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Abstract
Introduction The impact of restricted diffusion on clinical
outcome has not been well studied in childhood encephalitis.
We hypothesized that the patients with lesions with restricted
diffusion (LRD) would have worse clinical outcome.
Methods We reviewed the MR studies of 83 children with
encephalitis for LRD. An MRI scoring system (0–12) based
on fluid-attenuated inversion recovery (FLAIR) imaging was
created to evaluate the extent of imaging abnormality. Clinical
outcome was graded by using Glasgow outcome scale (GOS)
(1–5) in 1st and 12th month: 1 for death and five for full
recovery. With respect to diffusion, the correlation between
imaging score and GOS was assessed. Logistic regression anal-
ysis was used to explore the impact of diffusion and imaging
score on clinical outcome. The patients were divided into three
subgroups regarding imaging score: I, 0–4; II, 5–8; and III, 9–12.
Results LRD was found in 28 patients. Negative significant
correlation was found between imaging score and GOS in the
group with LRD in both 1st month (R=−0.67, P<0.001) and
12th month (R=−0.56, P=0.001). Multivariate logistic regres-
sion showed that LRD (P<0.001) and age (P=0.026) were
significant independent risk factors for unfavorable outcome
in 1st month, and both LRD (P=0.001) and imaging score

(P=0.043) were significant risk factors for unfavorable out-
come in 12th month.
Conclusions Patients with LRD have a worse clinical out-
come than those without LRD. In patients with LRD, those
with a greater extent of abnormality have a poorer outcome.

Keywords Encephalitis . Diffusion imaging . Restricted
diffusion . Clinical outcome

Introduction

Encephalitis in children is challenging to manage because of a
rapidly progressive clinical course and a lack of standardized
treatment protocol [1]. Although the mortality of patients with
encephalitis has declined over the years, patients who have
recovered from encephalitis often live with significant neuro-
logical sequelae. The extent of neuroimaging abnormalities
has been correlated with patient outcome, revealing that the
patients with a worse outcome had abnormal MR findings [2],
diffuse lesions [3], deep white matter involvement [4], and
brain stem involvement [5].

Diffusion-weighted MR imaging (DWI) has been reported
to be more sensitive than conventional MRI in the early stage
of encephalitis, showing more imaging abnormalities [6–9].
Some studies further revealed a correlation between the ap-
parent diffusion coefficient (ADC) value of lesions and the
duration of disease [8–10]. Lesions with restricted diffusion
(LRD), consistent with cytotoxic edema, occur variably in
different types of acute encephalitis [10, 11]. In a study com-
paring diffusion abnormality in patients with herpes simplex
encephalitis (HSE) and those with Japanese encephalitis (JE)
[10], LRD was more readily observed in HSE, which is
considered as necrotizing encephalitis with extensive
perivascular cuffing and inflammatory infiltrates [12, 13],
while LRD was less frequently and less conspicuously
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observed in JE, which is a non-necrotizing encephalitis with
microglial proliferation and sparse lymphocytic response [12,
13]. The pathologic changes in necrotizing encephalitis are
more likely to be accompanied by necrosis, hemorrhage, and
cell death [12] and thus may be associated with a poor prog-
nosis. Moreover, in several small series, the presence of LRD
has been reported to be associated with irreversible brain
damage [14, 15] or poor clinical outcome [16, 17].

The purpose of this study was to determine the impact of
the presence of LRD and the extent of imaging abnormality on
the outcome of patients with acute and subacute encephalitis.
We hypothesized that the patients with encephalitis showing
LRD, after adjustment for the extent of brain involvement,
would have worse outcome.

