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presentation is variable. Wernicke encephal-
opathy is a medical emergency managed 
with IV thiamine. T2-weighted MR images 
may show symmetric high signal intensity in 
the mamillary bodies, medial aspects of the 
thalami, tectal plate, periaqueductal gray 
matter, and dorsal medulla [4]. Contrast en-
hancement is variable. Thiamine is an os-
motic gradient regulator, and deficiency can 
disrupt the blood–brain barrier, resulting in 
contrast enhancement [5]. Wernicke enceph-
alopathy can have reduced diffusion (Fig. 2) 
owing to ischemia-like changes in the thala-
mi that should be differentiated from true 
venous and arterial infarction [6].

Osmotic Myelinolysis
Osmotic myelinolysis accompanies rapid 

shifts in serum osmolality; the classic setting 
is the rapid correction of hyponatremia [7]. 
The classic lesion involves the central pons 
(central pontine myelinolysis). Other lesions 
affect the basal ganglia, thalami, and white 
matter (extrapontine myelinolysis). Acute T2 
hyperintensity and T1 hypointensity occur in 
the affected regions. Contrast enhancement 
is uncommon, and reduced diffusion may be 
seen [8] (Fig. 3).

Fabry Disease
Fabry disease is an X-linked disorder of 

glycosphingolipid metabolism leading to 
accumulation of glycosphingolipids in the 
vascular endothelium, perithelium, smooth-
muscle cells, heart, and brain that results in 
myocardial ischemia and stroke [9]. On T2-
weighted images, lesions of high signal in-
tensity due to the vasculopathy may be seen 
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B
ilateral thalamic lesions are un-
common. These paired lesions 
have a limited differential diag-
nosis that includes metabolic and 

toxic processes, infection, vascular lesions, 
and neoplasia. The differential diagnosis can 
be further narrowed with the patient history, 
imaging characteristics, and presence or ab-
sence of lesions outside the thalami.

Primary Neoplasm
Bilateral thalamic glioma is a rare neo-

plasm, usually a diffuse low-grade astrocy-
toma (World Health Organization grade II), 
that occurs in both children and adults [1]. 
Bilateral thalamic glioma has a poor progno-
sis due to the location of the lesions [2]. Chil-
dren typically have signs of increased intra
cranial pressure and movement disorders. 
Adults experience mental deterioration [1]. 
Typically, expansion of both thalami is ac-
companied by abnormal hyperintensity on 
T2-weighted images and hypointensity on 
T1-weighted images that is not associated 
with contrast enhancement. Hydrocephalus 
depends on the degree of mass effect. Diffu-
sion is normal (Fig. 1).

Metabolic and Toxic Disorders
Many metabolic and toxic processes af-

fect both thalami simultaneously.

Wernicke Encephalopathy
Wernicke encephalopathy results from a 

deficiency of vitamin B1 and is frequently as-
sociated with alcohol abuse [3]. The classic 
clinical triad is ataxia, altered consciousness, 
and abnormal eye movements; however, the 
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in the deep white and gray matter. T1 hyperin-
tensity in the pulvinar is a common and sensi-
tive finding [10]. Pulvinar hypointensity may 
be seen on T2-weighted images but not con-
sistently (Fig. 4). The cause of these changes 
in signal intensity is undetermined [9].

Fahr Disease
Fahr disease is a rare disease of unknown 

causation. It is characterized clinically by 
neuropsychiatric abnormalities and parkin-
sonian or choreoathetotic movement disor-
der. Extensive bilateral calcification of the 
deep gray matter is present and most fre-
quently involves the globus pallidus (Fig. 5). 
Other areas of involvement include the puta-
men, caudate nuclei, thalami, and dentate 
nuclei [11]. Calcium–phosphorus metabo-
lism is normal in these patients [11]. The T1 
and T2 signal intensity in the calcified re-
gions varies with disease stage and calcifica-
tion [11]. The differential diagnosis of these 
parenchymal calcifications includes endo-
crinologic disorders such as hyperparathy-
roidism, hypoparathyroidism, and pseudo
hypoparathyroidism.

