges in imaging this subset of
the population [1]. With growing concerns for radiation exposure
with CT scanning, particularly in children, there has been a
paradigm shift with increasing scope and focus on newer MR
applications for diagnosis, prognosis, treatment monitoring and
research in various pediatric neurological diseases.

Conventional MRI

ConventionalMRI sequences include T1W, T2W, FLAIR, GRE
and diffusion weighted (DW) images. Typically T1weighted
images are used for depiction of anatomy and T2 weighted and
FLAIR images for depicting tissue pathology. Gradient T2W
images are sensitive to the presence of blood products and
calcium. Diffusion images reflect changes in the mobility of
water molecules within tissues that help characterize pathologies.

Advances in Hardware and Machine Design

Most pediatric academic centers show a trend towards reduced
use of CT scans and concomitant shift to MR as a preferred
modality for pediatric neuroimaging. This has led to an in-
crease in initiatives to customize hardware designs specifically
suited to children. Examples include child-friendlyMR suites,
smaller head coils for increased resolution, and noise cancel-
lation technology for MRI sequences [2]. In order to improve
patient comfort, newer generation MRI scanners are designed
with shorter tunnels and wider bores. Parallel advances in
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software design with faster sequences; better resolution and
potential novel solutions like motion detection-correction are
extremely useful in clinical pediatric neuroimaging. The use
of multichannel data acquisition enables faster structural and
functional imaging, for e.g., Echo planar imaging (EPI) with
higher temporal resolution and less geometric distortion [3].
Audiovisual aids such as goggles and headphones are now
commonly used for improving ‘patient-centric’ scanning ex-
perience that can help mitigate anxiety by distracting from the
otherwise intimidating environment for a child.

While the above measures have significantly aided imaging
older children, additional challenges in imaging neonates and
premature babies in the NICU setting include reducing scan time
and managing the logistics of transportation. A small footprint
neonatal MR system, which can be set up in the NICU is an
excellent practical illustration of these advances. There are how-
ever significant technical challenges such as compatible incuba-
tors, smaller magnet coils and electronic and software modifica-
tions needed for such sites [2, 4]. Rapid change in technology
allows continuous improvement in safety and imaging quality,
with the aim to attain capabilities that would no longer preclude
any extremely ill neonate from undergoing an MR examination.

Diffusion Tensor Imaging

Diffusion weighted imaging (DWI) is part of the routine
pediatric brain protocol. Diffusion tensor imaging (DTI) is
an advanced application of diffusion-weighted imaging that
measures the rate of random motion of water molecules in
different directions. DTI exploits the correlation between the
direction dependent diffusion of water molecules (anisotropy)
and thus depicts white matter tract orientation.

Maximum diffusivity is along the longitudinal course of
the fiber tract. DTI can be further characterized by scalar
quantities including fractional anisotropy (FA)maps. FAmaps
are cross sectional representations of directional information
that may be represented in grey scale or can be colour coded;
FA maps portray diffusivity along white matter tracts [5–9].
Anisotropic (direction dependent) diffusion is represented as
bright areas on FAmaps and the intensity is proportional to the
degree of anisotropy. The diffusion of a water molecule is
directional in normal fiber tracts (high FA). With any disrup-
tion of the normal anisotropy in affected tracts, the FA de-
creases (Fig. 1). Mean diffusivity (MD) is another such scalar
derivative of DTI, which is predominantly affected by cellular
size, contents and integrity. The principle direction of diffu-
sion in a vector is called as an Eigen vector and the represen-
tation of the white matter pathway can be processed by visu-
alizing Eigen vectors in adjacent voxels: a technique known as
fibre tractography [10] (Fig. 2).

While conventional T1 and T2 weighted images are valu-
able in diagnosing gross abnormalities in a premyelinated

brain, DTI provides better anatomic information and quanti-
tative assessment of the white matter microstructure [9, 11].
DTI has been used to assess maturation as well as to quanti-
tatively evaluate milestones in brain development. Diffusion
values decrease in the brain during maturation, the changes
being most rapid in the first 2 y after birth, with significant
reduction in water content [5, 8]. Maturation of the brain is
characterized by increased FA [12–14]. Anisotropy of the
white matter increases progressively with age in the post natal
period [9]. Various mechanisms believed to contribute to this
phenomenon include myelination, axonal proliferation and
intercellular tortuosity amongst others factors [7, 9]. These
changes continue to proceed at a slower rate into adolescence.

