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Introduction

Acute encephalopathy represents a critical neurological condi-
tion characterized by a sudden onset of symptoms such as
seizures, altered consciousness, and various neurological

deficits. Predominantly affecting young children, this condition
often arises as a complication of viral infections and can lead
to significant morbidity and mortality. Accurate and timely
diagnosis is crucial for effective treatment and prognosis.
Common etiologies include febrile encephalopathies (like viral
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Abstract Objectives The study aimed to investigate the clinical and radiological characteristics
of acute leukoencephalopathy with restricted diffusion (ALERD) among pediatric
patients presenting with acute encephalopathy, seizures, and fever.
Methods A retrospective analysis was conducted on 48 pediatric patients who
underwent magnetic resonance imaging (MRI) between April 2022 and August 2023
at Bapuji Hospital, J.J.M. Medical College, Davanagere, Karnataka, India. Inclusion
criteria comprised acute-onset encephalopathy, fever, seizures, and MRI evidence of
acute subcortical white matter involvement. Clinical and radiological data were
collected and analyzed to delineate ALERD characteristics.
Results Among the study cohort, 18.7% of cases met the diagnostic criteria for ALERD,
predominantly affecting male children with a mean age of 32 months. Clinical presenta-
tions varied, including biphasic and monophasic courses. Two distinct patterns of brain
involvement, diffuse and central-sparing, were identified. Laboratory abnormalities and
differential diagnoses were elucidated, providing insights into distinguishing ALERD from
other conditions.MRI, particularlydiffusion-weighted imaging,emergedasa crucial tool for
ALERD diagnosis, revealing characteristic restricted diffusion patterns.
Conclusion The study underscores the importance of recognizing ALERD as a distinct
clinical-radiological syndrome associated with infections, aiding in timely diagnosis and
management. Understanding the varied clinical presentations and radiological pat-
terns enhances diagnostic accuracy, emphasizing the role of MRI in ALERD diagnosis.
These findings contribute to a comprehensive understanding of ALERD, facilitating
improved patient outcomes and prognosis.
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meningoencephalitis and bacterial meningitis), systemic disor-
ders (such as dyselectrolytemia, hepatic or renal failure, and
sepsis), hypoxic-ischemic events, toxins, traumatic brain injury,
and stroke.1

In recent years, a new entity known as acute leukoence-
phalopathy with restricted diffusion (ALERD) has emerged,
particularly in East Asia.2 ALERD, often associated with infec-
tions, presents with fever and prolonged seizures, and al-
though it has a lower mortality rate, it frequently results in
neurological sequelae.3 ALERD can manifest in two forms:
diffuse ALERD, which involves severe clinical features and
rapid deterioration, and central-sparing ALERD, which
presents amilder clinical picturewith a characteristic biphasic
course. This biphasic course often starts with a prolonged
febrile seizure followedby initial improvement, but can lead to
delayed cognitive impairment, underlining the importance of
recognizing and differentiating these subtypes for appropriate
management.1–4 This study explores ALERD’s clinical and
radiological features, emphasizing magnetic resonance imag-
ing (MRI) findings and diagnostic challenges, through com-
prehensive case series analysis.

Materials and Methods

A retrospective study was conducted at the Department of
Radiodiagnosis, Bapuji Hospital, J.J.M. Medical College, Dava-
nagere, Karnataka, India, focusing on patients with acute
encephalopathy, specifically those diagnosed with ALERD.
The study included 48 patients who underwent MRI using a
“Philips 1.5T MRI machine” between April 2022 and Au-
gust 2023. The analysis centered on cases of acute-onset,
nontraumatic encephalopathy, with or without seizures.

Acute encephalopathy was defined by decreased con-
sciousness with or without other neurological symptoms
lasting � 24hours in children with infectious symptoms
suchas fever, cough, anddiarrhea. Inclusioncriteria comprised
children presenting with fever and encephalopathy, with or
without seizures, andMRI evidence of acute subcortical white
matter involvement. Exclusion criteria included recent hypox-
ic events, substance intoxication, and traumatic brain injury.

MRI was performed on all 48 patients, with diffusion-
weighted images (DWIs) obtained for each patient. Nine
patients exhibited widespread diffusion restriction in the
cortex and/or subcortical white matter of the bilateral hemi-
spheres and were included in this study. Two distinct pat-
terns of brain lesions were identified in DWI: diffuse lesions
and central-sparing lesions.

