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The basal ganglia and thalamus are paired deep gray matter structures 

that may be involved by a wide variety of disease entities. The basal 

ganglia are highly metabolically active and are symmetrically affected in 

toxic poisoning, metabolic abnormalities, and neurodegeneration with 

brain iron accumulation. Both the basal ganglia and thalamus may be 

affected by other systemic or metabolic disease, degenerative disease, 

and vascular conditions. Focal flavivirus infections, toxoplasmosis, and 

primary central nervous system lymphoma may also involve both deep 

gray matter structures. The thalamus is more typically affected alone by 

focal conditions than by systemic disease. Radiologists may detect bilat-

eral abnormalities of the basal ganglia and thalamus in different acute 

and chronic clinical situations, and although magnetic resonance (MR) 

imaging is the modality of choice for evaluation, the correct diagnosis 

can be made only by taking all relevant clinical and laboratory informa-

tion into account. The neuroimaging diagnosis is influenced not only by 

detection of specific MR imaging features such as restricted diffusion 

and the presence of hemorrhage, but also by detection of abnormalities 

involving other parts of the brain, especially the cerebral cortex, brain-

stem, and white matter. Judicious use of confirmatory neuroimaging 

investigations, especially diffusion-weighted imaging, MR angiography, 

MR venography, and MR spectroscopy during the same examination, 

may help improve characterization of these abnormalities and help nar-

row the differential diagnosis.
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Figure 1. Axial T2-weighted MR image shows the nor-

mal anatomy of the deep gray matter structures. C = cau-

date nucleus, G = globus pallidus, L = lentiform nucleus, 

P = putamen, T = thalamus.

Introduction
Abnormalities of the basal ganglia and thalamus 

may be detected at neuroimaging in a wide variety 

of pathologic conditions. The causes of these ab-

normalities may be broadly classified as systemic 

or focal, some with acute onset and others with 

slowly progressive manifestations. The deep gray 

matter nuclei may be affected by toxic poisoning 

(by carbon monoxide, methanol, cyanide) and 

systemic metabolic abnormalities (eg, liver disease, 

hyper- or hypoglycemia, hypoxia, Leigh disease, 

Wilson disease, osmotic myelinolysis, Wernicke 

encephalopathy). Certain degenerative conditions 

(eg, Huntington disease, neurodegeneration with 

brain iron accumulation [NBIA], Creutzfeldt-Ja-

kob disease [CJD], Fahr disease) and vascular ab-

normalities (venous infarction, arterial occlusion) 

also have a predilection for involving the basal 

ganglia and thalamus. Finally, some focal inflam-

matory and infectious conditions (neuro-Behçet 

disease, flavivirus encephalitides, toxoplasmosis) 

or neoplasms (primary central nervous system 

[CNS] lymphoma, primary bilateral thalamic 

glioma [PBTG]) may also affect the basal ganglia 

and thalamus on both sides.

Although magnetic resonance (MR) imaging 

is the modality of choice for evaluating the basal 

ganglia, computed tomography (CT) may be the 

first line of investigation, particularly in emer-

gency situations in which patients present with 

altered sensorium or acute-onset seizures. There 

is considerable variation and overlap in both the 

clinical and radiologic features of abnormalities 

affecting the deep gray matter nuclei. Hence, no 

classification scheme is foolproof, and radiolo-

gists can contribute greatly to the correct diagno-

sis by correlating the imaging features with avail-

able clinical and laboratory data.

In this article, we review the MR imaging 

anatomy of the basal ganglia and thalamus, dis-

cuss and illustrate a wide variety of pathologic 

conditions of these brain structures, and discuss 

the radiologic assessment of these conditions.

MR Imaging Anatomy of  
the Basal Ganglia and Thalamus

The deep gray matter nuclei include the basal 

ganglia and thalamus, paired structures that are 

situated at the base of the forebrain and have 

wide connections to the cortex and other parts 

of the brain. Although some anatomists consider 

the subthalamic nucleus and substantia nigra to 

be part of the basal ganglia and the classification 

of terms is somewhat controversial (1), in this 

article we restrict our discussion to abnormali-

ties of the lentiform and caudate nuclei. On axial 

brain images, the lentiform nucleus and the head 

of the caudate nucleus can be visualized as paired 

symmetric structures located between the lateral 

ventricle and the insular cortex (Fig 1). The len-

tiform nucleus, which includes the putamen and 

the more medially located globus pallidus, is sep-

arated from the caudate head and the thalamus 

by the anterior and posterior limbs of the internal 

capsule, respectively. At MR imaging, the caudate 

nucleus and putamen are isointense relative to 

the cortical gray matter with all pulse sequences 

and do not enhance after contrast material in-

jection. The globus pallidus is typically slightly 

hypointense relative to the putamen, a normal 

feature that is attributable to progressive iron 

deposition as one ages (1). The lentiform nucleus 

can also exhibit dilated Virchow-Robin perivas-

cular spaces (Fig 2a) and bilaterally symmetric 

age-related calcification (Fig 2b), both of which 

are considered normal findings and should not be 

confused with pathologic changes (2,3).
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The functions of the basal ganglia are com-

plex. These structures are mainly involved in 

the production of movement and are a part of 

the extrapyramidal motor system, but they may 

also be involved in memory, emotion, and other 

cognitive functions (4). The putamen and globus 

pallidus are rich in mitochondria, vascular sup-

ply, neurotransmitters, and chemical content 

compared with other areas in the brain, and their 

high metabolic activity and increased utilization 

of glucose and oxygen make them vulnerable to 

metabolic abnormalities and many systemic or 

generalized disease processes (5). Hence, when 

Figure 2. Spectrum of normal imaging appear-

ances of the basal ganglia. (a) Axial T2-weighted 

MR image shows well-defined rounded foci (ar-

rows) that are isointense relative to the cerebro-

spinal fluid (CSF), findings that represent promi-

nent Virchow-Robin (perivascular) spaces. (b) CT 

scan obtained without the use of contrast material 

demonstrates bilateral physiologic calcification 

(arrowheads) in the basal ganglia. (c) Axial gra-

dient-recalled echo image clearly depicts physi- 

ologic iron deposition in the globus pallidus (ar-

rowheads) as symmetric hypointense areas.

the basal ganglia are seen to be affected at MR 

imaging, the clinical signs and symptoms can 

vary from movement disorders (eg, chorea, trem-

ors, bradykinesia, dystonia) to coma, depending 

on whether there is focal involvement of the basal 

ganglia in isolation or generalized metabolic de-

rangement with widespread brain necrosis.

The thalamus is a midline structure situated 

between the cerebral hemispheres and the mid-

brain, with paired symmetric portions located 

on either side of the third ventricles (Fig 1). It 

consists of multiple nuclei that are responsible 

for relaying sensory and motor signals to and 

from the cerebral cortex and are involved in 

regulating consciousness, sleep, and alertness. 