DTI provides a window for early detection of the brain
injury, which may serve as an early marker reflecting hypoxic
ischemic damage. This is particularly critical in the absence of
significant findings on conventional MR and in the context of
neuro-protective agents and monitoring therapy [7, 15]. DTI
in newborns has the potential to evaluate the structural

Fig. 1 Colored FA (Functional Anisotropy) map in an 8-y-old child:
Reduced FA is seen within the deep white matter of the left cerebral
hemisphere (arrow) compared to the contralateral side in a child with
asymmetric perinatal white matter injury

Fig. 2 Fibre tractography showing normal arcuate fasciculus (in red) in a
17-y-old
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correlate of functional impairment and plasticity in the devel-
oping brain [5]. Increase in FA in specific white matter regions
in the preterm has been shown to relate to cognitive, fine
motor and gross motor outcomes at 2 y of age [16, 17].
Similarly, DTI can also measure white matter changes and
associated cognitive dysfunction following mild to moderate
traumatic brain injury [18, 19].

The relationship of white matter tracts to space occupying
lesions including tumors is crucial in guiding surgical ap-
proach and defining the extent of resection. Pre-operative
tractography helps prognosticate outcome and predicts poten-
tial neurodeficit. Depiction of either infiltration or displace-
ment of white matter tracts by FA and tractography in patients
with infiltrating neoplasms (Fig. 3) is important while making
pre surgical decisions with regards to the extent of resection
[7, 20]. In patients undergoing radiation and chemotherapy,
reduction in FA values due to white matter injury has been
shown to be associated with poor intellectual outcomes
[8, 21].

Demyelinating lesions and normal appearing white matter
in multiple sclerosis (MS) patients usually show decreased FA
when compared with control subjects. Acute plaques have
been reported to demonstrate altered radial diffusivity [22].
Elevated FA has also been documented in brain abscess cav-
ities. This has been correlated with neuro-inflammatory mol-
ecules in pus. The reduction in FA following treatment in
brain abscess is a potential tool to assess response and sur-
veillance [23].

DTI has also shown utility in evaluating neuroanatomical
features in several congenital disorders including
holoprosencephaly, corpus callosal agenesis, horizontal gaze
palsy with progressive scoliosis and pontine tegmental cap
dysplasia [24]. Structural changes such as absence of cortico-

spinal tracts in holoprosencephaly, and failed commissural
fibers with Probst bundles in agenesis of corpus callosum
are well demonstrated with DTI [24]. DTI can also be used
to predict outcome in leukodystrophies such as Krabbe’s and
X linked adrenoleukodystrophy, in which decreased white
matter FA is seen [6].

Abnormal white matter development and persistent degen-
eration with increasing age has been reported in patients with
spina bifida and myelomeningocele [25]. There is a significant
decrease in FAvalue observed in most white matter regions in

Fig. 3 Preoperative tractography in a 9-y-old child with left anterior
temporal lobe DNET showing the relation of the tumor to the uncinate
fasciculus (blue)

Fig. 5 Presurgical functional MRI evaluation with motor task in a 13-y-
old: Bilateral finger tapping demonstrates anterior displacement of the
primary sensory-motor cortex (SM1) by the tumor on the right side. The
normal left primary sensory motor cortex and the supplementary motor
areas (SMA) are also identified

Fig. 4 Presurgical functional MRI evaluation for refractory epilepsy in a
7-y-old: Passive hand motor task in a child with seizures related to a
chronic vascular insult demonstrates relationship of the left sensory-
motor area to the gliotic scar
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adolescents with myelomeningocele. DTI shows reduction in
structural white matter integrity across major white matter
tracts. Reduced anisotropy has also been seen in white matter
tracts in patients with temporal lobe epilepsy suggesting dis-
ruption of the networks in these patients [26].

Newer high resolution techniques using diffusion tensor im-
aging aim to understand structural and functional details of the
brain network with future prospects of being able to match
individual connectomes [27], which will eventually help inves-
tigate a broad spectrum of neurological and behavioral disorders.

