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Abstract
In current literature, there is uncertainty in the pathophysiology and management of influenza-associated Acute Necrotizing
Encephalitis. Because of this and the rarity of the disease, no clear treatment guidelines exist. It is thought that treatment
after 24 h of symptom onset or known brainstem involvement are poor predictors of outcome. Here, we present a case
that provides support for aggressive management of the inflammatory cascade with combination high-dose steroid, immunoglob-
ulin, and anti-viral therapy with oseltamivir despite initiation after 24 h from symptom onset, brainstem involvement, and a path-
ogenic RANBP2 gene mutation which mechanistically increases oxidative stress, cytokine effects, and possibly viral invasion into
brain tissue and vasculature.
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Introduction

Case Presentation
An 8-year-old previously healthy Caucasian male was evaluated
at an outside emergency department after 2 weeks of cough and five
days of fever, emesis, headache, and >24 h of progressively worsen-
ing altered mental status and confusion. Two days prior to presenta-
tion, rapid influenza testing was negative. Due to worsening lethargy
and significant confusion, he was taken to an outside facility where
repeat testingwas positive for Influenza B. A headCTwas performed
that showed signal hypodensities in the bilateral basal ganglia.
Leukopenia was the only abnormality detected in initial hematology
and biochemical studies. Empiric treatment with ceftriaxone, vanco-
mycin, acyclovir, and oseltamivir was provided prior to transfer.

He was encephalopathic on arrival with eye opening only to
verbal stimuli, inability to follow commands, and no verbal
output. Cranial nerve function was intact. He retained anti-
resistance strength but did not localize to painful stimuli. He
was hyperreflexic with ankle clonus and extensor plantar
responses. Autonomic function was preserved.

Brain magnetic resonance imaging (MRI) with and without
IV contrast was performed which showed characteristic

symmetric T2 prolongation and restricted diffusion within the
thalami, external capsule, mammillary bodies, mesial temporal
lobes and the brainstem (Figure 1). A cervical spine MRI with
and without contrast was also performed which revealed an
expansile central non-enhancing increased T2 signal extending
from C3-C6 consistent with myelitis (Figure 1). CSF analysis
revealed 20 red blood cells per mm3, <1 nucleated cell per
mm3, normal glucose of 59 mg/DL, and elevated protein of
67.5 mg/DL. CSF Gram stain, enterovirus, and HSV 1 & 2
PCR were negative.

Due to the suspected diagnosis of influenza related ANE,
high dose methylprednisolone (30 mg/kg/day) was initiated
and continued for five days followed by an eight-week steroid
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taper. IVIG (1 g/kg) every 24 h was given for two total doses
(total dose of 2 g/kg) and euthermia was aggressively main-
tained. Broad spectrum antibiotics were discontinued after no
growth on cultures for 48 h. Oseltamivir (60 mg BID; 4.4 mg/
kg/day) was continued for total of ten days. Continuous electro-
encephalography (EEG) performed for 24 h was significant for
diffuse slowing consistent with a moderate encephalopathy
without epileptiform abnormalities. During the first 24 h after
admission his neurologic examination deteriorated. On day
two of admission, his mental status improved slightly, and he
regained the ability to open his eyes to voice. On day four,
purposeful spontaneous limb movement and movement to
commands were noted. He was extubated on day seven and
continued to slowly improve over the subsequent two-week
period before discharge to a rehabilitation facility. At dis-
charge, he was answering simple questions and following
commands. Language was fluent and cogent. Strength
testing showed in plane arm movements and full strength
in the legs. Neither sensory abnormalities nor ataxia were
noted. Reflexes were normal in his arms and remained
brisk in his legs.

He participated in three weeks of intensive inpatient reha-
bilitation followed by twice weekly outpatient physical
therapy and occupational therapy. A three month follow up
MRI of the brain and cervical spine showed resolution of
the previously seen areas of abnormal signal intensity with
residual volume loss and gliosis (Figure 1). RANBP2 gene
testing was performed revealing a pathogenic variant
(c.1754C>T [p.Thr585Met]).

