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Abstract: Panencephalitis in pediatric patients represents a group of severe diffuse inflammatory
brain disorders characterized by widespread involvement of both gray and white matter, often leading
to significant neurological impairment and high morbidity. Early and accurate diagnosis remains a
major clinical challenge due to heterogeneous etiology, variable clinical presentation, and overlapping
imaging features with other diffuse encephalopathies. Magnetic resonance imaging has become the
cornerstone of neuroimaging in suspected panencephalitis, with recent advances significantly
expanding its diagnostic capabilities. Modern MRI techniques, including diffusion-weighted imaging,
fluid-attenuated inversion recovery, susceptibility-weighted imaging, and advanced modalities such as
perfusion imaging and MR spectroscopy, provide valuable insights into tissue structure, inflammatory
activity, and metabolic alterations. This review aims to evaluate the role of contemporary MRI
techniques in the diagnosis of pediatric panencephalitis, with emphasis on their diagnostic value,
limitations, and integration into clinical practice. Particular attention is given to the differentiation of
infectious, autoimmune, and post-infectious forms, as well as to the challenges of early-stage detection.
Available evidence suggests that while conventional MRI sequences remain essential for detecting
structural abnormalities, advanced techniques improve sensitivity in early disease stages and
contribute to more accurate differential diagnosis. However, interpretation remains complex due to
nonspecific findings and variability of imaging patterns across different etiologies. Modern MRI should
therefore be considered a multimodal diagnostic platform rather than a single imaging method. Its
optimal use requires integration with clinical, laboratory, and immunological data to improve diagnostic
accuracy and guide patient management.

Key words: Panencephalitis, pediatric neuroimaging, MRI, diffusion-weighted imaging, MR
spectroscopy, neuroinflammation.

Panencephalitis in children represents a challenges in the management of pediatric
heterogeneous group of diffuse inflammatory panencephalitis is the difficulty of early
disorders affecting both cortical and subcortical diagnosis. Clinical presentation is often
brain structures, often involving white matter nonspecific, particularly in the initial stages,
pathways and deep gray nuclei. These when symptoms may be limited to behavioral
conditions may arise from infectious, post- changes, mild cognitive impairment, or seizures.
infectious, autoimmune, or degenerative As the disease progresses, more pronounced
processes, and are frequently associated with neurological deficits emerge, but by this stage
rapid neurological deterioration and significant structural damage may already be
unfavorable outcomes. One of the central present [1].
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Magnetic resonance imaging plays a pivotal role
in the diagnostic evaluation of these patients.
Conventional MRI sequences allow visualization
of diffuse or multifocal lesions, typically
involving both gray and white matter. However,
early changes may be subtle or even absent,
limiting the sensitivity of standard imaging
protocols. The development of advanced MRI
techniques has expanded the Bo3amoxxHocTH Of
neuroimaging in this context. Diffusion-
weighted imaging enables detection of early
cytotoxic and vasogenic edema, MR
spectroscopy provides metabolic
characterization of affected tissue, and
susceptibility-weighted imaging allows
identification of microhemorrhages and
vascular alterations [2, 3]. These techniques
offer the potential to detect disease before
irreversible structural changes occur.

At the same time, interpretation of MRI findings
in panencephalitis remains complex. Imaging
patterns often overlap between different
etiological forms, and similar radiological
features may be observed in other diffuse
encephalopathies. This lack of specificity
complicates differential diagnosis and requires
integration of imaging data with clinical and
laboratory findings [4].

Given these challenges, a comprehensive
evaluation of modern MRI techniques in the
diagnosis of pediatric panencephalitis is
necessary. This review focuses on their
diagnostic capabilities, limitations, and practical
role in clinical decision-making, with particular
attention to early detection and differential
diagnosis.

This review was conducted as a narrative
analysis of contemporary literature addressing
the role of modern magnetic resonance imaging
techniques in the diagnosis of pediatric
panencephalitis. The primary objective was to
evaluate the diagnostic capabilities of both
conventional and advanced MRI modalities and
their contribution to differential diagnosis and
early detection. A structured literature search
was performed using PubMed, Scopus, and Web
of Science databases. Publications from January
2017 to January 2025 were included. The search
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strategy incorporated combinations of the
following keywords: «panencephalitis»,
«pediatric encephalitis», «MRI», «diffusion-
weighted imaging», «<MR spectroscopy», «SWI»,
and «neuroinflammation».