Functional MR (fMR)

Functional MR (fMR) studies are based on blood oxygen
level dependent (BOLD) techniques. fMR has the ability to
demonstrate eloquent functional areas with neuro-anatomical
localization. The basis of functional MRI is that task driven
neuronal activities cause localized change in cerebral blood
flow, which results in a decrease in de-oxyhemoglobin and a
resultant increase in MR signal in that particular location [28,

29]. Thus fMR is an indirect assessment of neuronal activity
with a slight temporal delay [30]. fMR paradigms are usually
designed with repeated sampling of brain volume with the
subject alternating between an active and a controlled task
such as ‘finger tapping’ followed by ‘rest’. Children usually
demonstrate widespread activations to a given task [31],
which becomes more localized as the brain matures. Two
widely used clinical applications of fMR include preoperative
assessment of language and memory function prior to surgery
for intractable epilepsy (Fig. 4), and presurgical evaluation of
potentially eloquent cortex in patients with focal lesions. fMR
has an ability to guide tailored tumor resection, with an aim to
spare the eloquent cortex [20] (Fig. 5).

Language tasks with paradigms using verb generation,
semantic decision and story processing for example, engage
several language domains and fully define language process-
ing [32, 33]. Language reorganization and plasticity resulting
from various neuro-pathological conditions make it impera-
tive to use multiple tasks during fMR studies. Language
lateralization in children with epilepsy has been shown to
correlate with invasive tests like WADA, making fMR a

Fig. 6 T1W (a), T2W (b), and
MR perfusion CBV maps (c & d)
in a child with diffuse intrinsic
pontine glioma (white arrows in
a). The CBV maps show a focal
area of hypervascularity (white
arrow in c and d) within the
tumor corresponding to the area
of contrast enhancement on the
T1W image (red arrow in a)
suggesting an area of anaplastic
transformation
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suitable noninvasive substitute for language lateralization [34,
35].

fMR applications in children are increasingly used for
neurobehavioral and cognitive disorders, while language or-
ganization and lateralization are major fields of research for
understanding brain plasticity [36]. In children, the most crit-
ical period for language development is early (6–7 y of life)
with more limited development during later years [31, 36].
Anatomical and physiological changes in neuronal develop-
ment alter the BOLD response in children to a greater extent
as compared to that in adults. Neonates and infants may
exhibit a negative BOLD response, probably reflecting the
inadequate cerebral blood flow (CBF) increase to compensate
for O2 metabolism [36].

Resting state fMR has recently emerged as a novel way for
investigating development of large-scale functional networks
in the brain. The procedure allows for the assessment of
resting state connectivity using spontaneous synchronized
fluctuations in the bold signal, to determine functional brain
network independent of transient task induced correlations
[37, 38]. The advantage of resting state fMR is its ability to
examine functional organization of the brain, independent of
task performance within a short period of time, with minimal

cognitive burden, and without sedation [39]. Resting state
fMR networks show that children have stronger subcortical
connections whereas adults show greater cortical-cortical con-
nectivity [40]. Default mode networks seen on resting state
fMR have been shown to develop during the period of rapid
growth, in late gestation before acquisition of cognitive com-
petency in childhood [41, 42]. Resting state fMR also dem-
onstrates altered structural and functional under-connectivity
between multiple brain regions in individuals with autistic
spectrum disorder [43].

MR Perfusion

Dynamic contrast enhancedMR is routinely used to assess tissue
vascularity following a bolus of contrast injection. Evaluation of
perfusion MR is based on the passage of paramagnetic contrast
material through the capillary bed allowing generation of maps
of various hemodynamic parameters like cerebral blood volume
(CBV), cerebral blood flow (CBF), mean transit time (MTT) and
time to peak (TTP) [44, 45]. Dynamic contrast enhanced MR is
broadly grouped as dynamic susceptibility contrast (DSC) (T2
weighted) and dynamic contrast enhancement (DCE) (T1

Table 1 Common metabolites in MR spectroscopy

Metabolite Spectral peak
localization

Regulation Functional role Abnormality/Disease

NAA (N-acetyl-aspartate) 2.0 ppm Neurons Marker for neuronal integrity Nonspecific, relative quantitative
marker for neuronal/axonal loss

Cr (Creatine) 3.0 ppm Synthesized in the liver Energy store to replenish
ATP levels

Abnormal in diseases like creatine
kinase deficiency

Cho (Choline
containing metabolites)

3.2 ppm Sum of several choline
containing metabolites

Raised levels in newborns
with rapid decrease to
normal in 12–24 mo

Role in membrane
synthesis/degradation

Raised levels in tumors, white matter
diseases like leukodystrophies,
acute demyelination. Reduced in
post radiation change

mI (Myo-inositol) 3.6 ppm Present in astrocytes
Raised levels in newborns
with rapid decrease to
normal in 12–24 mo