At one-year follow-up neuropsychological evaluation
showed average general intellectual function (WISC-V GAI=
95; Full Scale IQ 89) with relative strengths in fluid reasoning
skills and complex visual-spatial skills (high average) and rela-
tive weaknesses in expressive language, memory for auditory/
verbal information (borderline). Academic achievement
testing revealed impaired processing speed (WISC-V
Processing Speed Index SS= 69-2%; CPT-3 HRT T-score=
66). Social, emotional, and behavioral functioning was
impacted with parental reported clinically elevated emotional
control and emotional regulation index (BRIEF-2). The
patient reported functional problems and ineffectiveness
(CDI-2 Scales; high average T-scores) and very elevated
scores on the General Anxiety Disorder Index, panic, and
tense/restless symptoms (MASC-2 Scales). Overall, it was felt
that he had mild neurocognitive disorder due to ANE and an
adjustment disorder with mixed anxiety and depressed mood
from his experiences. The information gained from his neuro-
psychological evaluation was incorporated into his individual-
ized education plan (IEP). The subsequent school year, he
remained in regular education classes doing grade-level work
while achieving awards of academic excellence. The patient
was followed up at a 3 years following initial presentation
and had maintained his normal neurologic baseline.

History
Acute Necrotizing Encephalopathy (ANE) was first described
in 1995 in a series of otherwise healthy Japanese children

Figure 1. MRI brain findings of acute necrotizing encephalopathy caused by a RANBP2 mutation (ANE1) at the time of presentation (top row)
and at 3 month follow up (bottom row). Symmetric T2 hyperintensity and swelling of the external capsules (A- white arrows), thalami (A-white
arrowheads), mammillary bodies (B- white arrows), mesial temporal lobes (B- white arrowheads) and midbrain (B-black arrowhead) are seen on
axial T2 weighted images on the brain (A and B). Sagittal (C) and axial (D) T2 weighted MRI of the cervical spine show expansile T2
hyperintensity extending from C3 to C6 levels (C- white arrow) primarily involving the central gray matter (D- white arrow). 3 month follow
up axial T2 weighted images of the brain (E and F) and sagittal (G) and axial (H) T2 weighted MRI of the cervical spine show resolution of areas
of edema and swelling with small areas of gliosis and volume loss.
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presenting with a novel acute encephalopathy after upper respi-
ratory infection. This disease was characterized by multiple
symmetric necrotic brain lesions, proteinaceous cerebral
spinal fluid (CSF), and necropsy showing regionalized break-
down of the blood-brain barrier without direct viral invasion
of the central nervous system (CNS).1 Given the necrotic
brain lesions and laboratory findings, a wide differential diag-
nosis of acute disseminated encephalomyelitis, Leigh disease
and other metabolic conditions should be considered in cases
of suspected ANE.2 In retrospect, it is likely the first unrecog-
nized cases were reported in Japan in the late 1970s after the
advent of computed tomography (CT) imaging.3 Additional
case series in the 1990s provided support for the existence of
ANE and linked it to an influenza epidemic in Japan.4,5

Pathogenesis
The pathogenesis ofANE remains unclear.Due to lack of evidence
of direct viral invasion of theCNS, it has been postulated that influ-
enza outside of the CNS triggers a strong inflammatory cascade
leading to high levels of cytokines resulting in blood-brain
barrier breakdown and subsequent necrosis.6,8 Other infections
such as parainfluenza, HHV-6, rotavirus and mycoplasma have
been reported to cause a similar clinical and imaging pattern thus
supporting the theory that the immune response rather than the
pathogen is responsible for the disease process.9,12 There are con-
tradictory reports of direct observation of influenza virus in the
brain tissue or CSF of ANE diagnosed patients in the absence of
a widespread systemic inflammatory response.13,15

Genetics
Most ANE cases are thought to be sporadic, but there are fami-
lial and recurrent cases noted in European and Caucasian
patients attributed to mutations in the RANBP2 gene located
on chromosome 2q11-13. This gene encodes the nuclear pore
of Ran binding protein 2 which facilitates protein importation
and exportation, intracellular trafficking, and energy mainte-
nance.16,17 These mutations may impact the development of
ANE through mitochondrial dysfunction leading to increased
oxidative stress, dysregulation of cytokine signaling, and
increased susceptibility to viral CNS vascular invasion.18,19 In
addition to typical MRI findings, patients with associated
RANBP2 mutations may have more disseminated findings
including myelitis.20

