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Abstract DWTI has been described in some reports to be
superior to FLAIR in early stage herpes simple virus
encephalitis (HSE). Few data exist on detailed topo-
graphical MRI analysis in HSE. Our aim was to study
DWI and FLAIR, and analyse topographically these
sequences in non-neonatal HSE patients with MRI per-
formed within 60 days. Eleven HSE patients were anal-
ysed retrospectively. For topographical analysis, we
developed a radiological 50-point score (25 points for
each hemisphere, with each point corresponding to a brain
area). In patients with MRI performed within 2 weeks
(n =9), DWI detected 11 % more areas involved than
FLAIR. Thalamic involvement was frequent (67 %) in the
early phase on FLAIR, being the only brain substructure
better visualized on FLAIR than on DWI. In areas
involved on both sequences, DWI showed more extensive
(especially cortical) abnormalities in 14 % of the areas. In
patients with late MRI (n = 2), FLAIR was superior to
DWI (with essentially white matter involvement). From
the mesial temporal area, brain signal changes followed a
centripetal (i.e. towards anterior, posterior, and superior
parts of the brain) gradient. The cut-off score before
involving the contralateral hemisphere was 8-9/25 in the
initially involved hemisphere. DWI is slightly superior to
FLAIR in acute—subacute HSE, except for the thalamus
with FLAIR signal changes more frequently seen than
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earlier reported. Knowledge of typical topographical MRI
involvement can help to differentiate from other condi-
tions mimicking HSE.
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Introduction

Herpes simple virus encephalitis (HSE) is a life-threatening
disease. Early diagnosis is essential since delayed diagnosis
is associated with increased neurological deficit or death.
Herpes simplex virus (HSV) primarily affects neurons,
explaining the primary cortical distribution of HSE fol-
lowed by secondary white matter involvement. In HSE,
diffusion-weighted imaging (DWI) has been reported to
show well (often even better, especially in early stage
disease) and often earlier signal changes than on fluid-at-
tenuated inversion recovery (FLAIR) sequences [1-10]. In
these reported cases, low ADC values were often associ-
ated. Most reports comparing diffusion imaging with
FLAIR/T2-weighted imaging in HSE, however, are based
on DWI rather than on ADC imaging. Where diffusion
abnormalities seem to subside after 2 weeks, FLAIR/T2
hyperintensities (together with gadolinium-enhancement)
persist for several weeks.

In neonatal HSE, large series of patients have been
analysed by MRI, showing diffuse, bilateral, and multilo-
bar involvement [11]. In these neonatal HSE patients,
thalamic involvement has been described in some patients
[11].

In non-neonatal HSE, only a few studies analysed series
of patients with DWI MRI [8-10]. In the largest study, by
analysing DWI in viral encephalitis (including ten HSE
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patients), the majority of patients showed DWI as superior
to conventional MRI in detecting signal abnormalities
(although it was not specified in how much of the HSE
patients this was the case) [9]. Most other reports
describing DWI in non-neonatal HSE are case reports or
very small series (including one series of three HSE
patients and another study analyzing seven HSE patients)
[9, 10]. In one relatively large study, comparing patients
with human herpes virus 6 (n = 8) and HSV (n =9)
encephalitis, DWI was not found to be superior to FLAIR
in HSE patients [12]. In non-neonatal HSE, thalamic
involvement seems to be extremely rare.

Very few data exist on detailed anatomical MRI analysis
of different brain substructures in HSE [12].

Our aim was to compare DWI and FLAIR sequences,
and analyse the involvement of different brain substruc-
tures in non-neonatal HSE on both these MRI sequences
performed within 60 days after symptom onset.

Methods

We searched, retrospectively, in the neurological database
of our centre (CHU Nimes, France) between January 2008
and December 2014 for non-neonatal HSE cases. Eleven
HSE patients (3 women and 8 men) were found with MRI
performed (including DWI and FLAIR sequences) within
60 days. Patient characteristics are shown in Table 1. Mean
age of patients was 54 (range 8-84). MRI was performed
after a mean of 15 days after symptom onset, with 9
patients who had first MRI within 2 weeks, whereas 2
patients had MRI at day 56). Different MRI scans and field
strengths (03T, n=2; 1 T, n=3, 15T, n=3; 3T,
n = 3) were used with slightly different TR and TE

Table 1 Clinical and radiological characteristics of the included HSE
patients

Nr Sex Age Disease FLAIR score DWI score
duration  (=ipsi + (=ipsi +
(days) contralateral) contralateral)
1 F 49 3 7/50 (=7+0) 9/50 (=9+0)
2 M 84 11 27/50 (=21 + 6)  25/50 (=19 + 6)
3 M 17 6 20/50 (=16 +4)  21/50 (=15 + 6)
4 M 73 8 19/50 (=14 +5)  30/50 (=19 + 11)
5 M 77 56 26/50 (=16 4+ 10)  15/50 (=10 + 5)
6 M 70 3 6/50 (=6+0) 6/50 (=6+0)
7 F 8 2 11/50 (=9+2) 11/50 (=9+2)
8 M 13 4 11/50 (=10 + 1)  13/50 (=11 + 2)
9 M 50 56 12/50 (=8+4) 0/50 (=0+0)
10 F 80 12 23/50 (=18 +5)  23/50 (18 +5)
11 M 78 7 8/50 (=8+4-0) 8/50 (8 + 0)
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parameters. Slice thickness of 5 mm, without interslice
gap, was identical for all patients.

