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    Abstract  

  A wide variety of diseases may involve the basal ganglia and thalami, and 
neuroimaging plays a major role in their diagnosis. The causes of abnor-
malities in deep gray structures in adults may be broadly classifi ed as 
toxic, acquired metabolic disorders, infl ammatory and infectious diseases, 
vascular and neoplasms, and many of them represent emergencies and 
must be promptly reported.  
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       Background 

 The thalami and basal ganglia (comprised pri-
marily by the caudate nuclei, putamina, and glo-
bus pallidi) are part of the most important and 
better demonstrated deep gray matter structures 
on neuroimaging, especially on magnetic reso-
nance imaging (MRI). 

 The basal ganglia are part of the extrapyrami-
dal motor system, participating in the production 
of movement, but they are also involved in mem-
ory, emotion, and other cognitive functions. 
Clinical signs and symptoms related to lesions in 
these structures may vary from movement disor-
ders (dystonia, bradykinesia, chorea, tremors) to 
coma [ 1 ]. 

 The thalami are crucial in regulating con-
sciousness, sleep, and alertness, also being 
responsible for relaying sensory and motor sig-
nals to and from the cerebral cortex. Lesions 
affecting the thalami often result in disorders of 
consciousness and sensory disturbances [ 2 ]. 
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 A wide variety of diseases may involve the 
basal ganglia and thalami, and neuroimaging 
plays a major role in their diagnosis. The causes 
of abnormalities in deep gray structures in adults 
may be classifi ed as toxic, acquired metabolic 
disorders, infl ammatory and infectious diseases, 
vascular and neoplasms [ 3 ].  

    Key Points 

    Etiology 

    Toxic Encephalopathies 
  Carbon monoxide  ( CO )  poisoning : Brain damage 
after CO exposure results from complex and par-
tially unknown mechanisms, but is mostly related 
to hypoxia. Typically it affects the globus pallidi 
and the caudate nucleus; injuries to the thalami 
and putamina are unlikely [ 4 ]. 

  Methanol intoxication : It is a rare accidental 
or suicidal condition, which has also been 
described as a result of fraudulent adulteration of 
alcoholic drinks. Symptoms as headache, dizzi-
ness, weakness, and visual disturbances (due to 
optic nerve necrosis and/or demyelination) are 
prominent in acute intoxication. Toxicity may 
result from metabolism of methanol to formic 
acid [ 5 ].  

    Acquired Metabolic Disorders 
  Wernicke encephalopathy : It is a life-threatening 
condition that results from vitamin B1 (thiamine) 
defi ciency and is characterized by the classic 
clinical triad of changes in consciousness, ocular 
dysfunction, and ataxia. Wernicke encephalopa-
thy is often associated with chronic alcohol 
abuse, but many other conditions can also cause 
it (so- called nonalcoholic Wernicke) such as 
celiac and Crohn’s disease, hyperemesis gravi-
darum, and parenteral nutrition [ 3 ]. 

  Manganese accumulation : In patients with 
cirrhosis or portalsystemic shunts, serum man-
ganese is elevated and transferred to the brain. 
Manganese neurotoxicity (“manganism”) is 
characterized by psychological and neurologic 
abnormalities, similar to Parkinsonism (hypoki-

nesia, rigidity, and tremor). Manganese has a 
preferential deposition in the central nervous 
system at the level of the globus pallidi, subtha-
lamic nuclei, and substantia nigra [ 6 ]. Moreover, 
manganese accumulation has been described in 
other conditions such as maintenance hemodi-
alysis, total parenteral nutrition, occupation 
exposure to manganese from welding, non-cir-
rhotic portal vein thrombosis, and congenital 
portalsystemic bypass with no intrinsic hepato-
cellular disease [ 6 ,  7 ]. 

  Hyperammonemia : Acute brain damage may 
occur when the serum ammonia concentration 
suddenly increases especially in patients with 
chronic cirrhosis and manifests as hepatic 
encephalopathy [ 6 ]. 

  Nonketotic hyperglycemia : It is an uncommon 
cause of chorea-ballismus in diabetic patients. 
Pathophysiologic mechanisms remain controver-
sial, but include petechial hemorrhages, myelin 
breakdown products, or hyperviscosity, leading 
to T1 shortening of the putamen and head of cau-
date nucleus on MRI [ 8 ]. 

