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Abstract

Background: Acute necrotizing encephalopathy of children (ANEC) is a rare fulminant type of acute encephalopathy
that mainly occurs in children with a characteristic clinico-radiological pattern. It is commonly preceded by viral
infections. The condition carries a poor prognosis with high morbidity and mortality rates. We highlight the
relationship between diagnostic multi-parametric magnetic resonance imaging (MRI) findings and correlate them with
the clinical outcome of children with ANEC by enrollment of MRI scoring.

Results: The thalami were involved in all 30 patients, brain stem in 80%, basal ganglia (13.3%), cerebral white matter
(WM) in 73%, and cerebellar WM in 33%. Hemorrhage was present in 86.7% patients, edema 80%, and necrosis in
13.3%. We found that the patients having the highest MRI scores were in the poor outcome category; whereas the
patients with lower MR score (1 or 2) had better outcomes. Statistically positive correlation (r= 0.1198) was found
between the multi-parametric MR score and the outcome category.

Conclusion: An extended multi-parametric MRI should be performed in ANEC, allowing early detection and scoring of
the disease for better prognosis. There is a positive correlation between the clinical outcome and the MR scoring.
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Background
A rare fulminant and devastating encephalopathy (ANEC)
affects infants and children with a characteristic clinico-
radiological pattern are called ANEC [1]. Its etiology and
pathogenesis remain unknown, although respiratory and
gastrointestinal (GIT) viral infections (e.g., influenza A
virus, mycoplasma, rota virus, and human herpes virus-6)
have been reported as common causative agents [2]. It is
recently believed that this disease is most likely immune-
mediated or even metabolic [3]. It has been reported that

cytokines, such as tumor necrosis factor receptor-1 and
interleukins could mediate the disease [4].
Prodromal symptoms appear in the first stage include

fever, signs of upper respiratory tract infections and
gastroenteritis, and erythema [5]. With the development
of ANEC in the second or mid stage, rapid and progres-
sive symptoms of brain dysfunctions may present as
convulsions, disturbance of consciousness, and focal
neurological deficits [6]. Laboratory findings are variable,
such as abnormalities of liver function. Moreover, the
protein levels of cerebrospinal fluid (CSF) and platelet
count could be a predictor of the prognosis of the dis-
ease [6]. The prognosis of ANEC is variable, from a mild
form even up to a complete recovery to a severe form
with a high mortality [7]. The diagnosis of ANEC was
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mainly based on characteristic neuro-radiologic findings
[8] characterized by multiple, symmetrical lesions show-
ing T2 prolongation in the thalami, frequently with ac-
companying lesions in the brain stem tegmentum,
putamina, cerebral, and cerebellar hemispheres WM [9].
These changes resolve nearly completely on follow-up

imaging within days to weeks [10]. Treatment usually in-
cludes antiviral therapy, immunomodulatory agents, and
even intensive care unit (ICU) [11]. Outcomes in ANEC
are poor, with mortality up to 30% of cases; various
neurological impairments are frequently reported, al-
though a good outcome with no ongoing sequelae can
occur in 10% of cases [12]. The current study determines
the role of multi-parametric MRI in the diagnosis and
the follow-up of children with ANEC in relation to their
clinical outcome with enrollment of a multi-parametric
scoring system.

Methods
Patients
A retrospective study of 30 children with ANEC evaluated
during autumn and winter seasons between October 2018
and March 2020; they were admitted to a tertiary children
university hospital and were sent to the radiology depart-
ment for MRI brain imaging because of seizure and confu-
sion. The subjects consisted of 20 boys and 10 girls whose
ages ranged from 8months to 9 years (mean age, 4.32
years). The cases enrolled in this study based on the cri-
teria of ANEC described by Mizuguchi et al. [1], which are
acute encephalopathy with rapid conscious deterioration,
absence of serum hyperammonemia, CSF pleocytosis, in-
crease in CSF proteins, neuroimaging studies showing
symmetrical, and multifocal lesions involving the thalami.
We excluded any cases with other clinical diseases or
other brain abnormalities resembling ANEC. Also, pa-
tients with any contraindication for MRI examination
were excluded. The study protocol was approved by the
Research Ethical Committee, University Children Hos-
pital. All patients or patients’ guardians were counseled
and signed a consent form.

