
Introduction

Japanese encephalitis (JE) is the commonest endemic
encephalitis in southeast Asia, including India [1]. The
diagnosis is commonly based on demonstrating a rising
titre of antibodies against JE virus in acute and conva-
lescent sera [2, 3]. There is a delay of at least 7 days be-
fore the diagnosis can be confirmed. In an endemic area,
it is important to differentiate JE from herpes simplex
encephalitis for rational therapy with acyclovir. Our
initial studies on radiological and neurophysiological
changes in JE revealed characteristic thalamic lesions
[4]. In a recent study, encephalopathy with bilateral
thalamotegmental involvement was reported from Ja-
pan but the possibility of JE was not considered [5]. We
report MRI changes in seven patients with JE.

Patients and methods

We examined seven patients with JE by MRI 10–60 days after the
onset of their illness. Their ages ranged between 2 and 47 years;
five were male. The diagnosis was confirmed in all patients by a
positive haemagglutination inhibition test, for IgM and IgG anti-
bodies to JE [2]. A four-fold or greater rise in IgG was considered
diagnostic. In five patients the initial titres were 1 : 40 and in the
remainder 1 :20. In the convalescent period a four-fold or greater
rise in titres was present in all patients, between 1 :80 and 1 : 320.
The detailed clinical and neurophysiological findings have been
reported previously [4].

MRI of the brain and spine was carried out on a 1.5 T imager
using a circularly polarised head coil and oval spinal coil, respec-
tively. The patients were sedated if indicated. The brain was im-
aged in all patients, and the spine in three only. Spin-echo pulse
sequences were used to image the brain in the axial and cervical
spine in the sagittal plane. T1-weighted images were obtained us-
ing repetition time (TR) 600–680 ms, echo time (TE) 15 ms, num-
ber of excitations (nex) 3, slice thickness 3–5 mm, interslice gap
0.3–0.5 mm, field of view 230–280 mm, and a 256 × 256 matrix. For
proton-density and T2-weighted images, the parameters were: TR
2200–2500, TE 20/80 ms, 1 nex, slice thickness 3–5 mm, interslice
gap 0.3–0.5 mm, field of view 230–280 mm and matrix 256 × 256.
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Abstract We document the MRI
features in seven patients with Japa-
nese encephalitis. MRI was carried
out on a 1.5 T system within 10–
60 days of onset. In all the patients
MRI revealed bilateral thalamic le-
sions, haemorrhagic in five. Signal
changes were present in the cere-
brum in four patients, the midbrain
and cerebellum in three each, the
pons in two and the basal ganglia in
one. The lesions were haemorrhagic
in three of the four patients with le-
sions in the cortex, two of the three
with lesions in the midbrain and
cerebellum, but the pontine lesions

were haemorrhagic in both patients.
Spinal cord involvement was seen in
one of the three patients who un-
derwent MRI. In two patients MRI
was repeated 3 years after the onset,
showing marked reduction in ab-
normal signal; and all the lesions
gave low signal on both T1- and T2-
weighted images. Bilateral thalamic
involvement, especially haemor-
rhagic, may be considered charac-
teristic of Japanese encephalitis, es-
pecially in endemic areas.
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The lesions were classified as haemorrhagic or nonhaemorrhagic
[6].

The recovery of the patients was assessed at 3 months and
classified as poor, partial or complete. Poor recovery was defined
as bedridden, partial as dependence for activities of daily life, and
good as complete independence. In two patients, MRI was re-
peated after 3 years of illness, when the patients had recovered
completely.

Results

MRI revealed thalamic involvement in all patients. The
distribution and nature of signal changes are summa-
rised in Table 1. The lesions gave high signal on T1-
weighted images in five patients, uniformly in three and
with a thin high-signal rim surrounding an isointense
centre in two. On T2-weighted images, these lesions had
a mixed intensity pattern, the most common being a
low-signal rim of varying thickness surrounding a high-
signal centre (Fig. 1 b). In the other two patients, the
thalamic lesions gave low signal on T1-weighted and
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Table 1 MRI pattern of thalamic lesions in seven patients with Japanese encephalitis (T1W, T2W T1-, T2-weighted, PDW proton den-
sity-weighted; + increased signal, – decreased intensity, m mixed, * isointense)