  Osmotic myelinolysis : It is associated with 
rapid overcorrection of hyponatremia and may 
be seen in chronic alcoholic patients, malnour-
ished patients, or chronically debilitated organ 
transplant recipients. Symptoms are usually 
related to a brainstem lesion and include sei-
zures, disturbed consciousness, gait distur-
bances, and decrease or cessation of respiratory 
function [ 9 ]. 

  Hypoglycemia : Typically occurs in diabetic 
patients who accidentally overdose while receiv-
ing treatment with oral hypoglycemic agents. 
Involvement of the basal ganglia seems to por-
tend a poor prognosis [ 10 ].  

    Infl ammatory and Infectious Diseases 
  Behçet disease : It is a recurrent multisystem 
vasculitis of unknown origin, and its classical 
triad includes oral and genital ulcerations with 
uveitis. The CNS is affected in 4–49 % of 
patients, and the most commonly reported fi nd-
ings are a preference for brainstem–dience-
phalic involvement with a tendency to resolve 
over time [ 11 ]. 
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  Viral encephalitis : The family of fl aviviruses 
typically affects the subcortical gray matter, 
including thalami, basal ganglia, substantia nigra, 
and also the cerebellum. The geographic distri-
butions are characteristic, with Japanese 
 encephalitis being common in Asia, West Nile 
fever in Middle East, and Murray Valley fever in 
Australia [ 12 ]. 

  Creutzfeldt – Jakob disease  ( CJD ): It is a spon-
giform encephalopathy caused by an infectious 
protein (prion) characterized by progressive 
dementia, myoclonus, and periodic discharges on 
the electroencephalogram. Usually CJD leads to 
death within 1 year of disease onset [ 13 ,  14 ].  

    Vascular Disorders 
  Bithalamic stroke : The artery of Percheron is an 
uncommon anatomic variant, in which a single 
dominant thalamoperforating artery supplies 
both medial thalami with variable contributions 
to the rostral midbrain. Occlusion results in bilat-
eral paramedian thalamic infarcts with or without 
midbrain involvement. Typical clinical onset is 
the triad of altered mental status, vertical gaze 
palsy, and memory impairment [ 9 ]. 

  Spectacular shrinking defi cit : Refers to a sud-
den major hemispheric stroke syndrome followed 
by rapid improvement within a few hours period, 
leaving mild or no defi cits. In it there is selective 
neuronal death and it has been called “incom-
plete infarction” [ 15 ]. 

  Deep venous occlusion : Thrombosis of the 
internal cerebral veins, basal veins, vein of 
Galen, or straight sinus is less common than that 
affecting the superfi cial sinuses with most 
patients presenting symptoms of elevated intra-
cranial pressure that may rapidly progress to 
coma [ 9 ]. 

  Hypoxic - ischemic injury : Severe hypoxic- 
ischemic injury in adults primarily affects the 
gray matter structures, including the basal gan-
glia, thalami, cerebral cortex (perirolandic and 
visual cortex), cerebellum, and hippocampi [ 16 ].  

    Neoplasms 
  Bilateral thalamic glioma : This rare glioma, usu-
ally an astrocytoma, is characterized by bilateral 

thalamic involvement and may affect children 
and young adults presenting with behavioral 
impairment. Despite its low-grade classifi cation 
(World Health Organization grade II), the prog-
nosis is poor [ 9 ].   

    Best Imaging Modality 

 MRI is the modality of choice for evaluating 
these pathologic conditions affecting the deep 
gray matter structures. Computed tomography 
(CT) may be used as the fi rst diagnostic tool 
especially in an emergency setting [ 3 ]. 

 T2-weighted imaging (T2WI) is the best MRI 
sequence to study abnormalities in the deep gray 
matter since most diseases demonstrate increased 
signal intensity. In specifi c cases, T1-weighted 
imaging (T1WI) may be informative, showing 
high signal areas in basal ganglia or thalamus and 
helping to narrow the differential diagnosis. The 
role of diffusion-weighted images (DWI) in the 
detection of acute cytotoxic brain damage in 
acute infarction, hypoxia, hypoglycemia, CJD, 
and Wernicke encephalopathy is critical and has 
been well described [ 3 ]. 

 Calcifi cations present in metabolic condi-
tions, such as Fahr disease and parathyroid dis-
orders and hemorrhage can be found in 
poisoning, venous infarctions, and encephalitis, 
are easily detected using non-contrasted CT or 
MRI susceptibility- weighted imaging (SWI) 
phase sequences [ 3 ]. 