Hence, lesions affecting the thalamus often 

result in disorders of consciousness and abnor-

malities of sensation (6).
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Figure3. Carbon monoxide poisoning in a 33-year-old man who was found in a coma after a 

suicide attempt. Axial T2-weighted (a) and coronal fluid-attenuated inversion recovery (b) MR 

images obtained 4 weeks after the poisoning depict symmetric hyperintense foci in the globus pal-

lidus (arrows). Symmetric hyperintense areas in the deep white matter (arrowheads in b) are con-

sistent with delayed leukoencephalopathy.

Radiologists should be familiar with the arte-

rial supply and venous drainage of the deep gray 

matter nuclei because there are significant im-

plications. The basal ganglia derive their blood 

supply from the medial and lateral lenticulostri-

ate arteries, which arise from the anterior and 

middle cerebral arteries, respectively (7). On 

the other hand, the thalamus derives its arte-

rial supply from the first and second parts of the 

posterior cerebral artery, with contributions from 

the posterior communicating artery (6). There 

is considerable variation in the arterial supply of 

the thalamus in healthy individuals, and radiolo-

gists should be aware of the patterns of thalamic 

infarction (see “Arterial Occlusion”). Venous 

drainage of both the basal ganglia and the thala-

mus is into the deep (rather than superficial) ve-

nous system (8); this has implications in venous 

thrombosis and infarction (see “Deep Venous 

Sinus Thrombosis”). The superior and inferior 

thalamostriate veins, along with several smaller 

surface veins, drain into the paired internal cer-

ebral veins. These join the basal vein of Rosenthal 

to form the great vein of Galen at a point inferior 

to the splenium of the corpus callosum, where 

the great vein of Galen joins the inferior sagittal 

sinus to form the straight sinus. The straight sinus 

then continues backward to the torcula and joins 

the superficial dural venous sinus system (8).

Pathologic Conditions of  
the Basal Ganglia and Thalamus

Toxic Poisoning
Carbon monoxide, methanol, and cyanide are 

cellular respiratory toxins that affect the mito-

chondria (9,10). Carbon monoxide inhibits elec-

tron transport (11), methanol is metabolized to 

toxic formate, and cyanide blocks trivalent iron 

in the cellular respiratory chain; in all three sce-

narios, the result is impairment of mitochondrial 

cellular respiratory enzymes. Patients usually 

present with acute cognitive impairment or coma 

after accidental exposure or attempted suicide. 

Methanol poisoning in particular may manifest 

with optic neuritis as its initial symptom. The 

diagnosis is usually established with appropriate 

toxicologic and laboratory tests, with imaging be-

ing used to assess brain damage.
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Figure 5. Hepatic cirrhosis in a 55-year-old 

man. T1-weighted MR image depicts symmetric 

hyperintense foci in the globus pallidus (arrows).

Because of their high metabolic activity, respi-

ratory toxins tend to cause bilateral MR imaging 

abnormalities in the basal ganglia, sometimes 

with diffuse involvement of other brain structures 

(9). Carbon monoxide in particular has a pro-

pensity to affect the globus pallidus (Fig 3) (11). 

T2 prolongation in the basal ganglia is typical in 

acute poisoning, often with restricted diffusion 

on diffusion-weighted MR images. In carbon 

monoxide poisoning, delayed leukoencephalopa-

thy (Fig 3b) and T1 shortening in the globus 

pallidus may be encountered (11). Hemorrhagic 

necrosis of the putamen may be observed in cya-

nide and methanol poisoning, and white matter 

edema may be an additional feature of methanol 

poisoning (Fig 4) (9).

Liver Disease
The basal ganglia may be affected in patients with 

liver dysfunction. Most patients have a history of 

chronic cirrhosis with portal hypertension and 

iatrogenic (ie, placed with transjugular intrahepatic 

portosystemic shunt surgery) or spontaneous por-

tosystemic shunts, resulting in nitrogenous waste 

products crossing the blood-brain barrier and 

causing long-term toxic brain damage.

Brain MR imaging findings in hepatic cirrhosis 

include bilateral hyperintense areas in the globus 

pallidus and substantia nigra on T1-weighted im-

ages (Fig 5). These findings have been attributed 

to the deposition of manganese (12) and may be 

reversible after liver transplantation (13). Charac-

teristic MR imaging signs of acute brain damage 

may be present in patients with acute hyperam-

monemia, including cirrhotic patients with acute 

hepatic decompensation (in whom the ammonia 

concentration can suddenly increase fourfold) 

and patients with ornithine transcarbamylase 

deficiency (ie, inborn errors of metabolism such 

Figure 4. Methanol poisoning in a 

41-year-old man who presented with 

altered mental status and retrobulbar 

pain. Contrast material–enhanced CT 

scan demonstrates hypoattenuating 

areas in the lentiform nuclei (arrows), 

corpus callosum, and subcortical deep 

white matter in the frontal and parieto-

occipital regions (arrowheads). (Cour-

tesy of Anirudh Kohli, MD, Breach 

Candy Hospital Trust, Mumbai, India.)
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Figure 6. Acute hyperammonemia in a 70-year-old cirrhotic man with acute decompensated hepatic 

failure who presented with altered mental status. T2-weighted (a) and diffusion-weighted (b) MR images 

reveal bilaterally symmetric swelling, hyperintensity, and restricted diffusion in the caudate heads (white 

arrows in a), putamina (black arrows in a), and insular cortices (arrowheads in b).

as citrullinemia, which result in accumulation of 

ammonia in the brain) (14). Acute hyperammo-

nemia causes bilaterally symmetric swelling, T2 

prolongation, and restricted diffusion in the basal 

ganglia, insular cortex, and cingulate gyrus (Fig 

6) (15,16). MR spectroscopic detection of the 

combined toxic metabolite glutamate-glutamine 

at short echo times in the acutely affected brain 

has been described (14).

NonketoticHyperglycemia
Patients with hyperglycemia are typically individu-

als with poorly controlled diabetes who present 

with acute chorea, hemiballismus, and, sometimes, 

altered mental status. Hyperglycemia is a treatable 

condition with a good prognosis, and follow-up 

neuroimaging performed 2–12 months later usu-

ally shows the resolution of findings (17).

CT typically shows bilateral or, rarely, unilat-

eral pallidal or caudate hyperattenuation. At MR 

imaging, the abnormal areas are characteristi-

cally hyperintense on T1-weighted images (Fig 7) 

and of variable intensity on T2-weighted images 

(17,18). The mechanism for signal abnormalities 

is unknown, and various hypotheses involving the 

deposition of proteins, myelin breakdown prod-

ucts, blood, or calcium or other minerals have 

been proposed. Besides hyperglycemia, other im-

portant causes of bilateral pallidal T1 shortening 

include manganese deposition in hepatic enceph-

alopathy (discussed earlier), chronic occupational 

exposure to manganese, and long-term treatment 

with total parenteral nutrition.