Studies were selected based on their clinical
relevance and diagnostic focus. Priority was
given to original clinical studies, systematic
reviews, and meta-analyses evaluating MRI
findings in pediatric encephalitis and related
diffuse inflammatory brain disorders. Emphasis
was placed on studies describing imaging
patterns in infectious, autoimmune, and post-
infectious forms of panencephalitis.

Publications limited to purely experimental
models or lacking clinical correlation were
excluded. Case reports were included
selectively when they illustrated diagnostically
significant imaging features or rare
presentations relevant to clinical practice.

Data extraction focused on several key domains,
including MRI patterns of brain involvement,
sensitivity of different imaging modalities at
various stages of disease, and their role in
differential diagnosis. Additional attention was
given to the correlation between imaging
findings and clinical severity, as well as to
methodological factors influencing
interpretation. Due to heterogeneity in study
design, imaging protocols, and disease
classification, a qualitative synthesis approach
was applied. The analysis aimed to identify
consistent imaging patterns, key diagnostic
markers, and areas of uncertainty affecting the
interpretation of MRI findings in pediatric
panencephalitis.

Conventional MRI Findings in Pediatric
Panencephalitis

Conventional MRI sequences remain the
foundation of neuroimaging in suspected
panencephalitis and are typically the first-line
modality in clinical practice. T2-weighted and
fluid-attenuated inversion recovery imaging
play a central role in detecting diffuse or
multifocal abnormalities involving both gray
and white matter structures [5]. In most cases,
panencephalitis is characterized by
hyperintense lesions in the subcortical and deep
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white matter, often extending to cortical regions
and basal ganglia. The distribution of these
lesions is frequently bilateral but may be
asymmetric, particularly in early stages of the
disease. Involvement of deep gray nuclei,
including the thalamus and basal ganglia, is a
common feature in several forms of encephalitis
and may provide important diagnostic clues [6].

Cortical involvement is typically manifested by
areas of signal alteration and swelling, which
may reflect inflammatory infiltration or edema.
In some cases, cortical ribbon hyperintensity
can be observed, particularly in rapidly
progressive forms of disease. At later stages,
these changes may evolve into cortical atrophy,
reflecting irreversible neuronal damage [7].

White matter involvement varies depending on
the underlying etiology. In infectious forms,
lesions are often patchy and poorly demarcated,
whereas in autoimmune or post-infectious
conditions they may demonstrate a more
diffuse and confluent pattern. However, these
distinctions are not absolute and may overlap
significantly, limiting their specificity in clinical
practice. Contrast enhancement patterns are
highly variable. In some cases, minimal or
absent enhancement is observed despite
extensive parenchymal involvement, while in
others patchy or ring-like enhancement may be
present. Leptomeningeal enhancement may
also occur, particularly in infectious etiologies,
but is not consistently observed [8, 9].

An important limitation of conventional MRI is
its relatively low sensitivity in early stages of
disease. Initial imaging may appear normal or
demonstrate only subtle changes, despite the
presence of active inflammatory processes. This
delay in radiological manifestation represents a
significant diagnostic challenge, particularly in
rapidly progressive conditions where early
intervention is critical [10].

Another limitation lies in the nonspecific nature
of many MRI findings. Similar patterns of signal
alteration may be observed in a wide range of
conditions, including metabolic disorders, toxic
encephalopathies, and demyelinating diseases.
As a result, conventional MRI alone is often
insufficient for definitive diagnosis and must be
interpreted in conjunction with clinical and
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laboratory data [11]. Despite these limitations,
conventional MRI provides essential structural
information and serves as the basis for further
diagnostic evaluation. Its findings guide the
selection of additional imaging techniques and
contribute to the initial formulation of
differential diagnosis.

