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Abstract: Acute necrotizing encephalopathy (ANE) is a rare and rapidly progressing acute encephalopathy characterized by seizures 
and changes in consciousness. This condition typically affects the thalamus, brainstem, and cerebellum in a symmetrical manner, and if 
left untreated, is associated with significantly higher mortality rates. In recent years, with in-depth research on the etiology and 
pathogenesis of ANE, as well as continuous advances in clinical diagnosis and treatment techniques, the understanding of this disease 
has gradually increased. However, the complexity and diversity of ANE still pose significant challenges to clinical diagnosis and 
treatment. In addition, due to its rarity, many clinical doctors have insufficient understanding of it, resulting in a high rate of 
misdiagnosis and missed diagnosis. Therefore, this article reviews the etiology, pathogenesis, risk factors, pathology, clinical 
manifestations, auxiliary examinations, diagnostic methods, treatment strategies, and prognosis related to ANE. Its purpose is to 
enhance clinical doctors’ ability to identify and manage ANE, provide reference for accurate diagnosis and effective treatment, and 
support ongoing research aimed at gaining a deeper understanding of this serious disease. 
Keywords: acute necrotizing encephalopathy, inflammation, MRI, RanBP2, viral infection

Background
Acute necrotizing encephalopathy (ANE) is an uncommon and severe form of acute encephalopathy characterized 
by seizures or altered levels of consciousness. It typically manifests as multiple symmetrical lesions in the 
thalamus, brainstem, and cerebellum following viral infection. First documented by Mizuguchi in 1995, ANE 
predominantly affects children under the age of five, with occurrences in adults being exceedingly rare.1 There are 
various types of acute necrotizing encephalopathy, including diffuse acute necrotizing encephalopathy (ANE1), 
SARS-CoV-2-related ANE, ANE caused by other viruses, and recurrent ANE, in addition to the most common 
sporadic ANE. Different types may be associated with viral infections, genetic susceptibility, metabolic disorders, 
or immune abnormalities. The primary trigger for ANE is associated with viral infections, though the exact 
etiology remains unclear and may involve genetic mutations, including RanBP2, CPTII, and SCN1A. ANE onset 
often involves a cytokine storm and excessive immune response, leading to an acute progression of the disease. 
The median interval between the onset of prodromal influenza symptoms and ANE is approximately three days. 
ANE presents with high fever, impaired consciousness, and seizures, with a poor prognosis and high mortality 
rate. Diagnosis relies on imaging, electrophysiological studies, and cerebrospinal fluid markers, with severity 
assessed using the ANE-SS rating scale. Treatment requires prompt interventions, including immunotherapy, anti- 
IL6 therapy, hypothermia, CRRT, and supportive care; however ANE has not been widely recognized among 
clinicians.
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1. Literature search: Relevant literature was searched through databases such as PubMed, Web of Science, Google 
Scholar, etc. The search keywords included “acute necrotizing encephalopathy”, “cytokine storm”, “RANBP2 
gene”, “diagnosis and treatment”, etc.

2. Inclusion and exclusion criteria: The included studies include peer-reviewed journal articles, review articles, and 
clinical guidelines. The exclusion criteria include peer-reviewed articles, conference abstracts, and duplicate 
studies.

3. Data extraction and analysis: Conduct a systematic analysis of the included studies to extract key information, 
including etiology, pathogenesis, diagnostic methods, treatment strategies, and prognosis evaluation. Pay special 
attention to recent research progress and knowledge gaps.

4. Quality assessment: Conduct a quality assessment of the included studies, with a focus on study design, sample 
size, follow-up time, and statistical methods.

5. This article aims to fill the knowledge gap in the etiology, pathogenesis, diagnosis, and treatment of ANE, and 
provide more accurate diagnosis and treatment guidance for clinical doctors. By identifying and addressing these 
gaps, we have the potential to improve the prognosis of ANE patients and drive future research directions.

Etiology
Viruses
Isolated sporadic ANE is predominantly associated with viral infections, notably those caused by influenza virus, HHV-6, 
SARS-CoV-2, enterovirus, and COVID-19. Current evidence indicates limited direct viral invasion of the central nervous 
system, as these viruses rarely cross the blood-brain barrier to reach brain tissue. ANE cases typically arise sponta
neously, although familial occurrences have been documented.