Involved in membrane
lipid metabolism

Osmolyte

Glial marker, elevated in glial-based
tumors (but low in GBM). Reduced
levels in hepatic encephalopathy and
encephalitis

Glu (Glutamate) 2 groups
3.6–3.9 ppm
2.0–2.4 ppm

Excitatory neurotransmitter,
mainly stored in neurons

Substitute for glucose
metabolism

Excitotoxic synaptic damage

Elevated in seizures. Reduced in hepatic
encephalopathy

Gln (Glutamine) 2 groups
3.6–3.9 ppm
2.0–2.4 ppm

Elevated in glial cells Glutamate and ammonia
detoxification

Osmolyte

Raised in hepatic encephalopathy,
encephalitis (infections),
ischemic-hypoxic injury

Lac (Lactate) 1.3 ppm Marker of anaerobic
metabolism

Need to be differentiated
from propylene glycol,
seen as doublet at 1.1 ppm
in neonates on phenobarbital

End product of anaerobic
glycolysis, accumulates in
necrotic tissue

Elevated in tumors, (secondary)
hypoxic-ischemic injury,
mitochondrial disorders. Prognostic
value in head trauma

Lip (Lipids) 0.9,1.3 ppm Marker for membrane
degeneration

Elevated levels in tissue
necrosis

Elevated in high grade tumors, infections,
prognostic value in head injury and
diseases with membrane degradations
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Fig. 7 MR spectroscopy in a 2-y-
old child with Canavan leuko-
dystrophy demonstrates a charac-
teristic elevated NAA peak

Fig. 8 Single voxel MR
spectroscopy with echo time of
144 ms from the left basal ganglia
in this 7-y-old child: Structural
MR images showed completely
normal appearing grey and white
matter structures. MR spectros-
copy shows creatine deficiency
with significant reduction in the
creatine metabolite peak on the
MR spectra at 3.0 ppm
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weighted), which is also known as permeability imaging. These
techniques have been used in acute and chronic, focal and global
processes including tumor imaging, ischemic cerebrovascular
disease, moyamoya, vascular malformations, trauma, and vascu-
lopathy to name a few.

MR perfusion helps identify and differentiate tumors, pre-
dict grade and anaplastic transformation, guide stereotactic
biopsies, and predict therapeutic response and prognosis [7,
46]. Relative cerebral blood volume (rCBV) can distinguish
pediatric brain tumors with progression from tumors that are
stable [44]. Tumors with higher rCBV values tend to be
associated with a higher histopathological grade [47] (Fig. 6).

MR perfusion is useful in acute arterial ischemic stroke for
defining infarct core, identifying penumbra for viable tissue,
and guiding therapeutic decisions. In primary cerebral vascu-
lopathy like moyamoya, perfusion MR is important for eval-
uating hemodynamics of the collateral circulation and for
assessing change in the hemodynamic status of the collateral
circulation following a bypass surgery [44].

Amongst the newer perfusion parameters that are increas-
ingly used, volume transfer constant (K trans) is a parameter
based on the trans-endothelial transport of the contrast agent by
diffusion. Some of these parameters have the potential to evolve
as imaging biomarkers of tumor response to therapy [47].

Measures of brain perfusion correlate with brain maturation
and increasing perfusion is seen in areas that are myelinating.

CBF is typically lower in neonates compared with older
children and increases in early childhood with a peak at 7 y;
CBF reaches adult values around adolescence [44]. The fron-
tal association cortex is the final area in which cerebral perfu-
sion increases.

Arterial spin labeling (ASL) is a newer technique, which is
based on saturation pulses that label blood before it flows into
the brain [45]. The major advantage of ASL is that it requires
no injection of contrast. In more recent studies using ASL in
various types of brain tumors and correlating with tumor
grade, relative tumor blood flow is able to distinguish high-
grade from low-grade tumors [48, 49]. Use of ASL in perina-
tal arterial ischemic stroke showed significant abnormalities
associated with infarcted areas in the acute and subacute phase
[50]. ASL can also provide information on small vessel status
in silent sickle cell disease, and can identify patients at a risk of
stroke.