Imaging
The study was performed using multi-parametric MRI
as follows: initial study on each of the patient and a
follow-up study for survivors. The mean interval be-
tween the onset of disease and the initial study was 3.6
days, and that between the onset of disease and the
follow-up study was 6 weeks. We used a MRI 1.5 T
superconducting scanner (Magnetom Aera, Siemens
Healthineers, Germany). Although various MR pulse se-
quences were obtained, axial T1- spin-echo-weighted
images (WI) and fluid-attenuated inversion recovery
(FLAIR) images, axial and coronal T2-weighted images,
diffusion-weighted images (DWI) and apparent diffusion

coefficient (ADC) images, DWI was performed with the
b values were 0, 500, and 1000 s/mm2 and T2

*-weighted
gradient echo imaging or susceptibility-weighted images
(SWI) were available for all patients. A limited MR spec-
troscopy (MRS) was done for 15 cases only who were
clinically fit for the long examination; we obtained
single-voxel proton MRS using echo times (TE) of 115
ms. The voxel location for single-voxel MRS was set
away from any hemorrhage or necrosis. We measured
lactate peak-lactate complex peak intensities at 0.8–1.5
parts per million (ppm), glutamate/glutamine complex
peak intensities at 2.0–2.5 ppm, and N-acetyl aspartate
(NAA) peak at 2.0 ppm. MRI evaluation was done by
two neuro-pediatric radiologists (R.I & R.H.) who were
blinded to the results of outcome assessment independ-
ently reviewed all MR images, and there was consensus
between two reviewers for all the included cases. We did
not include any case with disagreement in diagnosis. A
radiological MRI scoring system was proposed to facili-
tate our interpretation of the imaging findings. A multi-
parametric MRI score (1–12) was calculated for 15 cases
only who did the whole multi-parametric study depend-
ing on as follows: the location, (thalami, basal ganglia,
WM of both cerebral and cerebellar hemispheres, brain
stem), the severity of the disease, (hemorrhage, necrosis,
and edema), diffusibility on DWI and ADC, and metabo-
lites level on MRS (lipid/ lactate, gluatamine/ glutamate,
and NAA peaks). One point was awarded for each of
these features. Regarding the prognosis and outcome as-
sessments were done by an experienced pediatric neur-
ologist. The outcome of each patient was assessed
according to 3 functions: physical function, social func-
tion, and his general health status. Four outcome
categories were recognized and were assigned an alpha-
betical value: A, good, complete resolution, and 100%; B,
fair and mild to moderate degree of neurological seque-
lae, ≥ 50%; C, worse and severe degree of neurological
sequelae ˂ 50%; and D. poor and dead.

Statistical analysis
Data were coded and entered using the statistical pack-
age SPSS (Statistical Package for the Social Sciences)
version 25. Data was summarized using mean, standard
deviation, minimum and maximum in quantitative data,
and using frequency (count) and relative frequency (per-
centage) for categorical data. The MR score and the clin-
ical outcome category of the patients were both
analyzed. Pearson correlation coefficient test was used
for statistical analysis.

Results
A total of 30 children with ANEC, evaluated during au-
tumn and winter seasons between October 2018 and
March 2020, were retrospectively reviewed. The subjects
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consisted of 20 boys and 10 girls whose ages ranged
from 8months to 9 years (mean age, 4.32 years).
Clinical characteristics of the children enrolled in the

study are summarized in (Table 1). All had prodromal
symptoms appear in the first stage; the main symptom
was fever presented in 26 cases (87%), signs of upper re-
spiratory tract infections presented in 10 cases (33.3%),
and gastroenteritis symptoms presented in 6 cases
(20%), and the least was the skin manifestation presented
in 2 case (7%) only. With the development of ANEC in
the mid stage, rapid and progressive symptoms of brain
dysfunctions presented as generalized convulsions and
disturbance of consciousness in 18 cases (60%); however,
focal neurological deficits presented in 24 cases (80%)
and abnormal movements in 14 cases (46.6%). At the
follow-up stage of cases, the clinical outcome was mod-
erate in the most of cases, 20 cases (66.7%), full recovery
(good) in 6 cases (20%), and unfortunately 4 cases
(13.3%) died in ICU.
The multi-parametric MRI examination findings are il-

lustrated in (Table 2). Concerning the location of le-
sions, the thalami were involved showing bilateral