Materials and methods

Patients

MR studies of 83 patients with a final diagnosis of encepha-
litis, evaluated between 2005 and 2012, were retrospectively
reviewed. Subjects were included in this study if they were
diagnosed with acute or subacute encephalitis, were younger
than 18 years of age, and admitted to our pediatric ward or
pediatric intensive care unit. We excluded subjects with en-
cephalopathy secondary to bacterial meningitis and associated
intracranial complications, toxic or metabolic diseases, or
vascular diseases and excluded those with preexisting neuro-
logical diseases. The recruited subjects consisted of 52 boys
and 31 girls (1 to 16 years). Institutional review board approv-
al was obtained for this study. The diagnosis of encephalitis
was based on symptoms, signs, electroencephalographic find-
ings, CSF analysis, serologic tests, and MRI findings. The
identification of associated agents was based on neutralizing
antibody titers in serum, CSF polymerase chain reaction, and
virus culture of CSF, throat swab, urine, or stool. The time to
imaging, defined as the interval between the first day of
neurological symptoms and signs and the day of MR exami-
nation, was recorded.

MR image acquisition

The examinations were performed on a 1.5 T (Intera; Philips
Medical Systems, Best, The Netherlands) or a 3 T (Discovery
MR750, GE Healthcare, Milwaukee, WI) scanner. MR pulse
sequences included axial T1WI, axial and coronal fluid-
attenuated inversion recovery (FLAIR) imaging, sagittal
T2WI, axial DWI with ADC map, and axial and coronal
postcontrast T1WI. DWI was performed with a single-shot
spin echo EPI sequence by using the following parameters:
TR/TE=64/4,000ms on 1.5 Tscanner and 80/6,000ms on 3 T
scanner; on both scanners: image matrix=128×128

(interpolated to 256×256), section thickness=4 mm, FOV=
220 mm, and number of averages=2.

MRI analysis

Two neuroradiologists, both having over 10 years of experi-
ence in practicing neuroradiology which included interpreta-
tion of MRI with DWI, independently reviewed all MR im-
ages and were blinded to the results of outcome assessment.
One of them is a pediatric neuroradiologist having 1 year of
fellowship training in pediatric neuroradiology and over
10 years of experience in practicing pediatric neuroradiology.
Different interpretations were solved by consensus. An MRI
scoring system using FLAIR imaging was devised to facilitate
appraisal of the imaging abnormalities according to a point
system (0–12 points) based on the extent of imaging abnor-
malities (Figs. 1 and 2). The scoring system was as follows:
one or two lobes of a cerebral hemispheres=1 point; three or
four lobes of a cerebral hemisphere=2 points; any one of
caudate nucleus, lentiform nucleus, or thalamus on one side
=1 point; any two of these deep gray nuclei on one side=2
points; one cerebellar hemisphere=1 point; any part of the
brain stem=2 points. The LRD was defined as a lesion show-
ing hyperintensity on DWI and hypointensity on the ADC
map, consistent with cytotoxic edema [18].

Clinical outcome assessment

A pediatric neurologist, with 9 years of experience in pediatric
critical care, who was blinded to the imaging findings,
assessed the outcome of the patients based on data from
medical records, outpatient visits, and telephone interviews.
The clinical outcome was graded by using the Glasgow out-
come scale [19–21] at the end of the 1st and 12th month after
the onset of disease: one for death, two for neurovegetative
state, three for severe disability incompatible with indepen-
dent living, four for moderate disability but compatible with
independence, and five for full recovery.

Statistical analysis

Linear regression analysis was used to evaluate the corre-
lation between imaging score (independent variable) and
GOS (dependent variable) at the end of the 1st and 12th
month for all patients. Logistic regression was conducted
to predict clinical outcome based on explanatory variables
consisting of age, sex, LRD, and imaging score, at the end
of the 1st and 12th month. The clinical outcome was
dichotomized according to GOS: unfavorable, GOS=1–
3, and favorable, GOS=4–5. Univariate logistic regres-
sion was performed to evaluate the association of age,
sex, imaging score, and LRD with unfavorable outcome.
Variables with a P value of less than 0.1 in univariate
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analysis were included and evaluated by multivariate
analysis with the forward selection method. To facilitate
statistical calculation, the patients were divided into three
subgroups according to their imaging score: subgroup I,
0–4; subgroup II, 5–8; subgroup III, 9–12. Shapiro-Wilk
test was performed to test normality of continuous vari-
ables. t test or Mann-Whitney U test was used to compare
the age and the time to imaging between the LRD (+) and
LRD (−) groups. A P value less than 0.05 was considered
statistically significant. Statistical analysis was performed
with SPSS 17.0.