MR Spectroscopy

MR spectroscopy (MRS) is a noninvasive MR technique used
to demonstrate and quantify cellular metabolites in pediatric
neurological diseases. MR spectroscopic studies are usually
performed using various techniques including single and
multi-voxel MRS.

Fig. 9 MR spectroscopy in a
child with Leigh’s disease depicts
an inverted doublet peak at
1.3 ppm for lactate
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Common metabolite markers routinely evaluated with MR
spectroscopy (MRS) include N-acetylaspartate (NAA) which
is a marker reflecting neuronal viability and integrity, choline
(Cho) which represents cell membrane turnover and cellular
density, and creatine (Cr), a metabolite related to energy
metabolism. Additional metabolites like lactate (Lac) which
is present in response to anaerobic metabolism, and
glutamine/glutamate (Glx) and myoinositol (mI) which repre-
sent astrocytic response are also routinely evaluated [51, 52].
The most prominent peak visualized on MRS after brain
maturation is NAA at 2.0 ppm. Spectral peaks for choline
and creatine are identified at 3.2 ppm and 3.0 ppm respective-
ly. Lactate is typically seen as a doublet at 1.3 ppmwhile lipids
and macromolecules are located at 0.9 ppm and 1.3 ppm on
proton spectra. Myoinositol (mI) is better quantified on a short
time to echo (TE) at 3.6 ppm (Table 1).

High choline and lower NAA peaks in the neonatal
brain reflect a need for high level of substrate early in
development and during progressive maturation of the
brain [53]. The ratio of these metabolites shows reversal
of peaks in the first few months with progressive
maturation.

A common clinical application of MRS is in neonatal
hypoxic ischemic injury (HIE) where MRS can provide addi-
tional information compared to conventional imaging.
Elevated lactate may be seen within a few hours of the insult
with reduced NAA and elevated glutamine evident after 24 h
[54, 55]. The lactate /NAA ratio is one of the potential prog-
nosticators for neonatal HIE with elevated levels associated
with worse outcomes [56].

Conventional MR has limited specificity for inborn errors
of metabolism, including organic acidemias, disorders of
amino-acids metabolism, fatty acid oxidations, mitochondrial
dysfunctions and lysosomal and peroxisomal disorders. Few
metabolic disorders exhibit characteristic changes on MRS.
For example, organic acid disorders like maple syrup urine
disease with abnormal branched chain amino acids

Fig. 11 Multivoxel MR spectroscopy: Elevated choline with reduced
NAA peaks are seen within the enhancing high grade tumor (ex: voxel
marked in red) as compared to the normal spectral pattern (ex: voxel
marked in green) in the contralateral hemisphere

Fig. 10 Single voxel MR spectroscopy with voxel placed over the
brainstem glioma (a) and over the normal cerebellar parenchyma (b).
Elevated choline (red arrow in a) and diminished NAA (white arrow in a)

peaks are seen within the tumor compared to the corresponding
metabolite peaks within the normal cerebellar parenchyma (b)
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demonstrate resonance peaks at 0.9 ppm [57]. Urea cycle
defects present with elevated glutamine on MRS [52]. MRS
is also used in leuko-encephalopathies with the most charac-
teristic signature peak being an NAA peak in Canavan’s
disease [58] (Fig. 7). Additionally, other diseases show some
specific MRS findings, for example, creatine deficiency
shows low creatine peaks (Fig. 8) and non-ketotic
hyperglycinemia shows a glycine peak at 3.6 ppm [57].

An abnormal MRS spectrum with a non-specific pattern
may be seen in hypomyelinating disorders like Pelizaeus-
Merzbacher, metachromatic leukodystrophy, Krabbe’s and X
linked adrenoleukodystrophy. Occasionally Pelizaeus-
Merzbacher disease may show mild elevations of NAA.
Mitochondrial disorders caused by defects of intra-cellular
energy metabolism show elevated lactate peaks [57] (Fig. 9).
However, the absence of lactate does not exclude the possi-
bility of mitochondrial disorders. In the acute phase of
ADEM, there is elevation of choline, lipids and lactate with
reduced mI [59].

