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Acute Encephalopathy with Bilateral Thalamotegmental Involvement
in Infants and Children: Imaging and Pathology Findings

Akira Yagishita, Imaharu Nakano, Takakazu Ushioda, Noriyuki Otsuki, and Akio Hasegawa

PURPOSE: To investigate the imaging and pathologic characteristics of acute encephalopathy
with bilateral thalamotegmental involvement in infants and children. METHODS: Five Japanese
children ranging in age from 11 to 29 months were studied. We performed CT imaging in all
patients, 10 MR examinations in four patients, and an autopsy in one patient. RESULTS: The
encephalopathy affected the thalami, brain stem tegmenta, and cerebral and cerebellar white
matter. The brain of the autopsied case showed fresh necrosis and brain edema without inflam-
matory cell infiltration. Petechiae and congestion were demonstrated mainly in the thalamus. CT
and MR images showed symmetric focal lesions in the same areas in the early phase. These lesions
became more demarcated and smaller in the intermediate phase. The ventricles and cortical sulci
enlarged. MR images demonstrated T1 shortening in the thalami. The prognosis was generally
poor; one patient died, three patients were left with severe sequelae, and only one patient im-
proved. CONCLUSIONS: The encephalopathy might be a postviral or postinfectious brain disor-

der. T1 shortening in the thalami indicated the presence of petechiae.
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A strange type of acute encephalopathy has
been reported in Japan (1-12). The acute en-
cephalopathy occurs in infants and young chil-
dren without sexual predilection and is pre-
ceded for several days by fever and symptoms
of upper respiratory infection. These symptoms
are followed by the rapid evolution of stupor and
coma, associated with generalized seizures and
decorticate and decerebrate rigidity without fo-
cal neurologic or meningeal signs. Although
acute encephalopathy is similar to Reye syn-
drome, computed tomography (CT) images
demonstrate symmetrical focal lesions in the
thalami and brain stem tegmentum, frequently
accompanied by abnormalities in the cerebral
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and cerebellar white matter. All patients in
whom this condition has been diagnosed thus
far have been Japanese infants and children, as
far as we know. Here, we described the cranial
magnetic resonance (MR) images of acute en-
cephalopathy as compared with the pathologic
findings in the brain of one autopsied case.

Methods

Five Japanese patients (four boys and one girl) were
studied; age range was 11 months to 2 years, 5 months.
No family history of acute encephalopathy was obtained.
No patients had been recently immunized. All patients
underwent CT examinations. During the first month of
hospitalization, we performed CT examinations almost ev-
ery week. Enhanced CT images with contrast medium
were obtained from patients 3, 4, and 5. We performed 10
MR examinations in four of five patients. MR imaging was
obtained by either a 1.5-T (patients 2 and 3) or a 0.5-T
(patients 4 and 5) superconducting system. Spin-echo
T1-weighted images (500-600/26/2 [repetition time/
echo time/excitations] at 0.5 T, 500/15/4 at 1.5 T) and
T2-weighted images (2000/100/2 at 0.5 T, 2500-3000/
80-100/1 at 1.5 T) were obtained. The section thickness
was usually 8 mm. Two patients (patients 2 and 3) under-
went enhanced MR examinations with gadopentetate
dimeglumine (0.1 mmol/kg).
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TABLE 1: Clinical findings on admission
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Conscious-

Protein Level Glucose Level

Patient Age, Sex Fever Vomiting Convulsion ness SGOT* Hyper- . in the CSF, CsF . in the CSF,
mo . ammonemia Pleocytosis
Disturbance mg/dL mg/dL

1 14 M + + + + + e - - -

2 12 M + - + + ++ - . - 37

3 26 F + - + + + - 140 - -

4 11 M + + + + ++ - - - -

5 29 M + - + + ++ - - - -
Note.—+ indicates positive; —, negative or normal; and CSF, cerebrospinal fluid.

*Serum glutamic oxaloacetic transaminase: —, 50 IU/L or less; +, 50-100 Id/L; ++, 100-300 Id/L.

We performed an autopsy in one case (patient 1). Brain
specimens were stained with hematoxylin-eosin, Kliver-
Barrera method for myelin sheaths, and Bodian method for
silver staining.