Advanced MRI Techniques
Panencephalitis

in Pediatric

The introduction of advanced MRI techniques
has significantly expanded the diagnostic
capabilities of neuroimaging in pediatric
panencephalitis, particularly in the context of
early detection and differential diagnosis.
Unlike conventional sequences, these methods
provide additional information on tissue
microstructure, metabolic activity, and vascular
changes, allowing a more detailed
characterization of the inflammatory process.
Diffusion-weighted imaging is one of the most
sensitive techniques for detecting early brain
involvement. In the initial stages of
panencephalitis, diffusion restriction may
reflect cytotoxic edema associated with acute
neuronal injury. As the disease evolves,
diffusion patterns often shift toward increased
diffusivity, corresponding to vasogenic edema
and tissue disintegration. This dynamic
behavior makes diffusion imaging particularly
valuable for assessing disease stage and
progression, although interpretation may be
complicated by overlapping patterns in
different etiological forms [12].

In infectious encephalitis, areas of restricted
diffusion are frequently observed in regions of
active inflammation, sometimes preceding
visible changes on conventional MRI. In
autoimmune forms, diffusion abnormalities
may be more subtle and diffuse, often reflecting
widespread microstructural alterations rather
than focal necrosis. These distinctions, however,
are not sufficiently specific to establish a
definitive diagnosis and must be interpreted
within a broader clinical context [13].

Susceptibility-weighted  imaging provides
additional information related to vascular and
hemorrhagic components of the disease.
Microhemorrhages, petechial bleeding, and
venous congestion may be detected using this
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technique, particularly in severe infectious or
necrotizing forms of encephalitis. The presence
and distribution of susceptibility changes may
contribute to etiological differentiation,
although such findings are not consistently
observed across all cases. MR spectroscopy
offers insight into metabolic alterations within
affected brain tissue. Typical findings in
panencephalitis include reduced N-
acetylaspartate, reflecting neuronal loss or
dysfunction, and elevated choline levels,
associated with increased membrane turnover
and inflammation. In some cases, lactate peaks
may be detected, indicating anaerobic
metabolism and tissue hypoxia. While these
metabolic patterns support the presence of
active pathology, they remain nonspecific and
may overlap with other neurological conditions
[14]. Perfusion MRI has been used to assess
regional cerebral blood flow and wvascular
reactivity in inflammatory brain disorders. In
the acute phase, areas of hyperperfusion may be
observed due to inflammatory vasodilation,
whereas later stages may demonstrate
hypoperfusion associated with tissue damage
and loss of wvascular integrity. Although
perfusion imaging provides valuable functional
information, its role in routine clinical
evaluation of pediatric panencephalitis remains
limited and is primarily adjunctive [15].

The combined use of these advanced techniques
enhances the sensitivity of MRI, particularly in
early disease stages when conventional imaging
may be inconclusive. At the same time, their
interpretation requires careful consideration,
as similar imaging patterns may be encountered
in a variety of non-inflammatory conditions,
including metabolic and toxic encephalopathies
[16]. Taken together, advanced MRI techniques
contribute to a more comprehensive
assessment of pediatric panencephalitis by
providing complementary information on
structural, functional, and metabolic changes.
However, their diagnostic value is maximized
only when integrated with conventional
imaging and clinical data, rather than applied in
isolation.

Differential  Diagnosis of  Pediatric

Panencephalitis
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Differential diagnosis of pediatric
panencephalitis remains one of the most
challenging aspects of neuroimaging due to the
absence of pathognomonic MRI features and the
significant overlap with other diffuse brain
disorders. In clinical practice, the primary
diagnostic task is not the identification of a
specific imaging pattern, but rather the
exclusion of alternative etiologies and the
recognition of combinations of findings that

increase the probability of inflammatory
involvement [17]. One of the principal
distinctions is between infectious and
autoimmune forms of panencephalitis.

Infectious encephalitis typically demonstrates
more focal or asymmetric involvement, often
affecting limbic structures, cortical regions, or
deep gray nuclei depending on the pathogen.
Diffusion restriction is more commonly
observed in areas of active viral replication and
necrosis, while susceptibility-weighted imaging
may reveal microhemorrhages in severe cases.
In contrast, autoimmune encephalitis more
frequently presents with diffuse or multifocal
changes that may appear less pronounced on
conventional imaging despite significant clinical
symptoms. In such cases, MRI findings may be
subtle or even initially normal, making
diagnosis heavily dependent on clinical and
laboratory data [18].