Hypoglycemia
Patients who present with hypoglycemic coma 

are typically diabetic patients who accidentally 

overdose while receiving treatment with oral 

hypoglycemic agents (typically the long-acting 

sulfonylurea group of drugs) (19). Rarely, non-

diabetic patients can present with unexplained 

hypoglycemia; in such cases, undiagnosed insu-

linoma of the pancreas or the occult effects of 

medications with hypoglycemic effects (including 

alternative or “herbal” preparations) should be 

considered (20,21). The extent of brain damage 

depends on the severity and duration of hypogly-

cemia, and clinical presentation includes seizures, 

focal neurologic deficits, and coma.

Characteristic MR imaging findings of severe 

hypoglycemia include bilateral T2 prolongation in 

the cerebral cortex, hippocampi, and basal ganglia 

(Fig 8a) (22). In some cases of milder, reversible 

hypoglycemia, transient and isolated white mat-

ter abnormalities involving the splenium of the 

corpus callosum, internal capsules, and corona 
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Figure 8. Hypoglycemic brain injury in an 18-year-old comatose man with a random blood 

sugar level of 2.1 mmol/L. Axial T2-weighted (a) and diffusion-weighted (b) MR images 

demonstrate diffuse hyperintensity and restricted diffusion in the heads of the caudate nuclei 

(arrowheads in a), lentiform nuclei (arrows in a), and cerebral cortex, with sparing of the 

subcortical white matter and thalamus.

radiata have been reported, with patients making a 

full recovery without neurologic deficit; however, 

white matter lesions may also be seen in combina-

tion with severe, diffuse gray matter abnormalities 

(21,23). The abnormal areas are typically hyperin-

tense on diffusion-weighted MR images (Fig 8b) 

and show a reduced apparent diffusion coefficient 

(24). Involvement of the basal ganglia seems to 

portend a poor prognosis (22). In patients with 

unexplained coma, determination of blood serum 

sugar levels can help differentiate this potentially 

reversible condition from other causes such as 

hypoxic ischemic encephalopathy (HIE) or acute 

cerebral infarction (23).

Figure7. Nonketotic hyper-

glycemia in a 68-year-old 

woman with uncontrolled 

diabetes and choreoathetoid 

movements. Axial T1-weighted 

MR image reveals bilateral 

hyperintense pallidal areas 

(arrows).
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Figure 10. HIE in a 38-year-old woman who was resuscitated after being involved in a traf-

fic accident. (a) T2-weighted MR image demonstrates bilaterally symmetric hyperintense 

areas in the thalamus (white arrowheads), basal ganglia, and cerebral cortex. Black arrow-

heads = caudate nuclei, arrows = lentiform nuclei. (b) T2-weighted MR image obtained 

at a higher level more clearly depicts diffuse cortical involvement.

Figure9. HIE in a 54-year-old man who was resuscitated after experiencing cardiac arrest. 

(a) Noncontrast CT scan reveals bilaterally symmetric hypoattenuating areas in the thalamus 

(arrowheads), caudate nuclei (black arrows), and globus pallidus (white arrows). (b) CT scan 

obtained through the posterior fossa demonstrates that the relatively spared cerebellum has 

higher attenuation than do the damaged, hypoattenuating supratentorial structures (white 

cerebellum sign).

HypoxicIschemicEncephalopathy
HIE of the brain in adults may be the result of 

circulatory or respiratory failure from causes in-

cluding cardiac arrest, drowning, or asphyxiation. 

In most of these cases, the clinical findings are 

obvious. Neuroimaging findings depend on the 

severity of the insult, the timing of the study, and 

the age of the patient, with neonatal asphyxia be-

ing a special situation with a characteristic distri-

bution of lesions in the immature brain (25).

In adults, mild HIE may affect only the water-

shed zones. Severe HIE characteristically affects 
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the gray matter structures, including the cerebral 

cortex, basal ganglia, and hippocampi. The thala-

mus and cerebellum may also be affected, but 

the brainstem and cerebral white matter are typi-

cally spared. CT findings include diffuse edema, 

decreased attenuation of the cortical gray matter 

with loss of normal gray matter–white matter dif-

ferentiation, and bilateral decreased attenuation 

of the basal ganglia and thalamus (Fig 9a) (26). 

The “reversal sign” may be seen, in which there 

is higher attenuation in the white matter, revers-

ing the normal relative attenuation between white 

matter and gray matter. Diffuse cerebral damage 

results in a lower attenuation compared with the 

cerebellum and brainstem, which are relatively 

spared, resulting in the “white cerebellum sign” 

(Fig 9b). These findings in severe HIE usually 

indicate a poor prognosis (27).

The earliest finding at MR imaging (after 2 

hours) is increased signal intensity of the affected 

Figure 11. Leigh disease in an 11-month-old boy who presented 

with irritability and failure to thrive. (a, b) Axial T2-weighted MR 

images obtained at the level of the deep gray nuclei (a) and through 

the posterior fossa (b) reveal symmetric areas of hyperintensity in 

the putamina (arrowheads in a) and periaqueductal region (arrow 

in b). (c) Spectrum from MR spectroscopy performed with an 

echo time of 144 msec with the voxel placed over the region of in-

terest reveals an inverted double peak at 1.33 ppm (arrow), a find-

ing that is characteristic of lactate accumulation in Leigh disease. 

Cho = choline, Cr = creatine, NAA = N-acetylaspartate.

areas on diffusion-weighted images (27). Con-

ventional T2-weighted images demonstrate subtle 

increased signal intensity and swelling of the af-

fected areas, usually 24 hours or more after the 

insult (Fig 10). Delayed postanoxic leukoenceph-

alopathy may result in diffuse T2 prolongation in 

the subcortical white matter (25).

Leigh Disease
Leigh disease (subacute necrotizing encepha-

lomyelopathy) is a mitochondrial disease that 

results from a disorder in the respiratory chain 

production of adenosine triphosphate. Clinical 

manifestations can be highly variable, affecting 

children and (rarely) young adults and typically 

causing central hypotonia, developmental regres-

sion or arrest, ophthalmoplegia, respiratory and 

bulbar dysfunction, and ataxia.

MR imaging findings include symmetric areas 

of T2 prolongation in the basal ganglia, periaq-

ueductal region, and cerebral peduncles, with 

putaminal involvement being a consistent feature 

(Fig 11a, 11b) (28). When Leigh disease is sus-

pected, MR spectroscopy (best performed with 

long echo times) may reveal the presence of ab-

normally high lactate levels in the basal ganglia 

(Fig 11c), which together with elevated serum and 

CSF lactate levels supports the diagnosis (29).
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Figure 12. Wilson disease in a 9-year-old boy 

with tremors and dystonia. T2-weighted MR 

image depicts bilaterally symmetric areas of 

abnormal T2 prolongation in the ventrolateral 

thalamus (arrowheads), putamina (white ar-

rows), and caudate nuclei (black arrows).