Results

Associated agents were enterovirus in four patients, cytomeg-
alovirus in three, rotavirus in three, herpes simplex virus in
five, influenza virus in two, norovirus in two, parainfluenza
virus in two, adenovirus in three, enterovirus and rotavirus in
one, enterovirus and influenza virus in one, enterovirus and
cytomegalovirus in one, enterovirus and parainfluenza virus
in one, rotavirus and influenza virus in one, norovirus and
respiratory syncytial virus in one, and rotavirus and cytomeg-
alovirus in one. No causative agent was identified in 49 (59%)

Fig. 1 A 5-year-old boy with
encephalitis 4 days after disease
onset. a, b Axial FLAIR images
show diffuse hyperintensites in
the cerebral cortex, with a higher
intensities in the frontal
(arrowheads) and parietal
(arrows) cortical regions (a)
caudate heads (arrowheads),
lentiform nuclei (double
arrowheads), and thalami (triple
arrowheads) (b). Relatively
normal signal intensity is noted in
the occipital regions. c, d Axial
DWI shows hyperintensities
indicating restricted diffusion in
most of the lesions visible on the
FLAIR images

Fig. 2 A 1-year- and 6-month-
old boy with encephalitis 2 days
after disease onset. a Axial
FLAIR image shows
hyperintensites in the bilateral
perisylvian regions (arrows) and
thalami (arrowheads). b Axial
DWI shows no restricted
diffusion in the lesions
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patients. The distribution of patients with LRD according to
associated agents is shown on Fig. 3.

Twenty-eight patients (median 2.75 years, interquartile
range 7.30 years) had LRD, but 55 patients (median
5.00 years, interquartile range 4.50 years) did not. There were
no significant differences between the age of the LRD (+) and
LRD (−) groups (Mann-Whitney U test, P=0.23). The GOS
results are summarized in Table 1, according to LRD and the
three subgroups with different imaging scores. In the LRD (+)
group, the proportion of lesions visible on FLAIR showing
restricted diffusion ranged from 30 to 100 %.

In the LRD (−) group, the median interval between the
onset of disease and the initial MR study was 7.00 days
(interquartile range 8.00 days), whereas in the LRD (+) group,
the median interval was 7.50 days (interquartile range
6.00 days). No significant difference of interval was found
between these two groups (Mann-Whitney U test, P=0.41).

Clinical outcome at the end of the first month

Negative significant correlation was found between imaging
score and GOS (R=−0.67, P<0.001) in the LRD (+) group
(Fig. 4a). No significant correlation was found between imag-
ing score and GOS in the LRD (−) group.

Multivariate logistic regression analysis showed that LRD
(odds ratio [OR], 9.82; 95 % confidence interval [CI] 2.97,
32.49; P<0.001) and age (OR, 0.84; 95 % CI 0.72, 0.98; P=
0.026) were significantly associated with unfavorable out-
come (Table 2).

Clinical outcome at the end of the 12th month

Negative significant correlation was found between imaging
score and GOS (R=−0.56, P=0.001) in the LRD (+) group
(Fig. 4b). No significant correlation was found between im-
aging score and GOS in the LRD (−) group.

Multivariate logistic regression analysis showed that LRD
(OR, 5.77; 95 % CI 1.98, 16.80; P=0.001) and imaging score
(P=0.043) were significantly associated with unfavorable
outcome. For imaging score, when subgroup I was used as a
reference, the relative risk of unfavorable outcome rose from
1.0 in subgroup I to 4.70 in subgroup III (95 % CI 1.28, 17.31;
P=0.020) (Table 2).