Results

Clinical findings on admission and imaging
findings at various stages are summarized in the
Tables 1 and 2. Although stains and cultures of
the cerebrospinal fluid and blood cultures were
negative, fever and symptoms of upper respira-
tory infection preceded the neurologic symp-
toms in all of the patients. Serum influenza A
virus titers were elevated in patients 4 and 5, but
no virus titers were elevated in patients 1, 2, or
3. The prognosis was generally poor; patient 1
died, patients 3 and 4 remained in a vegetative
state and in patient 5 spastic quadriplegia de-
veloped with relatively good cognitive abilities.
Only patient 2 improved without sequelae. All
patients received antipyretics for the preceding
upper respiratory infection before the appear-
ance of neurologic symptoms, but not aspirin.
We performed no toxin screening tests.

CT images on admission (Fig 1) showed
symmetrical areas of low attenuation in almost
the whole thalami, pontine tegmenta, cerebel-
lum, and periventricular white matter of all pa-
tients except patient 3. MR images of patient 2
at admission demonstrated abnormalities in the
same areas as noted on CT images. All of these
exhibited prolonged T2 and T1 relaxation times
(Fig 2). Contrast-enhanced T1-weighted im-
ages showed abnormal enhancement only in
the margin of the thalami (Fig 2). MR images of
patient 3 on day 5 showed that the thalamic
lesions exhibited short T1 (Fig 3) and long T2.
All other lesions demonstrated prolonged T2
and T1. In the second through fourth week, the
areas of low attenuation or abnormal signal in-
tensity became more demarcated and smaller

in all regions. However, the lateral and third
ventricles and cortical sulci enlarged. Abnormal
contrast enhancement was observed on CT im-
ages of only patient 5 on day 14 (Fig 4). In the
intermediate and late phases, the lesions in the
thalami of patients 2, 3, and 4 showed abnormal
T1 shortening (Figs 2 and 3). Although the cor-
tical sulci and ventricles remained enlarged in
patients 3, 4, and 5, those of patient 2 enlarged
less than in the previous examinations (Fig 2).
We performed an autopsy in patient 1. The
autopsy was confined to the brain and a small
piece of the liver. The unfixed brain was swollen
with flattened sulci, but uncal or tonsillar herni-
ation was not seen. Coronal sections of the for-
malin-fixed brain showed symmetric wide-
spread softening with partial tissue dissolution
in deep portions of the thalamus, cerebral hemi-
spheres, brain stem tegmentum (Fig 1), and
deep regions of the cerebellum. Histologically,
all these areas consisted of fresh necrosis
without proliferation of reactive astrocytes or
microglial or inflammatory cell infiltration.
Perivascular infiltrate of an amorphous serum-
like substance was seen in the margin of the
lesion in the thalami, cerebral white matter, and
cerebellar white matter, but this was not ob-
served at the core of the lesion. The thalamus
demonstrated conspicuous rarefaction and
poor staining of the neuropil (Fig 1), marked
loss of neurons and glial cells, marked conges-
tion of veins and capillaries, and frequent pete-
chiae (Fig 1). In the mamillary bodies, there
was no neuronal loss or pallor of staining (Fig
1). As far as the cerebral arteries available for
microscopic examination were concerned,
there was no obvious obstruction or other sig-
nificant primary disease except wall necrosis
within the lesion. Hepatocytes were laden with
small lipid droplets without any obvious ten-
dency for their nuclei to remain in the center.
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Fig 1. Patient 1. A-C, CT images at admission show bilateral symmetric areas of low attenuation in the pontine tegmentum, the deep
portion of the cerebellar hemispheres (A), thalami, external capsule, periventricular white matter (B), and deep white matter (C). The
temporal horn is enlarged. The third ventricle is effaced.

D, Coronal section of the formalin-fixed brain. Almost the whole thalamus on both sides demonstrates softening with brown
discoloration and partial tissue dissolution, indicating symmetric necrotic lesions (asterisk). In addition, the white matter of the temporal
lobe (arrows) and internal capsule (arrowhead) are involved with loss of normal white tint.

E, Almost the entire thalamus shows pallor (asterisk) with frequent petechiae (arrowhead). The hypothalamic portion including the
mamillary body (curved arrow) is relatively preserved. The internal capsule (/) and parts of the cerebral white matter (arrow) are also
pale. Myelin stain (Kliver-Barrera method), X2. (Continues.)
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Discussion

We found 26 patients with acute encephalop-
athy in previous reports including our five cases
(1-12) (12 boys and 13 girls; age range, 6 to 96
months; mean age, 22.7 months). No family
history of acute encephalopathy was obtained.
No patients had been immunized just before the
onset. Laboratory studies demonstrated an ele-
vation of serum transaminases in all of the pa-
tients. However, hyperammonemia and hypo-
glycemia were rare. Cerebrospinal fluid pleo-
cytosis was obtained in none of the patients.
Serum influenza A virus titers were elevated in
three patients, influenza B in one patient, mea-
sles virus in one patient.

