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Abstract
The basal ganglia and thalami are paired deep grey matter structures with extensive metabolic activity that renders them
susceptible to injury by various diseases. Most pathological processes lead to bilateral lesions, which may be symmetric or
asymmetric, frequently showing characteristic patterns on imaging studies. In this comprehensive pictorial review, the most
common and/or typical genetic, acquiredmetabolic/toxic, infectious, inflammatory, vascular and neoplastic pathologies affecting
the central grey matter are subdivided according to the preferential location of the lesions: in the basal ganglia, in the thalami or
both. The characteristic imaging findings are described with emphasis on the differential diagnosis and clinical context.
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Introduction

The basal ganglia and thalami are paired grey matter
structures, embedded deep in the brain hemispheres and
are often referred to as the “central grey matter”. They
are involved in the regulation of autonomic, motor,

sensory, limbic and endocrine functions, and consequent-
ly, their metabolic demand exceeds that of the cerebral
cortex in the resting state. Basal ganglia pathologies typ-
ically cause movement disorders, but their role extends
beyond the extrapyramidal system to memory, emotion
and other cognitive functions. The thalamus is a complex

Key points
•Magnetic resonance imaging (MRI) is the modality of choice for assess-
ment of pathology involving the deep grey matter nuclei, due to its supe-
rior contrast resolution. Nonetheless, CT has a distinct role as the refer-
ence standard for detection of calcifications.
• The basal ganglia and thalami are susceptible to injury because of the
extensive metabolic activity, especially in the immature brain, due to
intense neurotransmission, and therefore, pathologies often present with
distinct imaging patterns, frequently in a symmetric fashion.
• A systematic approach combining imaging, clinical and demographic
data is necessary when encountering lesions of the central grey matter on
scans of the brain.
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hub receiving subcortical sensory and motor input that
projects to both the cortex and striatum. Thalamic lesions
can cause chronic pain, sensory loss, amnesia, dystonia
and other disorders [1].

The terminology can be confusing because of the variety
of names and definitions, complex interconnections and
interactions. The components of the basal ganglia and the
method of naming depend on which aspect (biochemical,
embryological or functional) of these complex structures is
considered. For the purpose of this review, the term “basal
ganglia” is used in the strictest sense (the telencephalic
basal ganglia) and refers to the corpus striatum (comprising
the caudate nucleus, putamen and globus pallidus). The
substantia nigra and subthalamic nucleus originate from
the mesencephalon and diencephalon, respectively, and
are not considered a part of the basal ganglia in this review.
Embryologically and functionally, the caudate nucleus and
putamen form a unit, the striatum [2]. The lentiform nucleus
is a descriptive collective term for both the putamen and
globus pallidus, which are divided by a thin layer of white
matter, the lateral medullary lamina.

The thalami, situated along the borders of the third ventri-
cle, originate from the embryonic diencephalon and consist of
grey matter nuclei but also of white matter tracts. The differ-
ence in embryological origin is also reflected in the arterial
blood supply: the basal ganglia are supplied by perforating
branches of the anterior cerebral artery, including Heubner’s
artery, middle cerebral artery and the anterior choroidal artery,
all originating from the internal carotid artery; perforating
branches of the posterior cerebral artery and posterior com-
municating artery supply the thalami. The thalamostriate veins
collect the venous drainage of both the basal ganglia and thal-
ami, the blood then flows through the internal cerebral veins

and basal veins of Rosenthal, which form the great vein of
Galen, and pass into the straight sinus [3].

Magnetic resonance imaging (MRI) is the modality of
choice for assessment of pathology involving the deep
grey matter nuclei, due to its superior contrast resolution
compared to computed tomography (CT). Nonetheless,
CT has a distinct role as the reference standard for
detection of calcification, while susceptibility-weighted
magnetic resonance imaging (SW-MRI) has slightly
lower accuracy [4]. However, SW-MRI, and especially
the phase information of this sequence, is a valid alter-
native for CT in the detection of calcifications, when
CT is not available or only one examination is possible.

Fig. 1 Leigh syndrome. A 6-year-old girl with Leigh syndrome in the
acute phase. a Axial T2-weighted image at the basal ganglia level shows
bilateral symmetric hyperintensity of the striatum and focal medial tha-
lamic lesions (arrows). There is slightly increased signal intensity of globi

pallidi. b Axial T2-weighted image through the midbrain demonstrates
hyperintensity of the tectum, periaqueductal grey matter (arrowhead) and
bilateral substantia nigra. OnMR spectroscopy with echo time of 144 ms,
lactate was detected as an inverted double peak on 1.33 ppm (not shown)

Fig. 2 Leigh syndrome. A 4-year-old boy with Leigh syndrome. Axial
FLAIR image reveals bilateral symmetric hyperintensity in the dorsal
putamen. There are additional symmetric brainstem lesions (not shown)
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On CT, the basal ganglia and thalamus are normally
isodense to the cortex. On T2-weighted and FLAIR im-
ages, the thalamus, putamen and caudate nucleus have
intensities similar to the cortex, whereas the globus
pallidus appears slightly hypointense, due to iron depo-
sitions. The higher T1 signal intensity of globus pallidus
is mostly due to the higher myelin content but is also
caused by calcium deposition. T1 signal intensity in-
creases with concentrations of calcium of up to 30%,
but then decreases with higher concentrations [5]. The
internal medullary lamina, which divides the globus
pallidus in internal and external parts, is not well
visualised on currently used clinical MRI scanners (with
field strengths 1.5–3 T). The basal ganglia and thalami
do not enhance after contrast administration and do not
show alteration of diffusivity on apparent diffusion

coefficient (ADC) maps. On SW-MRI, the globus
pallidus shows a more pronounced hypointensity due to
calcium and iron depositions. Increasing mineralisation
with age and volume loss occur in all deep grey matter
structures [6].

Overview of pathology

It would be an impossible task to include all pathological
processes that can affect the central grey matter in this
pictorial review. As the goal was to provide an instructive
overview of the characteristic imaging patterns that we
believe are useful in daily clinical practice, disorders with
atypical appearances and those that are exceedingly rare
have been excluded, along with some of the commonly

Fig. 3 Glutaric aciduria type 1. A 14-year-old male with glutaric aciduria
type 1. a On axial T2-weighted image, there is bilateral symmetric
hyperintensity of the posterior lentiform nuclei (arrows). b Confluent
fronto-temporo-parietal areas of high signal intensity (white arrowheads)

are better seen on the coronal T2-weighted image, which also demon-
strates subependymal nodules (black arrowheads) along the superior as-
pect of the frontal horns

Fig. 4 Glutaric aciduria type 1. A 20-month-old boy with glutaric
aciduria type 1. a Axial T2-weighted image shows subcortical areas of
delayed myelination, primarily frontal (arrowheads), along with more
prominent bilateral symmetric hyperintensity of the globi pallidi and

posterior putamina (arrows). b ADC map reveals lower signal intensity
of the lentiform nuclei (arrows), consistent with decreased diffusivity.
There are also bilateral wide opercula/enlarged Sylvian fissures (*), best
seen on the left side in a
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encountered entities, primarily lacunar infarcts and meta-
static neoplasms. Based on the predominant location of
lesions on imaging studies (basal ganglia, thalamus or
both), the diseases have been classified into three groups,
which were further subdivided according to the type of
pathology (primarily inherited metabolic/genetic, acquired
metabolic/toxic, inflammatory and infectious, vascular and
ischaemic, neoplastic). A summary figure at the end of the
paper consists of multiple cropped axial images showing
the most characteristic disease patterns involving the basal
ganglia and thalami. While this format is simplified and far
from perfect, in our opinion, it does allow for a systematic
overview of the pertinent imaging findings.

Pathology predominantly affecting the basal
ganglia

Inherited metabolic/genetic

Subacute necrotising encephalopathy (Leigh syndrome)

Subacute necrotising encephalopathy (Leigh syndrome) is a
progressive mitochondrial neurodegenerative disorder with a
severe prognosis that presents in infancy or early childhood.
This most common mitochondrial disease is genetically het-
erogeneous with mutations identified in over 75 genes.
Affected infants present with feeding difficulties, psychomo-
tor retardation and ataxia, most commonly during or after a

Fig. 5 Wilson disease. A 6-year-
old girl with headache, tremor and
liver failure. a Axial T2-weighted
image reveals bilateral symmetric
hyperintensity of the putamen and
caudate nucleus, more prominent
peripherally. There is a subtle in-
crease in signal intensity in bilat-
eral globus pallidus and lateral
thalamus. b Axial T1-weighted
image at a slightly lower level
shows bilateral mild decrease in
signal intensity of the putamen
and hyperintensity of globus
pallidus (arrows)

Fig. 6 Huntington disease. A 36-year-old male patient with a family
history of Huntington disease and choreoathetosis. There is severe atro-
phy of the caudate nucleus head on coronal post-contrast T1-weighted
image with frontal horns of the lateral ventricles demonstrating “boxed-
out” appearance (arrowheads). There is also atrophy of the frontal lobes

Fig. 7 Huntington disease. A 17-year-old patient with a juvenile form of
the disease. Axial T2-weighted image shows a reduced size of bilateral
caudate head (arrowheads) and putamen (arrows). The associated
hyperintensity is more prominent in the putamina
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period of metabolic stress. Elevated lactate levels (which may
also be found on brain MR spectroscopy) in the arterial blood
and/or CSF is a clue to the diagnosis.

MRI shows bilateral symmetric areas of hyperintense T2
signal in the putamen (which are characteristic but not always
present) and/or brainstem (midbrain and medulla, including
periaqueductal grey matter) (Figs. 1, 2 and 59) with decreased
diffusivity in acute phases due to cytotoxic oedema. The sub-
thalamic nucleus, substantia nigra, caudate nucleus, globus
pallidus, dorsomedial thalamus and cerebellar dentate nuclei
may also be involved [7, 8]. These MRI signal alterations
reflect the spongiform changes and vacuolation in the affected
brain structures.

Similar findings can be seen in other mitochondrial disor-
ders, Wilson disease, hypoxic–ischaemic encephalopathy and

toxic causes. However, bilateral symmetric T2 hyperintensity
involving multiple brainstem structures along with basal gan-
glia in a child with neurological problems should prompt con-
sideration of Leigh syndrome.

Glutaric aciduria type 1

Glutaric aciduria type 1 is an autosomal recessive metabolic
disorder, usually presenting in infants. The disease frequently
starts abruptly with focal or generalised seizures following an
infection or immunisation. Symptoms then evolve to psycho-
motor regression and dystonia or choreoathetoid movements.
Macrocephaly is usually present at birth.

Fig. 8 PKAN. An 8-year-old boy
with pantothenate kinase-
associated neurodegeneration. a
Bilateral symmetric hyperintense
foci in the anteromedial globus
pallidus are surrounded by lower
signal intensity on FLAIR image
(arrows), giving the typical “eye
of the tiger” sign. b There is a
corresponding mild hyperintense
signal on T1-weighted image

Fig. 9 Carbon monoxide (CO) poisoning. A 37-year-old fire victim with
headache, nausea and vomiting. Axial CT shows bilateral focal
hypodense lesions within globus pallidus (arrows)

Fig. 10 CO poisoning. Acute CO intoxication from malfunctioning
heater. Axial FLAIR image shows hyperintense oval lesions in bilateral
globus pallidus with central hypointensity (suggestive of small
haemorrhage). There are also white matter hyperintensities
(arrowheads), more extensive in the centrum semiovale (not shown)
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MRI shows a characteristic frontotemporal atrophy with
enlarged Sylvian fissures (“bat wing” dilatation), subdural
hygromas and delayed myelination (Figs. 3, 4 and 59).
There is increased T2 signal in the caudate nucleus and the
putamen, with swelling and reduced diffusivity in the acute
phases, evolving to atrophy over time [9, 10]. Confluent white
matter signal alterations and subependymal nodules along the
lateral ventricles (Fig. 3b) are present in some cases. Due to

the presence of subdural hygromas, this condition may be a
mimicker of non-accidental traumatic injury. However, the
characteristic associated abnormalities should alert the radiol-
ogist to the possibility of a metabolic disease [11].

Wilson disease

Wilson disease (WD) or hepatolenticular degeneration is an
autosomal recessive condition caused by ATP7B gene mu-
tations that result in errors of copper transport and accumu-
lation in the liver and deposition in other sites, including the
brain. The diagnosis is typically established by the presence
of low ceruloplasmin levels and Kayser–Fleischer ring
around the iris, supported by high urine copper and con-
firmed by genetic testing. Extrapyramidal and behavioural
symptoms typically begin in the second or third decade of
life; however, it may manifest in older people and in young
children [12–14]. On T2-weighted and FLAIR images,
there is bilateral symmetric deep grey matter signal alter-
ation, commonly a concentric-laminar hyperintensity. High
T2 signal in the putamen (particularly along the outer rim)
is most frequently observed (Figs. 5a and 59), followed by
changes of the caudate nucleus, globus pallidus, thalamus
(sparing the medial portion) and brainstem. Reduced diffu-
sivity may sometimes be present in very early phases; how-
ever, increased diffusion is more typical. Symmetric T1
hyperintensity of globus pallidus is common (Figs. 5b and
59), likely resulting from liver failure. Hyperintensity of the
midbrain with sparing of red nuclei, portion of substantia
nigra and superior colliculi produces the “face of the giant
panda” sign, which is virtually pathognomonic for WD but
present in a minority of patients.

The signal alterations regress with response to copper-
chelating treatment [12–14]. Similar neuroimaging findings
may be seen in Leigh disease, methanol toxicity andmetabolic
acidosis. However, bilateral basal ganglia with or without tha-
lamic or brainstem lesions on MRI are highly suggestive of
WD in the appropriate clinical setting.