Genetic Factors
Ran-binding protein 2 (RanBP2 or Nucleoporin358) constitutes a major component of the cytoplasmic filaments in the 
nuclear pore complex and plays a role in regulating viral infections through its interactions with various viruses.2 In 
2009, Neilson et al identified an association between familial cases of recurrent ANE and missense mutations in the 
RANBP2 gene, with ANE linked to RanBP2 mutations classified as ANE1.3 Mutations in the CPTII gene have also been 
implicated in ANE;4 Shinohara et al reported CPTII mutations in pediatric cases, while Kobayashi et al documented these 
mutations in adult ANE patients, noting the absence of RANBP2 mutations in these cases.5,6 Additionally, Saitoh et al 
reported a variant in the SCN1A gene that may contribute to the etiology of ANE.7 The RANBP2 gene mutation has 
clear pathogenicity in familial ANE, but its role in sporadic ANE is not yet clear.

For the study of the relationship between genetic factors and ANE, although gene mutations such as RanBP2, CPTII, 
SCN1A have been found to be associated with ANE, current research is mostly case reports or small sample studies, with 
limited sample sizes, making it difficult to determine the prevalence and pathogenicity of these mutations in different 
populations. For the study of the relationship between cytokine storm and ANE, although the levels of cytokines such as 
IL-6 and TNF - α in patients’ serum and cerebrospinal fluid are elevated, there is still controversy over whether cytokine 
storm is the direct cause of ANE, and some studies have failed to clarify the causal relationship between cytokines and 
disease occurrence and development. In depth research on the interaction between genetic background and environmental 
factors may provide new ideas for prevention and treatment.

Pathogenesis
ANE pathogenesis is associated with cytokine storms and hyperactive immune responses. Cytokine storms are marked by 
an excessive release of cytokines following viral infection, and studies have demonstrated significantly elevated levels of 
interleukin-6 (IL-6) and tumor necrosis factor-α (TNF-α) in the serum and cerebrospinal fluid of patients with ANE.8 

Additionally, RanBP2 is thought to play a role in modulating innate immune response pathways; excessive immune 
activation can lead to upregulated gene transcription of IL-6, IL-10, and TNF-α, thereby causing damage to specific 
regions of the central nervous system.9 RanBP2 is ubiquitously expressed and has diverse cellular functions that may 
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contribute to the development of ANE1. These functions include roles in maintaining protein homeostasis, chemokine 
signaling, intracellular metabolism, mitochondrial distribution, nucleocytoplasmic transport, and cellular metabolic 
regulation, as well as in cytokine storm responses and abnormal mitochondrial localization.10 Although elevated cytokine 
levels are closely related to the clinical manifestations of ANE, there is still controversy over whether it is a direct cause.

Risk Factors
Key factors in assessing mortality risk for ANE include sex, Glasgow Coma Scale (GCS) score, Degree of brainstem 
involvement, Multiple organ dysfunction, IL-6 concentration, and brainstem involvement.11 Although gender itself is not 
an independent risk factor, some studies have shown that the prognosis of male children may be worse.A GCS score 
below 5 upon admission is significantly associated with high mortality and severe neurological sequelae. Imaging shows 
that patients with brainstem involvement have a worse prognosis and higher mortality rate.Patients with combined shock, 
cerebral herniation, or multiple organ dysfunction syndrome (MODS) have a poor prognosis.Genetic studies indicate that 
polymorphisms in IL6 (rs1800796) and IL10 (rs1800781/rs1800782) may play a role in ANE pathogenesis. Functional 
analyses reveal that the IL-10 rs1800781/rs1800782 polymorphisms influence IL-10 expression, whereas the IL6 
rs1800796 variant does not appear to impact IL-6 expression. Clinically, IL-6 levels exceeding 6,000 pg/mL are linked 
to brainstem dysfunction, and no survival has been reported at levels above 15,000 pg/mL.12 The IL10 rs1800781/ 
rs1800782 polymorphisms are thus considered genetic risk factors for ANE, while the pathogenic relevance of IL6 
rs1800796 polymorphisms requires further investigation.9 Additionally, ferritin levels may serve as a prognostic marker 
for ANE, as hyperferritinemia is associated with increased risk of adverse neurological outcomes, with an approximately 
eight-fold heightened risk of poor prognosis at ferritin concentrations exceeding 1,823 ng/mL.13 Although certain genetic 
polymorphisms are associated with the onset of ANE, their specific applications in clinical settings, such as risk 
prediction and therapeutic targets, still require further research.