Wilson Disease
Wilson disease is caused by the accumulation of 

copper resulting from a deficiency of ceruloplas-

min, its serum transport protein. This disease, 

also known as hepatolenticular degeneration, 

affects the liver, brain, and other tissues. The 

symptoms vary and include dysarthria, dystonia, 

tremors, ataxia, Parkinsonian symptoms, and 

psychiatric problems. Kayser-Fleisher rings in the 

cornea are characteristically associated with Wil-

son disease.

MR imaging findings include areas of T2 pro-

longation in the putamen (a common finding), 

globus pallidus, caudate nuclei, and thalamus. 

Thalamic involvement is typically confined to the 

ventrolateral aspect (Fig 12) (30). The cortical 

and subcortical regions, mesencephalon, pons, 

vermis, and dentate nuclei may also be involved. 

Diffusion restriction is often seen in the early 

stages of the disease (31,32).

Osmotic Myelinolysis
Centralpontinemyelinolysis and extrapontinemy-
elinolysis are terms used to describe a syndrome 

of demyelination involving the pons and the 

extrapontine structures, respectively. Osmotic 

demyelination is associated with electrolyte im-

balances (in particular, rapid overcorrection of 

hyponatremia) and may be seen in chronically 

alcoholic patients, malnourished patients, or 

chronically debilitated organ transplant recipients 

(33,34). The clinical manifestations are variable 

and include spastic hemiparesis, pseudobulbar 

palsy, decreased levels of consciousness, and 

coma.

Oligodendroglial cells are most susceptible to 

osmotic stresses, and the distribution of changes 

at MR imaging parallels the distribution of these 

cells in the central pons, thalamus, putamen, 

lateral geniculate bodies, and other extrapontine 

sites (33). Abnormal T2 and T1 prolongation 

are seen in the affected areas at MR imaging. In 

central pontine myelinolysis, a symmetric trident-

shaped or bat wing–shaped area of increased 

signal intensity in the central pons is characteris-

tically seen on T2-weighted and fluid-attenuated 

inversion recovery MR images. The ventrolateral 

pons and the pontine portion of the corticospinal 

tracts are typically spared (35).

Extrapontine myelinolysis manifests as areas of 

T2 prolongation in the globus pallidus, putamen, 

thalamus, and cerebellum (Fig 13) (34). The le-

sions may sometimes show restricted diffusion 

at diffusion-weighted MR imaging in the early 

stages of the disease process, although this is not 

typical. Serial measurements of serum sodium 

levels may be helpful for diagnosis.

WernickeEncephalopathy
Wernicke encephalopathy typically results from 

a vitamin B1 (thiamine) deficiency, secondary 

to a malnourished state caused by (for example) 

chronic alcoholism, gastrointestinal or hemato-

logic neoplasms, chronic dialysis, bowel obstruc-

tion, hyperemesis gravidarum, or prolonged par-

enteral therapy without vitamin supplementation. 

The classic clinical triad of altered consciousness, 

ocular dysfunction, and ataxia is not always pres-

ent at clinical onset, and the symptoms may be 

confusing. Wernicke encephalopathy represents 

a medical emergency, and treatment consists of 

intravenous replacement of thiamine (36).

Typical findings at MR imaging include sym-

metric T2 prolongation in the medial thalamus, 

periaqueductal area, mamillary bodies, and tectal 

plate (Fig 14) (37). Petechial hemorrhage, diffu-

sion restriction, and contrast enhancement of the 

affected areas may be noted. Zuccoli et al (37) 

noted that involvement of the mamillary bodies 

was most prevalent in chronic alcohol abusers.
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Figure 14. Wernicke encephalopathy in a 36-year-old alcoholic man with impaired consciousness.  

(a) Axial T2-weighted MR image shows bilaterally symmetric areas of T2 prolongation in the 

paramedian thalamus along the third ventricle (white arrowheads), the caudate nuclei (black arrow-

heads), and the putamina (arrows). (b) Axial T2-weighted MR image shows ill-defined hyperintense 

areas in the periaqueductal region (arrow).

Figure13. Osmotic myelinolysis in a 59-year-old alcoholic man who presented with confusion and 

pseudobulbar palsy. (a) T2-weighted MR image depicts bilaterally symmetric hyperintense areas in 

the thalamus (arrowheads) and putamina (arrows). (b) T2-weighted MR image obtained inferior to a 

demonstrates an ill-defined hyperintense area in the central pons (*), with sparing of the rim.
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Figure 15. Pantothenate kinase–associated neuro-

degeneration (Hallervorden-Spatz disease) in a 24- 

year-old man with dystonia. Coronal T2-weighted 

MR image demonstrates bilateral hyperintense pal-

lidal areas on background areas of T2 shortening 

(eye-of-the-tiger sign) (arrows). (Courtesy of Shrini-

vas Desai, MD, Jaslok Hospital and Research Centre, 

Mumbai, India.)

Neurodegeneration  
with Brain Iron Accumulation
NBIA is a heterogeneous group of disorders char-

acterized by brain degeneration and excessive 

iron deposition in the basal ganglia. Two clinical 

categories are recognized: (a) classic early-onset, 

rapidly progressive disease; and (b) atypical late-

onset, slowly progressive disease (38). In classic 

NBIA and in one-third of cases of atypical disease, 

the PANK2 gene is mutated. This gene encodes a 

pantothenate kinase, and affected patients (with 

pantothenate kinase–associated neurodegeneration 

[previously known as Hallervorden-Spatz disease]) 

typically present with pyramidal or extrapyramidal 

signs, dystonia, and dysarthria (38,39).

In NBIA, the diagnostic MR imaging feature 

is bilateral hypointensity in the globus pallidus at 

T2-weighted imaging, which correlates with iron 

accumulation observed at pathologic examina-

tion. Patients with pantothenate kinase–associ-

ated neurodegeneration with the PANK2 muta-

tion demonstrate the “eye-of-the-tiger sign,” with 

a high-signal-intensity center surrounded by the 

more typical hypointensity in the globus pallidus 

(Fig 15) (40). The eye-of-the-tiger sign is not 

seen in PANK2 mutation–negative patients (38).