Huntington disease

Huntington disease (HD) is an autosomal dominant neurode-
generative disease caused by a mutation (an elongation of
CAG repeats, coding for glutamine) in the gene which en-
codes huntingtin protein. The mutant huntingtin protein ag-
gregates in axonal terminals and causes neuronal cell death,
which is most pronounced in the spiny GABA-ergic neurons
of the striatum. The disease is characterised by a triad of mo-
tor, cognitive and psychiatric symptoms, showing an unrelent-
ing progressive course over 15–20 years. An average age of
onset is 40 years, though cases of HD have been diagnosed in
patients ranging from 2 to 87 years. Adult-onset HD typically

Fig. 11 Kernicterus. A 4-year-old boy with chronic bilirubin encepha-
lopathy. T2-weighted image reveals symmetric hyperintensity of the
globi pallidi. Symmetric increased signal was also present at the dentate
and subthalamic nuclei (not shown)

Fig. 12 Chronic liver failure/Mn toxicity. A 49-year-old female with
known hepatic cirrhosis presenting with new onset tremor. On axial T1-
weighted image, there is symmetric hyperintensity of the globi pallidi.
The increased signal is extending to the tegmentum of the midbrain and
dentate nuclei (not shown). There is also increased T2 signal intensity in
the internal capsules (not shown)
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presents as a hyperkinetic, whereas the juvenile form as a
hypokinetic motor disorder [15, 16].

The characteristic imaging finding of HD is bilateral striatal
(caudate nucleus and putamen) atrophy, particularly involving
the heads of the caudate nuclei. This leads to symmetric en-
largement of the adjacent frontal horns with flattening of their
lateral contour, giving the “boxed-out” appearance (Figs. 6
and 59). The intercaudate distance exceeds 20 mm, whereas
normal values range from 10 to 14 mm. A mild associated T2
hypointensity due to iron deposition may be noted in the adult
form of the disease. In the juvenile-onset HD, on the other
hand, high T2 signal is frequently observed in the caudate

nucleus and putamen (Fig. 7). Diffuse cerebral atrophy with
white matter volume loss, generally more pronounced in the
frontal lobes, is observed in advanced stages of the disease.
Even years before symptoms become overt, mutation carriers
show subtle but progressive striatal and cerebral white matter
atrophy, demonstrated by volumetric MRI [15, 16].

Neurodegeneration with brain iron accumulation

Neurodegeneration with brain iron accumulation (NBIA) is a
group of inherited neurologic disorders characterised by ab-
normal accumulation of iron in the basal ganglia. The disease

Fig. 13 Methanol poisoning. A 31-year-old man a few days after inges-
tion of home-made liquor. a Axial FLAIR image shows bilateral sym-
metric hyperintensity with mild swelling of the putamen and frontal white
matter. The signal alteration is accentuated along the lateral putaminal

margin (arrowheads), and there are a few additional smaller hyperintense
areas. b ADC map at a slightly lower level reveals high diffusivity of the
putamina (arrowheads) and reduced diffusion of the affected white matter
(arrows), predominantly frontal. Images courtesy of Claudia Godi

Fig. 14 Uremic encephalopathy/metabolic acidosis. A 2-year-old girl
admitted with vomiting and diarrhoea for 1 week. Laboratory findings
confirmed haemolytic uremic syndrome. a Axial FLAIR image shows
bilateral symmetric swelling and increased signal of the central and pos-
terior putamina with a more prominent hyperintense rim along the medial

and lateral margins (arrows)—the characteristic “lentiform fork” sign of
uremic encephalopathy and metabolic acidosis. There is also a small
white matter signal alteration. b The lesions show centrally reduced
(arrowheads) and peripherally (along the medial and lateral arms of the
putamina) increased diffusivity (arrows) on the corresponding ADC map
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onset ranges from infancy to adulthood, while progression can
be rapid or slow with long periods of stability. These patients
present with dystonia, spasticity, parkinsonism and neuropsy-
chiatric disturbances, along with MRI evidence of iron accu-
mulation. Generalised cerebral and cerebellar atrophy are fre-
quently also present [17, 18].

The pattern of iron distribution varies among these disorders,
with additional features helping in the differential diagnosis. The
“eye of the tiger” sign, referring to hypointense globus pallidus
with a central hyperintensity on T2-weighted images (Figs. 8 and
59), is almost pathognomonic for pantothenate kinase-associated
neurodegeneration (PKAN, formerly called Hallervorden–Spatz
disease), the most common disorder (up to 50% of all NBIA
cases). Furthermore, in mitochondrial membrane protein-
associated neurodegeneration (MPAN), T2 hyperintense streak-
ing of the medial medullary lamina between the internal and
external globus pallidus is present in some patients. Finally, cys-
tic changes and cavitations in caudate and putamen are unique to
neuroferritinopathy [17, 18].

Note that “eye of the tiger” sign may also be observed in
Wilson disease, atypical parkinsonism or organophosphate
poisoning and that it may even be a normal finding on 3 T
scanners. On the other hand, the MRI imaging features may
precede symptoms in patients with NBIA disorders [17].

Acquired metabolic/toxic

Carbon monoxide poisoning

Exposure to carbon monoxide (CO) is the most common
cause of human poisoning around the world, caused by in-
complete combustion of carbon-based fuels. Following inha-
lation, CO binds to haemoglobin with a 250-fold stronger
affinity than oxygen, thereby reducing oxygen carrying capac-
ity and leading to subsequent tissue hypoxia. Furthermore,
CO prevents cellular uptake of oxygen, thus impairing the
mitochondrial respiratory function, and promotes the forma-
tion of oxygen free radicals. Neurological symptoms of CO

Fig. 15 Hypoglycaemia. A 77-
year-old woman with diabetes
mellitus following a suicide at-
tempt with insulin overdose,
resulting in hypoglycaemic coma.
a The entire visualised cerebral
cortex and striatum show bilateral
hyperintense signal on axial
FLAIR image. b Corresponding
ADC map reveals reduced diffu-
sivity of the involved grey matter.
The globi pallidi and thalami (*)
are spared

Fig. 16 Hyperglycaemia. A 79-
year-old woman presenting with
left-sided hemichorea-
hemiballismus. Laboratory find-
ings confirmed non-ketotic
hyperglycaemia in this patient
with known diabetes. a Axial CT
image shows high attenuation of
the entire right putamen (arrow)
and caudate head (arrowhead)
without expansion. b MRI dem-
onstrates hyperintensity of the
right putamen on T1-weighted
imaging
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poisoning can manifest not only immediately but also as late
as 2 to 6 weeks after successful initial resuscitation as delayed
neurological sequelae.

Bilateral focal globus pallidus lesions that are hypodense
on CT and hyperintense on T2-weighted, FLAIR and DWI
(Figs. 9, 10 and 59) are the very characteristic imaging find-
ings, with the corresponding reduced diffusivity seen in the
acute phase. In some patients, there is a central or peripheral
area of low signal on gradient echo (GRE) T2*-weighted im-
ages/SW-MRI, occasionally accompanied with corresponding
T1 hyperintensity, which is indicative of haemorrhage. In the
acute phase, a patchy and/or peripheral contrast enhancement
may also be seen. A very common imaging finding in the
early stages is that of bilateral cerebral white matter T2 and
DWI hyperintensities [19]. Involvement of the putamen, cau-
date nucleus, thalamus, hippocampus, cerebellum and
substantia nigra may occasionally be present, typically with
more subtle lesions. On the other hand, isolated abnormalities
of bilateral globus pallidus lesions may occur in patients with
methanol intoxication and hypoxic–ischaemic encephalopa-
thy (HIE). Interestingly, it seems that the cerebral white matter
signal alterations may actually represent the most common
MRI finding of CO poisoning, instead of the characteristic
lesions of the globi pallidi. The white matter lesions are also
considered primarily responsible for the chronic symptoms
[20].

Bilirubin encephalopathy (kernicterus)

Kernicterus is the chronic form of an acquired bilirubin
encephalopathy that develops over months to years in
infants who survive the acute stages of bilirubin enceph-
alopathy in the neonatal period. The neuroimaging hall-
mark in the chronic phase is the presence of bilateral
symmetric high T2 signal in the globus pallidus
(Figs. 11 and 59) and subthalamic nucleus [21].
Increased T2 signal may also be seen in the substantia
nigra or in the cerebellar dentate nucleus, while T1 sig-
nal is variable. On the other hand, MRI in the acute to
subacute phase characteristically demonstrates increased
T1 signal of globi pallidi and subthalamic nuclei. In con-
trast to hypoxic–ischaemic encephalopathy, there is no
T2 hyperintensity or diffusion abnormality and the thal-
ami and putamen are of normal appearances. In term
neonates, a key differential is normal myelination since
the globus pallidus and subthalamic nucleus are sponta-
neously hyperintense on T1-weighted sequences. Of
note, 3D GRE T1-weighted images at 3 T demonstrate
a particular propensity for hyperintense signal in these
regions with normal myelination [21].

Chronic hepatic encephalopathy/manganese toxicity

Chronic hepatic encephalopathy (CHE) most commonly
develops in the setting of cirrhosis and portal hypertension
or portosystemic shunts. It includes a spectrum of neuro-
psychiatric abnormalities caused by liver dysfunction.

Bilateral symmetric globus pallidus hyperintensity on T1-
weighted images is the characteristic finding in patients with
CHE (Figs. 12 and 59), without corresponding abnormality on
CT or T2-weightedMRI. High T1 signal may also be seen in the
bilateral cerebellar dentate nucleus, substantia nigra, subthalamic
nucleus and the tectum. The accumulation of manganese (Mn) is
considered responsible for the T1 signal alteration. The serum
concentration of Mn in cirrhotic patients is three times higher
than in healthy individuals, due to inadequate liver elimination.
Diffuse white matter T2 hyperintensity with preferential involve-
ment of the corticospinal tracts and subcortical focal bright T2
lesions may also be present [22].

Restoration of liver function, such as with liver trans-
plantation, leads to improvement of the MRI abnormali-
ties, including T1 hyperintensities, increased T2 signal of
the white matter, as well as spectroscopy findings (de-
creased myo-inositol levels and elevated glutamine/
glutamate complex) and return to normal appearances
[22]. Note that findings of Mn deposition can be seen in
patients with longstanding total parenteral nutrition,
Crohn’s disease and long-term use of proton pump inhib-
itors in the treatment of gastric ulcers.

Fig. 17 Autoimmune encephalitis. A 46-year-old man with gait instabil-
ity, behavioural disorder and chorea. Axial T2-weighted image demon-
strates bilaterally symmetric hyperintensity and mild swelling centred at
the putamen (arrows) and caudate nucleus (arrowheads). A slight sym-
metric increase in signal intensity is present at the cingulate gyri and
posterior thalami. Anti-CV2/CRMP5 antibodies tested positive and met-
astatic lung cancer was eventually diagnosed
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Gadolinium deposition

The symmetric T1 hyperintensity of the globus pallidus, along
with cerebellar dentate nucleus, is also commonly seen with
deposition of gadolinium (Gd) following multiple contrast-
enhanced MRI scans, primarily with linear gadolinium-
based contrast agents (GBCA) [23, 24]. This phenomenon
was first reported in 2014 and there are currently no known
neurologic, neuropsychological or other clinical conse-
quences resulting from Gd deposition. The MRI appearances
may not be distinguishable from those with chronic hepatic
encephalopathy or other causes of Mn accumulation.

Methanol poisoning

Methanol intoxication usually occurs after oral ingestion of
industrial liquids or consumption of contaminated alcoholic
beverages, often occurring in mass poisonings. The most
striking acute symptoms after ingestion are visual distur-
bances. Other symptoms are delayed up to 24 h, as methanol
is metabolised by alcohol dehydrogenase to formic acid in the
liver, causing severe metabolic acidosis. The mainstay of
treatment is intravenous administration of ethanol, due to its
higher affinity for alcohol dehydrogenase. Methanol intoxica-
tion has high mortality and leads to long-term visual sequelae
and severe brain damage in survivors [25, 26].

Characteristic haemorrhagic or non-haemorrhagic bilateral
symmetric lesions of the putamen are seen 24 to 36 h after
methanol ingestion. The putamina are hypodense on CT and
hyperintense on T2-weighted MR images (Figs. 13 and 59),
commonly with T1 hyperintensity reflecting haemorrhage.
Reduced diffusivity is found in the acute phase and there
may be (usually peripheral) contrast enhancement. The cau-
date nuclei and globi pallidi may also be involved, as well as
the cortex [25, 26]. Bilateral putaminal haemorrhage, especial-
ly with associated frontal and insular white matter lesions
(Figs. 13 and 59), is almost pathognomonic for acute metha-
nol poisoning, while isolated symmetric involvement of puta-
men (and caudate nucleus) may be seen in patients with ure-
mic encephalopathy and other metabolic acidoses.

Uremic encephalopathy and metabolic acidosis

Uremic encephalopathy is a rare complication of end-stage
renal failure with intracranial accumulation of uremic toxins.