symmetrical thalamic involvement in all 30 case patients
(100%), brain stem in 24 cases (80%), basal ganglia in 4
cases (13.3%), cerebral WM in 22 cases (73%), and cere-
bellar WM in 10 (33%) (Fig. 1) by assessing SWI
hemorrhage presented in 26 patients (86.7%) (Fig. 2),
cavitation in 4 cases (13.3%) (Fig. 1), and edema in 24
cases (80%) (Figs. 3 and 4). Diffusion restriction pre-
sented in 24 patients (80%), enhancement presented in
22 cases (73%) (Fig. 4), MRS shows high lipid/ lactate
peak in all 15 examined cases (100%) (Fig. 1), high glua-
tamine/ glutamate peak in 4/15 (26.7%) (Fig. 1),iand re-
duced NAA peak in 8/15 (53.3%) (Fig. 3). Regarding the
MRI scoring, 2 cases had score 9, 2 cases had score 8, 3
cases had score 7, 5 cases had score 6, 2 case had score
3, and 2 cases attained score 2.
Upon correlating the prognosis with the MRI score,

score 9 attained D outcome category (poor, dead), scores
8 and 7 attained C outcome category, had worse seque-
lae, while score 6 attained B outcome category, and they
had moderate sequelae, in the meanwhile, scores 3 and 2
attained A outcome category which represent the better
prognosis, full recovery with no sequelae (Table 3). Sta-
tistically positive correlation (r= 0.1198) was found be-
tween the MR score and the outcome category.

Table 1 Clinical characteristics of the children diagnosed with
ANEC

Stages NO. of
cases

%

1st stage (prodromal stage)

Respiratory manifestations (e.g., cough/
expectoration)

10 33.3%

GIT manifestations (e.g., vomiting, diarrhea) 6 20%

Skin manifestations (e.g., erythema) 2 7%

Fever associated with the previous
manifestations

14 47%

Non-specific febrile illness 12 40%

2nd stage (acute necotizing encephalopathy stage/neurological
manifestations)

Generalized convulsions 18 60%

Abnormal movements/agitated 14 46.6%

Disturbed consciousness 18 60%

Focal deficits 24 80%

Weak lower limbs 6 20%

Dysarthria 4 13.3%

Behavioral changes 8 26.7%

Diplopia 6 20%

3rd stage (prognosis/follow-up)

Survived with neurological sequelae 20 67%

Full recovery 6 20%

Died 4 13%

Table 2 Conventional MRI findings regarding the extension of
ANEC in children

The extension/location No./%

Thalami 30 (100%)

Basal ganglia 4 (13.3%)

Brain stem 24 (80%)

WM of cerebral hemispheres 22 (73.3%)

Site

Subcortical 8 (26.6%)

Deep periventricular WM 14 (46.7%)

Size

Confluents 6 (20%)

Foci 2 (6.6%)

Sheets 14 (46.7%)

WM of cerebellar hemispheres 10 (33%)

Contrast-enhanced MRI

Enhancement 22 (73%)

DWI/ ADC

Diffusion restriction 24 (80%)

SWI

Hemorrhage 26 (86.7%)

MRS

- Lipid/lactate peak
- Glutamate/glutamine peak
- NAA peak

16 (100%)
10 (62.5%)
14 (87.5%)
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Discussion
The distinctive neuro-radiologic manifestations of ANEC
are multifocal, symmetric brain lesions with characteris-
tic distributions which are remarkably similar among pa-
tients with ANEC, including bilateral thalami (typically
present in all patients, serving as a distinctive feature),
basal ganglia, brain stem, cerebral, and cerebellum WM
[13]. Spinal cord may occasionally be involved as well
[14]. During the clinical course of the disease, the
neuro-radiologic manifestations are characterized by dy-
namic changes corresponding to their pathophysiological
changes from edema to petechial hemorrhage and then
to necrosis [1]. ANEC is a progressive and devastating
disease, regardless of treatment. The prognosis varies
from complete recovery to death. This article empha-
sizes on the clinical and radiological traits of ANEC. It
proposes a multi-parametric MRI scoring and assess
whether it correlates with patients’ prognosis and
outcome.
Here in this study, we demonstrate the dynamic

change at the onset and during follow-up of the disease
(mean 6-week intervals), in the clinical features and