Laboratory data were assessed from medical records,
including platelet counts; alkaline phosphatase (ALP), aspar-
tate aminotransferase (AST), alanine aminotransferase (ALT),
lactate dehydrogenase, creatinine kinase, blood urea nitro-
gen, creatinine, glucose, and ammonia levels; and cerebro-
spinal fluid (CSF) cell counts and protein. This investigation
at Bapuji Child Health Institute provides valuable insights
into ALERD’s clinical and radiological characteristicswithin a
broader encephalopathy cohort. Here, we discuss three
representative cases of the nine patients.

Representative Cases

Case 1
A12-month-oldmalepresentedwith fever, vomiting, seizures,
and altered sensorium following empirical antibiotic treat-
ment. Tachycardia andmild hypotensionwere observedwith-
out signs of dehydration. Neurological examination revealed
decreased muscle tone with no meningeal signs. Laboratory
tests showed an elevated leukocyte count of 21,478 cells/cu.
mm. Malaria and viral infection markers were negative. Nor-
mal CSFanalyseswere reported. Additionally, thepresentation
was monophasic with shock, acute kidney injury indicated by
elevated creatinine of 2.1mg/dL and blood urea nitrogen of
67mg/dL, and acute liver failure (ALF)with elevatedALPof 439
U/L, AST of 338 U/L, and ALT of 289 U/L. Inflammatory
interleukins (ILs)/cytokine levels were not assessed. MRI of
the brain showed bilateral symmetrical areas of subtle T2/
fluid-attenuated inversion recovery (FLAIR) hyperintensities
with true diffusion restriction in the subcortical and deep
white matter of the bilateral cerebral hemispheres, as well as
the midbrain and pons, giving a “bright tree appearance”
suggestive of a diffuse type of ALERD (►Fig. 1).

Case 2
A 48-month-old female child presented with relapsing fever
in a remitting pattern and prolonged febrile seizure, followed
by initial improvement but later worsened to have cognitive
impairment. The presentation was biphasic with shock and
ALF, indicated by elevated ALP of 267 U/L, ASTof 304 U/L, and
ALT of 263 U/L. Laboratory tests revealed an elevated total
leukocyte count (TLC) of 19,342 cells/cu.mm and positive
dengue markers (NS1 antigen and immunoglobulin M posi-
tive), while CSF analysis was normal. Inflammatory
ILs/cytokine levels were not assessed. MRI of the brain
showed extensive areas of diffusion restriction in the sub-
cortical and deep white matter of the bilateral cerebral
hemispheres, with sparing of the primary sensory motor
cortex, indicating central-sparing ALERD (►Fig. 2).

Case 3
A 20-month-old male presented with fever, seizures, and
altered sensorium. The presentation was monophasic and
accompanied by shock. Laboratory findings revealed an
elevated TLC of 23,186 cells/cu.mm. Viral markers were
negative, and CSF analysis was normal. Inflammatory
ILs/cytokine levels were not assessed. MRI of the brain
showed bilateral symmetrical areas of subtle T2/FLAIR
hyperintensities with true diffusion restriction in the sub-
cortical and deep white matter of the bilateral cerebral
hemispheres. This pattern gave rise to a “bright tree appear-
ance,” indicating a diffuse type of ALERD (►Fig. 3).

Discussion

ALERD represents a distinct clinical-radiological entity
within the spectrum of acute encephalopathy, particularly
in pediatric populations. This retrospective study at the
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Department of Radiodiagnosis in Bapuji Hospital, J.J.M. Med-
ical College, has provided valuable insights into the clinical
and radiological characteristics of ALERD, contributing to a
comprehensive understanding of this condition. Out of 48
cases of acute-onset nontraumatic encephalopathy, 9 chil-
dren (18.7%)met the diagnostic criteria for ALERD. The study

group exhibited a male preponderance (5 out of 9) with a
mean age of 32months (range: 6–60months) at presentation
(►Table 1). The clinical presentation of ALERD is character-
ized by acute encephalopathy with fever, often accompanied
by altered consciousness and prolonged seizures lasting
more than 30minutes. Seizures can be generalized, partial,

Fig. 2 Extensive areas of diffusion restriction in subcortical and deep white matter of bilateral cerebral hemispheres with sparing of the primary
sensory motor cortex. Central-sparing acute leukoencephalopathy with restricted diffusion.