Changes in the signal intensity in the thalami
on MR images in patient 2 were consistent with
the temporal evolution of hematomas (13-15).
Furthermore, MR images of patients 3 and 4
showed areas of abnormal T1 shortening in the
thalami. CT images of the thalami of these pa-
tients in the early phase showed no regions of
hyperdensity suggesting hemorrhage or calcifi-
cation. There have been two previous reports on
brain pathology of patients with this encepha-
lopathy who died during the early stage (2, 10)
(personal communication from H. Ishihara).
These studies reported almost identical patho-
logic findings as those of patient 1: fresh necro-
sis, brain edema in the margin of the lesions,
and petechiae and congestion mainly in the
thalamus. Thus, areas of short T1 in the thalami
indicated the presence of methemoglobin in
tiny hemorrhages, such as petechiae in the thal-
ami of patient 1. Laminar necrosis and calcifi-
cation are other postulated explanations for the
T1 shortening (16), but these are unlikely in
acute encephalopathy patients. Although sub-
sequent studies suggested the presence of tha-
lamic methemoglobin, initial MR scans did not
reveal signal changes on T2-weighted images
consistent with acute hemorrhage (deoxyhe-
moglobin). It is possible that the increased sig-
nal seen on initial T2-weighted images was
caused primarily by edema, which may have
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obscured the presence of small petechial de-
oxyhemoglobin. There is a case report of acute
encephalopathy in which MR images were de-
scribed, including a description of lesions in the
thalami with short T1 and long T2 on MR im-
ages on day 5, indicating methemoglobin in
petechiae (12). These pathologic and imaging
findings suggest the presence of petechiae in
the thalami in acute encephalopathy.

Previous reports of acute encephalopathy
demonstrated areas of low attenuation in the
thalami on the first CT images after the appear-
ance of neurologic symptoms (1-12). However,
the CT images taken 4.5 hours after the convul-
sion of patient 3 were normal. CT images were
taken after 12 hours or later in the other patients
in the present study. Therefore, it was sug-
gested that CT images might not show lesions in
the very early phase of acute encephalopathy.

Patient 1 died and in patients 3, 4, and 5
severe sequelae developed. In contrast, patient
2 improved without sequelae. In this patient, the
lesions in the cerebral white matter were small-
est and enlargement of the cortical sulci and
ventricles was reversible. Cerebellar and pon-
tine abnormalities disappeared during the
course of the illness. On the 21st day, adminis-
tration of steroids and mannitol was terminated.
This might be related to the reversible enlarge-
ment of the cortical sulci and ventricles.

CT images showing the same appearances as
found in acute encephalopathy, excluding Jap-
anese studies, were reported in Taiwan (17).
This study reported three children with early
onset of seizures and disturbed consciousness
beginning after a few days of a nonspecific mi-
nor illness. The ages at the onset of disease
were 9, 10, and 14 months. CT showed areas of
low attenuation in the thalami bilaterally and in
the periventricular regions. The lesions de-
creased in size on CT during the course of the
disease. Brain stem lesions were not described.
The authors of the report considered this con-
dition to be acute encephalopathy caused by
infarction of the whole thalamus. Whole tha-

Fig 1, cont’d.

F, Higher magnification of the thalamus demonstrates obvious vessel engorgement (small arrow) and frequent petechiae (large
arrow) in addition to neuronal dissolution (arrowhead). Hematoxylin-eosin method, X50.

G, The central portion of the frontal lobe including deeply located cortex (IN) is markedly necrotic and pale. The deep white mater was
predominantly involved (asterisk), but the digitated white matter was spared (large arrows). However, there was no tendency for U fibers
(arrowhead) to be preserved. The border between the pale and well-stained white matter is sharp (small arrow). Myelin stain

(Klaver-Barrera method), X1.5.

H, The pontine tegmentum (asterisk) shows prominent pallor. Myelin stain (Kltver-Barrera method), X4.7.
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Fig 2. Sequential MR images in patient 2.

A, B, T2-weighted images (3000/100/1) on admission demonstrate bilateral symmetric hyperintense areas in the pontine tegmen-
tum, upper vermis, thalami, and lenticular nuclei. The pontine base appeared markedly hypointense; however, the absolute signal
intensity was nearly equal to that of the genu of the corpus callosum and anterior limb of the internal capsule. Therefore, we considered

the pontine base normal.