Discussion

In children with encephalitis, the extent of neuroimaging
abnormality has been correlated with patient outcome, reveal-
ing that the patients with a worse outcome had a greater extent
of abnormality or more diffuse lesions. Our results showed
LRD to be a strong predictor of unfavorable outcome both at

1-month (OR, 9.82; P<0.001) and 12-month (OR, 5.77;
P<0.001) follow-up. We did not directly compare the out-
come of the LRD (+) group with that of the LRD (−) group,
because a potential interaction may exist between diffusion of
the lesions and the extent of the lesions, which was represent-
ed by the imaging score in our study. The extent of abnormal-
ity is generally believed to be related to the outcome of
patients in encephalitis [2–5]. In order to delineate such po-
tential interaction, we used logistic regression analysis to
evaluate the association of LRD with the outcome of these
two groups of patients. Also, separately in the LRD (−) group
and LRD (+) group, we performed linear regression to assess
the correlation between patient outcome and imaging score.

The histopathologic basis of the decrease in ADC in en-
cephalitis is unclear because of a lack of correlation between
DWI images and pathologic slices of brain lesions. A decrease
in extracellular spaces may be a reasonable explanation in

Fig. 3 Pie chart shows the distribution of patients with LRD according to
associated agents

Table 1 Distribution of LRD and the three subgroups with different
imaging scores by GOS in 1st month and GOS in 12th month

GOS 1[12] LRD (+) LRD (−) I (0–4) II (5–8) III (9–12)

1 1[4] 1[4] 0[0] 0[1] 2[7]

2 2[2] 3[3] 2[3] 1[1] 2[1]

3 17[12] 8[5] 7[5] 9[7] 9[5]

4 8[7] 36[15] 24[15] 16[5] 4[2]

5 0[3] 7[28] 2[12] 2[14] 3[5]

Numbers in [] indicate data in 12th month
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areas of LRD [11]. The causes of LRD in encephalitis have
been attributed to the swelling of neuroglial cells or myelin
resulting in cytotoxic edema [15, 22]. In encephalitis, LRDs
were more readily observed in necrotizing encephalitis with
neuropathologic findings of perivascular cuffing and inflam-
matory infiltrates [10, 12, 13]. In a series of neonatal herpes
type 2 encephalitis, many of the LRDs progressed to irrevers-
ible changes on follow-up imaging [14]. Our purpose was to
study the clinical significance of LRD in encephalitis, and our

results suggested that patients having LRDs had poorer out-
come than those without LRDs.

Concerning imaging score, multivariate logistic regression
analysis showed imaging score to be a significant risk factor
for unfavorable outcome only at 12th month follow-up
(P<0.043), in which subgroup III had a higher risk for unfa-
vorable outcome (OR, 4.70; P=0.20) when compared with
subgroup I (Table 2). In the LRD (+) group, significant neg-
ative correlation was found between imaging score and GOS

Fig. 4 Scatterplots show
moderate negative correlation
between the imaging score and
GOS at 1 month (a) and GOS at
12 months (b) in the patients with
LRD
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at both 1st month and 12th month follow-up (Fig. 4). On the
other hand, in the LRD (−) group, no significant correlation
was found between imaging score and GOS. Thus, our results
suggest that the extent of abnormality, represented by imaging
score, has greater clinical significance in the LRD (+) group
than that in the LRD (−) group and also greater significance at
long-term follow-up.

Time to imaging showed no significant difference be-
tween the LRD (+) group and the LRD (−) group. Al-
though 95 % of our patients were imaged within 2 weeks
after disease onset or at acute or subacute stage of the
disease, more than 60 % of patients had no LRD. Previous
reports of encephalitis revealed restricted diffusion in
lesions at the acute stage of disease [6–9]. Having com-
parable time to imaging and more study subjects than in
the reported series, our study did not find restricted dif-
fusion in the lesions of more than 60 % of subjects.
Moreover, in some cases of encephalitis such as JE,
DWI occasionally did not show restricted water diffusion
in the early stage [10]. In view of the fact that more than
half of our patients did not show LRD at the acute stage,
we suggested that LRD in acute encephalitis might not be
completely explained by the time to imaging (that is,
patients having LRD because they were imaged at the
acute stage of disease) as has been previously reported.
Serial follow-up imaging studies may help clarify the
nature of LRD by showing the evolvement or evolution
of LRDs.