Fig. 1 Bilateral symmetrical areas of subtle T2/fluid-attenuated inversion recovery (FLAIR) hyperintensities showing true diffusion restriction in
subcortical and deep white matter of bilateral cerebral hemispheres as well as midbrain and pons, giving “bright tree appearance”—diffuse type
of acute leukoencephalopathy with restricted diffusion.
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recurrent, or nonconvulsive.2 Notably, three children exhib-
ited a biphasic course, including two with typical acute
encephalopathy with biphasic seizures and late reduced
diffusion, while six displayed a monophasic course. These
clinical patterns underline the variability in ALERD presen-
tations, ranging from severe to relatively mild forms.

The pathogenesis of ALERD involves hypercytokinemia, as
evidenced by elevated levels of IL-6, IL-8, IL-10, and tumor
necrosis factor in the serum and CSF. Excitotoxic neuronal
injury with delayed or apoptotic neuronal death may con-
tribute to ALERD pathogenesis, and some cases are associat-
ed with hemophagocytic syndrome, suggesting a role for
hypercytokinemia in its development.5 Laboratory abnor-
malities in ALERD may include increased liver enzymes,
hyperglycemia, hypercytokinemia, and metabolic acidosis,
particularly in cases of diffuse ALERD. However, these ab-
normalities are typically milder or absent in central-sparing
ALERD. In our study, CSF abnormalities were noted in one
case, while sepsis markers were positive in four children,
with five having coexisting sepsis. It is noteworthy that
inflammatory cytokine levelswere not assessed in this study,
which could have provided additional insights into the
inflammatory response in ALERD.3–5

MRI plays a crucial role in diagnosing ALERD, with DWI
revealing characteristic areas of restricted diffusion accom-
panied by edematous changes in cortical and subcortical
regions.6,7 In our study, radiological findings revealed a
diffuse pattern in 66.7% and central sparing in 33.3% of
ALERD patients (►Table 1). Diffuse ALERD is characterized
by widespread areas of restricted diffusion on MRI, associat-
ed with severe clinical features and rapid deterioration of
consciousness, often leading to coma and a relatively poor

prognosis. In contrast, central-sparing ALERD presents with
sparing of the central regions of thebrain onMRI, resulting in
a milder clinical picture with a biphasic course. This subtype
typically starts with a prolonged seizurewith fever, followed
by an improvement in consciousness, although
varying degrees of cognitive impairment can persist as
neurological sequelae.2–7

The differential diagnosis of ALERD includes several con-
ditions that can present with similar clinical and radiological
features.

• Ischemia/infarction and encephalitis: These conditions
can resemble ALERD, but differences in lesion distribution
and CSF examination can aid in their differentiation.8–10

• Acute disseminated encephalomyelitis (ADEM): ADEM
might manifest focal diffusion restriction but typically
presents with larger, asymmetrical lesions involving deep
and subcortical whitematter in the cerebral hemispheres,
cerebellum, and brainstem.8–10

• Febrile infection-related epilepsy syndrome (FIRES): Al-
though initial MRI resultsmight be normal in FIRES, signal
changes may develop in graymatter structures, especially
the mesial temporal lobes and hippocampi, with ongoing
seizures.8–10

• Autoimmune encephalitis: MRI in autoimmune encepha-
litis could shownormal findings or reveal limbic structure
involvement and potentially affect other brain regions like
the striatum, diencephalon, or rhombencephalon.8–10

• Mild leukoencephalopathy with reversible splenial lesion
(MERS): MERS typically exhibits restricted lesions con-
fined to the splenium of the corpus callosum and often
presents with a milder clinical course.8–10

Fig. 3 Bilateral symmetrical areas of subtle T2/fluid-attenuated inversion recovery (FLAIR) hyperintensities showing true diffusion restriction in
subcortical and deep white matter of bilateral cerebral hemispheres, giving “bright tree appearance”—diffuse type of acute leukoencephal-
opathy with restricted diffusion.
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• Acute necrotizing encephalopathy (ANE): ANE may pres-
ent with distinctive thalamic signal changes, helping to
differentiate it from ALERD. Additionally, ANE can involve
the brainstem, cerebellum, and white matter.8–10

Conclusion

ALERD is adistinctclinical-radiological syndromecharacterized
byacuteencephalopathy, fever,prolongedseizures, and restrict-
ed diffusion onMRI. ALERD can be categorized into diffuse and
central-sparing forms, each with unique clinical features and
outcomes. The pathogenesis may involve hypercytokinemia,
excitotoxicneuronal injury, andpotentialgeneticpredisposition
factors.MRI, especiallyDWI, is crucial fordiagnosingALERDand
revealing restricted diffusion areas. A thorough understanding
ofALERDisessential for its accuratediagnosisandmanagement.
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