 The MRI protocol must include fl uid-attenu-
ated inversion recovery (FLAIR), T2WI and 
T1WI, gradient echo (GRE), or SWI and DWI, 
and intravenous gadolinium administration is 
required when lesions are identifi ed. In some sit-
uations, advanced MRI sequences, such as perfu-
sion-weighted imaging (PWI) and MR 
spectroscopy (MRS), may help to distinguish a 
neoplastic from a nonneoplastic condition [ 3 ]. 

 With regard to vascular disorders such as 
Percheron artery infarct, basilar artery occlu-
sion, or deep venous thrombosis, MR angiogra-
phy/venography and CT angiography/
venography are alternatives to detect the sites 
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of occlusions and collaterals. Conventional 
catheter angiography is reserved for doubtful 
cases [ 3 ,  9 ].  

    Major Findings 

 Most of the disorders that affect the basal 
ganglia and thalami show hyperintensity on 
T2WI. However, a constellation of imag-
ing  fi ndings may help narrow the differential 
 diagnosis as follows. 

    Toxic Encephalopathies 
  CO poisoning : The typical fi ndings on MRI are 
bilateral hyperintensities in the globus pallidi 
and cerebral white matter on T2WI resulting 
from necrosis and demyelination (Fig.  19.1 ). 
Damage to the caudate nucleus, thalamus, or 
putamen is unlikely in this condition. The globus 
pallidi often show fi ndings related to hemor-
rhagic infarction. DWI frequently demonstrates 
areas of restricted diffusion in the acute stage. 
Delayed leukoencephalopathy and T1 shorten-

ing in the globus pallidi may be found in chronic 
stages [ 4 ].

    Methanol intoxication : The classic MRI fi nd-
ings are bilateral putaminal necrosis with varying 
degrees of hemorrhage. White matter edema, 
especially in the frontal lobes, and edema and 
contrast enhancement of optic nerves are addi-
tional imaging features [ 5 ].  

   Acquired Metabolic Disorders 
  Wernicke encephalopathy : MRI demonstrates 
symmetric lesions in the medial thalami and the 
periventricular area of the third ventricle [ 3 ]. 
Symmetric alterations in the mammillary bodies 
have been observed in 57 % of patients (Fig.  19.2 ). 
There is a powerful correlation between  contrast 
 enhancement in the mammillary bodies and 
chronic alcohol consumption [ 17 ].

    CNS manganese accumulation : Characteristi-
cally the globus pallidi, subthalamic nuclei, and 
substantia nigra exhibit bilateral symmetric 
high signal intensity on T1WI (Fig.  19.2 ) [ 6 ]. 
The signal abnormality usually disappears after 
liver transplantation [ 6 ,  7 ]. Similar fi ndings can 

a b

  Fig. 19.1    Carbon monoxide (CO) poisoning. Axial T2WI ( a ) and FLAIR ( b ) demonstrate abnormal bilateral hyperin-
tensities in the globus pallidi       
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be seen in patients with hereditary hemorrhagic 
telangiectasias, liver vascular shunts, and ane-
mia and may be symptomatic. 

  Hyperammonemia : It presents as bilateral 
brain swelling and hyperintensity on FLAIR and 
T2WI as well as restricted diffusion in the basal 
ganglia, insular cortex, and cingulate gyrus. MRS 

characteristically demonstrates decreased levels 
of myoinositiol (3.5 ppm) and choline (3.2 ppm) 
and increased levels of glutamine (glutamate/glu-
tamine peak at 2.2–2.4 ppm) (Fig.  19.3 ) [ 6 ].

    Nonketotic hyperglycemia : It is characterized 
by hyperdense changes in the putamen on CT 
that correspond to increased signal intensity on 

a

c d

b

  Fig. 19.2    Different patterns of two common metabolic 
disorders. Wernicke’s encephalopathy in a patient with 
chronic alcohol abuse. ( a ,  b ) Axial FLAIR images show 
involvement of the mammillary bodies ( white arrow  on  a ) 
and of the periaqueductal gray matter ( black arrow  on  a ). 
There is also bilateral putaminal involvement and sym-

metric lesions involving the medial aspect of the thalami 
and the periventricular area around the third ventricle 
( white arrow  on  b ). ( c ,  d ) A 46-year- old cirrhotic man 
presents with Parkinsonism due to CNS manganese accu-
mulation. Axial T1WI demonstrate symmetric increased 
signal in the globus pallidi and substantia nigra       
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T1WI (Fig.  19.4 ). The process is either unilateral 
or bilateral, and, if unilateral, the imaging fi nd-
ings are typically contralateral to the affected 
hemibody. It has been reported that they usually 
resolve within a few months after glucose level 
normalization [ 8 ].