multi-parametric MRI brain imaging findings of the 30
children diagnosed with ANEC. A total of 30 children
with ANEC, they consisted of 20 boys and 10 girls
whose ages ranged from 8months to 9 years (mean age,
4.32 years) with different clinical manifestation. All had
prodromal symptoms appear in the first stage; the main
symptom was fever presented in 26 cases (87%) in the
form of non-specific febrile illness presented in 12 cases
(40%) and fever associated with other manifestations
presented in 14 cases (47%), signs of upper respiratory
tract infections in the form of flu symptoms, cough and
expectoration presented in 10 cases (33.3%) and gastro-
enteritis symptoms in the form of vomiting and diarrhea
presented in 6 cases (20%), and the least was the skin
manifestation in the form of erythema in 2 cases (7%)
only. This was in accordance with study conducted by
Seo et al. [6]; they reported that 100% of cases had pre-
cedent illnesses and 83% had fever. With the develop-
ment of ANEC in the mid stage, rapid and progressive
symptoms of brain dysfunctions presented as generalized
convulsions and disturbance of consciousness in 18
cases (60%); however, focal neurological deficits

Fig. 1 Multi-parametric MRI dynamic changes of the brain of a 1-year-old patient who was left with marked sequelae. He presented with behavior
changes, abnormal movement, and agitation and was diagnosed with ANEC. At the onset of the disease, a, b, and c axial T1 WI, d coronal T2 WI show
lesions on bilateral thalamic, basal ganglia (caudate nucleus), WM cerebral parenchyma (corona radiata), and WM cerebellar parenchyma being low
signal in T1WI with small focus in the center of the thalamic lesions, high signal in T2WI. e and f Axial ADC shows typical tricolor pattern of thalamic
lesions being high signal at the center, low surrounding signal, and bright peripheral signal; these also seen at cerebellar WM lesion. g Single-voxel MR
spectrogram (TE, 115) of cerebellar WM lesion shows increased glutamate/glutamine complex peak intensities at 2.3 ppm and lipid/lactate complex
peak intensities at 1.2 ppm, with reduced NNA peak at 2 ppm. Follow-up after 4 weeks, h and i axial T2 WI, j and k FLAIR images, and reveal
disappearance of WM cerebral lesions, generalized atrophy of the cerebral hemispheres, with widened ventricular size, impressive regression of the
thalamic and cerebellum lesions being replaced by encephalomalacia surrounded by gliosis. l andm SWI shows hemosiderin deposition in the
bilateral thalami and the cerebella (red arrow). n MRS shows dramatic reduction of the lactate peak (arrow) and the NAA peak returns within the
normal range
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Fig. 2 (See legend on next page.)
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presented in 24 cases (80%) in the form of behavioral
changes presented in 8 cases (26.7%), weak lower limbs
presented in 6 cases (20%) with hypotonia, hyporeflexia
and inability to sit or stand, diplopia presented in 6 cases
(20%), and dysarthria presented in 4 cases (13.3%). Seo
et al. [6] found the neurological symptoms included
mental change in 83%, seizures, and focal neurological
signs in 50%. After clinical follow-up of cases to record
the prognosis, the clinical outcome was moderate in
most of the cases, 20 cases (66.7%) being survived with
neurological sequelae, (half of cases had moderate se-
quelae and the other half had sever sequelae), full recov-
ery (good) in 6 cases (20%), and unfortunately worse
outcome in 4 cases (13.3%) who died in ICU. A study
conducted by Wong et al. [8] recorded that most of the
patients about 66.7% fell into the moderate category,
with fewer patients about 16.7% in the good and 16.7%
in poor categories, and with no mortality.
By assessing the multi-parametric MRI examination,

by conventional MRI using T1 WI, T2WI, and FLAIR
sequences to assess the location of lesions, it revealed bi-
lateral symmetrical thalamic involvement in all 30 cases
patients (100%), basal ganglia in 4 cases (13.3%), brain
stem in 24 (80%), cerebellar WM in 10 (33%), and cere-
bral WM in 22 (73%) distributed regarding their site as
follows: most of them at the deep periventricular WM in
14 cases (46.7%) and 8 cases (26.6%) affected subcortical
WM and described regarding their size as sheets in 14
cases (46.7%), confluents in 6 cases (20%), and foci in
just 2 cases (6.6%). Tabarki et al. [15] stated that lesions
in the brain are edematous and combined with mass
effect at the onset of ANEC, so hypo-intensities are seen
on T1 WI in most patients and these lesions were more
clearly on FLAIR image. In the current study, all cases
had brain lesions hypo-intensities by T1 WI, being
hyper-intense in T2 WI and FLAIR imaging.
By considering functional MRI, just 24 cases (80%)