A particularly important differential
consideration involves demyelinating disorders,
including acute disseminated
encephalomyelitis and related conditions.
These disorders often present with widespread
white matter lesions that may resemble
inflammatory changes seen in panencephalitis.
However, demyelinating lesions are typically
more  well-defined, frequently involve
periventricular regions, and may demonstrate a
characteristic pattern of dissemination. In
addition, the relative preservation of cortical
structures and the absence of significant gray
matter involvement may favor a demyelinating
process, although overlap remains substantial
in some cases [19].

Metabolic and toxic encephalopathies represent
another major diagnostic challenge. These
conditions may produce diffuse signal
abnormalities affecting both gray and white
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matter, sometimes mimicking inflammatory
processes. Symmetrical involvement of deep
gray nuclei, particularly the basal ganglia and
thalamus, is more suggestive of metabolic
pathology. MR spectroscopy may provide
additional clues, revealing specific metabolic
disturbances, although such findings are not

always definitive. Clinical history and
laboratory evaluation therefore remain
essential for  accurate differentiation.

Neurodegenerative and genetic disorders must
also be considered, especially in cases with
progressive clinical course and diffuse imaging
abnormalities. Unlike inflammatory processes,
these conditions often demonstrate gradual
progression without significant fluctuation and
may be associated with characteristic patterns
of atrophy or white matter degeneration.
However, early stages may still overlap with
inflammatory imaging features, complicating
the diagnostic process [20, 21].

An additional layer of complexity arises from
the temporal evolution of imaging findings.
Early stages of panencephalitis may present
with minimal or nonspecific changes, while later
stages may show extensive structural damage
that obscures the original pattern of disease.
This dynamic progression reduces the
reliability of single-time-point imaging and
highlights the importance of follow-up studies
in establishing diagnosis [22]. From a practical
perspective, differential diagnosis should be
approached as a process of pattern recognition
combined with contextual analysis. MRI
findings must be interpreted in relation to
clinical presentation, disease course, and
laboratory data. Isolated imaging features
rarely provide sufficient specificity, whereas
combinations of findings across multiple
modalities may significantly narrow the
diagnostic spectrum [23]. Taken together, MRI
plays a central but not definitive role in
differentiating pediatric panencephalitis from
other diffuse brain disorders. Its primary value
lies in identifying patterns suggestive of
inflammatory involvement and guiding further
diagnostic workup, rather than establishing a
final diagnosis independently.

Limitations of MRI in the Diagnosis of
Pediatric Panencephalitis
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Despite the central role of MRI in the evaluation
of pediatric panencephalitis, its diagnostic
capabilities remain limited by several
fundamental factors. One of the main
constraints is the nonspecific nature of imaging
findings. Similar patterns of signal alteration
may be observed in a wide range of conditions,
including infectious, autoimmune, metabolic,
and toxic encephalopathies, which significantly
reduces the specificity of MRI as a standalone
diagnostic tool [24]. Another important
limitation is related to the sensitivity of
conventional MRI in early stages of disease.
Initial imaging may appear normal or
demonstrate only subtle changes, even in the
presence of active inflammatory processes. This
delay in radiological manifestation can lead to
underdiagnosis or misinterpretation,
particularly in rapidly progressive conditions
where early treatment is critical [25]. Advanced
MRI techniques improve sensitivity but do not
fully resolve the issue of specificity. Diffusion-
weighted imaging, MR spectroscopy, and
susceptibility-weighted  imaging  provide
additional information on microstructural and
metabolic changes, yet many of these findings
overlap across different pathological processes.
As a result, even multimodal MRI may fail to
clearly distinguish  between etiological
categories without clinical and laboratory
correlation [26].

Interpretation of MRI findings is further
complicated by age-related oco6ennocTu of the
pediatric brain. Ongoing myelination, evolving
neural connectivity, and high interindividual
variability influence signal characteristics and
may obscure pathological changes. These
factors limit the applicability of standardized
interpretation criteria and increase the risk of
both overdiagnosis and underdiagnosis [27].
Technical variability also contributes to
diagnostic uncertainty. Differences in imaging
protocols, magnetic field strength, and sequence
parameters between institutions affect image
quality and may lead to inconsistent findings.
This lack of standardization complicates
comparison of results and limits the
reproducibility of MRI-based conclusions [28].