To analyse different brain substructures, we developed a
radiological 50 points score (25 points for each hemi-
sphere). Each point corresponded to a brain area, taking
into account preferentially areas typically involved in HSE.
HSE typically involves temporal and frontal lobes.
Therefore, relatively many points were attributed to these
lobes (and thus each point corresponding to a relative small
area in these lobes). In each hemisphere, on axial slices, we
attributed 9 points for the temporal lobe, 9 for the frontal
lobe, 3 for the parietal lobe, 2 for the occipital lobe, and 2
for the deep grey matter. Figure 1 shows the different brain
areas taking into account by our score.

For the temporal lobe, we considered the following
areas: On axial view at pontine level, the inferior part of the
temporal pole (1 point). On axial view at the level of the
uppermost part of the mesencephalon, the anterior part of
the mesial temporal area (1 point), the posterior part of the
mesial temporal area (1 point), the area between the limen
insulae and the uncus (1 point), the anterior part of the
lateral temporal lobe (1 point), and the posterior part of the
lateral temporal lobe (1 point). On axial view at the sub-
thalamic level: the limbic area (1 point). On axial view at
insular level: the anterior part of the lateral temporal lobe
(1 point) and the posterior part of the lateral temporal lobe
(1 point).

For the frontal lobe, the following areas were con-
sidered: On axial view at the level of the uppermost part
of the mesencephalon and the orbitofrontal cortex, the
posterior part of the gyrus rectus (1 point), the anterior
part of the gyrus rectus (1 point), the posterior part of
the orbitofrontal area (1 point), and the anterior part of
the orbitofrontal area (1 point). On axial view at the
level of the anterior part of the corpus callosum, the
anterior cingulate area (1 point), the polus frontalis (1
point), the inferior part of the lateral frontal area (1
point), and the insula (1 point). On axial views superior
to the uppermost parts of the lateral ventricles: the
superior part of the lateral frontal area and the mesial
frontal area (1 point).

For the parietal lobe: the lowest part of the precuneus
and the posterior cingulate area (1 point), the lateral pari-
etal area (1 point), and the mesial parietal area (1 point).

For the occipital lobe: the lateral occipital area (1 point)
and the mesial occipital area (1 point).

For the deep grey matter: the lentiform and caudate
nucleus (1 point), and the thalamus (1 point).

We started from the hypothetical premise that in all HSE
patients, MRI signal changes progress similarly over time.
We looked to the distribution of HSE lesions in our patients
and tried to propose an anatomical pattern of lesion pro-
gression in HSE.
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Fig. 1 FLAIR imaging of patient nr 2 is shown. In this patient, HSE-
related signal changes could be well visualized and scored, since MRI
could be compared with an earlier MRI performed for neurological
deficit related to vascular small vessel disease. Row I showing the

Results

In 4/11 patients, DWI score was higher than FLAIR. In all
these 4 patients, MRI was performed within 8 days. In 3/11
patients, FLAIR score was higher than DWI. In these 3
patients, MRI was performed 11 days or later after symp-
tom onset. In the remaining 4/11 patients, FLAIR and DWI
score were equal. In these 4 patients, MRI was performed
between day 2 and 12.

In the patients with MRI performed within 2 weeks,
DWI detected overall more involved areas than FLAIR
(146 against 132 areas, respectively, i.e. 14 areas more,
corresponding to 11 %). In these patients, when con-
sidering each brain area, 19 areas (all cortical-subcortical
zones) were pathological on DWI with normal FLAIR
signal, and 5 areas (4 times the thalamus and 1 time the
anterior part of the mesial temporal area) showed FLAIR

areas scored for the temporal lobe (1-9). Row 2 showing the scored
areas for the frontal lobe (1-9). Row 3 showing the areas scored for
the parietal lobe (1-3), the occipital lobe (4 and 5), and the deep grey
matter (6 and 7)

signal changes with normal DWI signal. In areas
involved on both sequences, DWI showed more exten-
sive signal changes in 18 out of 127 areas (14 %). In all
these 18 areas, DWI signal changes were especially
more extensive in the cortex. In these patients with early
(within 2 weeks) MRI, thalamic signal changes—espe-
cially in the mesial posterior part (Fig. 2)—were seen in
6 patients on FLAIR (patient nr 2, 3, 5, 7, 8) and also
only present on DWI in 1 (patient nr 4) out of these 6
patients.