In these patients, MRI frequently shows bilateral symmet-
ric swelling of the putamina and globi pallidi with
hyperintensity on T2-weighted and FLAIR images.
Additionally, there is a rim of even brighter signal intensity
that extends from the posterior aspect of the putamen laterally

Fig. 18 Cryptococcosis. HIV-
positive patient with headaches,
nausea and vomiting. a Axial
FLAIR image shows asymmetric
patchy hyperintense lesions in bi-
lateral basal ganglia. b There are
focal areas of enhancement within
these lesions on corresponding
post-contrast T1-weighted image

Fig. 19 Germinoma. A 14-year-old boy with cognitive and behavioural
changes, headaches and progressively worsening weakness of the right
arm and leg. Axial T2-weighted image shows left greater than right hy-
perintense lesions in the basal ganglia with prominent peripheral
hypointensity (arrows). There is also left hemiatrophy with widened
Sylvian fissure (*) and atrium of the lateral ventricle (**). Courtesy of
Andrea Rossi
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along the external capsule, while its medial arm spreads along
the internal capsule and then bifurcates anteriorly into two
slightly less hyperintense branches, corresponding to the ex-
ternal and internal medullary laminae (Fig. 14a and 59). The
lentiform nucleus is thus delineated and divided into three
sections—putamen, globus pallidus interna and globus
pallidus externa, resembling a fork. This characteristic imag-
ing appearance has been hence named “lentiform fork” sign
[27]. ADC maps demonstrate peripheral bright signal of in-
creased diffusivity along the “fork” with variable appearances
centrally, frequently containing dark areas of reduced diffu-
sivity (Fig. 14b). There is no associated contrast enhancement

and the caudate nucleus may also be involved. Symptoms and
imaging findings improve with renal transplantation or renal
dialysis. The lentiform fork sign may be found in other con-
ditions with metabolic acidosis and in patients with diabetes
without acidosis such as with metformin-associated encepha-
lopathy [28].

Hypoglycaemia

A sudden decrease in the serum glucose level (such as in
diabetic patients or with exogenous administration of insu-
lin) may cause coma, but most patients regain conscious-
ness after glucose infusion. Hypoglycaemic encephalopa-
thy develops in extended and severe hypoglycaemia and
can cause irreversible brain damage, resulting in a persis-
tent vegetative state or death.

Three patterns of abnormalities may be present on MRI:
selective white matter involvement, selective grey matter in-
volvement or both. Additionally, the lesions can be diffuse or
more focal, bilateral, asymmetric or even unilateral. The ab-
normalities have been reported in the cerebral cortex, basal
ganglia, hippocampi, subcortical white matter, posterior limb
of the internal capsule, and splenium of the corpus callosum
with sparing of the thalamus, cerebellum and brainstem. The
earliest change in severe hypoglycaemia is reduced diffusivi-
ty, due to cell swelling and cytotoxic oedema. The extent of
the abnormalities depends on severity and duration of
hypoglycaemia with diffuse and extensive DWI lesions
predicting a poor neurologic outcome. Sparing of the thalamus
allows differentiation from hypoxia, in which the thalami are
most commonly affected (Figs. 15 and 59) [29].

Transient hypoglycaemia is relatively common in neonates
during the peripartum. When abnormalities are present on

Fig. 20 Lysosomal storage disorders—GM1 and GM2 gangliosidoses. A
17-month-old girl with the infantile form of gangliosidosis type 1. aThere
is bilateral hyperintensity of the thalami (arrows) on T1-weighted image.
b T2-weighted image shows corresponding low signal intensity of the

thalami (arrows). There is also diffuse hypomyelination of the
supratentorial white matter (with low T1 and high T2 signal intensity)
and plagiocephaly

Fig. 21 Toluene toxicity. A 21-year-old male with organic solvent abuse
for 5 years. Axial T2-weighted image shows a prominent hypointensity of
both thalami (arrows). Also seen is mildly decreased signal intensity of
the left globus pallidus, generalised atrophy and diffusely increased signal
of the white matter with loss of grey–white matter distinction. Case cour-
tesy of Dr. Chee Kok Yoon, Radiopaedia.org, rID: 17082
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imaging, there is characteristic bilateral involvement of the
white and grey matter in the parietal and occipital lobes [30].

Hyperglycaemia

The pathological process known as non-ketotic hyperglycaemia
with hemichorea-hemiballismus, which describes the clinical
presentation, is characteristically found in patients with (poorly
controlled) diabetes mellitus, more commonly in elderly females
of Asian descent. However, the sudden onset of choreiform and
ballisticmovements of unilateral extremitiesmay occasionally be
the initial and only manifestation of type 1 diabetes in younger
people, including adolescents [29].

CT demonstrates hyperdensity of the putamen, typical-
ly contralateral to the side of the patient’s symptoms. This
finding is, in contrast to essentially all other metabolic or
toxic disorders, characteristically and in the vast majority
of cases unilateral (and usually strikingly asymmetric in
rare bilateral cases). There is corresponding abnormal T1
hyperintensity of the putamen on MRI, with or without

involvement of the caudate nucleus and globus pallidus
(Figs. 16 and 59). The affected areas demonstrate variable
appearance on DWI, ADC, GRE T2*-weighted (or SW-
MRI) and T2-weighted images. Imaging features are usu-
ally reversible, though they lag behind clinical improve-
ment [29, 31, 32].

Inflammatory/infectious

Autoimmune encephalitis

Autoimmune encephalitis refers to a group of immune-
mediated pathologies directed to several neuronal antigens,
with or without an underlying malignancy. In the first case,
the antibodies are usually against intracellular antigens, while
in the second case, the antibodies are against surface receptors.
Regardless of aetiology or antibody profile, there is a clear
predilection for antigens in the limbic system. However, enti-
ties targeting antigens in the basal ganglia have also been
described [33]. Clinical presentation is generally gradual,

Fig. 22 Wernicke
encephalopathy (WE). A 38-year-
old female with history of gastric
bypass, presenting with somno-
lence and ophthalmoplegia after
3 days of vomiting and Wernicke
encephalopathy. a, b Axial
FLAIR images demonstrate
hyperintensity involving bilateral
medial thalami along the third
ventricle, periaqueductal grey
matter (arrowhead) in the mid-
brain and the mammillary bodies
(arrows)

Fig. 23 WE. A 49-year-old male
with WE due to chronic alcohol-
ism. a Axial DWI shows the
characteristic bilateral symmetric
hyperintensity along the
dorsomedial thalami (arrows). b
There is no diffusion abnormality
on the corresponding ADC map
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evolving over a few weeks and psychiatric symptoms are
common, along with movement disorders and seizures.

Anti-CV2/CRMP5 (collapsin response mediator protein 5)
encephalitis, which is frequently associated with lung cancer
and thymoma, typically presents with chorea and behavioural
disorders. In some patients, MRI shows a prominent
hyperintensity of the striatum (putamen and caudate nucleus)

and claustrum on T2-weighted and FLAIR images (Figs. 17
and 59), without diffusion abnormality, which helps in differ-
entiation from Creutzfeldt–Jakob disease. Anti-CV2 enceph-
alitis is a diagnosis of exclusion and the differential diagnosis
should include various intoxications and metabolic acidosis
[33–35].

Cryptococcosis

Manifestations of cryptococcal CNS infection are variable and
include gelatinous pseudocysts, granulomas (cryptococcomas)
and meningoencephalitis. Imaging studies, especially CT, may
be normal or show ventriculomegaly only. The organisms ex-
tend from the basal cisterns into the brain via the perivascular
spaces, resulting in cyst-like structures filled with the fungi and
their gelatinous capsular material. These characteristic gelati-
nous pseudocysts are well-demarcated lesions located preferen-
tially in the basal ganglia, ranging from a few millimetres to
several centimetres in size [36, 37].

The pseudocysts are non-enhancing, CSF-like on CT as
well as on T2- and T1-weighted MRI, however hyperintense
on FLAIR images (Figs. 18a and 59). The finding of multiple
cysts/dilated perivascular spaces in an immunosuppressed pa-
tient is highly suspicious for cryptococcal infection.
Cryptococcomas, on the other hand, are T2 hyperintense
intra-axial nodules usually located in the deep grey matter that
show mild contrast enhancement (Fig. 18b) and may have
surrounding oedema [36, 37]. While gelatinous pseudocyst
and cryptococcomas are the most common findings in HIV-
infected patients, radiological meningitis is the predominant
MRI abnormality of cryptococcal meningoencephalitis in
HIV-negative individuals [38].

Fig. 24 Acute hyperammonaemic encephalopathy. A 26-year-old man
was found unconscious, with upper motor neuron signs, clonus and
d rows ine s s on exam. B iochemica l exam demons t r a t ed
hyperammonaemia due to valproate toxicity. Coronal FLAIR image re-
veals bilateral symmetric high signal intensity involving the cortex of
insula and cingulate (arrows), thalami (arrowheads) and hippocampi.
Courtesy of Sumeet Kumar

Fig. 25 Acute hyperammonaemic encephalopathy. A 60-year-old alco-
holic patient presenting with confusion and drowsiness due to decompen-
sated liver cirrhosis. a There is bilateral symmetric cortical and thalamic
(arrows) hyperintensity on DWI. The cortical signal alteration is most
prominent in the cingulate gyri and insulae, while the occipital lobes

and basal ganglia are spared. The perirolandic cortex is also spared (not
shown). b Corresponding T1-weighted image shows bilateral high signal
of globus pallidus (arrowheads), indicative of chronic liver failure. Case
courtesy of Dr. Andrew Dixon, Radiopaedia.org, rID: 39037
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Vascular/ischaemic

HIE frequently involves the basal ganglia as well as the thal-
ami and is therefore discussed in the “Pathology involving
both the basal ganglia and thalami” section.

Neoplastic

Germinoma

Intracranial germinomas predominantly arise in midline
supratentorial locations, primarily the suprasellar and pineal
regions; however, about 6–10% occur in off-midline struc-
tures, usually the basal ganglia (sometimes the thalamus and
very rarely the posterior fossa structures). Basal ganglia

germinomas are notoriously difficult to diagnose because of
the non-specific clinical presentation and subtle abnormalities
on initial imaging studies. The lesions may be unilateral or
bilateral and show only a mild hyperdensity on CT, along with
a slight hyperintensity on T1- and T2-weighted MR images,
without mass effect or enhancement. If such subtle findings
are bilateral, they may be especially hard to notice. SW-MRI
(or GRE T2* images) are particularly helpful, showing the
neoplasms as much more obvious hypointensities in the
globus pallidus and putamen. On the other hand, germinomas
may be accompanied with cystic change, calcification or
haemorrhage and even a prominent mass effect. Ipsilateral
cerebral and/or brain stem hemiatrophy (Figs. 19 and 59),
representing Wallerian degeneration, occurs in later stages
with unilateral lesions [39, 40].

Fig. 26 Acute necrotising
encephalitis (ANE). A 2-year-old
girl with drowsiness following
respiratory viral infection. aAxial
ADCmap shows swelling of both
thalami with heterogeneous
diffusivity—primarily central low
and peripheral high signal. b The
central areas show signal loss
(arrows) on the corresponding
GRE T2* image, consistent with
haemorrhage. Normal appearance
of the internal cerebral veins,
without signs of thrombosis

Fig. 27 Artery of Percheron infarction. A 69-year-old female patient found unconscious. a Axial non-enhanced CT image shows subtle hypodense
lesions (arrows) in both thalami. The lesions are bright on DWI (b) and dark on ADC map (c), consistent with reduced diffusivity of acute infarctions
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Pathology predominantly affecting
the thalami

Inherited metabolic/genetic

Lysosomal storage disorders

Gangliosidoses are a group of recessively inherited storage dis-
orders caused by lysosomal enzyme deficiencies. Both GM1 and

GM2 (also known as Tay–Sachs and Sandhoff diseases) are
classified into three types: infantile, juvenile and adult chronic.
The infantile forms are most common and most severe. Patients
present with rapidly evolving motor weakness, developmental
delay, deafness and blindness in the first 6 months of life, often
with death by 1–3 years of age. The juvenile and adult chronic
forms have a different clinical presentation with motor distur-
bances and intellectual disabilities [41]. Neuroimaging in patients
with infantile gangliosidoses is similar in GM1 and GM2 sub-
types. Symmetrically hyperdense thalami on CT with corre-
sponding increased T1 and low T2 signal (Figs. 20 and 59) are
characteristic. Other features include mild T2 hyperintensity of
the striatum as well as diffuse hypomyelination with sparing of
the corpus callosum. The juvenile and adult formsmostly present
with cerebellar atrophy.

Other lysosomal storage disorders can also show bilateral
thalamic CT hyperdensity and T2 hypointensity on MRI, pri-
marily Krabbe disease and neuronal ceroid lipofuscinosis
[42–45]. On the other hand, “pulvinar sign” representing uni-
lateral or bilateral T1 hyperintensity of the thalamic pulvinar
was initially thought to be a common and pathognomonic sign
of Fabry disease (FD), but due to its low incidence (in around
3% of patients) and low specificity, it is no longer considered a
characteristic imaging finding of FD [46].

Acquired metabolic/toxic

Toluene toxicity/solvent abuse

Toluene (methylbenzene) is generally the main and most toxic
ingredient of industrial solvents as well as many household

Fig. 28 Artery of Percheron infarction. Well-defined bilateral CSF-like
hypodense lesions at centromedial thalami (arrowheads) represent chron-
ic infarctions

Fig. 29 Deep cerebral venous thrombosis (DCVT). A 6-month-old boy
with loss of consciousness. aNon-enhanced axial CT image demonstrates
right greater than left bithalamic hyperdense lesion consistent with blood
clot. There is mild mass effect and surrounding low attenuation
(arrowheads) in the right thalamus. The blood clot appears contiguous

with the hyperdensity (arrows) extending into the vein of Galen. b
Reformatted midsagittal CT image confirms DCVT by depicting the
prominent hyperdensity of the internal cerebral veins, vein of Galen
(arrowhead) and straight sinus, as well as the inferior sagittal sinus
(arrow)
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products, such as glue, gasoline and finger nail polish. While
the exposure may be occupational (construction work with
paint, employees in fingernail salons and production of gaso-
line), the recreational abuse (“sniffing glue”) has become a
worldwide health and social problem. The mechanism of tox-
icity is not well understood, despite the high prevalence and
serious consequences of toluene-induced encephalopathy.