Patient Glasgow
Coma Scale

Recovery Day of MRI Thalamus

Right Left

T1W T2W PDW T1W T2W PDW

1 4 Complete 10 +a + + + + +
2 4 Partial 15 + m + + m +
3 5 Complete 20 + m + + m +
4 4 Partial 30 + m + + m +
5 5 Partial 45 – + * – + *
6 15 Complete 60 + m + + m +
7 5 Poor 60 – + + – + +

Fig. 1a–f Patient 1. Axial T2-
weighted images showing ab-
normal signal changes in the
acute stage (a–c) and 3 years
later (d–f). There was marked
reduction of signal changes in
cortex, thalamus and pons,
which were replaced by low
signal at follow-up (patient
no.1)

a b c

d e f



high signal on T2-weighted images. On proton-density
images, the lesions were isointense in one of these pa-
tients and gave high signal in the other.

Signal changes were seen in cerebral cortex in four
patients and in the cerebellum in three. In three the
cortical lesions (bilateral in two) gave nonspecific signal.
In one patient, T1-weighted images revealed a thick
high-signal rim around an isointense centre, while on
T2-weighted images the periphery gave high signal with
a low-signal centre in one area, and high signal on both
T1- and T2-weighted images in another (Fig. 2). Cere-
bellar lesions were bilateral in two of the three affected
patients. In one they gave high signal on T1- (Fig. 2) and
low signal on T2-weighted images on both sides. In the
other two, the lesions gave nonspecific signal.

The midbrain was involved in three patients, with
nonspecific signal change in two of them (Fig. 3). In the
third, the lesions gave high signal on both T1- and T2-
weighted images. Two patients had central pontine le-
sions which gave high signal on T1 weighting, and had a
low-signal rim around a central high-signal area on T2-
weighted images (Fig.1 c).

Lesions were seen in the basal ganglia bilaterally in
one patient, giving high signal on T1-weighted images.
On T2-weighting, the right-sided lesions gave low sig-
nal, while those on the left gave slightly high signal.

Cervical spinal cord involvement was present in one
patient, the lesion extending over four cervical vertebral

levels. It gave high signal on T2 weighting, but was iso-
intense on T1-weighted images. At least one additional
site was abnormal in addition to bilateral thalamic le-
sions in all patients.

The lesions varied in size from 5 mm in diameter to
very large areas occupying almost half a cerebral hemi-
sphere. The lesions were usually rounded, but cortical
lesions were irregular. White matter involvement was
seen in two patients. Significant mass effect was present
in only one patient. The haemorrhagic lesions displayed
various stages of evolution. All but one of the patients
had haemorrhagic lesions at least in one region. The
haemorrhagic lesions were present on images obtained
as early as 10 and as late as 60 days into the illness.
However, they correlated neither with the severity of
encephalitis as assessed by the Glasgow Coma Scale nor
with outcome at 3 months.

MRI in two patients after 3 years revealed marked
reduction of signal changes; the residual lesions gave
low signal on both T1 and T2 weighting in the thalamic
and pontine areas (Fig. 1 d–f).

Discussion

All our patients had bilateral haemorrhagic thalamic
involvement. Other areas involved included the mid-
brain, pons, cerebellum, basal ganglia, cerebral cortex
and spinal cord. Our findings were consistent with the
reported distribution of pathological changes [3]. In JE,
diffuse meningoencephalitis affecting both grey and
white matter of the cerebral hemispheres, basal ganglia,
brain stem, cerebellum and thalamus has been reported
in the autopsy studies [3]. Diffuse inflammatory changes
are also found in the spinal cord, particularly in the lat-
eral columns. Histology reveals cerebral oedema, con-
gestion, small capillary haemorrhages and perivascular
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Fig. 2a, b Patient 4. a T1-weighted image showing bilateral high
signal lesions in the thalamus and extensively in the left hemi-
sphere. b T2-weighted image showing a low-signal rim surround-
ing high-signal lesions in the thalamus. The left frontal region gives
low signal, while the temporoparietal region gives increased signal.
Periventricular high signal is also seen

Fig. 3 Axial T2-weighted image showing high-signal lesions in the
midbrain



lymphocytes [3, 7]. Perivascular necrotic foci are also
present. These findings however, are those of autopsy
studies of patients dying of the disease.