    Osmotic myelinolysis : The classic described 
symmetric trident-shaped or bat-shaped area 
of increased T2 signal in the pons may be 
associated with extra-pontine lesions involv-
ing symmetrically and bilaterally the deep 
gray matter (basal ganglia and thalami) as well 
as the white matter (Fig.  19.4 ). The affected 
areas may show restricted diffusion in the 
early stages [ 9 ]. 

  Hypoglycemia : The MRI presentation is 
broad and includes bilateral and symmetric 
T2  prolongation and restricted diffusion in the 
cerebral cortex, basal ganglia, subcortical white 
matter, posterior limb of internal capsule, and 
splenium of the corpus callosum (Fig.  19.4 ) 
[ 10 ].  

    Infl ammatory and Infectious Diseases 
  Behçet disease : Bilateral basal ganglia and mid-
brain involvement occurs in one-third of patients, 
and these lesions are hyperintense on T2WI, 
hypointense in T1WI, enhance after contrast 
administration, and are typically associated with 
vasogenic edema (Fig.  19.5 ) [ 12 ].

NAA
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c d

  Fig. 19.3    A 50-year-old man with chronic liver disease 
and hyperammonemic encephalopathy. ( a – c ) FLAIR 
images ( a ,  b ) depict swelling and areas of increased signal 
in the insular cortex and cingulate gyrus. There are bilat-
eral thalamic lesions ( arrows  on  a ). ( c ) Areas of cortical 

restricted diffusion are demonstrated on DWI ( c ). ( d ) 
MRS demonstrates decreased levels of myoinositiol (mI) 
(3.5 ppm) and choline (Co) (3.2 ppm) and increased levels 
of glutamine (Glx) (glutamate/glutamine peak at 2.2–
2.4 ppm). NAA= n-acetyl aspartate which is also low       
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  Fig. 19.4    Acquired metabolic disorders. ( a ,  b ) A diabetic 
patient presenting with nonketotic hyperglycemia. There is 
abnormal hyperintensity on T1WI involving the left puta-
men and caudate nucleus ( arrows ). ( c ,  d ) Osmotic myelin-
olysis after a rapid overcorrection of hyponatremia. FLAIR 
images show abnormal hyperintensities areas in the cere-
bellar white matter ( c ) and central pons, typically  sparing 

the peripheral fi bers ( d ). ( e ,  f ) Hypoglycemia in a newborn. 
Axial DWI demonstrating multifocal lesions (restricted dif-
fusion) in the parieto-occipital cortex and white matter. 
Notice the restricted diffusion in the splenium of corpus 
callosum as a consequence of excitatory mechanisms         

a

c d

b

e f
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    Viral encephalitis : Flaviviruses typically 
affect the subcortical gray matter, including thal-
ami, basal ganglia, substantia nigra, and cerebel-
lum manifesting as T2WI hyperintensities in 
involved areas (Fig.  19.5 ). Intralesional hemor-
rhages and restricted diffusion have also been 
reported. Common patterns may raise suspicions 
for specifi c etiologies as follows: Epstein–Barr 
virus typically presents as bilateral striatal 
encephalitis. Western Nile virus and Japanese 
encephalitis usually manifest as bithalamic 
hyperintensities on T2WI/FLAIR also affecting 
the substantia nigra [ 12 ]. 

  CJD : Initially MRI demonstrates restricted dif-
fusion usually limited to cerebral cortex and some-
times caudate nuclei, and over time this abnormality 
may spread to the anterior portion of putamina or 
involve them entirely (Fig.  19.6 ). In late stages, 
restricted diffusion may disappear and there may 
be abnormal T2 hyperintense areas in the cerebral 
cortex and basal ganglia and rapidly progressive 
brain atrophy. The classic described “hockey stick 
sign” (restricted  diffusion in the bilateral pulvinar 
and medial aspects of the thalami) was described in 
the variant form of the disease, but can also be seen 
in the sporadic form [ 13 ,  14 ].

a b

c dc d

  Fig. 19.5    Neuro-Beçhet and fl avivirus encephalitis. ( a ,  b ) 
Relapsing-remitting neuro-Behçet disease. Axial FLAIR 
images depict a left diencephalic–midbrain junction lesion 
and affecting the basal ganglia and the internal capsules. 