had edema and swelling with mass effect at the onset of
the disease imaging with diffusion restriction being
hyper-intense on DWI and hypo-intense on ADC, with
restricted water diffusibility. The severity of the lesion
was assessed by reporting; hemorrhage presented in 26
patients (86.7%), cavitation in 4 (13.3%), and edema in
24 cases (80%). In the current study, by assessing SWI it

demonstrated hemosiderin deposition not only in the
thalami, but also in the brain stem and cerebellum; 13/
15 (86.7%) showing hemorrhage, even if not detected in
conventional T1 WI. This is in agreement with a study
conducted by Manara et al. [16] stated that small pe-
techial hemorrhage is usually obscured by conventional
MRI sequences; therefore, SWI is required which is
more sensitive for the detection of the petechial
hemorrhage.
Yadav et al. [17] reported that edema and mass effect

would resolved gradually with petechial hemorrhage ap-
peared, showed increased signal intensities (SI) in the
center on T1 WI, while T2WI may reveal decreased SI
surrounded by increased SI. In this study, follow-up
MRI revealed partial to incomplete resolution, with re-
gression of thalamic edema being diffusely smaller in
size in comparison to imaging at the onset of disease,
disappearance of hypo-intensity on the T1-WI and high
SI on T2-W and FLAIR and DWI sequences, except for
some cases revealed high signal in T2 WI being of low
signal in T1WI and FLAIR representing necrosis with
CSF like signal surrounded by gliosis.
A study done by Ormitti et al. [18] reported that the

classical neuroimaging of ANEC was concentric, lam-
inar, or tricolor appearance, it could be demonstrated in
the thalami and the brain stem lesions being more obvi-
ous on ADC; the center of the lesion presents slightly
high signal due to a perivascular hemorrhage and necro-
sis of neurons and glial cells occurs with a low signal in
the surrounding of the lesion due to cytotoxic edema
and acute swelling of oligodendrocytes, and its high sig-
nal in the periphery suggests extravasation and vasogenic
edema. Regarding this study, this appearance observed
in most of the patients; 22 cases (73.3%), the rest of
cases this appearance was not obvious.
Yoshida et al. [19] found that gadolinium-contrast-

enhanced MRI has been observed in identifying lesions
at the very early stage of ANEC when conventional MRI,
and even DWI and ADC show no abnormalities. This
finding suggests that alteration of the blood brain barrier
permeability might be the first step in the development
of brain lesions. However, Wong and colleagues [8]
found that not all ANEC patients presented contrast en-
hancement, partially due to the difference of performing

(See figure on previous page.)
Fig. 2 Multi-parametric MRI dynamic changes of the brain of a 3-year-old patient who died; on admission, he presented with respiratory
disorders, fever, intractable convulsion, then DCL. He was diagnosed with ANEC. Axial images: a and b FLAIR, c T1 WI, d T2 WI, which reveal
bilateral thalamic swelling with altered signal intensities being hyperintense in T2WI and FLAIR, and also bright signal in T1WI likely hemorrhage,
a similar bilateral symmetrical areas of signal alteration are seen implicating the posterior limb of internal capsule, external capsule, putamia,
periventricular cerebral WM, and posterior aspect of pons. e and f DWI and ADC show typical tricolor pattern of thalamic lesions showing
peripheral restriction. g and h SWI shows foci of brain stem hemosiderin deposition; however, no signal loss on thalamic lesion. i Single-voxel
spectroscopy with the region of interest being on the right thalamus and left lentiform nucleus with (TE, 115). Reduced NNA peak at 2 ppm, with
a large lipid/lactate peak at 1.3 ppm (arrow)

Ibrahim et al. Egyptian Journal of Radiology and Nuclear Medicine          (2020) 51:113 Page 6 of 11



time and the severity of the disease; some unknown
pathogenesis other than the alteration of BBB permeabil-
ity may also exist. In the current study, this appearance
observed in most of the patients; 22 cases (73.3%), the
rest of cases this appearance was not obvious.
There are few reports regarding DWI and MRS find-