Wilson Disease
Wilson disease is an autosomal recessive 

inborn error of copper metabolism. Patients 
have cirrhosis, corneal Kayser-Fleischer rings, 
and degeneration of the basal ganglia. If the 
patient is not treated, the disease is progres-
sive and fatal. MR images show symmetric 
T2 hyperintensity of the deep gray matter: 
putamina, globus pallidi, caudate nuclei, and 
the thalami. T1 signal intensity in the basal 
ganglia and thalami is usually reduced, but 
T1 signal intensity may increase owing to the 
paramagnetic effects of copper [12]. Contrast 
enhancement does not occur (Fig. 6). Evi-
dence of restricted diffusion may be seen on 
early images and is followed by return to nor-
mal diffusivity after necrosis and spongiform 
degeneration have occurred [13].

Leigh Disease
Leigh disease is a genetically heterogeneous 

mitochondrial disorder in which progressive 
neurodegeneration leads to respiratory failure 
and death in childhood. Patients have elevated 
levels of lactate in the CSF, serum, and urine. 
On T2-weighted images hyperintensity may 
be seen in the involved regions, most frequent-
ly the basal ganglia, diencephalon, brainstem, 
thalami, and dentate nuclei [14]. MR spectros-
copy reveals a decreased level of N-acetyl 
aspartate with elevated choline and lactate lev-

els [15]. Contrast enhancement is uncommon 
(Fig. 7). In the acute phase, reduced diffusion 
may be seen.

Infection
Many viral forms of encephalitis involve 

the thalami, including West Nile encephali-
tis, Japanese encephalitis, Murray Valley en-
cephalitis, Eastern equine encephalitis, and 
rabies. West Nile encephalitis is a single-
strand RNA virus of the flavivirus family 
transmitted to humans from birds by culicine 
mosquitoes. It has been a summer seasonal 
epidemic in the United States since 1999.

West Nile encephalitis causes bilateral T2 
hyperintensity in both thalami, the basal 
ganglia, and the midbrain. Sulcal T2 hyper-
intensity has also been reported, suggesting 
leptomeningeal inflammation [16] (Fig. 8). 
Contrast enhancement is variable. Reduced 
diffusion has been reported, most often in 
the posterior limb of the internal capsule, 
corona radiata, and subcortical white matter 
[16].

Creutzfeldt-Jakob disease (CJD) is a rare 
neurodegenerative disease caused by the ac-
cumulation of prion proteins in neurons. Per-
sons with CJD experience rapidly progressive 
dementia. The disease is classified into three 
types. Most common (≈ 85% of cases) is the 
sporadic form, of which no cause has been 
identified. The familial form accounts for ap-
proximately 15% of cases, and the infectious 
(variant CJD) or iatrogenic form is least com-
mon, making up less than 1% of cases. Imag-
ing may reveal T2 prolongation and reduced 
diffusion in the basal ganglia, thalami, and 
cortex (cortical ribboning) [17] (Fig. 9). 
There is no contrast enhancement. Diffuse 
cortical atrophy occurs late in the course.

A key imaging finding in variant CJD is 
the pulvinar sign—high T2 signal intensity 
in the pulvinar (Fig. 10). This sign has a sen-
sitivity of 68–90% for variant CJD and was 
once considered pathognomonic of variant 
CJD; however, it can also occur in sporadic 
CJD [18, 19]. The hockey stick sign (sym-
metric pulvinar and dorsomedial hyperinten-
sity) is characteristic of variant CJD [18]. 
Cortical ribbon hyperintensity is rarely seen 
in variant CJD (Fig. 11).

Vascular Occlusion
Bilateral thalamic arterial infarcts are un-

common. The thalami are supplied by both 
anterior (anteroinferior thalami) and poste-
rior (medial thalami) circulation, but several 
variations occur. Top of the basilar syndrome 

results in infarcts of the superior cerebellar 
and posterior cerebral artery territories (Fig. 
12). The artery of Percheron, a variant, is a 
solitary arterial trunk arising from the proxi-
mal segment of the posterior cerebral artery 
and supplying the paramedian thalami and 
rostral midbrain bilaterally. Occlusion causes 
bilateral thalamic infarction.