C, The lesions in the thalami were hypointense on T1-weighted image (450/15/4). The third ventricle was effaced.

D, Enhanced T1-weighted image (450/15/4) demonstrated ringlike enhancement in the periphery of the thalami bilaterally (arrow).

E, On the 21st day, the lesions in the thalami were smaller and uniformly hyperintense relative to gray matter on T1-weighted image
(450/15/4). The cortical sulci were enlarged. The third ventricle was visible.

F, Six months after onset, the size of the left thalamic lesion was further decreased and hypointense, whereas the right one was still
hyperintense (arrow) on T1-weighted image (450/15/4). The cortical sulci were less enlarged.

lamic infarction on both sides without involve-
ment of the ventral portion of the upper mid-
brain, however, is very unusual (18). We
thought that these children had acute encepha-
lopathy. To our knowledge, no patients with
acute encephalopathy have been described in
other countries.

The ascending reticular activating system,
part of the brain stem reticular formation, is
essential for maintaining normal cortical func-
tion (19). The system receives collateral from
virtually all sensory pathways and projects to

the midline and intralaminar nuclei of the thal-
amus, which in turn project diffusely to wide-
spread cortical areas. Bilateral destruction of
the midbrain reticular formation or of the mid-
line and intralaminar nuclei of the thalamus
causes coma (19). We suggest that coma in the
patients might be caused by bilateral damage to
these fibers in the thalami.

Viral encephalitis as a cause of acute enceph-
alopathy was improbable because the cerebro-
spinal fluid in none of the patients showed pleo-
cytosis. In addition, pathologic examinations of
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the three brains with acute encephalopathy did
not show any proliferation of reactive astrocytes
or microglial or inflammatory cell infiltration.
Acute toxic encephalopathy, Reye syndrome,
and acute disseminated encephalomyelitis are
postviral or postinfectious disorders (20-23).
Acute toxic encephalopathy has been described
as the most common postinfectious and post-
vaccinal brain disorder in children younger than
2 years old (21). In the pathology of the acute
toxic encephalopathy, noninflammatory vascu-
lar changes (congestion and edema) predomi-
nate, and there is no demyelination (20, 21).
Necrosis like that found in acute encephalopa-
thy was not described in the acute toxic enceph-
alopathy. Reye syndrome is an acute encepha-
lopathy associated with fatty degeneration of
the liver (24). The neuropathology of Reye syn-
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Fig 3. T1-weighted image of patient 3
(500-600/15/2).

A, The image on the fifth day demon-
strates symmetric central hyperintense le-
sions with peripheral hypointensity in the
thalami (arrow).

B, The lesions in the thalami are smaller
and uniformly hyperintense (arrow) on day
40. The cortical sulci and the ventricles were
enlarged, indicating central volume loss.

drome is generally massive brain edema with
only patchy, if any, necrosis, probably caused
by circulatory disturbance from increased intra-
cranial pressure (25, 26); the widespread sym-
metric necrosis like that seen in the three brains
with acute encephalopathy has not been re-
ported in the syndrome. Although the hepatic
cells in patient 1 were laden with lipid droplets,
fat appears in the liver whenever the body is
under serious assault (27, 28). The combina-
tion of acute encephalopathy and hepatopathy
is not unique to Reye syndrome (20). Hepato-
cytes in Reye syndrome show a uniform foam-
iness by fat droplets with central nuclei (22); on
the other hand, hepatocytes in patient 1 were
laden with small lipid droplets without any ob-
vious tendency for their nuclei to remain in the
center. Furthermore, brain imaging in Reye syn-

Fig 4. CT images of patient 5 after the
administration of contrast medium.

A, The image on the fourth day demon-
strates symmetric areas of low attenuation
in the thalami, posterior lenticular nuclei,
and external capsule on both sides. There is
no abnormal enhancement.