In the patients where MRI was performed late (n = 2,
patient nr 5 and 9, both on day 56), FLAIR was clearly
superior to DWI with (38 involved areas against 15,
respectively). In these patients, the white matter was more
hyperintense than the cortex, and DWI hyperintensity
(when present) was far less pronounced than in patients
where MRI was performed early.
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Fig. 2 MRI in three of the six
HSE patients with thalamic
involvement on FLAIR

The lentiform nucleus and the caudate nucleus were
never involved in our patients. The occipital lobe was
involved in only one patient (patient nr 10).

In the seven patients with parietal lobe involvement, six
had lateral parietal involvement (associated in three
patients with precuneus involvement) and one patient had
only precuneus involvement, all in absence of mesial
parietal signal changes. The superior parts of the frontal
lobes are involved (n = 3), however, the mesial part was
clearly more severely involved than the lateral part.

When confounding all patients and sequences, the mesial
temporal structures (the anterior and posterior part of the
mesial temporal area, the area between the limen insulae and
the uncus and the posterior limbic area), and the inferior—
anterior part of the lateral temporal lobe were involved in all
patients. The inferior part of the temporal pole and the pos-
terior—superior part of the lateral temporal lobe were the last
temporal lobe substructures involved, preceded by frontal
insular involvement. Temporal and insular involvement was
followed by parietal involvement (precuneus/posterior cin-
gulate area and/or lateral parietal area) and/or involvement
of the posterior parts of the gyrus rectus and the orbitofrontal
area. This was followed by involvement of the mesial part of
superior frontal lobe followed by involvement of the anterior
parts of the gyrus rectus and the orbitofrontal area. The polus
frontalis, the inferior part of the lateral frontal area, and the
superior part of the lateral frontal area seem to be the last
frontal lobe substructures involved. The thalamus started to
show signal changes on FLAIR when the insula and the
parietal lobe were also involved.

On FLAIR and DWI, involvement was strictly unilateral
when the score was <8/50 and <9/50, respectively. Asso-
ciated contralateral involvement was seen in all patients
with FLAIR score >8/50 and with DWI score >9/50.

Discussion
Although still relatively small, we present the largest series

of patients with non-neonatal HSE (n = 11) analyzed by
FLAIR and DWI. Signal changes on FLAIR and DWI
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clearly differed in function of the time the MRI was
performed.

In patients in whom MRI was performed within 2 weeks
after symptom onset, DWI showed as many or more brain
areas involved when compared to FLAIR. In patients with
early MRI and equal number of involved brain areas on
FLAIR and DWI, lesions were often better seen (especially
in the brain cortex) on DWI than on FLAIR. Although
almost never reported in non-neonatal HSE, two-third of
our patients with early MRI had thalamic signal changes,
almost exclusively present on FLAIR. In contrast to other
brain areas, FLAIR seems to be superior to DWI with
regard to the thalamus. Recently, thalamic pulvinar signal
changes, especially on DWI, have been described in
patients with seizures [13]. HSE is often associated with
seizures. In our six patients with thalamic changes on
FLAIR, only one showed associated DWI abnormalities
and only two patients had clinical and/or electrophysio-
logical (on electroencephalography) arguments in favour of
epilepsy. Therefore, these thalamic signal changes seemed
to be part of the radiological spectrum of possible MRI
abnormalities seen in early stage HSE. These thalamic
signal changes can be missed easily when not systemati-
cally analysed and because of the associated—often mas-
sive—cortico-subcortical abnormalities.

Because of the small number of patients included with
late  MRI (showing predominant subcortical FLAIR
lesions), no firm conclusions can be made for these
patients.

HSE typically starts unilaterally. Associated contralat-
eral involvement is seen when lesions extend in the initially
involved hemisphere. Based on our data, the cut-off score
before involving the contralateral hemisphere seems to be
8-9/25 in the initially involved hemisphere.

Limitations of our study are the relatively small patient
numbers, the retrospective character of our analyses, and
the fact that different brain MRI scans and field strengths
were used.

The premise that lesion progression in all HSE patients
is similar is only hypothetical. Theoretically to analyze
lesion progression, repeated MRI scans should be
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performed in each patient in the early phase (i.e. before
starting antiviral treatment) of HSE. In daily practice,
antiviral treatment is started promptly when HSE is sus-
pected (most often based on clinical presentation and CSF
data, thus often before MRI is performed). Therefore,
lesion progression can only be studied in an indirect way.
Although the diagnosis of HSE is mainly based on the
clinical presentation (with rapidly progressive symptoms)
and CSF analysis, some other disorders (also often mani-
festing with confusion/cognitive deficit—although classi-
cally more slowly progressive—and seizures) including
limbic encephalitis, gliomatosis cerebri, lymphoma may
mimic HSE on MRI. Knowledge of typical lesion distri-
bution and progression (although less typical cases have
been described earlier) can help to differentiate HSE from
other disorders sometimes mimicking HSE on MRI.
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