The imaging studies are typically unremarkable in the acute
poisoning. The abnormalities on MRI are found after
prolonged chronic abuse (for at least a year, usually a few
years) and are irreversible at the time of detection. The char-
acteristic findings are low T2 signal of the thalami and other
grey matter, poor differentiation of the cortex from the sub-
cortical white matter, ill-defined white matter T2
hyperintensity and global brain atrophy (Figs. 21 and 59).
The characteristic bithalamic low T2 signal may be due to
demyelination with secondary deposition of iron and/or to
direct accumulation of toluene within the lipid membranes.
The duration of abuse correlates with the severity of the im-
aging findings [47].

Wernicke encephalopathy

Wernicke encephalopathy (WE) is an acute, initially revers-
ible neuropsychiatric disorder caused by vitamin B1

(thiamine) deficiency, typically presenting with ocular abnor-
malities, ataxia and confusion. It usually occurs in the setting
of poor diet, classically with alcoholism, which is the most
common cause of WE in adults. However, non-alcoholic WE,
which can result from gastrointestinal tract diseases and/or
surgery, hyperemesis gravidarum and other conditions, is con-
sidered underdiagnosed. While inadequate thiamine intake is
the cause in children with prolonged malnutrition, WE is be-
coming increasingly prevalent in paediatric patients with ma-
lignancies and prolonged intensive care unit stays.

MRI shows typical symmetric signal alterations along the
medial thalami, periaqueductal grey matter, quadrigeminal
plate and mammillary bodies (Figs. 22, 23 and 59). The dorsal
medulla, cranial nerves, cerebellum and perirolandic cortex
are also affected in some patients, typically with non-
alcoholic WE [48]. The lesions are hyperintense on DWI,

Fig. 30 DCVT. Term neonatewith
deep venous thrombosis. a There is
bilateral swelling of the thalami
with predominantly low signal
intensity (arrowheads) on axial T1-
weighted image. Left greater than
right central hyperintense area is
indicative of haemorrhage.
Additionally, there is high signal
intensity at the vein of Galen (ar-
row), suggestive of thrombosis. b
MR venography reveals the ab-
sence of signal in the internal cere-
bral veins, vein of Galen and
straight sinus, confirming DCVT

Fig. 31 Bithalamic glioma. A 44-
year-old male with dizziness, left
face paraesthesia and weakness in
the left side of body. a Axial T2-
weighted image shows right
greater than left expansion of the
thalami with mildly heteroge-
neous increased signal intensity. b
Corresponding ADC map reveals
heterogeneous nature of the mass
lesion with predominantly in-
creased and peripherally reduced
(arrows) diffusivity
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FLAIR and T2-weighted images, hypointense to isointense on
T1-weighted images and showing some degree of contrast
enhancement in around a half of the cases. Diffusivity varies
from decreased to increased and may be reversible [49].WE is
a readily treatable severe condition, which should be
suspected and diagnosed on MRI.

Metronidazole-induced encephalopathy (MIE) is a
rare complication of this widely used antimicrobial med-
ication, with clinical presentation that can simulate WE.
One of the possible mechanisms of metronidazole tox-
icity is through production of inhibitory thiamine ana-
logue metabolites. The characteristic MR finding is bi-
lateral T2 hyperintensity of the cerebellar dentate nuclei,
along with involvement of splenium of the corpus
callosum, periaqueductal grey matter and dorsal
brainstem. The signal abnormality of the periaqueductal
grey matter and dorsal midbrain may be indistinguish-
able from WE; however, lesions of the mammillary
bodies and medial thalami are extremely rare in MIE,
while lesions of the dentate nuclei are quite unusual for
WE. Cases of possible combined WE and MIE have
also been described [50, 51].

Acute hyperammonaemic encephalopathy

Acute hyperammonaemic encephalopathy is a life-
threatening condition that is most commonly caused by
severe liver disease, but it may also occur with non-
cirrhotic conditions causing increased ammonia production
(such as infections by urea-producing bacteria and multiple
myeloma) or decreased ammonia elimination—primarily
genetic disorders of urea cycle enzymes, portosystemic
shunts and drugs (such as paracetamol and valproate).
Patients present with progressive drowsiness and seizures,
secondary to brain oedema and intracranial hypertension.
Acute hyperammonaemic encephalopathy can progress to

coma and death or lead to long-term sequelae, including
intellectual impairment [50].

The characteristic MRI findings are bilateral symmetric
signal abnormalities in the cortex of the insula and cingulate
gyrus, usually accompanied by thalamic involvement
(Figs. 24, 25 and 59). The affected areas of cortical and deep
grey matter show hyperintensity on T2-weighted images,
which is more striking on FLAIR and DWI, while decreased
diffusivity may be present on ADC maps. The basal ganglia
are usually spared, along with perirolandic and occipital cor-
tices [52, 53].

Fig. 32 Primary CNS lymphoma.
A 46-year-old male with headache,
collapse and vomiting. a, b Non-
enhanced axial CT images show
hyperdense lesions along themedial
thalami (arrows) with adjacent low
attenuation. An additional
subependymal hyperdense lesion
(arrowheads) is present along the
frontal horn of the right lateral ven-
tricle. There is also dilation of the
ventricles with periventricular oe-
dema and effacement of cortical
sulci, consistent with acute
hydrocephalus

Fig. 33 Tubulinopathy. A 10-year-old girl with mental retardation. There
is a dysmorphic appearance of bilateral basal ganglia with fused and
malformed caudate nucleus and putamen (arrowheads) on axial T1-
weighted image. The thalami are hypoplastic (arrows). There is
pachygyria in the insular regions along with the absence of the corpus
callosum, Z-shaped brainstem and hypoplasia of the vermis and cerebel-
lum (not shown)

1581Neuroradiology (2020) 62:1565–1605



Inflammatory/infectious

Thalamic involvement, along with white matter lesions,
is commonly encountered in children with acute dissem-
inated encephalomyelitis (ADEM). Basal ganglia may
also be affected and ADEM is therefore discussed in
the “Pathology involving both the basal ganglia and
thalami” section.

Acute necrotising encephalitis

A subset of encephalitides associated with respiratory viruses
present as acute necrotising encephalitis (ANE), a rapidly pro-
gressive encephalopathy that is typically involving bilateral
thalami. In contrast to ADEM, the inflammation is character-
istically absent, whereas necrosis and haemorrhage are the
predominant findings. ANE is usually preceded by a virus-
associated febrile illness, most commonly influenza but also

Fig. 34 Tubulinopathy. A 1-month-old girl with failure to thrive. The
basal ganglia appear as large round structures with fusion of the caudate
and putamen (arrowheads) on axial T2-weighted image. The thalami are
slightly asymmetric

Fig. 35 Focal abnormal signal intensities (FASIs) in NF-1. An 8-year-old
boy with confirmed diagnosis of neurofibromatosis type 1 on genetic
testing. a Axial FLAIR image demonstrates patchy bilateral focal abnor-
mal signal intensities (FASIs) in the globi pallidi (arrowheads) and the

posterior thalami (arrows). b On T1-weighted image, some of the lesions
appear slightly hyperintense. cAxial T2-weighted image shows addition-
al FASIs in the cerebellum (arrows)

Fig. 36 FASIs in NF-1. Asymmetric ill-defined patchy hyperintensities
consistent with FASIs (arrows) are seen in the basal ganglia and thalami
on axial T2-weighted image
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other agents including coronavirus disease 2019 (COVID-19),
followed by rapid deterioration [54–56]. This entity occurs
predominantly, but not exclusively in young children and
has also been known as acute necrotising encephalitis in chil-
dren (ANEC). ANE may occur sporadically; however, there
are recurrent and familial forms associated with mutations in
RANBP2 gene [54].

The very characteristic imaging findings are bilateral sym-
metric concentric haemorrhagic lesions of the thalami, best
seen on SW-MRI/T2* images, with surrounding oedema, usu-
ally accompanied by centrally low and periferally increased
diffusivity (Figs. 26 and 59). This imaging appearance may
also be seen with deep venous thrombosis; however, the in-
ternal cerebral veins are patent in patients with ANE. The
brainstem and subinsular areas, as well as the cerebellum
and basal ganglia, can also be affected [54, 55].

Vascular/ischaemic

Artery of Percheron infarction

In most individuals, the arterial supply of paramedian
thalami is provided by pairs of thalamo-perforating ar-
teries arising from P1 segments of both posterior cere-
bral arteries (PCAs). However, in a minority of cases,
these perforating vessels stem from a single trunk aris-
ing from only one of the PCAs, known as the artery of
Percheron. This variant is associated with an asymmetric
fusion variant of the basilar tip.

An occlusion of this vessel results in bilateral thalamic
infarctions with or without involvement of the rostral mid-
brain, and cardioembolic disease is considered the most fre-
quent cause. The presenting acute symptoms include visual
disturbances, confusion and coma [57, 58].

CT shows paramedian hypodense lesions of both thalami
(Figs. 27a and 59), which are generally symmetric. While CT
may be initially normal, as with other acute infarcts, MRI is
much more sensitive demonstrating bright DWI signal with
decreased diffusivity (Fig. 27 b and c) and T2 hyperintensity.
The “midbrain V sign” is an additional characteristic imaging
feature, which has been reported in the majority of patients. It
consists of high signal intensity on FLAIR images that ex-
tends bilaterally along the midbrain surface at the
interpeduncular cistern [58]. Volume loss with CSF-like den-
sity, signal intensity and diffusivity is found in chronic lesions
(Fig. 28).

Deep cerebral venous thrombosis

Patients with deep cerebral venous thrombosis (DCVT)
tend to present with a few days’ history of headache and
reduced consciousness. DCVT may be isolated or a part
of a more widespread cerebral venous thrombosis, and it
is associated with worse outcomes than dural venous
thrombosis, due to the lack of a substantial collateral
drainage pathways. Thrombosis of both internal cerebral
veins leads to bilateral thalamic lesions, with variable
involvement of the basal ganglia, internal capsule, mid-
brain and upper cerebellum [59].

Fig. 37 Primary familial brain calcification. A 30-year-old male with
primary familial brain calcification (PFBC). Axial CT image demon-
strates extensive calcifications in the basal ganglia, thalami and subcorti-
cal white matter. The putamina appear atrophic. There are also cerebellar
calcifications in bilateral corpus medullare (not shown)

Fig. 38 Primary familial brain calcification. A 57-year-old male with
PFBC. Calcifications of the basal ganglia (arrows) and thalamus
(arrowheads) are predominantly hyperintense on this sagittal T1-
weighted image
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On CT, there is a prominent hyperdensity of the occluded
veins with hypodense and frequently haemorrhagic lesions of
the thalami (Figs. 29 and 59) and, in some cases, basal ganglia.
Depending on the presence of blood products and infarction,
the MRI findings vary and are commonly heterogeneous, in-
cluding T2 hyperintensity and hypointensity, low and high T1
signal (Fig. 30), as well as diffusion abnormality ranging from
increased to decreased. In contrast to arterial infarcts, the ob-
served signal abnormality is primarily due to venous conges-
tion and resultant vasogenic oedema, rather than cytotoxic
oedema. The lesions are characteristically bilateral, however
strikingly asymmetric in some cases [60].

Dural arterio-venous fistula/vascular malformation

Non-haemorrhagic presentations of dural arterio-venous (AV)
fistulas (dAVF) include dementia, which results from venous
hypertension in the cortex or, less frequently, in bilateral thal-
ami. The drainage of an dAVF into the deep venous system,
primarily vein of Galen, causes bithalamic oedema and rapid-
ly progressive dementia.

Mild swelling with decreased attenuation of the thalami may
be seen on CT, while MRI demonstrates diffusely increased T2
signal intensity and diffusivity (high signal on ADC maps) of
bilateral thalami with associated mild mass effect. There are no

Fig. 39 Ethylene glycol intoxication. A 25-year-old male found uncon-
scious at home, after having his drink spiked with ethylene glycol (anti-
freeze) the night before. The initial CT scan was unremarkable (not
shown). a MRI 2 days later demonstrates bilateral symmetric swelling
and hyperintensity in the basal ganglia and thalami on axial FLAIR

image. The signal alteration is more prominent along the lateral margin
of the putamina, with a suggestion of the lentiform fork sign on the right
side (arrow). b Axial T2-weighted image through the pons shows in-
creased signal and mild swelling of the dorsal brainstem (arrowheads)
extending to the right middle cerebellar peduncle

Fig. 40 Osmotic demyelination syndrome (ODS)—extrapontine
myelinolysis (EPM) and central pontine myelinolysis (CPM). A 46-
year-old man with a background of alcohol abuse presented with
hyponatraemia, which was corrected and followed by increasing neuro-
logical deficits, including quadriparesis and loss of consciousness. a

Axial T2-weighted image at the basal ganglia level shows bilateral sym-
metric high signal intensity of the putamen and caudate head. There are
also subtle hyperintensities in both thalami. b Axial T1-weighted image
through the posterior fossa reveals a hypointense lesion in the pons with
“trident” appearance (arrow), characteristic for CPM

1584 Neuroradiology (2020) 62:1565–1605



signs of DCVT and no haemorrhage, although microbleeds may
be present on SW-MRI. The diagnosis is established by catheter
angiogram (cerebral DSA), which can then be followed by
endovascular embolisation treatment [61].

Neoplastic causes

Diffuse midline glioma

In the updated WHO 2016 classification of tumours of the
central nervous system, a new entity, diffuse midline glioma
with H3K27Mmutant, has been added, referring to neoplasms
previously designated as paediatric diffuse intrinsic pontine

gliomas [62]. Further research has demonstrated that this mu-
tation also occurs in other adult and paediatric midline and
paramedial tumours, including thalamic gliomas [63].
Neoplastic lesions of the thalamus are relatively rare, predom-
inantly affecting young adults and children. The deep
localisation and the proximity to critical structures implies
incomplete resection or non-resectability and poor prognosis.
It has been recently found that bilateral thalamic gliomas, in
contrast to their unilateral counterparts, frequently harbour
mutations in EGFR oncogene, while H3K27M mutants are
actually rare. Additionally, genomically tailored therapy (with
tyrosine kinase inhibitors) showed encouraging results in a
few paediatric patients with such bithalamic neoplasms [60,
64].