Pathology
Pathological findings in patients with ANE typically include vasogenic and cytotoxic edema, petechial or macro- 
hemorrhage, cystic cavitation, and tissue necrosis.14 Vasogenic edema is caused by increased vascular permeability. 
The immune system’s overreaction triggers a cytokine storm, leading to the breakdown of the blood-brain barrier and 
the formation of brain tissue edema. Edema usually occurs in the peripheral area of the lesion.Cytotoxic edema is 
caused by an increase in intracellular water content. Cytokine storms directly damage neurons and glial cells. This 
type of damage leads to the accumulation of intracellular fluid, typically in the central area of the lesion.These 
hemorrhages usually occur at the center of the lesion and are related to inflammation and cell necrosis around the 
blood vessels. Stasis bleeding is one of the typical pathological manifestations of ANE.As the lesion progresses, 
damaged brain tissue may undergo liquefaction and cystic cavitation. This change usually occurs during the subacute 
or chronic phase of the disease, manifested as the formation of a cystic cavity in brain tissue.Neurons and glial cells 
may undergo necrosis.

Manifestations
The clinical presentation of ANE is nonspecific, with primary features including high fever, altered consciousness, and 
seizures. Other manifestations vary widely, encompassing symptoms such as headache, hypotonia, and brainstem 
dysfunction. The disease progression in ANE generally follows three stages: prodromal infection, acute encephalopathy, 
and recovery. The prodromal phase often includes fever and respiratory or gastrointestinal symptoms such as cough, 
vomiting, and diarrhea, which rapidly progress to the encephalopathy stage marked by neurological decline, typically 
presenting as altered consciousness, coma, seizures, and dystonia. Patients often experience rapid deterioration; however, 
some survivors demonstrate partial neurological recovery after the acute phase.

A retrospective cross-sectional study identified neurogenic shock as significantly associated with worse clinical 
outcomes.15 Children with ANE frequently have abnormalities in liver, kidney, and cardiac function, indicative of 
multiorgan involvement or failure.16 The short-term mortality rate for acute necrotizing encephalopathy of childhood 
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(ANEC) is estimated at 30–50%, with survivors often experiencing severe neurological sequelae, such as cognitive 
impairment, motor disorders, and white matter atrophy, necessitating long-term rehabilitation.

Auxiliary Examinations
Magnetic Resonance
Radiographic findings characteristic of ANE are key to its diagnosis, with hallmark features including bilateral 
symmetrical thalamic lesions observed in all cases, along with lesions in periventricular white matter, internal capsule, 
putamen, brainstem, and cerebellum.17 In some cases, additional involvement of the hippocampus, amygdala, medial 
temporal lobe, and spinal cord may be seen.18 Early in the disease, brain MRI often reveals long T1 (Figure 1A) and T2 
(Figure 1B) signals, hyperintensity on diffusion-weighted imaging (DWI) (Figure 1C), and hypointensity on apparent 
diffusion coefficient (ADC) (Figure 1D) imaging, indicative of cytotoxic edema. As ANE progresses, lesions may 
develop a “concentric” or “lamellar” pattern due to punctate hemorrhages and nerve cell necrosis. This pattern appears as 
a central hypointense core on DWI surrounded by hyperintensity, which represents cytotoxic edema, while the outermost 
layer presents hypointensity due to vasogenic edema, forming a “trichromatic” or “target” pattern on ADC imaging.19 In 
milder cases without central hemorrhage or necrosis, the ADC may display a “bichromatic” pattern, with central 

Figure 1 (A) Long T1 signals are visible in both thalamus; (B) Long T2 signals can be seen in both thalamus; (C) DWI high signal can be seen in both thalamus; (D) Low 
apparent diffusion coefficient signals can be seen in both thalamus. White arrows indicate the location of the thalamus on either side.
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hypointensity (cytotoxic edema) and peripheral hyperintensity (vasogenic edema). Although the three-layer appearance 
on ADC imaging is often described, it does not manifest in all patients.The use of advanced imaging techniques, such as 
functional magnetic resonance imaging, to study the dynamic changes of brain injury may provide more accurate basis 
for prognosis evaluation.