Creutzfeldt-Jakob Disease
CJD is a transmissible fatal neurodegenerative 

disorder caused by prions (self-replicating pro-

teinaceous infectious particles). There are four 

main subtypes: sporadic, familial, iatrogenic, and 

variant CJD, with the latter being associated with 

bovine spongiform encephalopathy (“mad cow 

disease”), transmitted through consumption of 

bovine spongiform encephalopathy–contami-

nated meat. Patients with CJD typically present 

with rapidly progressive dementia, myoclonus, 

and multifocal neurologic dysfunction. Brain 

biopsy or autopsy is required for a definitive di-

agnosis (41). Diffusion-weighted MR imaging, 

despite its sensitivity, is currently not part of the 

criteria for the probable diagnosis of sporadic 

CJD, and generalized periodic sharp wave com-

plexes at electroencephalography or the detection 

of 14-3-3 proteins in the CSF are still required 

for noninvasive diagnosis (42–44).

Nevertheless, diffusion-weighted MR imag-

ing has become increasingly important for the 

diagnosis of sporadic CJD, with the cerebral 

cortex and basal ganglia typically being involved 

(Fig 16). Restricted diffusion seen at diffusion-

weighted MR imaging is attributed to spongiform 

neuronal degeneration and is more sensitive than 

T2-weighted imaging findings in detecting CJD, 

especially for cortical lesions (44).

Variant CJD is associated with bovine spongi-

form encephalopathy and the typical bilateral le-

sions in the pulvinar nuclei of the thalamus (pul-

vinar sign or hockey stick sign) (45). Although 

thalamic involvement was first described as the 

key finding in variant CJD, the thalamus may also 

be involved (typically with other abnormalities) in 

the more common sporadic form of CJD (46).

Fahr Disease
Fahr disease (also known as bilateral striopalli-

dodentate calcinosis) is a rare neurodegenerative 

disease that is characterized by the bilaterally 

symmetric deposition of calcium (and other 

minerals) in the basal ganglia, thalamus, dentate 
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Figure17. Fahr disease in a 44-year-old man 

with dementia and gait disturbances. Non-

contrast CT scan shows bilaterally symmetric 

high-attenuation calcifications in the thalamus, 

caudate nuclei, putamina, globus pallidus, and 

subcortical white matter.

nuclei, and centrum semiovale in the absence of 

hypoparathyroidism. Patients present with a slow 

onset of nonspecific symptoms such as headache, 

vertigo, movement disorders, syncope, and sei-

zures. Other neurologic deficits include paresis, 

spasticity, gait disturbance, speech disorders, 

coma, dementia, Parkinsonism, chorea, tremors, 

dystonia, myoclonia, and orthostatic hypotension.

At neuroimaging, the condition is character-

ized by bilaterally symmetric dense calcifications 

in the basal ganglia, dentate nuclei, thalamus, 

and subcortical white matter of the cerebrum 

(Fig 17). Important alternatives in the radiologic 

differential diagnosis for Fahr disease include hy-

poparathyroidism or pseudohypoparathyroidism 

(end-organ resistance to parathyroid hormone), 

which can be confirmed with measurements of 

serum calcium, phosphorus, and parathyroid 

hormone levels (47,48). Pseudopseudohypopara-

thyroidism, in which there is no abnormality of 

calcium metabolism in asymptomatic patients, is 

another possible diagnosis in patients with wide-

spread cerebral calcification (48).

Figure 16. CJD in a 71-year-old man with rapidly progressive dementia and myoclonus. T2-

weighted (a) and diffusion-weighted (b) MR images reveal bilaterally symmetric areas of T2 pro-

longation and restricted diffusion in the medial pulvinar nuclei of the medial thalamus (“pulvinar 

sign” or “hockey stick sign”) (arrows). The affected sites are better seen on the diffusion-weighted 

MR image. Note the high signal intensity of the cingulate gyri (arrowheads in b). Sporadic CJD 

was confirmed at autopsy.
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DeepCerebralVenousThrombosis
Cerebral venous thrombosis (CVT) is usually 

associated with risk factors such as a hypercoagu-

lable state during pregnancy or puerperium, use 

of oral contraceptives, vasculitis, and intracranial 

or systemic infections (49). Thrombosis of the 

superficial dural sinus system (the superior and 

inferior sagittal sinuses, transverse sinuses, and 

cortical veins) typically results in cerebral edema 

and venous infarction of the cerebral cortex near 

the vertex. However, involvement of the deep 

venous system (the internal cerebral vein, vein of 

Galen, and straight sinus) can result in a different 

distribution of venous hypertension. Deep CVT 

often occurs as an extension of widespread super-

ficial dural sinus CVT; in rare instances, however, 

it may occur in isolation, with bilateral involve-

ment of the thalamus and basal ganglia without 

cerebral lobar venous infarction (Fig 18a) (50). 

Patients present with acute headache, nausea, 

vomiting, seizures, and altered mental status. 

Focal neurologic deficits, coma, and death may 

ensue in severe cases.

At neuroimaging, venous hypertension and 

cerebral edema caused by deep CVT typically 

result in T2 prolongation in the thalamus, usually 

involving the internal capsule, basal ganglia, and 

deep white matter as well. Hemorrhagic conver-

sion is common, resulting in decreased signal 

with all pulse sequences, but especially with gra-

Figure 18. Deep CVT in a 37-year-old woman with headache 

and drowsiness. (a) T2-weighted MR image shows bilateral 

hyperintense areas in the thalamus (arrowheads) and caudate 

heads (arrows). (b) Phase-contrast MR venogram shows absence 

of normal flow in the internal cerebral veins, vein of Galen, and 

straight sinus (arrows), with preservation of the superior sagit-

tal and transverse sinuses. (c) Phase-contrast MR venogram 

obtained in a different patient depicts the internal cerebral veins 

(black arrows); basal vein of Rosenthal (curved arrow); and vein 

of Galen (straight white arrows), which drains into the straight 

sinus (arrowheads). ISS = inferior sagittal sinus, SS = sigmoid 

sinus, SSS = superior sagittal sinus, TS = transverse sinus. (Re-

printed, with permission, from reference 50.)
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dient-recalled echo sequences. Diffusion restric-

tion at diffusion-weighted MR imaging has been 

described in CVT by some authors but is not a 

consistent feature (51).

Simultaneous bilateral involvement of the 

thalamus and basal ganglia in the appropriate 

clinical setting should prompt a search for subtle 

signs of venous thrombosis such as loss of flow 

void and hyperintense thrombus in the straight 

sinus, vein of Galen, and internal cerebral veins 

on conventional MR images (52). The addi-

tion of MR venography (and, increasingly, CT 

venography) to the imaging protocol allows the 

evaluation of thrombosis of the superficial ve-

nous sinuses, which is often diagnostic for deep 

CVT (Fig 18b, 18c).

Arterial Occlusion
Bilateral acute synchronous arterial infarctions of 

the thalamus are not uncommon, and are usually 

the result of occlusion of the rostral basilar artery. 

Patients with thalamic infarction typically present 

with agitation, obtundation or coma, memory 

dysfunctions, and various types of ocular and be-

havioral changes.