The lack of significant correlation between the extent of
abnormality and the clinical outcome in the LRD (−) group
and that imaging score was not a significant risk factor for

unfavorable outcome in 1st month on multivariate logistic
regression, both suggest that the conventional MRI may not
be effective in predicting the clinical outcome of patients with
encephalitis, particularly at short-term follow-up. In contrast
to the previous studies revealing an association of poor out-
come with imaging abnormalities [2–5], our results did not
support such an association in the majority of patients. This
discrepancy may be explained by our use of a comparatively
more systematic imaging scoring method covering the entire
brain, various and different causative agents in our patients,
and a relatively large number of patients in our cohort. The use
of DWI and more frequent follow-up MR studies in patients
with clinical progression may detect LRDs which are associ-
ated with poor outcome.

Diffusion imaging may help in the differential diag-
nosis of acute encephalopathy. Patients with acute dis-
seminated encephalomyelitis (ADEM) can have neuro-
logic symptoms and signs resembling those of enceph-
alitis [23]. In ADEM, besides typical abnormalities in
the periventricular and subcortical white matter, neuro-
imaging studies have revealed involvement of the gray
matter in 50 % of patients and that of the brain stem in
30 % of patients [24, 25]; thus, ADEM may occasion-
ally be difficult to differentiate from encephalitis. A
recent study of diffusion imaging of ADEM [18] report-
ed vasogenic edema, suggested by increased water dif-
fusion, which was present in the majority (12 out of 16)
of patients. This predominance of vasogenic edema may
allow ADEM to be distinguished from encephalitis,
particularly when the patients with encephalitis have
cytotoxic edema.

Table 2 Results of univariate and multivariate logistic regression analysis of the association of patient and imaging characteristics with unfavorable
outcome

Parameter Univariate analysis odds ratio
(95 % confidence interval)

P value Multivariate analysis odds ratio
(95 % confidence interval)

P value

Clinical outcome in 1st month

Age 0.832 (0.721, 0.960) 0.012 0.839 (0.718, 0.980) 0.026

Sex 1.540 (0.606, 3.913) 0.364 NA NA

Imaging score 0.020 0.277

Subgroup 2 vs 1 1.605 (0.544, 4.739) 0.392 1.260 (0.354, 4.482) 0.722

Subgroup 3 vs 1 5.365 (1.630, 17.656) 0.006 3.156 (0.759, 13.131) 0.114

LRD 8.958 (3.166, 25.346) 0.000 9.819 (2.967, 32.494) 0.000

Clinical outcome in 12th month

Age 0.939 (0.831, 1.059) 0.304 NA NA

Sex 1.047 (0.414, 2.646) 0.923 NA NA

Imaging score 0.010 0.043

Subgroup 2 vs 1 1.599 (0.522, 4.893) 0.411 1.137 (0.335, 3.866) 0.837

Subgroup 3 vs 1 6.268 (1.867, 21.042) 0.003 4.701 (1.276, 17.311) 0.020

LRD 6.45 (2.365, 17.594) 0.000 5.771 (1.982, 16.801) 0.001

NA not available (values are not presented for variables not included in multivariate analysis)
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Limitations

Our study was a collection of subjects who underwentMRI on
3 or 1.5 T scanners. A recent study of DWI using a phantom
revealed that the ADC value and the lesion-to-background
contrast ratio were different on 1.5 and 3 T scanners [26].
However, we believe that such differences were not large
enough for an observer to recognize or to miss a lesion.
Moreover, this study only focused on the presence of LRD,
but not the ADC value of lesions which depends on the field
strength of the scanner. We did not measure the amount of
ADC reduction and did not correlate the extent of LRDs with
patient outcome; otherwise, there would be too few subjects in
each subgroup after stratification. Finally, our subjects had
various or unknown etiologies of encephalitis. Less than 50%
of patients had identified causative agents.

Conclusion

Patients with LRD have a worse clinical outcome than those
without LRD. In patients with LRD, those with a greater
extent of abnormality have a poorer outcome.
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