B, The lesions are smaller and abnormal
enhancement is visible in the thalami bilat-
erally and in the left posterior lenticular nu-
cleus (arrows) on day 14.
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drome generally shows diffuse brain edema with
ventricular compression not unique as seen in
acute encephalopathy (29, 30). In addition, the
most characteristic and consistent biochemical
abnormality in patients with Reye syndrome is
hyperammonemia. The initial level of ammonia
is believed to be directly related to the progres-
sion and severity of the symptoms (25). Ac-
cording to Corey, diagnostic criteria of Reye
syndrome included hyperammonemia above
1.5 times the normal value (31). None of the
patients with acute encephalopathy had hyper-
ammonemia above 1.5 times the normal value.
Acute disseminated encephalomyelitis is a col-
lective term applied to a variety of severe,
sometimes acutely fatal, infectious, inflamma-
tory demyelinating diseases (32). It is known
that the member diseases share an almost iden-
tical pathology consisting of multifocal, some-
times confluent, areas of inflammation that are
usually exclusively perivenous and meningeal
and accompanied by perivenous and subpial
demyelination (32). The pathologic studies of
the three brains of acute encephalopathy did
not demonstrate demyelination or inflammatory
cell infiltration. No patients had been recently
immunized or vaccinated. Therefore, we con-
sidered acute disseminated encephalomyelitis
unlikely as the cause of acute encephalopathy.

However, it has been reported that in postin-
fectious and postvaccinal disorders, a vascu-
lopathy, which may be mild (a simple alteration
of vessel wall permeability without anatomic
disruption) or severe (vessel wall necrosis), is
the first and probably a requisite phenomenon
that initiates the reaction of the nervous tissue
itself (20). Although this has almost always
been ascribed to the venules, the arterioles and
capillaries also may participate in producing
this phenomenon. The immediate results of
such involvement may include vascular occlu-
sions leading to either encephalomalacia or fo-
cal lesions caused by venous stasis, transuda-
tion of serum with resulting perivascular and
parenchymatous edema, diapedesis of red
cells, and, in extreme cases, extensive perivas-
cular and confluent hemorrhages, as well as
migration of lymphocytes and plasma cells into
perivascular spaces. Neuronal lesions may oc-
cur at this stage because of vascular insuffi-
ciency or occlusion, although they also may be
triggered by a specific antigen-antibody reac-
tion. It is yet unknown whether the vasculopathy
leads to an inflammatory reaction or if the in-
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flammatory reaction is a coincidental but inde-
pendent phenomenon. Myelinoclasis may take
place as a result of or at the same time as the
vasculopathy, the edema, and the inflammatory
reactions or as an independent phenomenon
(20). Many factors, most of them yet unknown,
determine the kind and extent of the tissue re-
action. Thus, the reason one patient develops a
congestive-edematous type of encephalopathy
after smallpox vaccination, another has an
acute hemorrhagic leukoencephalopathy, and
yet another has the more classic disseminated
perivenous myelinoclasis remains unex-
plained. The important point, however, is that
the tissue reaction may vary considerably in
type and severity or extent from individual to
individual (20). Because acute encephalopa-
thy was preceded by fever and symptoms of
upper respiratory infection and occasionally
serum virus titers were elevated and because
pathologic findings of the three brains with
acute encephalopathy showed necrosis, pete-
chiae, and marked congestion of the veins
and capillaries suggesting noninflammatory
vascular changes, we considered that acute
encephalopathy might be a postviral or post-
infectious brain disorder, characterized by the
presence of necrosis and petechiae and by the
distribution of the lesions.

The possibility of cerebrovascular accident as
the cause of this encephalopathy is slight; the
necrotic lesions in the brain of patient 1 that
were grossly symmetric and widespread do not
correspond to the irrigation territory of any main
cerebral artery (18, 33). Deep cerebral venous
thrombosis can cause symmetric, diffuse tha-
lamic infarcts (34); however, neither the brain
of patient 1 nor MR images of the others showed
venous thrombosis. Lesions with low attenua-
tion in the cerebellar white matter and in the
dorsal part of the brain stem also are observed
on CT images in patients with maple syrup urine
disease, but the clinical findings are different
(35). Wernicke encephalopathy chiefly affects
the mamillary bodies and periventricular re-
gions around the third and fourth ventricles and
aqueduct. The mamillary bodies, which are al-
most invariably affected in Wernicke encepha-
lopathy (26), were left intact in this encepha-
lopathy, indicating that acute encephalopathy
differs from Wernicke encephalopathy.

In summary, in this study we investigated
acute encephalopathy with bilateral thalamo-
tegmental involvement in infants and children.
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Pathologic findings were fresh necrosis, brain
edema, petechiae, and congestion in the thal-
ami, pontine tegmenta, and cerebral and cere-
bellar white matter. MR images of the brain are
characteristic: symmetric lesions in the same
areas as in the pathologic study, with T1 short-
ening in the thalami, indicating the presence of
petechiae.
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