Diagnostic tools to assess ANE severity on imaging have been proposed. Wong et al developed an MRI scoring 
system based on the presence of hemorrhage, cyst formation, brainstem injury, and damage to cerebral or cerebellar white 
matter, assigning scores from 0 to 4. Higher scores were correlated with worse prognoses, particularly when brainstem 
and white matter were affected.20 Additionally, a lower Glasgow Coma Scale (GCS) score has been associated with 
poorer outcomes, potentially linked to the extent of brain involvement.21 The scoring system established by Khandwala 
et al is a more comprehensive method, and awards points based on the severity and location of imaging markers, 
including hemorrhage, cavitation, enhancement, and diffusion restriction, with scores for specific brain regions such as 
basal ganglia, brainstem, white matter, and cerebellum.15 Total scores range from 0 to 10 and are categorized as mild 
(0–3), moderate (4–7), and severe (8–10).Existing prognostic scoring systems (e g, ANE-SS and MRI scores) have 
yielded inconsistent results across studies and lack prospective validation.Developing more accurate prognostic assess
ment tools may help clinicians to better develop individualized treatment options.

In a retrospective study of 13 adults with ANE, Lin et al observed that the clinical presentation, imaging character
istics, and laboratory findings in adults largely parallel those seen in pediatric cases, underscoring the consistency of 
ANE features across age groups.22

Electroencephalography
Continuous electroencephalography monitoring, including evaluation of sleep spindles, may help in the intensive care 
management of ANE The presence of normal sleep spindles has been linked to improved functional outcomes in children 
with ANE.23

Cerebrospinal Fluid
In most cases of ANEC, cerebrospinal fluid (CSF) analysis reveals elevated protein levels, a positive Pandy test, normal 
white blood cell counts, normal chloride levels, and no reduction in glucose levels.16 Finding specific biomarkers, such as 
cytokines or gene expression profiles in cerebrospinal fluid, may help with early diagnosis and personalized treatment.

Differentiation
Due to the absence of distinct symptoms specific to ANE, it is essential to differentiate it from conditions such as Reye 
syndrome, Wernicke encephalopathy, and Leigh syndrome. Other acute encephalopathy syndromes and ADEM, which 
also involve thalamic damage, should not be completely ruled out. Key differential diagnoses to consider include ADEM, 
Reye syndrome, and infectious encephalitis.24

Diagnosis
The ANE-SS score developed by Yamamoto et al evaluates prognosis in ANE patients and ranges from 0 to 9 points. In 
the first patient group, brainstem lesions visible on MRI and shock at disease onset revealed a significant correlation with 
patient outcomes, while factors such as age > 48 months, elevated cerebrospinal fluid protein levels, and reduced platelet 
counts were also associated with prognosis. However, no specific treatment type was found to correlate with outcomes. 
The scoring system allocates 3 points for shock, 2 points for brainstem lesions, 2 points for age > 48 months, 1 point for 
a platelet count below 100,000/μL, and 1 point for cerebrospinal fluid protein levels exceeding 60 mg/dL. Patients are 
categorized into low-risk (ANE-SS 0–1), intermediate-risk (ANE-SS 2–4), and high-risk (ANE-SS 5–9) groups.25 This 
scoring system enhances the diagnostic criteria initially proposed by Mizuguchi in 1997.26 Although the ANE-SS scoring 
system has shown some effectiveness in prognostic assessment, its application still has some limitations: the ANE-SS 
scoring system is mainly based on retrospective analysis of early cases and may not be fully applicable to all patient 
populations. For example, some studies have found that the incidence of shock and DIC is lower in patients who receive 
early immunotherapy, which may affect the accuracy of the ANE-SS score. The imaging findings may vary depending on 
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the speed of lesion progression and the location of involvement. For example, the imaging manifestations of SARS-CoV 
-2-related ANE may be more complex and involve a wider range.