Both bilateral and unilateral thalamic gliomas show variable
alterations in signal, diffusivity and contrast enhancement, but
hyperintensity on T2-weighted and FLAIR images is typical. In
contrast to other entities described in this review, a prominent
mass effect is their characteristic feature (Figs. 31 and 59).

Primary CNS lymphoma

Primary CNS lymphoma (PCNSL) most commonly arises
from the deep brain structures and periventricular regions,
usually contacting a CSF surface and with a tendency to
spread along the subependymal lining. Medial thalami may
be involved, occasionally in a bilateral symmetric fashion. In
some cases, the lesions are not in contact with CSF surfaces
and basal ganglia can also be affected. The typical imaging
features are homogeneous intra-axial solitary or multiple well-
defined masses, hyperdense (but of lower attenuation com-
pared to acute blood clots) on non-enhanced CT (Fig. 32)
and of low to isointense T2 signal, with marked surrounding
vasogenic oedema. The lesions characteristically show dense
homogeneous enhancement and very low diffusion with dark
appearance on ADC maps (primarily due to high cellularity).

Fig. 41 ODS—extrapontine myelinolysis (EPM). A 7-year-old girl with
a background of leukaemia presented with fever, vomiting and horizontal
nystagmus. Hyponatraemia was established on admission and promptly
adjusted. There is bilateral symmetric swelling and hypodensity of the
basal ganglia centred at the caudate head and anterior lentiform nucleus
(arrows) on non-enhanced axial CT image

Fig. 42 Brain MRI changes with
vigabatrin therapy. A 50-week-old
girl with infantile spasms treated
with vigabatrin. a, b Axial T2-
weighted images demonstrate bilat-
eral symmetric hyperintensity of the
thalami (arrowheads), basal ganglia
(arrows), dentate nuclei
(arrowheads) and brainstem (ar-
rows). There is no associated mass
effect. The findings were asymp-
tomatic and resolved completely
following discontinuation of
vigabatrin. Courtesy of Kshitij
(Kish) Mankand
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Although the incidence of PCNSL had decreased slightly in
the mid-1990s, concordantly with the decreasing rates of
AIDS, it has been increasing in the elderly immunocompetent
population [65–67]. When hyperdense homogeneous mass
lesions with prominent surrounding oedema are seen along
the ventricular surfaces on non-enhanced CT scan, the possi-
bility of PCNSL should be raised.

Pathology involving both the basal ganglia
and thalami

Inherited metabolic/genetic

Tubulinopathies or tubulin-related cortical dysgenesis

The tubulinopathies are a recently described heterogeneous
group of brain malformations with a wide spectrum of clinical
severity, which are caused by mutation of one of the seven
genes encoding different isotypes of tubulin [68]. Tubulins

and microtubule-associated proteins play an important role
in cortical development. The diagnosis of a tubulinopathy is
based on the presence of characteristic brain malformations on
MRI and genetic testing.

Dysmorphic deep greymatter structures are the hallmark of
the disease (Figs. 33, 34 and 59) and a consequence of abnor-
mal white matter organisation in the internal capsules, such as
hypoplasia of the anterior internal capsule. In most cases, the
basal ganglia appear as large round structures in which the
caudate, putamen and globus pallidus are indistinguishable,
and the thalami are hypertrophic. In the microlissencephaly
subtype, the basal ganglia are either not visible or severely
hypoplastic. Furthermore, tubulinopathies are associated with
brainstem hypoplasia and various malformations of the cere-
bellum, cerebral cortex and corpus callosum [69].

Neurofibromatosis type 1

Neurofibromatosis type 1 (NF-1) is the most common
neurocutaneous syndrome/phakomatosis. The classic

Fig. 43 Brain MRI changes with
vigabatrin therapy. A 42-week-
old girl treated with vigabatrin for
epileptic encephalopathy. a There
is decreased diffusivity of the
thalami with low signal (arrows)
on axial ADC map. b DWI at a
lower level shows hyperintensity
of the globi pallidi (arrows).
Courtesy of Kshitij (Kish)
Mankand

Fig. 44 Hyperparathyroidism. A
28-year-old male presented with
new-onset tremor and hyperpara-
thyroidism was established on
laboratory testing. a, b CT dem-
onstrates symmetric dense calci-
fications in the globi pallidi and
dentate nuclei
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manifestations include café-au-lait macules, skinfold freck-
ling, neurofibromas, optic pathway gliomas, hamartomas,
Lisch nodules (iris hamartomas), characteristic bone lesions,
such as sphenoid bone dysplasia, and arteriopathies, such as
the Moya-Moya syndrome.

One of the predominant neuroimaging features are fo-
cal abnormal signal intensities (FASI), which are present
in at least 60–80% of paediatric NF-1 patients. These are
scattered ill-defined T2 hyperintense areas without mass
effect in the basal ganglia, thalami, brainstem, cerebel-
lum and occasionally cerebral hemispheres (Figs. 35, 36
and 59). FASIs can also show mild hyperintensity on T1-
weighted images (Fig. 35b), while a minimal mass effect
may occasionally be seen. These lesions are generally
not visible on CT and very rarely enhance with
gadolinium-based contrast agents. FASIs likely represent
areas of vacuolar changes of myelin without evidence of
demyelination. The importance of these findings is un-
known and the causative relation with cognitive dysfunc-
tion is debated. It remains unclear why these changes
frequently regress over time and even completely disap-
pear, but can also reappear or temporarily increase in
size in some cases [70–72]. The main differential diag-
nosis of FASIs is low-grade gliomas, which usually dem-
onstrate a more substantial mass effect and, in some
cases, contrast enhancement.

Primary familial brain calcification (Fahr disease)

Primary familial brain calcification (PFBC), formerly known
as (familial) idiopathic basal ganglia calcification or Fahr dis-
ease, is a rare autosomal dominant neurodegenerative disease
characterised by abnormal calcium deposits bilaterally in the
basal ganglia and other brain regions. The disease usually
presents as a combination of abnormal movements, cognitive
and psychiatric manifestations, and is clinically indistinguish-
able from other adult-onset neurodegenerative disorders.
Disease onset is usually in the fourth or sixth decade, although
PFBC has been described in all age groups [73, 74].

In addition to the basal ganglia, the thalami (especially the
posterolateral part), cerebellar dentate nuclei and subcortical
white matter are also frequently affected on imaging studies
and best seen on CT (Figs. 37 and 38). Less frequently, calci-
fications can be present in the cerebral and cerebellar cortex as
well as brainstem. Confluent cerebral white matter abnormal-
ities may also be associated. Secondary bilateral calcification
is present in a variety of genetic, developmental, metabolic,
infectious and other conditions. So the main goals in the eval-
uation of patients with movement disorder, cognitive impair-
ment and psychiatric symptoms, in whom brain calcifications
are detected on imaging, are to rule out metabolic disorders,
primarily hypoparathyroidism as the most common cause of
secondary calcifications, and to find out about the possible
family history of the disease.

Other conditions with similar intracranial calcification pat-
terns include Cockayne syndrome and carbonic anhydrase

Fig. 45 Creutzfeldt–Jakob disease (CJD). A 69-year-old male with a 5-
month history of progressive generalisedweakness, aphasia and cognitive
decline and confirmed Creutzfeldt–Jakob disease (CJD). Axial DWI
shows high signal intensity of bilateral striatum and dorsomedial thalami
(“hockey stick” sign, arrowheads). There are also areas of cortical
hyperintensity in the right operculum, as well as in bilateral insulae and
cingulate gyri (arrows)

Fig. 46 CJD. A 61-year-old female with rapidly progressive dementia,
progressive motor and sensory impairment. CJD was confirmed. There is
hyperintensity of bilateral basal ganglia, thalami and occipital cortices,
along with partial temporal cortex involvement on axial DWI

1587Neuroradiology (2020) 62:1565–1605



deficiency type 2 [73, 75–77]. Labrune syndrome and Coats
plus syndrome show dense rock-like calcifications; however,
there are also white matter signal alterations, cysts and con-
trast enhancement [76].

Acquired metabolic/toxic

Ethylene glycol intoxication

Ethylene glycol (EG) is a colourless, odourless liquid and is the
principal component of anti-freeze. EG ingestion is usually acci-
dental. The life-threatening features are due to the metabolites of
ethylene glycol in the same metabolic pathway as methanol. The

accumulation of glycolic acid leads to metabolic acidosis and
subsequent encephalopathy. The metabolic effects occur 12–
24 h post-ingestion, comparable to methanol [77, 78].

Symmetric involvement of the central deep parts of the brain
is the characteristic imaging finding of acute EG toxicity (within
the first few days). A diffuse hypodensity of bilateral basal gan-
glia and thalami extending into the brainstem and adjacent cere-
bral hemispheres with mild mass effect is the typical pattern seen
on the initial CT scan, which may, however, remain unremark-
able.MRI reveals bilateral high T2 signal within the central basal
portions of the brain (Figs. 39 and 59), primarily at the thalami
and basal ganglia, hippocampi and amygdala, as well as the
dorsal midbrain and pons. The signal abnormality may extend

Fig. 47 ADEM. A 4-year-old girl
presented with behavioural
change and seizure following up-
per respiratory infection. a Axial
T2-weighted image at the basal
ganglia level reveals focal high
signal intensity of the dorsal right
thalamus (arrowhead). There are
also hyperintense white matter
changes in the right temporal and
left occipital lobes (arrows). b
The lesions demonstrate in-
creased diffusivity on the corre-
sponding ADC map (arrows)

Fig. 48 West Nile viral encephalitis. A 71-year-old male with severe
headache, high fever, disorientation, tremors and abnormal movements
due to West Nile virus encephalitis. Coronal FLAIR image shows
hyperintensity of the right thalamus (arrow), right periopercular fronto-
insulo-temporal region, bilateral hippocampi and left uncus

Fig. 49 EBVviral encephalitis. A 6-year-old boy with Epstein–Barr virus
encephalitis. There is a hyperintense lesion with mild mass effect involv-
ing the left caudate head and ventral putamen (arrow) on axial FLAIR
image. Furthermore, there are cortical lesions of high signal intensity in
bilateral cingulate gyri and right insula (arrowheads)
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into the adjacent portions of the cerebellum, brainstem and
insulae, along with a mild mass effect. Haemorrhagic lesions of
bilateral globus pallidus or putamen, suggesting CO and metha-
nol intoxication, have also been reported [77–80].

Osmotic demyelination syndrome

Osmotic demyelination syndrome (ODS) is classically asso-
ciated with a swift adjustment of hyponatraemia. However, it
can result from a wide variety of electrolyte abnormalities and
their correction, frequently encountered in chronically debili-
tated patients. ODS is histologically characterised by non-
inflammatory destruction of myelin sheaths with sparing of
the underlying axons. Features of the syndrome include
quadriparesis and neurocognitive changes in the presence of
typical lesions on brain MRI, representing central pontine
myelinolysis (CPM) and extrapontine myelinolysis (EPM)
[81].

There is, however, commonly a delay of the imaging
features of several days or even weeks after the onset of
symptoms, and reduced diffusivity on ADC maps may be
the earliest finding. The hallmark of EPM is the striking
symmetry of signal alterations, a feature of metabolic
abnormalities, with T2 hyperintensity in the striatum,
thalamus, external and extreme capsule (Fig. 40a).
Corresponding hypodensities could be seen on CT
(Fig. 41). The hippocampus, cerebellum and cerebral
cortex may also be affected, while diffusivity depends
on the scan timing. EPM may be seen without or in
conjunction with CPM, which demonstrates the charac-
teristic trident-shaped T2 hyperintense area with low T1
signal in the central pons (Fig. 40b) sparing the
corticospinal tracts [81]. At least in some cases, EPM
may precede CPM on imaging studies [82].

Brain MRI changes with vigabatrin therapy

Vigabatrin, an effective antiepileptic medication for infantile
spasms, is responsible for development of brain abnormalities
on MRI in around 25% of treated infants. The characteristic
imaging findings of symmetric high T2 signal and reduced dif-
fusion are seen in the thalami, which may be accompanied with
involvement of globi pallidi, brainstem tegmentum and cerebel-
lar dentate nuclei (Figs. 42, 43 and 59) [83, 84]. These reversible
and generally completely asymptomatic findings are associated
with peak vigabatrin dosage. However, hyperkinetic movement
disorders and life-threatening acute encephalopathymay develop
in rare cases. The uncommon symptomatic MRI changes do not
appear to be dose-dependent and could be associated with con-
comitant hormonal therapy. Vigabatrin-associated MRI abnor-
malities have not been found in older children and adults [84].

Fig. 50 Cerebral toxoplasmosis. A 32-year-old man with known HIV
infection and a 5-day history of increasing confusion, headache and fever.
Axial post-contrast T1-weighted image demonstrates an oval enhancing
lesion at the left basal ganglia with surrounding vasogenic oedema and
prominent mass effect. The enhancement is peripheral with an internal
nodular extension (arrow), representing the “eccentric target” sign of
toxoplasmosis

Fig. 51 Cerebral toxoplasmosis. A 38-year-old woman presenting with
fever, headache, blurred vision, seizures and left-sided weakness was
found to be HIV positive. a There are at least three areas of vasogenic
oedema in this axial FLAIR image. Within the oedema of the right hemi-
sphere, there is a round retrolenticular lesion with internal layers—
concentric alternating hypointense and hyperintense areas (arrow). This
characteristic appearance represents the “concentric target” sign of
toxoplasmosis
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Endocrinological disorders related to parathyroid hormone
disturbances

Cerebral calcifications are classified into three groups: physiolog-
ical, idiopathic and secondary to calcium metabolism alterations.
The most common aetiology of prominent bilateral intracranial
calcifications are various types of hypoparathyroidism and
pseudohypoparathyroidism, which can be caused by numerous
disease processes. The observed bilateral symmetric calcifica-
tions in the globi pallidi, putamen and caudate nuclei on CT with
correspondent hypointense signal on T2-weighted and SWI-MRI
are sometimes referred to as Fahr syndrome. The thalami, sub-
cortical white matter and cerebellar dentate nuclei are usually
affected to a lesser extent (Fig. 44), followed by the cerebral
cortex, hippocampus, subcortical and cerebellar white matter.