Amongst pediatric neoplasms, taurine at 3.3 ppm has been
consistently observed with medulloblastomas and helps

differentiate medulloblastoma from other tumors, although
desmoplastic variants may show slightly low levels of taurine
[60, 61]. Pilocytic astrocytoma, a grade 1 tumor, shows para-
doxical elevation of choline, Cho/NAA peaks and lowmI [61]
with lactate usually present. Ependymoma has variable cho-
line levels with elevated mI as compared to medulloblastomas
or pilocytic tumors [52]. In the supratentorial parenchyma,
primitive neuroectodermal tumor (PNET) shows elevated
choline and taurine levels [62]. Atypical terato-rhabdoid tu-
mors usually demonstrate moderate choline levels [61].
Choroid plexus papillomas have a characteristic mI peak, as
against choroid plexus carcinoma that has a prominent choline
peak and unremarkable mI [62].

Diffuse infiltrating brainstem glioma (DIBSG) usually de-
picts high choline (Fig. 10) and citrate onMRS [63]. Amongst
gliomas, low-grade astrocytoma typically shows mI that can
be used to differentiate from high-grade gliomas [62]. High-
grade gliomas show elevated choline (Fig. 11) with prominent
lipid peaks. MRS helps grade and differentiate types of tu-
mors, guide stereotactic biopsy and determine response to
treatment in brain tumors [51]. Treatment response assessment

Fig. 12 A 16-y-old with
intractactable epilepsy: a: axial
T2 image shows a subtle right
frontal cortical dysplasia, b: MEG
dipole overlay on MR images for
localization in right frontal focal
cortical dysplasia, c: 3D visuali-
zation for surgical planning for
resection of this epileptogenic
focus
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is an important application of MRS in tumors with increasing
choline levels suggesting recurrence [62].

MRS is also useful in differentiating tumor mimics like
encephalitis which show reduced mI compared to neoplastic
processes [52]. Prominent lipid peaks in shaken baby syndrome
have been associated with poorer outcomes [55, 58]. Potential
applications of MRS include its use as a marker for diffuse
white matter injury in perinatal insult. The role of citrate in
brain tumors especially in diffuse infiltrative brain stem gliomas
and grade 2 and grade 3 astrocytomas is being explored for its
potential association with tumor progression [52, 63].

Magnetic Encephalography (MEG)

Magnetic encephalography is a noninvasive functional neuro-
logical method that measures electromagnetic neural activity
of the brain. MEG is used increasingly for presurgical map-
ping of eloquent cortex and identification of zones of abnor-
mal interictal activity in patients with seizures.

MEG signal arises from the intracellular postsynaptic current
that flows from dendrites to the soma [64]. Sensitive detectors
measure magnetic fields associated with neural currents that are
exceedingly weak.MEG is sensitive to signals along the walls of
sulci that are tangentially oriented and least sensitive to cortical
activity from radially oriented cortical surfaces such as crowns of
gyri [64]. The activity detected by MEG sensors can be
processed by different methods that allow construction
of images with functionally relevant neural activity
depicted as color overlay on anatomic MR images.

MEG is often used for determining whether an abnormal
interictal activity is unifocal or multifocal (Fig. 12) and also
helps guide grid placement of intracranial electrodes. It is
often used in clinical practice for identification of eloquent
functional cortex in relation to structural lesions. Motor map-
ping for surgical planning, language lateralization, and local-
ization are the other principle applications of MEG [64, 65].
MEG mapping can help in identifying functional eloquent
cortex and ictal onset zone in cases where cortical reorgani-
zation has occurred. Future applications being studied include
autistic disorders, trauma and schizophrenics [64].

Radiogenomics

Recent advances in whole genome sequencing have further
helped stratify tumors based on specific genomic alterations.
Radiogenomics is an emerging field in cancer imaging which
aims to correlate imaging phenotype with cancer gene expres-
sion. This is a potentially powerful tool, providing noninva-
sive insights into molecular subtypes of tumors that could help
develop specific tailored therapies. Location and enhancement
patterns of pediatric medulloblastomas have been found to be

predictive of molecular subgroups [66] and may potentially be
used as surrogate markers for genomic expression of these
tumors.

Conclusions

Rapidly evolving technology and an ever-expanding under-
standing of brain development and pathophysiology warrants
an integrative approach to investigate structural details and
functional aspects of the pediatric brain.

Advanced pediatric neuroimaging techniques, while once,
the domain of research are now available in routine clinical
practice, making it necessary for clinicians to be familiar with
their current applications. The authors have described the
most robust of these newer imaging techniques; DTI, fMRI,
MR perfusion and MR spectroscopy and their clinical appli-
cations with a view to familiarize clinicians to their use in
routine clinical practice.
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