To overcome the limitations of existing diagnostic tools, future research should seek specific biomarkers that can 
identify ANE early, such as cytokines, genetic markers, etc., to improve the accuracy and timeliness of diagnosis. 
Combining functional imaging techniques such as apparent diffusion coefficient maps and magnetic resonance spectro
scopy imaging to further optimize imaging evaluation and improve predictive ability for lesion progression and 
prognosis. Validate and optimize the ANE-SS scoring system through multicenter, prospective studies to ensure its 
universality and accuracy across different populations.

Treatment
Currently, no evidence-based guidelines, approved medications, or randomized trials exist for ANE treatment. The 
primary therapeutic approaches include immunotherapy, anti-IL6 therapy, hypothermia therapy, CRRT, and sup
portive care.27 Immunotherapy primarily consists of glucocorticoids, gamma globulin, and plasma exchange. In 
severe ANE cases, combining tocilizumab with methylprednisolone (MTP) and intravenous immunoglobulin 
(IVIG) has revealed a potential trend toward improved survival rates.28 This effect may stem from the ability of 
the immunoglobulins to modulate cytokine production and cellular immune function, thus stabilizing immune 
responses, reducing cytokine-induced neuronal damage, and providing neuroprotection.

High-dose steroids and IVIG are recommended initially, with plasmapheresis as a consideration if there is no clinical 
improvement. Influenza vaccination and vigilant monitoring during flu season are advised to lower the risk of recurrence. 
Although oseltamivir, IVIG, and plasma exchange appear ineffective in patients with ANE /type 1, favorable outcomes have 
been observed when pulsed steroids, IVIG, and early plasmapheresis are administered. Given that genetic mutations may 
contribute to immune dysregulation, plasmapheresis could be beneficial.10 Additional treatments under consideration include 
hypothermia and anti-cytokine therapies, with cytokine receptor monoclonal antibodies, such as anti-IL6, revealing promise 
as potential therapeutic targets.IL-6 inhibitors have shown potential in some studies, but still require large-scale clinical trials 
for validation. Although high-dose methylprednisolone and immunoglobulin are considered protective factors, their optimal 
dosage and course of treatment still need to be validated through large-scale randomized controlled trials.

Most of the current studies were single-center or retrospective studies, with a small sample size and a short follow-up 
time. Moreover, the management strategies for recurrent ANE and familial ANE remain unclear.

Conclusion
Rapid neuroimaging is essential in previously healthy individuals who present with seizures, encephalopathy, or 
sudden loss of consciousness following fever and upper respiratory tract infection. ANE should be considered 
when brain MRI reveals bilateral thalamic concentric lesions or diffuse lesions in specific areas, provided other 
conditions are ruled out. Early diagnosis and treatment can significantly improve prognosis. High fever or 
ultrahyperpyrexia following infection, combined with acute neurological symptoms, are early indicators of ANE, 
while the presence of neurogenic shock, coagulopathy, and significantly elevated cytokines (IL-6, IL-8, IL-10) 
signals a high mortality risk. Close monitoring of brain, circulatory, and coagulation functions, as well as 
inflammatory cytokine levels, alongside early intervention, may contribute to improved outcomes.

Although some studies have revealed the partial pathogenesis and treatment strategies of ANE, current research 
still has the following limitations: the current understanding of ANE mostly focuses on virus correlation, cytokine 
storm, and genetic susceptibility, but these studies lack original insights or novel perspectives. The existing diagnostic 
criteria are mainly based on clinical features and imaging findings, but lack specific biomarkers. The treatment 
strategies are mostly empirical treatments, lacking precise treatments targeting the pathogenesis. The existing prog
nostic scoring systems have inconsistent results in different studies and lack prospective validation. Given the 
limitations mentioned above, the purpose of writing this article is to fill the knowledge gap in the etiology, pathogen
esis, diagnosis, and treatment of ANE, and to provide more accurate diagnosis and treatment guidance for clinical 
doctors.
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