The extent of calcification is variable, depending on the stage
of the disease and duration of metabolic abnormalities [85, 86].
Associated findings in primary hypoparathyroidism are diffuse
patchy osteolytic lesions in the skull, whereas plaque-like dural
calcifications and vascular calcifications, most notably of carotid
arteries, are encountered in secondary hyperparathyroidism.

Creutzfeldt–Jakob disease

Creutzfeldt–Jakob disease (CJD) is a rapidly progressive, fatal
neurodegenerative disease typically characterised by demen-
tia, ataxia, myoclonus and behavioural changes. CJD is a rare
disorder with an annual incidence of 1–2 per million world-
wide and is caused by accumulation of an abnormally shaped
membrane-bound prion protein in neurons. It is subdivided

Fig. 52 Hypoxic–ischaemic encephalopathy (HIE). A 44-year-old fe-
male following resuscitation after ventricular fibrillation and cardiac ar-
rest. a There is bilateral hyperintensity of the striatum and predominantly
posterior cortical grey matter, along with focal thalamic lesions (arrows)
on axial DWI. The lesions are so diffuse and widespread that the image
might even appear normal (with a wider window setting), except for the

fact that the globi pallidi (*) and most of the thalami are spared and not as
bright. b There is reduced diffusivity of the lesions on corresponding
ADCmap (arrows), consistent with cytotoxic oedema. In contrast to most
other clinical settings, the abnormally low ADC signal is actually more
conspicuous than the DWI hyperintensity

Fig. 53 HIE. Term neonate with
peripartal asphyxia and
convulsions. a There is bilateral
decreased diffusivity with low
ADC values compatible with
cytotoxic oedema in the globi
pallidi and ventrolateral thalami
(arrows). b There is absence of
the normal high signal in the
myelinated PLIC (arrows), which
should be present in a term
neonate on axial T1-weighted
image. This is known as the “ab-
sent posterior limb” sign
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into sporadic, familial and acquired forms. About 85–90% of
cases are classified as sporadic CJD (sCJD), for which no
aetiology can be identified. Genetic or familial CJD (fCJD),
which is caused by 4 common and many other mutations in
the prion protein gene, accounts for 10–15% of the cases. The
acquired (infectious) form consists of iatrogenic CJD and var-
iant CJD (vCJD, which originated as a zoonosis via consump-
tion of contaminated beef) and comprises less than 1% of the
cases [87].

MRI of the brain with DWI sequences is the most
useful test with over 90% accuracy and should be ob-
tained in all patients with a rapidly progressive neurolog-
ical syndrome. The findings include hyperintensity on
both FLAIR and DWI that is confined to the grey matter

in the cortex (“cortical ribboning”), striatum (putamen
and caudate nuclei), medial and/or posterior thalamus,
or a combination of these areas, without any thickening
or oedema (Figs. 45, 46 and 59). Decreased diffusivity
with low signal on ADC maps is frequently present, but
this is not very conspicuous and may change over time.
In addition to bilateral findings, unilateral cortical and
deep grey matter hyperintensity is frequently observed
(Fig. 59) and represents a typical CJD pattern (in con-
trast to almost invariably symmetric lesions in metabolic
and toxic disorders).

The MRI criteria for sCJD are DWI signal abnormal-
ity from either at least two cortical regions or both the
caudate nucleus and putamen [87, 88]. Cortical DWI
hyperintensity also appears to be a presymptomatic
marker, as the abnormalities on MRI have been found
to antedate the onset of sCJD [89]. Bilateral symmetric
posterior thalamic hyperintensity on FLAIR and DWI is
known as the pulvinar sign (which along with involve-
ment of dorsomedial thalami gives the “hockey stick”
appearance) and is considered pathognomonic for
vCJD, however only if the signal in the thalami is
brighter than in the caudate and putamina [87].

Infectious/inflammatory

Acute disseminated or demyelinating encephalomyelitis

Acute disseminated encephalomyelitis aka ADEM is a usually
transitory, monophasic and self-limiting immune-mediated in-
flammatory disease that can involve the brain and the spinal
cord, typically affecting young children and adolescents. A
preceding viral infection or less frequently immunisation is
believed to trigger the inflammatory process based on cross-
reactivity. However, many cases do not have a clear history of
an infectious trigger, and an autoimmune aetiology is

Fig. 54 HIE. A 5-day-old term
neonate with severe perinatal as-
phyxia. a Axial T1-weighted and
b T2-weighted images demon-
strate bilateral symmetric signal
alteration in the ventrolateral
thalami, globi pallidi and posteri-
or putamina, which are hyperin-
tense (arrows) and hypointense,
respectively. The findings are
compatible with HIE. Note the
bilateral high T1 signal of myelin
in the posterior limb of the inter-
nal capsule (PLIC), which is nor-
mal in neonates after 37 weeks of
gestational age

Fig. 55 Hypertensive haematomas. A 75-year-old female presenting with
left hemiparesis and Glasgow coma score (GCS) 6. Non-enhanced axial
CT image shows right greater than left hyperdense lesions (arrows) at the
lentiform nucleus and posterior limb of the internal capsule with a thin rim
of low attenuation, consistent with acute hypertensive haematomas
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considered. In roughly 40% of the cases, antibodies to the
myelin oligodendrocyte glycoprotein (MOG) are found [90].
Most patients recover completely with concomitant resolution
of the imaging findings. In a minority of cases, the disease
shows a multiphasic course or eventually progresses to multi-
ple sclerosis [91].

On MRI, in addition to the white matter (and possibly
spinal cord lesions), the basal ganglia and thalami are
often bilaterally but asymmetrically involved with ill-
defined T2 hyperintense lesions (Figs. 47 and 59) and
variable heterogeneous contrast enhancement. Diffusivity
of the lesions is usually increased (Fig. 47b); however,
low diffusion with peripheral dark band on ADC maps

is not uncommon and likely corresponds to advancing
demyelination. The lesions may be hard to distinguish
from other demyelinating diseases and infectious enceph-
alitis (with selective grey matter involvement). ADEM
associated with anti-MOG antibodies may also be com-
bined with autoimmune encephalitis [92].

Acute haemorrhagic encephalomyelitis (AHEM, Hurst dis-
ease) is a rare and severe form characterised by rapidly pro-
gressive tumefactive white matter lesions and haemorrhagic
foci, which are hypointense on GRE T2* or SW-MRI, with
variable basal ganglia and thalamic involvement. AHEMwith
thalamic involvement may occasionally have an appearance
very similar to ANE.

Fig. 56 Hypertensive haematomas. A 59-year-old male with sudden loss
of consciousness. a There are left greater than right acute hypertensive
haemorrhages centred at putamina on this non-enhanced axial CT image.
There are also adjacent surrounding areas of low attenuation, consistent

with extruded serum and oedema around the blood clot, and a prominent
mass effect on the left. b Follow-up T2-weighted image 2 years later
reveals corresponding slit-like lesions with peripheral hypointensity
(arrowheads) representing haemosiderin staining

Fig. 57 Posterior reversible encephalopathy syndrome (PRES). A 2-
month-old boy with PRES. a Axial T2-weighted image reveals bilateral
confluent hyperintense areas in the cortico-subcortical parieto-occipital
regions (arrows) along with right greater than left involvement of the

globi pallidi (arrowheads). b The lesions are predominantly showing
increased diffusivity with high signal on the corresponding ADC map
representing vasogenic oedema. There are, however, a few small cortical
areas of reduced diffusivity (arrows) indicative of cytotoxic oedema

1592 Neuroradiology (2020) 62:1565–1605



Viral encephalitis

Viruses have a propensity to affect grey matter structures,
leading to a fairly common, usually asymmetrical, high T2
signal intensity on MRI and hypodensity on CT in bilateral
thalami and/or basal ganglia. Consequently, viral infection
should always be taken into consideration when such lesions
are found in an appropriate clinical setting [93]. Some of the
viruses characteristically lead to a specific localisation and/or
imaging appearance of lesions in the CNS; however, theymay
also present with non-specific findings, while other infections
and non-infectious diseases may simulate their typical presen-
tation [93].

Arboviruses (arthropod borne viruses) include three
different groups of infectious agents that are transmitted
by insects, most commonly mosquitoes. Flaviviridae is
the most prominent group that includes agents causing
Japanese and West Nile, as well as tick-borne encepha-
litis. The characteristic imaging findings include bilateral
focal patchy thalamic lesions that are of low attenuation
on CT and of high T2 signal intensity, typically bright
on DWI (usually with reduced diffusivity on ADC maps,
at least in some parts). The basal ganglia and brainstem
are frequently affected, and cortical abnormalities may
also be found (Figs. 48 and 59). There is some mass
effect (with expansion of the anatomic structures, not a
focal mass) in larger lesions and haemorrhages may be
seen, while contrast enhancement is variable. The spinal
cord and cauda equina can also be involved [94, 95].

Epstein–Barr virus is one of the members of herpesvirus
family that can cause neurologic diseases. Most cases of EBV
encephalitis occur in children as a rare complication of infec-
tious mononucleosis [96]. EBV encephalitis is frequently as-
sociated with abnormalities in the deep grey matter, and bilat-
eral involvement of the basal ganglia and thalami is character-
istic, frequently with associated cortical lesions (Fig. 49) [97].

Cerebral toxoplasmosis

Cerebral toxoplasmosis, caused by the protozoan parasite
Toxoplasma gondii, is the most common opportunistic CNS
infection in AIDS patients, who are especially susceptible to
reactivation of a latent infection when their CD4 count falls
below 100 cells/μL [98].

The lesions are typically located in the deep grey matter
and at corticomedullary junction, appearing as multiple (or
solitary) areas of low attenuation on unenhanced CT and
exhibiting nodular or ring enhancement on post-contrast CT
and T1-weighted MR images. Ring-enhancing lesions can
show an internal eccentric nodule, referred to as the “eccentric
target sign” (Figs. 50 and 59), which is highly specific for
toxoplasmosis, but seen in less than 30% of the cases.
Another specific MRI feature is the “concentric target sign”
in T2-weighted and FLAIR images with alternating concentric
layers of hypo- and hyperintensities (a hypointense core, an
intermediate hyperintense area and a peripheral hypointense
zone), surrounded by high signal of vasogenic oedema
(Figs. 51 and 59).

The lesions of toxoplasmosis demonstrate decreased rCBV
on perfusion imaging (which is typical for inflammatory and
infectious lesions) and usually central high signal of increased
diffusivity on ADC maps, in contrast to PCNSL, which is the
main differential diagnosis in HIV-infected patients [98, 99].

Vascular/ischaemic

Hypoxic–ischaemic encephalopathy and status marmoratus

The pattern of brain injury in global hypoxia depends on
the level of brain maturation at the time of insult and the
severity and duration of the event. Anoxic injury may
range from mild to moderate and severe. It is the severe

Fig. 58 PRES. A 68-year-old
male presenting with mental sta-
tus change, headache, ataxia and
dizziness. High blood pressure on
exam. a There are scattered hy-
perintense lesions in bilateral
caudate heads, lentiform nuclei
(arrowheads), thalami (arrows)
and periventricular white matter
on axial FLAIR image. b
Corresponding ADC map shows
mildly increased diffusivity of the
lesions, best seen in the thalami
(arrows)
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injury that affects the central grey matter structures in
infants, young children and adults.

Perinatal asphyxia is the most important cause of HIE and
the damaged areas parallel the myelinating regions. Severe
HIE in preterm neonates results in lesions of the thalami,

dorsal brainstem and anterior vermis. Conversely, in term ne-
onates and infants up to 1 year, the globi pallidi, posterior
putamina, ventrolateral thalami, hippocampi, dorsal brainstem
and sensorimotor cortex are most affected. When bilateral
basal ganglia lesions are seen in a neonate and there is little
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evidence for perinatal hypoxia, inborn errors of metabolism,
such as sulphite oxidase deficiency, should be considered as a
differential diagnosis [100]. HIE in older children and adults
causes diffuse injury to the grey matter with symmetric in-
volvement of the basal ganglia, thalami and cortex (Figs. 52
and 59).

The affected areas show decreased diffusivity followed by
T2 hyperintensity on MRI and hypodensity on CT. Diffusion
MR imaging in perinatal HIE reliably shows hyperintense
signal on DWI and reduced diffusivity on ADC maps after
24 h (Fig. 53a), which peaks at 3–5 days after the hypoxic
event, which represents the optimal timeframe to scan the
neonates. Afterwards, pseudonormalisation of diffusivity oc-
curs on ADCmaps. T2 hyperintensity of the basal ganglia and
thalami is generally present after 2 days and slowly disappears
over time. By the third day, T1 shortening will be seen in the
injured areas (Fig. 53b) and remain for many months [100,

101]. This leads to a characteristic reversal of normal T1
hyperintensity in the myelinated posterior limb of the internal
capsule (PLIC) compared to the adjacent deep grey matter
structures (Figs. 54 and 59) in term neonates (the basal ganglia
and thalami become brighter than PLIC on T1-weighted
images).