Symptoms
The clinical findings of ANE are broad. There is typically an
inciting virus which produces prodromal symptoms such as
cough, fever, skin exanthems, diarrhea and vomiting.2 This pro-
dromal stage is then followed by acute encephalopathy hall-
marked by seizures, focal neurologic deficits and profound
disturbances of consciousness.2 For those who develop ANE
and survive, the recovery stage usually consists of continued

neurologic deficits although there are reports of patients who
make a full recovery.2

Treatment
Corticosteroids, intravenous immunoglobulin (IVIG), and anti-
virals have all been used as treatments.21 In patients without
brainstem lesions, steroid use <24 h from onset of symptoms
has been reported to have a statistically significant correlation
with better outcomes while IVIG was not correlated with an
outcome difference.22 There is some evidence that outcomes
are poor if brainstem lesions are present and if high-dose
steroid therapy is started >24 h from onset of symptoms.22,23

Neuraminidase inhibitors such as Oseltamivir have been used
with success in influenza infections with significant complica-
tions or neurologic signs and in at least one adult case of
ANE with observed benefit.13,24,25

Discussion
Despite the presence of the previously described poor prognos-
tic factors including presentation >24 h after onset of altered
mental status and having brainstem involvement, our patient
had a favorable neurologic outcome. This is contradictory to
previous findings where brainstem involvement irrespective
of steroid use or timing of administration had a poor outcome
in 13/15 patients and death in 8/15.13 Due to the uncertainty
on the pathophysiology and management of ANE in the avail-
able literature, it was decided to combine several mechanistic
interventions in hopes of maximizing potential benefit.
Myelin oligodendrocyte glycoprotein testing was unavailable
at the time of this diagnosis, although is now critical in the
workup of suspected cases to help differentiate between ANE
and ADEM. High-dose methylprednisolone and IVIG were
used to target the inflammatory and cytokine cascade. Given
his improvement, a prolonged corticosteroid taper was used.
Despite absence of fulminant organ involvement outside of
the CNS, oseltamivir was used early in the clinical course in
hopes of managing brain tissue or vascular invasion of the influ-
enza virus.

Due to a limited number of patients presenting with ANE, it
is likely that case reports and retrospective reviews will largely
guide management. Although singular, this case provides evi-
dence that aggressive management of the inflammatory
cascade with combination high-dose corticosteroid, immuno-
globulin, and anti-viral therapy with oseltamivir may provide
significant clinical benefit even in patients presenting > 24 h
from symptom onset and with brainstem involvement. It
may also be considered evidence that aggressive management
of the inflammatory cascade with anti-viral therapy may
improve outcomes in those with a pathogenic RANBP2 gene
mutation which mechanistically increases oxidative stress,
cytokine effects, and possibly viral invasion into brain tissue
and vasculature.18,19 Additional reports have noted favorable
outcomes with aggressive modulation of the inflammatory
cascade using an interleukin 6 blocking agent.25 Further

Galan et al. 3



studies are needed to determine the optimal use of anti-
inflammatory interventions as well as anti-viral agents in the
treatment of ANE.

RANBP2 mutations continue to be associated with cases of
ANE. Genetics studies have revealed that the genetic mutations
follow a heterogeneous clinical course and not all individuals
who have the genetic mutation will develop ANE.26 There
have been case reports of ANE reported after vaccination to
influenza, parainfluenza, HHV, Varicella, and DTP.26

Additionally, there have been described cases of individuals
with ANE who have underwent immunizations with no
further symptoms. Further research is needed in this area. In
any individual with a history of AnE who develops a subse-
quent attack- or in individuals with a family history- early ini-
tiation of therapy with steroids should be considered strongly.
Follow up neuropsychological testing and MRI are reasonable
studies to consider after ANE, although further research is
needed to guide timing and the yield and meaning of these tests.

Abbreviations
ANE Acute Necrotizing Encephalopathy
CSF cerebral spinal fluid
CNS central nervous system
CT computed tomography
IVIG intravenous immunoglobuli
MRI Magnetic resonance imaging
EEG electroencephalography
LP lumbar puncture
PCR polymerase chain reaction
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