Deep venous thrombosis typically results 
in bilateral symmetric involvement of the 
thalami and occasionally the basal ganglia. 
The causes include pregnancy, oral contra-
ceptives, infection, trauma, and dehydration, 
but the cause is undetermined in 20–25% of 
patients [20]. An abnormally hyperdense 
vein may be seen on CT scans, and corre-
sponding T1 hyperintensity from clot in the 
sinuses may be seen on MR images. CT and 
MR venography show no areas of contrast 
enhancement or signal intensity in the deep 
venous sinuses. Diffusion-weighted imaging 
may show heterogeneous signal intensity 
[21]. Patchy contrast enhancement may be 
seen (Fig. 13).

Mild to moderate cerebral hypotension 
causes reflex shunting of blood from the an-
terior to the posterior circulation to preserve 
the brainstem, basal ganglia, and cerebel-
lum. Severe reduction in blood flow exceeds 
this mechanism, and protective shunting of 
blood no longer occurs. The result is damage 
to the deep cerebral nuclei, brainstem, and 
most active regions of the cerebral cortex 
[22]. Diffusion-weighted MRI is the earliest 
imaging technique to have abnormal find-
ings [22] (Fig. 14).

Posterior reversible encephalopathy syn-
drome (Fig. 15) is a disorder of cerebral vas-
cular autoregulation. The multiple causes, 
which are often but not always associated 
with hypertension [23], include glomerulone-
phritis, preeclampsia and eclampsia, and 
drug toxicity (cyclosporin). Symptoms in-
clude headache, seizures, and visual distur-
bance. CT and MRI typically show symmet-
ric areas of vasogenic edema predominantly 
involving the posterior circulation. Localized 
mass effect, hemorrhage, and subtle enhance-
ment are uncommon. Diffusion-weighted 
MRI findings usually are normal, but occa-
sionally reduced diffusion occurs, suggesting 
the presence of cytotoxic edema [24].

Conclusion
Bilateral thalamic lesions have a variety of 

causes, and knowledge of the associated im-
aging findings can help narrow the differen-
tial diagnosis.
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A

Fig. 1—52-year-old woman with bilateral thalamic glioma.
A, Axial T2-weighted MR image shows hyperintensity and bilateral diffuse enlargement of thalami resulting in hydrocephalus due to mass effect.
B, Axial T1-weighted gadolinium-enhanced MR image shows bilateral low signal intensity within thalami and no associated contrast enhancement.
C, Apparent diffusion coefficient map shows high signal intensity in both thalami.

CB

D
ow

nl
oa

de
d 

fr
om

 w
w

w
.a

jr
on

lin
e.

or
g 

by
 8

3.
24

0.
75

.5
 o

n 
07

/1
6/

15
 f

ro
m

 I
P 

ad
dr

es
s 

83
.2

40
.7

5.
5.

 C
op

yr
ig

ht
 A

R
R

S.
 F

or
 p

er
so

na
l u

se
 o

nl
y;

 a
ll 

ri
gh

ts
 r

es
er

ve
d 



W56	 AJR:192, February 2009

Smith et al.

A

Fig. 2—52-year-old woman with Wernicke encephalopathy.
A, Axial T2-weighted FLAIR MR image shows hyperintensity in both thalami and to lesser degree in heads of both caudate nuclei.
B, Axial gadolinium-enhanced T1-weighted MR image shows no enhancement of thalami.
C, Diffusion-weighted MR image shows hyperintensity in both thalami consistent with reduced diffusion.

CB

A

Fig. 3—28-year-old woman with osmotic myelinolysis.
A, Axial T2-weighted FLAIR MR image at level of basal ganglia shows hyperintensity involving basal ganglia and lateral aspects of both thalami.
B, Axial T2-weighted FLAIR MR image through level of pons shows symmetric hyperintensity involving central area of pons.
C, Diffusion-weighted MR image shows hyperintensity consistent with reduced diffusion involving pontine lesion.
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A

Fig. 4—47-year-old man with Fabry disease.
A, Axial T1-weighted MR image shows T1 hyperintensity involving both pulvinars.
B, Axial gadolinium-enhanced T1-weighted MR image shows no enhancement.
C, Axial T2-weighted MR image shows loss of signal intensity in both pulvinars.