The diffusion abnormalities are essentially always present
on MRI scan following anoxic injury in adults (most com-
monly following cardiac arrest) and older children. Although
the clinical context of HIE is mostly clear, an alternative di-
agnosis or combined pathophysiology may be considered in
the unconscious patient of unknown aetiology, such as toxic
encephalopathy or metabolic acidosis.

Status marmoratus or “état marbré” is a rare manifestation
of the chronic features of profound perinatal HIE in full-term
neonates. The initial ischaemic damage evolves to gliosis and
is mixed with an abnormal or excessive myelination in the
second part of the first year of life, causing a marbled appear-
ance of the basal ganglia and thalami [102]. On MRI, the
hypermyelination is most apparent in the putamen. There is
abnormal T2 hyperintensity throughout the basal ganglia and
thalami, often combined with severe cerebral atrophy.

Hypertensive haematoma

Hypertensive haemorrhages typically occur in areas supplied
by penetrating vessels with the most common locations being
the central grey matter, primarily the putamen (around 65%)
and thalamus (about 20%), followed by the pons and medial
cerebellum. The imaging modality in the acute setting is usu-
ally CT, which reveals hyperdense lesion with attenuation
values of blood clot in these characteristic locations and is
highly suggestive of the diagnosis. Thin peripheral contrast
enhancement may be observed around the haematoma [103].

Simultaneous bilateral hypertensive basal ganglia and/or
thalamic haemorrhages may rarely be encountered in the acute
setting (Figs. 55 and 56b), usually asymmetric [104, 105]. The
hypertensive haematomas typically dissect the brain without a
considerable amount of associated tissue necrosis, so that
chronic lesions are transformed into slit-like cavities with pe-
ripheral low T2 signal due to haemosiderin staining (Fig. 56b),
which is accentuated on SW-MRI or GRE T2* images [103].
In contrast to acute lesions, chronic bilateral hypertensive
haematomas are not an uncommon finding in deep grey
matter.

Posterior reversible encephalopathy syndrome

Posterior reversible encephalopathy syndrome (PRES) is clas-
sically and commonly triggered by an acute hypertensive
state. However, multiple other conditions may predispose to
PRES. Damage to the vascular endothelium with subsequent

�Fig. 59 Summary overview of most pathologies listed in this review
paper. Predominantly involving the basal ganglia. Leigh Sy—BL sym-
metric BG and brainstem (+/− thalami); glutaric aciduria type 1—BL BG
and WM + wide Sylvian fissures; WD—BL symmetric striatum on T2w
(+/− brainstem and thalami), GP on T1w; HD—BL atrophy of striatum—
“boxed-out” frontal horns; PKAN—BL GP “eye of the tiger” sign; CO
poisoning—BL focal GP lesions; kernicterus—BL GP (+ subthalamic
nucleus); chronic HE/Mn/Gd deposition—BL GP on T1w; methanol
poisoning—BL putamen (+ haemorrhage) and frontal WM; uremic
encephalopathy/metabolic acidosis—BL lentiform fork sign;
hypoglycaemia—BL BG and diffuse cortical GM on DWI;
hyperglycaemia—unilateral striatum on T1w and CT; autoimmune
encephalitis—BL striatum (+/− hippocampi and other areas);
cryptococcosis—scattered focal BL BG lesions; germinoma—UL or
BL on T2*w, hemiatrophy. Predominantly involving the thalami.
Gangliosidosis—T1 bright and T2 dark thalami; toluene toxicity—T2
dark thalami and hyperintense WM, atrophy; WE—BL paramedial thal-
ami (+ periaqueductal GM and mammillary bodies); acute
hyperammonaemia—BL GM of insula, cingulate and thalami; ANE—
BL concentric haemorrhagic thalamic lesions; artery of Percheron
infarction—BL focal thalamic infarcts (+/− midbrain); DCVT—
thalamic swelling with haemorrhage and venous thrombosis; bithalamic
glioma—prominent mass effect. Affecting the basal ganglia and
thalami. Tubulinopathy—fused malformed BG + other findings; NF-1
FASI—scattered patchy ill-defined; EG poisoning—BL BG and thalami;
vigabatrin-associated MRI changes—BL thalami and BG (+ brainstem
and dentate nuclei); CJD—BL or UL striatum and cortex (+/− thalami—
“hockey stick” sign) on DWI; ADEM—asymmetric central GM and
WM; viral encephalitis—asymmetric central and cortical GM;
toxoplasmosis—eccentric and concentric target sign; HIE adult—
symmetric central and cortical GM on ADC; HIE neonate—absent
PLIC, T1 bright central GM; PRES—BL WM and GM oedema.
ADEM, acute disseminated encephalomyelitis; AIE, autoimmune en-
cephalitis; AoP, artery of Percheron; ANE, acute necrotising encephalitis;
BG, basal ganglia; BL, bilateral; CJD, Creutzfeldt–Jakob disease; CO,
carbonmonoxide; DCVT, deep cerebral venous thrombosis; FASIs, focal
abnormal signal intensities; GA, glutaric aciduria; GM, grey matter; GP,
globus pallidus; HD, Huntington disease; HIE, hypoxic–ischaemic en-
cephalopathy; PKAN, pantothenate kinase-associated neurodegenera-
tion; PRES, posterior reversible encephalopathy syndrome; UL, unilater-
al; WD, Wilson disease; WE, Wernicke encephalopathy; WM, white
matter
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Table 1 A summary overview listing the clinical, imaging and biochemical findings in the disease entities discussed in this paper

Deep grey matter lesions Imaging findings Clinical findings Biochemistry

Characteristic Common or possible

a. Predominantly involving the basal ganglia

Leigh syndrome BL symmetric putamen (+/−
brainstem)

T2 hyperintensity
Reduced diffusivity in acute

phase

BL symmetric T2
hyperintensity
subthalamic nucleus,
substantia nigra, caudate
nucleus, globus pallidus,
dorsomedial thalamus,
dentate nuclei

Progressive
neurodegeneration in
infancy and early
childhood—feeding
difficulties, psychomotor
retardation, ataxia

Mitochondrial disease,
mutations in > 75 genes;
elevated lactate

Glutaric aciduria type 1 BL symmetric caudate and
putamen T2 hyperintensity
+ wide Sylvian fissures,
subdural hygromas and
delayed myelination

Confluent WM T2
hyperintensity

Subependymal nodules
along lateral ventricles

Macrocephaly

Acute encephalopathy in
infancy precipitated by
infection, immunisation or
surgery—psychomotor
regression with dystonia;
insidious without crises

Deficiency of glutaryl-CoA
dehydrogenase—
newborn screening;
metabolite levels,
enzyme analysis, two
mutations

Wilson disease BL symmetric putamen and
caudate

T2 hyperintensity
(concentric-laminar)

BL symmetric GP T1
hyperintensity

Brainstem and thalami T2
hyperintensity—midbrain
with sparing of red nuclei
and superior colliculi
produces “face of the
giant panda”

Extrapyramidal and
behavioural symptoms

Kayser–Fleischer ring around
the iris

ATP7B gene mutations—
copper accumulation;
low ceruloplasmin
levels, high urine copper

Huntington disease BL symmetric atrophy of
putamen and caudate
head—“boxed-out” frontal
horns

BL symmetric caudate and
putamen

T2 hyperintensity in
juvenile-onset HD;
diffuse atrophy, primarily
frontal, in advanced
stages

Triad of motor, cognitive and
psychiatric symptoms;
adult-onset HD typically
hyperkinetic, juvenile
form hypokinetic motor
disorder

Mutant (multiple CAG
repeats) huntingtin
protein aggregates in
axonal terminals; direct
genetic test

PKAN BL symmetric GP T2
hypointensity with central
hyperintensity—“eye of
the tiger” sign

Generalised atrophy Progressive dystonia,
spasticity, dysarthria and
vision loss

Two PANK2 gene
mutations

Carbon monoxide Globus pallidus and cerebral
WM

BL focal T2 hyperintense
lesions, reduced diffusivity

BL cerebellar, hippocampal
and other deep GM
lesions; haemorrhage;
cerebral WM reduced
diffusivity with delayed
leukoencephalopathy

Nausea, headache and
dizziness to confusion and
loss of consciousness;
delayed
leukoencephalopathy days
to weeks later

Elevated blood levels of
carboxyhaemoglobin
(HbCO)

Bilirubin encephalopathy BL symmetric GP and
subthalamic nucleus T2
hyperintensity—chronic;
BL symmetric GP and
subthalamic nucleus T1
hyperintensity—acute

BL symmetric substantia
nigra and cerebellar
nuclei T2 hyperintensity
in chronic phase

Infants with severe jaundice,
poor feeding, lethargy,
hypertonia or hypotonia,
apnea

Very high bilirubin blood
levels

Chronic hepatic
encephalopathy/-
manganese toxicity

BL symmetric GP T1
hyperintensity

BL symmetric dentate
nucleus, substantia nigra,
subthalamic nucleus and
tectum T1 hyperintensity;
corticospinal tracts T2
hyperintensity

Neuropsychiatric
abnormalities in the setting
of cirrhosis and portal
hypertension or
portal-systemic shunts

Elevated serum ammonia
levels

High levels of manganese

Methanol BL symmetric (dorsolateral)
putamen and fronto-insular
WM T2 hyperintensity;
haemorrhage and reduced
diffusivity

BL involvement of other
basal ganglia, including
isolated GP; (peripheral)
contrast enhancement

Acute visual disturbances
followed by headache,
nausea, fatigue, abdominal
pain; seizures and coma

Severe metabolic acidosis
with high anion gap and
increased osmolal gap

Uremic
encephalopathy/-
metabolic acidosis

BL symmetric putamen and
GP T2 hyperintense
swelling with even higher
signal of the rim and

Increased diffusivity along
“the fork”; central areas
of reduced diffusivity:
caudate may be involved

Nausea, vomiting, fatigue,
anorexia, muscle cramps,
pruritus, mental status

Very low glomerular
filtration rate and
creatinine clearance
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Table 1 (continued)

Deep grey matter lesions Imaging findings Clinical findings Biochemistry

Characteristic Common or possible

medullary laminae—
“lentiform fork” sign

changes; most commonly
in end-stage renal disease

(generally under
10–15 mL/min)

Hypoglycaemia BL symmetric BG and
diffuse cortical GM
reduced diffusivity and/or
WM—posterior limb of
internal capsule and
splenium of corpus
callosum

BL subcortical WM; UL
lesions

BL occipito-parietal GM
and WM in neonates

Anxiety, dysarthria,
confusion, loss of
consciousness, seizures,
coma; may simulate stroke

Very low plasma glucose
concentration

Hyperglycaemia UL putamen (+/− caudate
and GP)

CT hyperdensity and T1
hyperintensity

Asymmetric in very rare BL
cases

Hemichorea-hemiballismus
(continuous irregular and
involuntary jerky
movements on one side) in
patients with poorly
controlled diabetes
mellitus

Elevated blood glucose
level and glycosylated
haemoglobin (HbA1c)

Autoimmune encephalitis BL putamen and caudate
T2 hyperintensity

Involvement of BL
hippocampi and other
limbic structures

Chorea and behavioural
disorders

Anti-CV2/CRMP5
antibodies (or other
antibodies against
neuronal antigens)

Cryptococcosis BL scattered focal CSF-like
T2 hyperintense BG
lesions, some of which
enhance with contrast

Surrounding oedema;
lesions in adjacent areas;
ventriculomegaly

Usually insidious onset in
HIV-positive and other
immunosuppressed
patients with headache,
fever and malaise

Serum or CSF cryptococcal
polysaccharide antigen
(CrAg); CSF or blood
culture

Germinoma UL or BL asymmetric GP
and putamen SW-MRI or
T2* hypointense lesions;
ipsilateral hemiatrophy in
UL cases

Cysts, calcification,
haemorrhage, mass
effect; subtle CT
hyperdensity, T1 and T2
hyperintensity

Slowly progressive
hemiparesis, psychosis and
cognitive decline in the
second decade of life

Elevated human chorionic
gonadotropin (hCG) in
some cases

b. Predominantly involving the thalami

Gangliosidosis (GM1 and
GM2)

BL symmetric thalamus
T2 hypointensity and T1

hyperintensity, CT
hyperdensity (infantile
form, also other lysosomal
storage diseases);
cerebellar atrophy (adult
and juvenile forms)

BL symmetric putamen and
caudate mild T2
hyperintensity, diffuse
hypomyelination with
sparing of corpus
callosum

Rapidly evolving motor
weakness, developmental
delay, deafness and
blindness (infantile form);
motor disturbances and
intellectual disabilities
(adult and juvenile forms)

Measurement of lysosomal
enzyme activity in blood
samples; detection of
genetic mutations

Toluene toxicity BL symmetric thalamus
T2 hypointensity, BL WM

T2 hyperintensity, loss of
WM–GM differentiation,
global atrophy

BL basal ganglia and cortex
T2 hypointensity

Insomnia, cerebellar
dysfunction, secondary
Parkinsonism, visual and
hearing loss, attention
deficit, memory
dysfunctions and
visuospatial impairment,
dementia

No definite laboratory test
Liver enzymes may be

elevated; urinary
metabolite (hippuric
acid) with a high level of
chronic use

Wernicke encephalopathy BL symmetric dorsomedial
thalamus, periaqueductal
GM and mammillary body
T2 hyperintensity, best
seen on FLAIR and DWI

Contrast enhancement may
be present; BL symmetric
perirolandic cortex and
cranial nerve nuclei T2
and DWI hyperintensity
(non-alcoholic WE)

Classic triad: confusion,
ataxia and
ophthalmoplegia;
nystagmus, delirium,
hypotension

Malnutrition—alcoholic and
non-alcoholic

No definite laboratory test;
frequent lactic acidosis

Acute hyperammonaemic
encephalopathy

BL symmetric cortical GM of
insula and cingulate gyrus
T2 hyperintensity, best
seen on FLAIR and DWI