These acute infarcts characteristically demon-

strate hyperintensity on T2-weighted MR images 

and restricted diffusion on diffusion-weighted im-

ages (Fig 19a), and the causative steno-occlusive 

disease involving the basilar artery is often well 

depicted on MR angiograms (Fig 19b) (53,54). 

Figure19. Basilar 

artery occlusion in a  

61-year-old man with  

ocular signs and se-

vere obtundation.  

(a) Diffusion-

weighted MR image  

shows bilateral hyper-

intense areas in the 

paramedian thalamus  

(arrows). (b) Time- 

of-flight MR angio-

gram clearly depicts 

occlusion of the ros- 

tral portion of the 

basilar artery (arrow). 

(c, d) Noncontrast 

CT scans obtained 3 

days later show bilat-

eral subacute infarcts 

of the thalamus (ar-

rows in c) and an in-

farct in the right cer-

ebellar hemisphere 

(arrow in d).
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Figure 21. Neuro-Behçet disease in a 49- 

year-old man with headache and personality 

disorders. Axial T2-weighted MR image re-

veals poorly defined areas of T2 prolongation 

in both caudate nuclei and the right lentiform 

nucleus.

Figure 20. Occlusion of the artery of Percheron in a comatose 67-year-old man. Diffusion-

weighted MR images show hyperintense areas in the paramedian thalamus (arrows in a) and 

midbrain (arrowheads in b).

In addition to affecting the thalamus, thrombosis 

of the rostral basilar artery typically also causes 

acute infarction of the midbrain and portions of 

the temporal and occipital lobes fed by the poste-

rior cerebral artery, or of portions of the cerebel-

lum fed by other branches of the vertebrobasilar 

arterial system (Fig 19c, 19d).

A rare cause of bilaterally symmetric thalamic 

infarction is occlusion of the artery of Percheron, 

an anatomic variant of the posterior circulation. 

The blood supply of the normal thalamus and 

midbrain may show several variants (55,56). 

In one of the three arterial variants described 

by Percheron, a common trunk (the artery of 

Percheron) arises from the first segments of the 

posterior cerebral artery on one side but supplies 

the thalamus and midbrain on both sides. Occlu-

sion of this common trunk results in bilaterally 

symmetric infarctions in the paramedian portions 

of the thalamus and brainstem (Fig 20) (57). 

Although cerebral infarction has a distinctive 

anatomic distribution in Percheron arterial oc-

clusion, the depiction of the artery of Percheron 

itself at MR angiography or digital subtraction 

angiography has not been well described in the 

literature (57).

Neuro-Behçet Disease
Behçet disease is a multisystemic, recurrent 

inflammatory disorder of unknown cause; auto-

immune, infectious, and genetic causes have all 
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been postulated as responsible for the classic clin-

ical triad of uveitis, oral ulcers, and genital ulcers 

(58). The CNS is affected in 4%–49% of patients 

with Behçet disease, which has a predilection for 

men and has a higher prevalence in the eastern 

Mediterranean, the Middle East, and Japan. Al-

though ulcerative symptoms of Behçet disease 

usually precede neurologic complications (eg, 

headache, dysarthria, cerebellar signs, sensory 

signs, personality change), 3% of cases manifest 

initially in the CNS. In these cases, radiologic 

diagnosis becomes a challenge, especially since 

there are no confirmatory chemical or serologic 

investigations (59).

Focal or multifocal lesions are common in 

neuro-Behçet disease, with rarer forms manifesting 

with meningoencephalitis and CVT (58). The sites 

most commonly involved by focal lesions include 

the brainstem, basal ganglia (bilateral involvement 

in one-third of cases), and thalamus (Fig 21) (59), 

and, less commonly, the white matter of the cer-

ebral hemispheres and cervicothoracic spinal cord. 

These lesions are hyperintense on T2-weighted 

MR images, are hypointense on T1-weighted im-

ages, enhance after contrast material administra-

tion, and are typically associated with vasogenic 

edema (60). They are isointense or slightly hyper-

intense on diffusion-weighted images.

FlavivirusEncephalitis
Flavivirus infections such as Japanese encepha-

litis, West Nile fever, and Murray Valley fever 

typically demonstrate symmetric involvement of 

the deep gray matter structures. The exact reason 

for this phenomenon is unknown, although the 

inherent metabolic activity and vascular supply of 

these structures may play a role (61,62).

The geographic distributions of these viral in-

fections are characteristic but may overlap, with 

Japanese encephalitis being common in Asia, West 

Nile fever in the Middle East (now also in North 

America), and Murray Valley fever in Australia. 

The clinical presentation typically involves a pro-

dromal phase of fever, rigors, headache, rashes, 

and body aches followed by CNS symptoms that 

include dyskinesia, dystonia, tremors, drooling, 

dysarthria, altered consciousness, seizures, and 

coma. The definitive serologic diagnosis is based 

on the detection of antibodies in serum and CSF 

at enzyme-linked immunosorbent assay.

The most characteristic MR imaging find-

ing of Japanese encephalitis is T2 hyperinten-

sity, typically with bilateral involvement of the 

posteromedial thalamus (Fig 22a). Intralesional 

Figure 22. Seropositive Japanese B encephalitis in a 14-year-old boy with fever and malaise. 

T2-weighted (a) and diffusion-weighted (b) MR images reveal asymmetric ill-defined hyper-

intense areas in the thalamus (arrows in a) and the left frontal and parieto-occipital cortex 

(arrowheads in a).
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Figure23. CNS toxoplasmosis in a 37-year-old HIV-seropositive man who presented with head-

ache and drowsiness. (a) Axial T2-weighted MR image shows multiple bilateral hypointense lesions 

in the caudate nuclei, left lentiform nucleus (black arrow), and right thalamus (white arrow), with 

extensive perifocal edema. (b) On an axial contrast-enhanced T1-weighted MR image obtained at a 

lower level, the lesion in the right caudate nucleus demonstrates rim enhancement (arrow).

hemorrhages and restricted diffusion have also 

been described (Fig 22b) (63,64). Other sites of 

involvement include the basal ganglia, substantia 

nigra, red nucleus, pons, hippocampi, cerebral 

cortex, and cerebellum. Japanese encephalitis and 

Murray Valley encephalitis more often involve the 

thalamus (62), whereas West Nile fever typically 

demonstrates bilateral involvement of the thala-

mus and the caudate and lentiform nuclei (61).

CerebralToxoplasmosis
Cerebral toxoplasmosis is an opportunistic infec-

tion caused by the protozoan Toxoplasmagondii, 
typically in immunocompromised patients such as 

those with human immunodeficiency virus (HIV) 

infection and acquired immunodeficiency syn-

drome (AIDS). CNS involvement leads to fever, 

headache, and confusion, progressing to coma, 

focal neurologic deficits, and seizures. Polymerase 

chain reaction testing of blood samples has been 

helpful for diagnosis in some studies (65).