( c ,  d ) Epstein-Barr virus encephalitis in 5-year old boy 
with selective bilateral abnormal hyperintensity in the 
basal ganglia on axial FLAIR ( c ) and coronal T2WI ( d )       
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      Vascular Disorders 
  Bithalamic stroke : Percheron artery occlusion 
results in bilateral paramedian thalamic infarcts 
with or without midbrain involvement [ 9 ]. This 
condition shows restricted diffusion in the 
affected areas and a distinct pattern of V-shaped 
hyperintensity on axial FLAIR and/or DWI 
might be seen along the anterior pial surface of 
the midbrain adjacent to the interpeduncular 
fossa (Fig.  19.7 ) [ 18 ].

    Spectacular shrinking defi cit : This condi-
tion is characterized on MRI by persistent 
hyperintense signal in the basal ganglia on 
T1WI and relative hypointensity on T2WI 
7–10 days from the ictus (Fig.  19.8 ). The 
hyperintensity on T1WI gradually subsides 
with time, and the affected structures show 
atrophy over time [ 15 ].

    Deep venous occlusion : Thalamic edema, 
characterized by increased signal on T2WI and 
FLAIR, is the imaging hallmark of this condi-
tion, and abnormalities may extend to the cau-
date nuclei and deep white matter. MR 
venography demonstrates absent fl ow in the 
deep venous structures (Fig.  19.9 ). Hemorrhage 
and areas of restricted diffusion are seen in 
some cases [ 9 ].

    Hypoxic - ischemic injury : DWI demonstrates 
bilateral and symmetric restricted diffusion in gray 
matter structures including basal ganglia, thalami, 
perirolandic and visual cortex, as well as cerebel-
lum and hippocampi usually within the fi rst few 
hours after a hypoxic-ischemic event (Fig.  19.10 ). 
At the same time, T1WI and T2WI are often nor-
mal or demonstrate only subtle abnormalities. 
T2WI become positive in the early subacute stage 
(24 h to 2 weeks), showing hyperintensity and 
swelling. DWI abnormalities usually pseudonor-
malize by the end of the fi rst week [ 16 ].

      Neoplasms 
  Bilateral thalamic glioma : MRI and CT demon-
strate a mass that enlarges and infi ltrates bilater-
ally the thalami, usually with no contrast 
enhancement (Fig.  19.11 ) [ 9 ].

        Imaging Follow-Up 

 There is no consensus for a standardized imaging 
follow-up for all deep gray matter lesions, and it 
should be clinically determined based on the ini-
tial diagnosis and evolution of the patients’ symp-
toms [ 3 ].  

a b c

  Fig. 19.6    Spongiform encephalopathy. A 62-year-old 
man presenting with a rapidly progressive dementia and 
myoclonus diagnosed with Creutzfeldt–Jakob disease. 

( a – c ) Axial DWI acquired respectively after 2 ( a ), 4 ( b ), 
and 6 ( c ) months from the symptoms onset show progres-
sive hyperintensities in the cortex and basal ganglia       
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a b

c d

  Fig. 19.7    Acute 
infarct in Percheron 
artery territory. ( a ,  b ) 
Axial FLAIR and ( c ,  d ) 
DWI demonstrate 
bilateral paramedian 
thalamic infarcts with 
involvement of the 
rostral midbrain       

a b c

  Fig. 19.8    Spectacular shrinking defi cit. A 62-year-old 
man suddenly developed  left  hemiplegia and paresthesias 
that improved within 20 min suggestive of a transient isch-

emic attack. ( a – c ) The  right  putamen and caudate nucleus 
are mildly hyperintense on T1WI ( a ) and hypointense on 
T2WI ( b ). There are no signifi cant changes on DWI ( c )       
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    Main Differential Diagnosis 

 Although inherited metabolic disorders are not the 
focus of this chapter, they should be remembered 
as an important differential diagnosis for basal 
ganglia lesions in young adults, due to its classical 
presentation and good response to early treatment 
[ 19 ].    Wilson ’ s disease  is a rare genetic condition 
in which copper accumulates in tissues, particu-
larly in the liver and brain. Levels of copper 
might be at levels suffi cient to destroy nerve 
cells. Kayser–Fleischer rings are a pathogno-

monic sign and are seen as deposits of copper in 
a ringlike fashion around the cornea. The most 
common brain fi nding among patients with neu-
rologic symptoms is bilateral high T2 signal 
intensity in the striatum. In addition, the occur-
rence of high T1 signal intensity in the globus 
pallidus, putamen, and mesencephalon is associ-
ated with hepatic dysfunction [ 19 ]. 