CB

A

Fig. 5—45-year-old man with Fahr disease.
A, Axial unenhanced CT scan shows dense bilateral calcification involving basal ganglia and thalami. Within thalami, pulvinar are predominantly involved. Prominence of 
sulci and ventricles is greater than expected for age and is consistent with diffuse global volume loss.
B, Axial T1-weighted MR image shows high signal intensity in both thalami and heterogeneous signal intensity in basal ganglia.
C, Axial T2-weighted MR image shows predominantly low but heterogeneous signal intensity in basal ganglia and thalami.
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A

Fig. 6—18-year-old man with Wilson disease.
A, Axial T1-weighted MR image shows hypointensity of both thalami.
B, Gadolinium-enhanced T1-weighted MR image shows no enhancement.
C, T2-weighted MR image shows hyperintensity in both thalami and to lesser degree in both putamina.

CB

A

Fig. 7—16-year-old boy with Leigh disease.
A, Axial T2-weighted MR image shows bilateral area of high signal intensity involving thalami, globus pallidi, 
and to lesser degree, caudate nuclei and putamina.
B, Axial T1-weighted MR image shows low T1 signal intensity.
C, Axial gadolinium-enhanced T1-weighted MR image shows mild patchy enhancement of basal ganglia. No 
enhancement is present in thalami.
D, Single-voxel MR spectroscopic recording (TE, 144 ms) shows lactate peak (arrow). Patient did not have 
reduced diffusion in region of lesions (not shown).

B C
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Fig. 8—48-year-old woman with West Nile 
encephalitis. Axial T2-weighted MR image shows 
hyperintensity and expansion of both thalami. 
Increased signal intensity is present within sulci.

Fig. 9—70-year-old man with sporadic Creutzfeldt-
Jakob disease. Axial diffusion-weighted MR image 
shows bilateral high signal intensity in caudate nuclei 
and thalami. Prominent cortical ribboning is present.

A

Fig. 10—23-year-old woman with variant Creutzfeldt-Jakob disease.
A, Axial T2-weighted MR image shows T2 hyperintensity in both pulvinars (pulvinar sign).
B, Gadolinium-enhanced T1-weighted MR image shows no associated enhancement.
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A
Fig. 11—26-year-old woman with variant Creutzfeldt-
Jakob disease. Axial diffusion-weighted MR image 
shows reduced diffusion involving pulvinar and 
dorsomedial thalami (hockey stick sign). High signal 
intensity also is present in both basal ganglia. No 
cortical ribboning is present.

B

Fig. 12—60-year-old man with top of basilar syndrome.
A, Axial T2-weighted MR image shows bilateral increased signal intensity in thalami and medial occipital lobes.
B, Axial apparent diffusion coefficient map shows low signal intensity consistent with reduced diffusion and 
cytotoxic edema.

A

Fig. 13—47-year-old woman with sinus deep venous thrombosis.
A, Axial T2-weighted FLAIR MR image shows increased signal intensity in both thalami.
B, Axial T1-weighted MR image shows low signal intensity in both thalami. Focus of high signal intensity (arrow) in straight sinus is consistent with clot.
C, Axial T1-weighted gadolinium-enhanced MR image shows patchy enhancement in both thalami.

(Fig. 13 continues on next page)
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D

Fig. 13 (continued)—47-year-old woman with sinus deep venous thrombosis.
D, Axial diffusion-weighted image shows heterogeneously high signal intensity in both thalami.
E, Apparent diffusion coefficient map shows low signal intensity consistent with cytotoxic edema.
F, MR venogram shows loss of flow-related signal intensity in straight sinus and right transverse sinus, consistent with thrombosis.

FE

A

Fig. 14—64-year-old man with prolonged hypoxic event.
A, Axial T2-weighted FLAIR MR image shows hyperintensity in both basal ganglia and thalami.
B, Axial diffusion-weighted MR image shows high signal intensity.
C, Apparent diffusion coefficient map shows low signal intensity consistent with cytotoxic edema.
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A

Fig. 15—32-year-old man with posterior reversible encephalopathy syndrome.
A, Axial FLAIR MR image shows symmetric T2 hyperintensity in posterior white matter and both thalami.
B, Axial diffusion-weighted MR image shows no reduced diffusion.

B
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