Finally, MRI provides predominantly structural
and indirect functional information and does
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not directly reflect underlying immunological or
molecular processes. Inflammatory activity,
immune-mediated damage, and pathogen-
specific effects cannot be reliably differentiated
based on imaging alone. This fundamental
limitation necessitates integration of MRI
findings with clinical, laboratory, and
immunological data. Taken together, these
limitations indicate that MRI, despite its critical
importance, should not be regarded as a
definitive diagnostic modality in pediatric
panencephalitis. Its findings must be
interpreted within a broader clinical context to
avoid diagnostic errors.

The increasing use of MRI in pediatric
panencephalitis reflects a broader shift toward
imaging-driven  diagnostic  strategies in
neurology. However, the analysis of available
evidence suggests that the role of MRI is more
complex than often assumed and cannot be
reduced to simple pattern recognition. One of
the central observations is that MRI findings in
panencephalitis are inherently heterogeneous
and frequently overlap with other diffuse brain
disorders. This overlap challenges the
traditional expectation that imaging can
provide a clear etiological diagnosis. MRI
contributes primarily to narrowing the
diagnostic spectrum rather than establishing a
definitive conclusion.

A key factor influencing diagnostic accuracy is
the integration of multiple MRI techniques.
Conventional sequences provide structural
information, while advanced methods such as
diffusion imaging and spectroscopy offer
additional insight into tissue integrity and
metabolic activity. When interpreted together,
these modalities create a more comprehensive
picture of the disease process. At the same time,
this  multimodal  approach  introduces
complexity, as discrepancies between different
techniques are not uncommon and require
careful interpretation. The role of MRI becomes
particularly nuanced in pediatric patients.
Developmental Features of the brain introduce
additional variability that affects both imaging
appearance and clinical significance of findings.
In some cases, imaging abnormalities may
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reflect transient developmental processes or
adaptive changes rather than irreversible
damage. This factor complicates the
interpretation of MRI and reduces its predictive
value with respect to clinical outcomes.

Another important consideration is the
temporal evolution of imaging findings. MRI
patterns in panencephalitis are dynamic and
may change significantly over time, especially in
response to treatment or disease progression.
Early imaging may underestimate the extent of
pathology, while later stages may obscure the
original pattern of involvement. This temporal
variability underscores the importance of
repeated imaging and longitudinal assessment.

From a clinical standpoint, MRI is most valuable
when used as part of an integrated diagnostic
framework. Its findings must be interpreted
alongside clinical presentation, laboratory data,
and, when necessary, immunological and
microbiological investigations. Reliance on
imaging alone increases the risk of diagnostic
error and may lead to inappropriate
management decisions. In this context, MRI
should be regarded not as a definitive diagnostic
tool but as a component of a broader decision-
making process. Its primary contribution lies in
identifying patterns suggestive of inflammatory
brain involvement, guiding further diagnostic
workup, and supporting clinical reasoning.
Recognition of its limitations is essential to

avoid overinterpretation and to ensure
appropriate integration into patient
management.

These considerations highlight the need for
further research aimed at improving
standardization of MRI protocols and enhancing
the correlation between imaging findings and
underlying pathological processes. Advances in
imaging technology and analytical methods may
improve diagnostic accuracy, but their clinical
value will depend on their ability to provide
reproducible and clinically meaningful
information.

Modern magnetic resonance imaging plays a
central role in the diagnostic evaluation of
pediatric panencephalitis by enabling detection
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of diffuse brain involvement and providing
insight into structural, microstructural, and
metabolic alterations. At the same time, its
diagnostic value remains inherently limited by
the nonspecific nature of imaging findings and
their significant overlap with other diffuse
encephalopathies. Advanced MRI techniques
enhance sensitivity, particularly in early stages
of disease, but do not eliminate the need for
careful interpretation and clinical correlation.
The greatest diagnostic accuracy is achieved
when MRI is applied as part of a multimodal
approach that integrates imaging data with
clinical presentation, laboratory findings, and
immunological assessment. Within this
framework, MRI contributes to narrowing the
differential diagnosis and guiding further
investigation rather than establishing a
definitive etiological conclusion. Recognition of
these limitations is essential for avoiding
overinterpretation and for ensuring
appropriate use of MRI in clinical decision-
making.
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