We found a high frequency of haemorrhagic areas,
especially in the thalamus [6], a finding not emphasised
by other groups [8, 9]. These haemorrhagic lesions did
not correlate with the severity of the illness or with the
outcome. Extensive capillary haemorrhages may have
been responsible for the changes we saw, which could be
due to a more virulent strain of the virus. Routine CT
may not reveal subacute or chronic haemorrhage, while
MRI carried out within 3–4 days of the onset of disease
may not reveal haemorrhagic lesions. In all our patients
the initial imaging was carried out 10-60 days after the
onset. In a follow-up study reported by Shoji et al. [9]
MRI in three patients after 1–3 years did not reveal any
haemorrhagic areas, Evidence of chronic haemorrhage
can, however, persist for many years [9, 10]. In two of
our patients MRI after 3 years showed marked reduc-
tion of signal changes and the lesions gave low signal on
T2 weighting. These results differ from those of Shoji et
al. [9], who found the lesions continued to give high sig-
nal on T2-weighted images after 1–3 years.

Haemorrhagic thalamic lesions may occur in a large
number of conditions [11–14]. Tumours may be ex-
cluded on the basis of the clinical presentation. Simi-
larly, the diagnosis of Wernicke’s encephalopathy may
be aided by the typical history of ethanolism with nutri-

tional deficiency and MRI reveals high signal on T2
weighting in the medial thalamic area [14]. Haemor-
rhagic thalamic infarcts have been reported in neonatal
asphyxia [15, 16]. Other causes of thalamic infarcts in-
clude thrombosis of the basilar artery or its perforating
branches, and deep cerebral vein thrombosis [14, 17].
Occasionally, tentorial herniation following head injury
may cause thalamic infarcts [18]. Low signal in the thal-
amus on T2-weighted images has been reported in a
variety of metabolic illnesses [19–24].

Among the viral infections involving the central ner-
vous system, differentiation solely on imaging is diffi-
cult, with the exception of herpes simplex encephalitis
with its preferential involvement of the temporal and
inferior frontal lobes [25]. In mumps, demyelinated foci
are scattered throughout the central nervous system
[26]. Involvement of basal ganglia along with white
matter has been described in subacute sclerosing pa-
nencephalitis [27], whereas asymmetrical subcortical
white matter involvement is seen in acute disseminated
encephalomyelitis [28]. A periventricular white matter
pattern has been described in HIV encephalitis [29].

Spinal cord involvement in JE has been reported on
clinical grounds [30], histopathological changes [31] and
electrophysiology [4]. In our study, only one patient had
abnormal signal intensity in the spinal cord. It is possible
that contrast-enhanced MRI might have revealed a
greater frequency of spinal cord involvement.

183

References

1. Umenai T, Krzysko R, Bektimorov TA,
Assaad FA (1985) Japanese encephali-
tis: current worldwide status. Bull
WHO 63: 625–631

2. Mathur A, Arora KL, Rawat S, Chat-
urvedi UC (1986) Persistence, latency
and reactivation of Japanese encephali-
tis virus infection in mice. J Gen Virol
67: 381–385

3. Bharucha NE, Bharucha EP (1991)
Neurology in India. In: Bradley WG,
Daroff RB, Fenichel GM, Marsden CD
(eds) Neurology in clinical practice.
Butterworth-Heinemann, Boston,
pp1925–1941

4. Misra UK, Kalita J, Jain SK, Mathur A
(1994) Radiological and neurophysio-
logical changes in Japanese encephali-
tis. J Neurol Neurosurg Psychiatry 57:
1484–1487

5. Yagishita A, Nakano I, Ushioda T, Ot-
suki N, Hasegawa A (1995) Acute en-
cephalopathy with bilateral thalamote-
gmental involvement in infants and
children, imaging and pathology find-
ings. AJNR 16: 439–447

6. Bradley WG (1993) MR appearance of
haemorrhage in the brain. Radiology
189: 15–26

7. Johnson RT, Burke D, Elwell M, Leake
CJ, Nisalak A, Hoke CH, Lorosomru-
dee W (1985) Japanese encephalitis:
immunocytochemical studies of viral
antigen and inflammatory cells in fatal
cases. Ann Neurol 18: 567–573

8. Shoji H, Hiraki U, Kuwasaki N, Toyo-
masu T, Kaji M, Okudera T (1989) Jap-
anese encephalitis in the Kurume re-
gion of Japan: CT and MRI findings. J
Neurol 236: 255–259

9. Shoji H, Murakami T, Murai I, Kida H,
Sato Y, Kojima K, Abe T, Okudera T
(1990) Follow up study by CT and MRI
in three cases of Japanese encephalitis.
Neuroradiology 32: 215–219