  Enlarged perivascular spaces  (Virchow–
Robin spaces) are very common along 
 lenticulostriate arteries through the basal gan-
glia and become more prominent with age. On 

a b c

  Fig. 19.9    Deep venous occlusion. A 32-year-old woman 
using oral contraceptives presents with decreased level of 
consciousness. ( a – c ) Edema is depicted on FLAIR ( a ) 
especially in the left caudate nucleus and thalamus 

 associated with hypointensity in the internal cerebral veins 
and straight sinuses on a T2*-weighted image ( b ). ( c ) MR 
venography shows absent fl ow in the deep venous system 
confi rming the diagnosis of deep venous thrombosis       

a b c

  Fig. 19.10    Hypoxic-ischemic injury. 35-year-old man 2 
days after a cardiac arrest ( a ,  b ). Basal ganglia and poste-
rior cortical involvement are seen on axial DWI ( a ) and  

FLAIR images ( b ). ( c ) Axial T1-weighted image only 
depicted a faint bilateral hypointensity in the basal 
ganglia       
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imaging, they characteristically display similar 
signal to cerebral spinal fl uid (CSF) in all 
sequences and no surrounding gliosis unless 
giant (>10 mm) [ 20 ]. 

 Globus pallidi  calcifi cations  are more fre-
quently seen in older patients and are considered 
a normal incidental and idiopathic fi nding. It is 
important to remember that basal ganglia calcifi -
cation may demonstrate high signal on T1WI 
mimicking manganese deposition due to calcium, 
reducing the relaxation of adjacent water mole-
cules. SWI or GRE sequences can easily differen-
tiate between them as calcium typically displays 
blooming effect not seen with manganese [ 21 ]. 

 Progressive  iron deposition  in the brain also 
accompanies normal aging. In healthy adults, 
the maximum iron concentration is found in the 
globus pallidus, red nucleus, and pars reticulate 
of the substantia nigra. However, it is important 
to recognize that excessive brain iron deposits 
may be related to many neurodegenerative dis-
eases [ 22 ].       

a b
  Fig. 19.11    Bilateral 
thalamic glioma in a 
6-year-old boy. ( a ,  b ) 
Axial FLAIR ( a ) and 
sagittal T1WI ( b ) show 
a large bilateral 
asymmetric thalamic 
tumor with 
hydrocephalus       

  Tips 

•     Correlation of imaging fi ndings with 
clinical and laboratory data is critical to 
make the  correct diagnosis.  

•   Putaminal necrosis typically occurs in 
methanol intoxication.  

•   Bithalamic symmetric lesions hyperin-
tense on T2WI are commonly seen in 

Wernicke’s encephalopathy. However, 
they may also be seen in gangliosidosis 
and ADEM.  

•   Bilateral and symmetrical globus pallidi 
lesions in adults may be related to CO 
poisoning (hyperintense on T2WI) and 
manganism (hyperintense on T1WI).  

•   Unilateral striatal T1 hyperintensity may 
be seen in the spectacular shrinking defi -
cit and nonketotic hyperglycemia. 
Increased serum glucose level helps to 
distinguish these conditions.  

•   Mammillary body involvement is typi-
cally seen in Wernicke’s encephalopa-
thy and often in association with lesions 
in the medial thalami and periventricu-
lar areas of the third ventricle.  

•   Symmetric abnormalities involving the 
thalami and substantia nigra may be 
seen in viral encephalitis (specially 
Western Nile virus and Japanese 
encephalitis).  

•   Relapsing asymmetric lesions in the 
midbrain and diencephalon has been 
described in Behçet disease.  

•   Bilateral basal ganglia and/or thalamic 
lesions may be associated with cortical 
lesions and restricted diffusion in 
hypoxic-ischemic encephalopathy, hypo-
glycemia, and CJD, which can be differ-
entiated by their clinical presentations.    
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