At neuroimaging, cerebral toxoplasmosis 

manifests as multiple focal lesions in the basal 

ganglia and lobar gray matter–white matter junc-

tions (66,67). On T2-weighted MR images, the 

lesions are typically hypo- to isointense, usually 

with prominent associated mass effect and vaso-

genic edema (Fig 23a). Hemorrhagic lesions may 

appear hyperintense on T1-weighted images and 

are hypointense on gradient-recalled echo images. 

After contrast material injection, nodular or ring 

enhancement is typically seen (Fig 23b). The con-

ventional MR imaging appearance of basal ganglia 

toxoplasmosis in patients with HIV-AIDS may be 

similar to that of CNS lymphoma (discussed in 

the following section). Thallium-201 single photon 

emission computed tomography, positron emission 

tomography, or MR spectroscopy (which typically 

demonstrates lipid breakdown products without 

elevated choline levels in toxoplasmosis) may be 

useful in narrowing the differential diagnosis.
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Figure 24. Primary CNS lymphoma (confirmed histologically) in a 55-year-old man with headache, al-

tered mental status, and AIDS. (a) Axial T2-weighted MR image depicts bilateral ill-defined isointense to 

hypointense areas involving the basal ganglia and thalamus, with extensive perifocal edema. (b) On a coro-

nal contrast-enhanced T1-weighted MR image, the lesions (arrowheads) demonstrate avid enhancement.

PrimaryCNSLymphoma
Primary lymphomatous disease of the CNS may 

be encountered in both immunocompetent and 

immunocompromised (typically HIV-AIDS) pa-

tients. Congenital causes of immunodeficiency 

and an immunosuppressive treatment regimen 

after organ transplantation are also associated 

with a greater risk for primary CNS lymphoma.

Primary CNS lymphoma commonly involves 

the deep hemispheric periventricular white mat-

ter, corpus callosum, and basal ganglia (Fig 24a) 

(68). Multiple lesions and involvement of the 

basal ganglia are more common in patients with 

HIV-AIDS, and lesions may mimic the more 

common opportunistic infection of toxoplasmo-

sis (discussed earlier). The periventricular loca-

tion and subependymal spread of primary CNS 

lymphoma may help distinguish it from CNS 

toxoplasmosis (67). Advanced imaging methods 

such as MR spectroscopy (with elevated choline 

levels) may also be useful in this regard (69). The 

high attenuation of primary CNS lymphoma 

at CT and its iso- or hypointensity relative to 

gray matter at T2-weighted MR imaging have 

been attributed to high tumor cellularity. Solid, 

homogeneously enhancing lesions are typical in 

immunocompetent patients, whereas lesions with 

ring enhancement and central necrosis occur pre-

dominantly in AIDS patients (Fig 24b) (68).

Primary Bilateral Thalamic Glioma
The thalamus is affected in 1%–1.5% of brain 

tumors, including secondary involvement by con-

tiguous spread of adjacent lesions such as pineal 

germ cell tumors. PBTG is a rare but characteris-

tic neoplasm that demonstrates bilateral involve-

ment of the thalamus in children and young adults 

(70). Patients typically present with behavioral 

impairment ranging from personality changes to 

dementia. Although PBTG is a low-grade astro-

cytoma (World Health Organization grade II), 

patients with PBTG,  because of its deep location, 

have a very poor prognosis despite therapy.
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Figure 25. PBTG in a 24-year-old man with altered mental status and behavioral changes. (a) Axial 

fluid-attenuated inversion recovery image shows bilaterally symmetric, well-defined hyperintense areas 

and enlargement of the thalamus (arrows). (b) On a sagittal contrast-enhanced T1-weighted MR image, 

the thalamus (arrows) demonstrates diffuse hypointensity.

CT and MR imaging typically reveal a mass 

that symmetrically enlarges both sides of the 

thalamus (70–72). At MR imaging, PBTG ap-

pears hyperintense on T2-weighted images and 

isointense on T1-weighted images. Typically, 

these tumors do not enhance on postcontrast T1-

weighted images (Fig 25). Low-grade PBTGs are 

characterized by the absence of tumor progres-

sion on serial MR images, with tumors remaining 

within the thalamus respecting the border be-

tween gray matter and white matter (72).

NeurofibromatosisType1
Neurofibromatosis is the most common phako-

matosis (neurocutaneous syndrome) and can 

be transmitted as an autosomal dominant trait 

or arise from spontaneous mutations. Clinically, 

neurofibromatosis type 1 is diagnosed on the ba-

sis of the presence of café-au-lait spots, axillary 

freckling, Lisch nodules, neurofibromas, plexi-

form neurofibromas, optic glioma, bone dyspla-

sias, or pseudoarthrosis.

MR imaging of the brain may reveal focal ar-

eas of increased signal intensity on T2-weighted 

images, often with T1 shortening (Fig 26). Some 

studies have reported that the globus pallidus 

is the most common site of involvement, often 

on both sides, but these bright objects can also 

be found in the brainstem and cerebellum (73). 

They typically exert no mass effect, are not as-

sociated with surrounding edema, and do not 

enhance after contrast material injection. The his-

tologic correlate of these bright objects is not well 

established, and they may represent hamartomas 

or vacuolar or spongiotic change (74). These 

lesions are usually asymptomatic in neurofibro-

matosis type 1 and may be differentiated from 

gliomas at MR spectroscopy due to their higher 

N-acetylaspartate–choline, N-acetylaspartate–cre-

atine, and creatine-choline ratios (75).

Radiologic Assess- 
ment of Abnormalities of  

the Basal Ganglia and Thalamus
The radiologist may diagnose abnormalities of 

the basal ganglia or thalamus in patients in dif-

ferent clinical situations. Often, there are typical 
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Figure 26. “Bright objects” in an asymptomatic 21-year-old woman with neurofibromatosis type 1. 

(a) Axial T2-weighted MR image shows bilateral pallidal areas of hyperintensity (arrows) that have 

no mass effect. (b) On an axial T1-weighted MR image, the foci (arrows) appear hyperintense.

scenarios, signs, or symptoms that lead to neuro-

imaging examination, such as a known suicide at-

tempt, cardiac arrest, diabetic hypoglycemia, hy-

perglycemic chorea-ballismus, or HIV-AIDS, or 

risk for vitamin deficiency and electrolyte imbal-

ance. In such cases, imaging abnormalities of the 

deep gray matter nuclei usually confirm the clini-

cal suspicion. Sometimes, however, the clinical 

diagnosis is not apparent, there are few positive 

signs, or the clinical presentation is nonspecific 

or misleading. In some of these situations, the 

radiologist may detect an unsuspected but read-

ily apparent abnormality at CT or MR imaging, 

and the characteristic pattern at neuroimaging 

may be the first indicator of the correct diagnosis 

(14). Although often typical, the clinical and neu-

roimaging findings may overlap or change during 

acute exacerbations of systemic disease, such as 

exacerbations in Leigh disease, delayed leukoen-

cephalopathy in carbon monoxide poisoning, or 

acute hyperammonemic brain damage in decom-

pensated chronic cirrhosis (Fig 6).