10. Thulborn KR, Atlas SW (1991) Intra-
cranial hemorrhage. In: Atlas SW (ed)
Magnetic resonance imaging of the
brain and spine. Raven Press, New
York, pp175–222

11. Partlow GD, del Carpio-O’ Donovan R,
Melanson D, Peters TM (1992) Bilat-
eral thalamic glioma: review of eight
cases with personality changes and
mental deterioration. AJNR 13: 1225–
1230

12. Kobayashi T, Yoshida J, Kida Y (1989)
Bilateral germ cell tumours involving
the basal ganglia and thalamus. Neuro-
surgery 24: 579–583

13. Drayer BP (1988) Imaging of aging
brain. II. Pathological conditions. Radi-
ology 166: 797–806

14. Harter SB, Nokes SR (1995) Gadolin-
ium-enhanced MR findings in a pediat-
ric case of Wernike’s encephalopathy.
AJNR 16: 700–702

15. Volt T, Lemberg P (1987) Damage of
thalamus and basal ganglia in asphyxi-
ated full-term neonates. Neuropaediat-
rics 18: 176–181

16. Wang HS, Huang SC (1993) Infantile
panthalamic infarct with a striking
sonographic finding: the “bright thala-
mus”. Neuroradiology 35: 92–96



184

17. Erbguth F, Brenner P, Schuierer G,
Druschky K-F, Neundörfer B (1991)
Diagnosis and treatment of deep cere-
bral vein thrombosis. Neurosurg Rev
14: 145–148

18. Endo M, Ichikawa F, Miyasaka Y, Yada
K, Ohwada T (1991) Capsular and tha-
lamic infarcts caused by tentorial her-
niation subsequent to head trauma.
Neuroradiology 31: 296–299

19. De Haan J, Grossman RI, Civitello L, et
al (1987) High field magnetic resonance
imaging of Wilson’s disease. J Comput
Assist Tomogr 11: 132–135

20. Braffman BH, Trojanowski JQ, Atlas
SW (1991) The aging brain and neuro-
degenerative disorders. In: Atlas SW
(ed) Magnetic resonance imaging of the
brain and spine, Raven Press, New
York, pp567–624

21. Brunberg JA, Kanal E, Hirsch W, Davis
PL, Van Thiel DH (1988) Chronic ac-
quired hepatic failure: MR imaging of
the brain. AJNR 9: 1034–1035

22. Chang KH, Han MH, Kim HS, Wie BA,
Han MC (1992) Delayed encephalopa-
thy after acute carbon monoxide intox-
ication: MR imaging features and dis-
tribution of cerebral white matter le-
sions. Radiology 184: 117–122

23. Jacobs BC, Brandt-Zawadski M (1992)
Ischaemia. In: Stark DD, Bradley WG
(eds) Magnetic resonance imaging.
Mosby, St. Louis, pp636–669

24. Medina L, Chi TL, DeVivo DC, Hilal
SK (1990) MR findings in patients with
subacute necrotizing encephalopathy
(Leigh’s syndrome). Correlation with
biochemical defect. AJNR 11: 379–384

25. Schroth G, Kretzschmar K, Gawehn J,
Voight K (1987) Advantages of mag-
netic resonance imaging in the diagno-
sis of cerebral infections. Neuroradiol-
ogy 29: 120–126

26. Tarr RW, Edwards KM, Kessler RM,
Kulkarni MV (1987) MRI of mumps
encephalitis: comparison with CT eval-
uation. Pediatr Radiol 17: 59–62

27. Tsuchiya K, Yamauchi T, Furui S, et al
(1988) MR imaging vs CT in subacute
sclerosing panencephalitis. AJNR 9:
943–946

28. Atlas SW, Grossman RI, Goldberg HI,
et al (1986) MR diagnosis of acute dis-
seminated encephalomyelitis. J Comput
Assist Tomogr 10: 798–801

29. Olsen WL, Longo FM, Mills CM, Nor-
man D (1988) White matter disease in
AIDS: findings at MR imaging. Radiol-
ogy 169: 445–448

30. Kumar R, Agarwal SP, Waklu I, Misra
PK (1991) Japanese encephalitis – an
encephalomyelitis. Indian Pediatr 23:
1525–1533

31. Zimmerman HM (1946) Pathology of
Japanese encephalitis. Am J Pathol 22:
965–991