ings of ANEC in the literature. MRS has been applied to
ANEC with a clinical significance; it is correlated either
to the pathogenesis or to the prognosis. Aydin et al. [20]
found a reversible or transient lipid-lactate and glutam-
ate/glutamine complex peaks. The lipid-lactate complex
peak might be due to the cell membrane damage or dis-
integration, while glutamate, a well-known excitatory
neurotransmitter that may cause neuronal damage,
might contribute to the pathogenesis by glutamate-
mediated exciteo-toxicity if excessive amounts were re-
leased into the synaptic cleft. A study conducted by Goo
et al. [21] detected lipid-lactate complex peak and glu-
tamate/glutamine complex peak on short TE MRS. Also,
they found that the glutamate/glutamine complex peak
was absent from some ANEC patients, indicating that
the peak might depend on the severity of the disease and
may serve as a predictor of outcomes. In this study,
MRS was done for 15 cases, all cases (100%) revealed
transient high lipid-lactate peak suggestive of anaerobic
glycolysis and cell membrane damage, reduced NAA
peak in 8 (53.3%) indicative of neuronal axonal damage;
however, 4/15 cases (26.6%) had glutamate/glutamine
complex peaks suggestive of glutamate-mediated
exciteo-toxicity.
ANEC is a progressive and devastating disease, regard-

less of treatment. The prognosis varies from complete

Fig. 3 Multi-parametric MRI dynamic changes of the brain of a 7-
year-old patient who recovered completely. He presented with fever,
tonic colonic convulsions, then DCL, behavior changes, abnormal
movement, and agitation, was diagnosed with ANEC. At the onset
of the disease, axial images (a), T1 WI (b), T2 WI (c and d) FLAIR
show lesions on bilateral swollen thalamus, posterior limb of internal
capsule, tegmen of pons, and right WM cerebellar parenchyma
being low signal in T1WI with small focus of high signal in the
center of the thalamic lesions (hemorrhage), heterogeneous high
signal in T2WI, and FLAIR. e and f DWI and ADC show peripheral
restriction on DWI and typical tricolor pattern of thalamic lesions on
ADC. g Contrast-enhanced T1WI shows bilateral thalamic homogenous
enhancement. h and i SWI shows signal drop of hemosiderin
deposition in the bilateral thalami and posterior brain stem. j Single-
voxel MRS (TE, 115) of left thalamic lesion shows reduced NNA peak,
increased glutamate/glutamine complex peak intensities at 2.3 ppm
(arrow), and lipid/lactate complex peak intensities at 1.5 ppm.
Broadening of the line-width may be caused by the occurrence of
petechial hemorrhage within the lesion. Follow-up after 6 weeks, axial
images (k and l) T2 WI reveal disappearance of WM cerebellar lesion,
impressive regression of the thalamic size, and brain stem lesion with
subtle bright signal.m SWI shows no signal drop. n MRS shows
absence of the lactate and glutamate/glutamine peak and the NAA
peak returns within the normal range
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Fig. 4 (See legend on next page.)
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recovery to death. Lee and his brother [22] found that
the mortality rate was about 30% and less than 10% of
patients recovered completely, while more than 60% pre-
sented with neurological sequelae. Kim et al. [23] found
that although patients had a good outcome however, the
course of recovery was slow therefore, many children left
hospital with significant neurologic problems. The rea-
son for the good outcome may be due to early diagnosis
of the mild form and prompt treatment of the disease
[24]. Several factors are predictors for the prognosis of
ANEC; the poor prognosis is with age below 1 year old
and severely increased serum aminotransferase and pro-
tein in CSF [25]. Also, the presence of hemorrhage and
localized tissue loss (e.g., localized atrophy or cystic
encephalomalacia) would predict a poor prognosis [26].
Delirious behaviors, which result from brain stem le-
sions, were considered to be predictive of a poor out-
come [27]. However, age above 4 years old and normal
range or mild increased serum aminotransferase and
protein in CSF [25]. The presence of asymmetric unilat-
eral thalamic involvement and reversion of the image as
well as absence of hemorrhage and localized tissue loss
on MRI were regarded as a predictor of a good outcome
[26]. Albayram et al. [28] concluded that patients who
have restricted water diffusion in thalamic lesions on the
ADC map, glutamate/glutamine complex, and increased
lipid peak on short TE MRS generally have severe seque-
lae or high mortality.
Wong et al. [8] created a scoring system to evaluate

patients with ANEC; they found that there was a signifi-
cant correlation (r=0.76) between the score and the out-
come of the patients. Another ANEC severity scale by
Yamamoto et al. [29] has been developed, including
presence of shock, brain stem lesions, an age over 48
months, a platelet count below 100,000/휇L, and an

elevated level of CSF protein; they suggested that this
scale could be a predictor for the prognosis of children
with ANEC. In the current study, CSF showed marked
increased proteins in 8 cases; 4/8 cases showed
hemorrhagic necrosis in thalami and died in ICU. Of
those who survived, 6/26 cases have recovered com-
pletely; however, the majority 20/26 cases have perman-
ent brain damage due to tissue necrosis, resulting in
variable neurological sequelae from moderate to marked
impairments in basic skills that may be regained over
time, but the loss of brain tissue is permanent. There-
fore, findings on MRI seem to allow us to predict the
outcome.
In current study, MRI scoring encountered as follows:

2 cases had score 9, 2 cases had score 8, 3 cases had
score 7, 5 cases had score 6, 2 cases had score 3, and 2
cases attained score 2. Upon correlating the prognosis
with the MRI score, score 9 (2 cases) attained D out-
come category (poor, dead), scores 8 and 7 (2 and 3
cases respectively) attained C outcome category, had
worse sequelae, while score 6 (5 cases) attained B out-
come category, they had moderate sequelae, in the
meanwhile, scores 3 and 2 (2 and 1 cases respectively)
attained A outcome category which represent the better
prognosis, full recovery with no sequelae. Upon correlat-
ing MRI score to the patient prognosis, we encountered
the highest MRI scores were in the poor outcome cat-
egory; whereas the patients with lower MR score (1 or 2)
had better outcomes and statistically positive correlation
(r= 0.1198) was found between the MR score and the
outcome category; however, the relationship between the
variables is week.
The study is assessing the diagnostic characteristics of

the multi-parametric MRI of ANCE, including DWI,
ADC, SWI, and MRS; it is the first study to assess all
these techniques collectively in the same study. Also, the
study is proposing a multi-parametric MRI scoring sys-
tem correlating it with the outcome of children having
ANCE (Table 4).
However, the study is limited by the fact that it in-

cluded a limited number of cases because it is a rare dis-
ease. Also, MRI scoring and the clinical outcome show a
weak positive correlation, this is may be due to limited

(See figure on previous page.)
Fig. 4 Multi-parametric MRI dynamic changes of the brain of a 5-year-old patient who was left with moderate sequelae. He presented with fever,
tonic colonic convulsions, then DCL. He was diagnosed with ANEC. At the onset of the disease, axial images (a) T1 WI (b and c) T2 WI reveal
lesions on bilateral swollen thalami, basal ganglia, and dorsal external capsule tegmen of pons, WM cerebral parenchyma and WM of both
cerebellar parenchyma being low signal in T1WI, heterogeneous high signal in T2WI. d and e DWI and ADC show peripheral restriction on DWI
and typical tricolor pattern of thalamic lesions on ADC. f Single-voxel MRS (TE, 115) of basal ganglia shows reduced NNA peak and increased
lipid/lactate complex peak intensities at 0.8–1.5 ppm. Follow-up after 3 weeks, axial images (g and h) T1 WI reveal disappearance of WM
cerebellar lesion, impressive regression of the thalamic size being of high signal (subacute hemorrhage), also regression of brain stem lesion,
basal ganglia, and external capsule with subtle bright signal, moderate increased CSF spaces, and ventricular size (i and j) contrast-enhanced MRI
show no appreciable enhancement. k and l DWI shows restriction of pons lesions. m and n SWI shows signal drop in thalamic and brain stem
lesions (hemosiderin). o Single-voxel MRS shows reduced the lactate peak and the NAA peak returns within the normal range

Table 3 Neuroimaging finding regarding the severity of ANEC
in children

The severity No./%

Hemorrhage 26 (86.7%)

necrosis 4 (13.3%)

Edema (T1 WI) 24 (80%)
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number of patients and in the other hand the devastat-
ing nature of the disease limiting the full multi-
parametric study to be done for all recruited cases be-
cause of bad clinical condition of the patients. Therefore,
an extended study with sharing more number and early
diagnosed cases would probably help in applying the
multi-parametric MRI study to give a better idea regard-
ing MRI score and prognosis correlation. Furthermore,
the readers were from the same institution; therefore,
some variability in results if other institutions replicated
the work cannot be rolled out.

Conclusion
An extended multi-parametric MRI should be performed
in ANEC, allowing early detection and scoring of the
disease for better prognosis. There is a positive correl-
ation between the clinical outcome and the multi-
parametric MR scoring.
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