Once bilateral lesions of the basal ganglia or 

thalamus are detected by the radiologist, the ap-

propriate confirmatory clinical and laboratory 

investigations may be suggested to confirm the 

diagnosis. These may include serologic studies 

or immunoassays for toxoplasmosis and flavivi-

ruses; electroencephalography and CSF investi-

gations for CJD; vitamin B1 assays for Wernicke 

encephalopathy; and determination of (a) serum 

sugar levels for hypoglycemia and hyperglyce-

mia; (b) serum sodium levels and osmolarity for 

osmotic myelinolysis; (c) serum ceruloplasmin 

levels for Wilson disease; (d) lactate levels in the 

serum and CSF for Leigh disease; and (e) serum 

calcium, phosphorus, and parathyroid hormone 

levels for Fahr disease–hypoparathyroidism and 

its variants.

Bilaterally symmetric diffuse abnormalities in-

volving the lentiform and caudate nuclei in their 

entirety typically suggest systemic or metabolic 

causes, whereas asymmetric, focal, or discrete 

lesions affecting only part of the basal ganglia 

tend to indicate involvement by infections or neo-

plasms. However, there is often overlap, and atypi-

cal features of systemic disease such as unilateral 

involvement may sometimes cause confusion (21). 

The thalamus is usually involved together with the 

basal ganglia in a wide range of conditions such 
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as hypoxia, osmotic myelinolysis, Wilson disease, 

Leigh disease, Fahr disease, CJD, deep CVT, 

infections, and primary CNS lymphoma. Involve-

ment of the basal ganglia but not the thalamus is 

characteristically caused by systemic disease (toxic 

poisoning, hypoglycemia, hyperglycemia, liver 

disease, Huntington disease, NBIA, neurofibroma-

tosis), whereas bilateral thalamic involvement with 

no abnormality of the basal ganglia is less common 

and more often due to focal (arterial occlusion, 

flavivirus infection, PBTG), rather than general-

ized (Wernicke encephalopathy), abnormalities.

The detection of associated abnormalities in 

parts of the brain other than the basal ganglia 

and thalamus is also helpful in narrowing the dif-

ferential diagnosis. These findings include diffuse 

or focal cortical involvement in hypoxia, hypo-

glycemia, and CJD, and diffuse or bilateral white 

matter abnormalities in poisoning and hypogly-

cemia. The brainstem may be involved in Leigh 

disease, osmotic myelinolysis, neuro-Behçet dis-

ease, and basilar artery occlusion. Basilar artery 

occlusions typically also affect the arterial terri-

tory supplied by the posterior cerebral artery and 

other branches of the posterior circulation (both 

sides of the thalamus, midbrain, occipital and 

temporal lobe cortex, cerebellum). On the other 

hand, simultaneous lesions of the thalamus and 

basal ganglia are consistent with venous but not 

arterial infarction. These deep nuclear structures 

are drained by the same deep internal cerebral 

veins but are supplied by the posterior and ante-

rior arterial circulations, respectively. Therefore, 

widespread basilar or posterior cerebral artery 

occlusion typically involves the thalamus as well 

as the occipital-temporal cortex, not the thalamus 

and the basal ganglia. MR or CT arteriography 

and venography would also be helpful in mak-

ing the correct diagnosis, as would diffusion-

weighted MR imaging (discussed in the following 

paragraph). Finally, CNS infections and tumors 

may show perilesional edema or infiltration out-

side the basal ganglia and thalamus, or multifocal 

disease elsewhere in the brain and meninges.

T2-weighted MR imaging is highly informa-

tive in the study of abnormalities of the deep gray 

matter nuclei, with most acute diseases dem-

onstrating increased signal intensity. Very often, 

T1-weighted MR imaging and CT also have an 

important role to play, especially if abnormalities 

of hyperintensity (in hepatic disease and manga-

nese deposition, hyperglycemia, or neurofibro-

matosis type 1) may help narrow the differential 

diagnosis. The presence of calcium (Fahr disease, 

hypoparathyroidism) and hemorrhage (poisoning, 

CNS toxoplasmosis, venous infarction, Japanese 

encephalitis) may also be helpful. The contribu-

tions of diffusion-weighted MR imaging in the 

detection of acute cytotoxic brain damage in 

acute infarction, hypoxia, hypoglycemia, CJD, 

and Wernicke encephalopathy have been well 

described. MR spectroscopy may have a role in 

detecting lactate in hypoxia or mitochondrial dis-

ease and in differentiating opportunistic infection 

from neoplasm in AIDS. These modalities may 

be added to the radiologist’s toolkit to improve 

the confidence and timeliness of diagnosis.

Conclusions
Systemic and metabolic abnormalities often in-

volve the basal ganglia or thalamus on both sides, 

and careful assessment of brain abnormalities 

occurring simultaneously outside these structures 

is important. CT and MR imaging, including 

T1-weighted imaging, diffusion-weighted imag-

ing, MR angiography, MR venography, and MR 

spectroscopy, are often helpful in narrowing the 

differential diagnosis. Oftentimes, however, the 

diagnosis is not straightforward, and the correla-

tion of typical imaging features with clinical and 

laboratory data can help make the correct diag-

nosis (Table).
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Page7
The putamen and globus pallidus are rich in mitochondria, vascular supply, neurotransmitters, and 

chemical content compared with other areas in the brain, and their high metabolic activity and increased 

utilization of glucose and oxygen make them vulnerable to metabolic abnormalities and many systemic or 

generalized disease processes

Page 11
In patients with unexplained coma, determination of blood serum sugar levels can help differentiate this 

potentially reversible condition from other causes such as hypoxic ischemic encephalopathy (HIE) or acute 

cerebral infarction

Page 16
Restricted diffusion seen at diffusion-weighted MR imaging is attributed to spongiform neuronal degen-

eration and is more sensitive than T2-weighted imaging findings in detecting CJD, especially for cortical 

lesions

Page19
Simultaneous bilateral involvement of the thalamus and basal ganglia in the appropriate clinical setting 

should prompt a search for subtle signs of venous thrombosis such as loss of flow void and hyperintense 

thrombus in the straight sinus, vein of Galen, and internal cerebral veins on conventional MR images

Page 25
Bilaterally symmetric diffuse abnormalities involving the lentiform and caudate nuclei in their entirety typi-

cally suggest systemic or metabolic causes, whereas asymmetric, focal, or discrete lesions affecting only part 

of the basal ganglia tend to indicate involvement by infections or neoplasms.