BL symmetric thalamus T2
hyperintensity; reduced
diffusivity may be present

Progressive drowsiness and
seizures; liver disease,
other conditions causing
increased ammonia

Elevated serum ammonia
level; serum amino acid
levels, urinary tests and
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Table 1 (continued)

Deep grey matter lesions Imaging findings Clinical findings Biochemistry

Characteristic Common or possible

production or decreased
elimination, including urea
cycle defects (in paediatric
patients)

DNA mutation analysis
for urea cycle defects

Acute necrotising
encephalopathy

BL symmetric thalamus
concentric haemorrhagic
lesions (SW-MRI/T2*),
centrally low and
peripherally increased
diffusivity

Brainstem lesion (even
without thalamic
involvement), subinsular
areas, cerebellum and BG

Respiratory viral infection
followed by acute
encephalopathy with
seizures and rapid
alteration of
consciousness, mostly in
young children; also
recurrent and familial
forms

No specific laboratory test;
usually elevated CSF
protein, serum
transaminase levels;
mutations in RANBP2
gene (recurrent and
familial forms)

Artery of Percheron
infarction

BL paramedian thalamus
focal infarcts—CT
hypodensity, reduced
diffusivity, T2
hyperintensity

Midbrain involvement:
“midbrain V” sign—high
signal on FLAIR extends
BL along the
interpeduncular cistern

Acute visual disturbances,
confusion and coma

Predominantly cardioembolic
stroke

No specific laboratory test

Deep cerebral venous
thrombosis

BL usually asymmetric
thalamus swelling—T2
hyperintense and CT
hypodense, frequent
haemorrhage; CT
hyperdense deep venous
structures

BL symmetric or strikingly
asymmetric (almost UL);
BG, internal capsule,
midbrain, upper
cerebellum involvement

Acute to chronic headache,
intracranial hypertension,
focal neurological deficits,
seizures, encephalopathy

Predominantly in young
women

Hypercoagulable panel,
evaluation of risk factors

Dural arterio-venous
fistula

BL thalamus mild swelling,
T2 hyperintensity and
increased diffusivity;
dAVF diagnosed on DSA

Microbleeds may be present
on SW-MRI; BL
thalamus mild CT
hypodensity; possible
signs of dAVF on CTA
and MRI

Rapidly progressive
dementia

No specific laboratory test

Diffuse midline
glioma/thalamic glioma

UL or BL thalamus,
sometimes symmetric;
prominent mass effect, T2
hyperintensity

Variable contrast
enhancement, variable
diffusivity

Headache and vomiting
(hydrocephalus), motor
deficits, confusion

Mutations in EGFR
oncogene (BL thalamic
glioma); H3K27M
mutation (UL glioma)

PCNSL BL or UL periventricular
(medial thalami); CT
hyperdense, T2
hypo-/isointense lesions
with low diffusivity and
homogeneous
enhancement

Solitary or multiple
well-defined masses with
marked surrounding
vasogenic oedema,
subependymal spread

Cognitive decline,
personality changes,
confusion, focal
neurological deficits,
headache, nausea and
vomiting

No definitive laboratory
test; CSF cytology and
flow cytology may be
positive

c. Involving both the basal ganglia and the thalami

Tubulinopathies BL fused malformed BG; BL
hypertrophic thalamus;
hypoplasia of anterior
internal capsule

Brainstem hypoplasia;
various cerebellar,
cortical GM and corpus
callosum malformations

Wide spectrum of clinical
severity—microcephaly,
developmental delay and
epilepsy

Detection of genetic
mutations

NF-1 FASI BL asymmetric BG,
thalamus, brainstem and
cerebellum patchy
ill-defined T2
hyperintensities without
mass effect

Mild T1 hyperintensity;
minimal mass effect; rare
contrast enhancement

Incidental findings—
frequently regress, may
reappear, in patients with
symptoms and signs
related to NF-1

Detection of genetic
mutations

Primary familial brain
calcifications

BL BG, thalamus
(posterolateral), dentate
nucleus, subcortical WM
calcification on CT;

Calcifications in cerebral
cortex, cerebellar cortex
and brainstem; confluent

Abnormal movements,
cognitive and psychiatric
manifestations with
insidious onset

Detection of genetic
mutations; exclusion of
other disorders
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Table 1 (continued)

Deep grey matter lesions Imaging findings Clinical findings Biochemistry

Characteristic Common or possible

MRI-SW/T2*/T2
hypointense, T1
hyperintense to
hypointense

white matter
abnormalities

Ethylene glycol
intoxication

BL symmetric central deep
brain (BG, thalamus,
hippocampi, amygdala,
dorsal brainstem) T2
hyperintensity

BL symmetric central deep
brain CT hypodensity;
involvement of insulae
and cerebellum; mild
mass effect; haemorrhage

Initial inebriation is followed
by congestive heart failure
and then severe acute
kidney failure

Metabolic acidosis with
high anion gap and
osmolal gap,
hypocalcaemia

ODS—CPM and EPM CPM: central pons with
sparing of corticospinal
tracts

EPM: BL symmetric
putamen, caudate,
thalamus, external and
extreme capsule—T2
hyperintensity and T1
hypointensity; CT
hypodensity

Reduced diffusivity in the
early phase;
hippocampus, cerebellum
and cerebral cortex may
be involved; EPM may
precede CPM on imaging
studies

Neurocognitive changes
(delirium), lethargy,
quadriparesis, following
swift adjustment of
hyponatraemia (and other
electrolyte
abnormalities—
chronically debilitated
patients)

Initial serum
hyponatraemia (or other
electrolyte abnormality)
that was then rapidly
corrected

Vigabatrin-associated
MRI changes

BL symmetric thalamus T2
hyperintensity and reduced
diffusivity

BL symmetric involvement
of GP, brainstem
tegmentum and cerebellar
dentate nucleus

An incidental reversible
finding in around 25% of
treated infants;
hyperkinetic movement
disorders and acute
encephalopathy in very
rare cases

No specific laboratory test;
associated with peak
vigabatrin dosage

Parathyroid hormone
disturbances

BL symmetric BG
calcifications on CT;
MRI-SW/T2*/T2
hypointense, T1
hyperintense to
hypointense

BL calcifications in
thalamus, subcortical
WM, dentate nucleus,
cerebral cortex,
hippocampus and
cerebellar WM; dural and
vascular calcifications

An incidental finding,
symptoms and signs from
the underlying condition
(hypoparathyroidism and
pseudohypoparathyroidis-
m)

Serum levels of parathyroid
hormone, calcium,
phosphorus, magnesium,
calcitonin

CJD BL or UL putamen and
caudate as well as cortical
GM (“cortical ribboning”)
hyperintensity on DWI
and FLAIR images,
without thickening or
oedema

Involvement of dorsomedial
thalami—“hockey stick”
sign or posterior
thalami—“pulvinar” sign;
reduced diffusivity

Rapidly progressive
dementia and myoclonus,
akinetic mutism, visual
signs, extrapyramidal
signs

CSF RT-QuIC (real-time
quaking-induced
conversion of normal
prion protein), 14-3-3
CSF assay

ADEM BL asymmetric thalamus
and/or BG ill-defined T2
hyperintense lesions, along
with patchy T2
hyperintense cerebral WM
lesions

Variable contrast
enhancement; central
elongated spinal cord
lesions; diffusivity
increased, peripherally
low; AHEM:
haemorrhagic foci

Abrupt encephalopathy,
often following an
infection, in paediatric
patients—fever, headache,
nausea and vomiting,
confusion, vision
impairment, drowsiness,
seizures

No specific laboratory test;
MOG antibodies may be
present

Viral encephalitis BL asymmetric thalamus
and/or BG signal
alterations with mild mass
effect, frequently also
cortical GM—CT
hypodense, T2
hyperintense; reduced
diffusivity (at least in some
parts)

Spinal cord and cauda
equina involvement;
variable contrast
enhancement;
haemorrhage

Headache, fever, confusion,
seizures, flu-like
symptoms, nausea and
vomiting, numbness,
weakness

Detection of serum
antibodies for some
viruses, detection of viral
RNA or DNA by PCR

Cerebral toxoplasmosis Scattered deep GM CT
hypodense enhancing
lesions with surrounding

Corticomedullary junction
lesions; solitary lesion;

Headache, fever, altered
mental status in AIDS and
other

Detection of serum
antibodies; very low
CD4 count
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disruption of cerebral vascular autoregulation is the corner-
stone of the pathophysiology, resulting in vasogenic oedema.

Typical MRI findings include patchy, near-symmetrical T2
hyperintense areas in the subcortical regions of the posterior
cerebral hemispheres (Fig. 57a). The overlying cortex is fre-
quently involved, and there may be some patchy contrast en-
hancement. The diffusivity is typically increased with high
signal on ADC maps. In some cases, however, there are areas

with decreased diffusivity, indicating irreversible infarction
(Fig. 57b). Other parts of the brain, including anterior frontal
lobes and infratentorial structures, may also be affected [106,
107].

A recent review of over 550 reported cases found that the
atypical locations of PRES are most commonly in the cerebel-
lum, brainstem and deep white matter, along with the basal
ganglia (in 24.3%) and thalamus (in 20.5%). The common

Table 1 (continued)

Deep grey matter lesions Imaging findings Clinical findings Biochemistry

Characteristic Common or possible

vasogenic oedema;
“concentric target” sign:
alternating dark and bright
layers on T2w/FLAIR
images; “eccentric target”
sign: ring enhancement
with eccentric nodule;
decreased rCBV

high diffusivity of the
lesions

immunocompromised
patients; in utero infection

Hypoxic–ischaemic
encephalopathy

BL symmetric thalamus, BG,
perirolandic cortex,
hippocampus decreased
diffusivity followed by T2
hyperintensity and CT
hypodensity; BL
symmetric deep GM T1
hyperintensity, “absent
PLIC” sign (neonates)

Dorsal brainstem, anterior
vermis (neonates)

Perinatal asphyxia; cardiac
arrest, drowning and other
causes of anoxia

No specific laboratory test

Hypertensive haematoma UL putamen or/and thalamus
– Acute: haemorrhage with

mass effect and
surrounding hypodensity
on CT

– Chronic: slit-like cavities
with peripheral
MRI-SW/T2*/T2
hypointensity

Pons
Medial cerebellum
BL lesions

Sudden onset altered mental
status, speech disorders,
weakness, numbness,
visual disturbances; acute
hypertension

No specific laboratory test

PRES BL near-symmetric to
asymmetric posterior
cerebral subcortical T2
hyperintensity and
increased diffusivity

BL BG, thalamus and
anterior frontal
involvement; contrast
enhancement; low
diffusivity—indicative of
infarction; “central
variant”: predominant
brainstem and BG
involvement, also
thalamus and
periventricular WM

Headache, altered mental
status, seizures, visual
disturbances,
nausea/vomiting, focal
deficits; associated
conditions: acute
hypertension (including
eclampsia), sepsis,
immunosuppressant drugs,
chemotherapy

No specific laboratory test

BL bilateral, WM white matter, WD Wilson disease, GP globus pallidus, HD Huntington disease, PKAN pantothenate kinase-associated neurodegen-
eration, GM grey matter, UL unilateral, CSF cerebrospinal fluid, anti-CV2/CRMP5 collapsin response mediator protein 5, BG basal ganglia, SWI-MR
susceptibility-weightedmagnetic resonance imaging,HIV human immunodeficiency virus,CT computer tomography,DWI diffusion-weighted imaging,
FLAIR fluid-attenuated inversion recovery, dAVF dural arterio-venous fistula, PCNSL primary central nervous system lymphoma, NF-1 neurofibroma-
tosis type 1, ODS osmotic demyelination syndrome, CPM central pontine myelinolysis, EPM extrapontine myelinolysis, MRI magnetic resonance
imaging, CJD Creutzfeldt–Jakob disease, ADEM acute disseminated/demyelinating encephalomyelitis, AHEM acute haemorrhagic encephalomyelitis,
MOGmyelin oligodendrocyte glycoprotein, RNA ribonucleic acid,DNA deoxyribonucleic acid, PCR polymerase chain reaction, rCBV relative cerebral
blood volume, AIDS acquired immunodeficiency syndrome, PLIC posterior limb of the internal capsule, PRES posterior reversible encephalopathy
syndrome

1600 Neuroradiology (2020) 62:1565–1605



symptoms of such PRES include headaches, altered mental
status, seizures, visual disturbances, nausea or vomiting and
focal neurological deficits. The frequent predisposing factors
include hypertension, renal diseases, immunosuppressant
drugs and chemotherapy/chemoradiotherapy [107].

In the classic presentation of PRES, the basal ganglia are
involved in only 10–20% of patients (Figs. 57 and 59).
However, a “central variant” PRES shows predominant in-
volvement of the brainstem and the basal ganglia with variable
involvement of the thalami and periventricular white matter,
while the parieto-occipital and posterior frontal cortico-
subcortical regions are spared (Fig. 58). Differential diagnosis
can be very broad because of the atypical imaging features and
could include osmotic demyelination, encephalitis and demy-
elination [106].

Conclusion

A systematic approach combining imaging, clinical and de-
mographic data is necessary when encountering lesions of the
central grey matter on scans of the brain. Knowledge of the
exact localisation of the abnormalities and the characteristic
findings on various MR sequences, and occasionally on CT,
allows for narrowing down the differential considerations and
even establishing the final diagnosis in some cases. In addition
to the findings in the basal ganglia and thalami, answers to 3
main questions are very helpful when such lesions are found
on imaging studies:

1 Imaging—Is there involvement of additional areas of the
brain? More specifically, of the following three:

(a) Brainstem
(b) Cortex
(c) White matter

2 Demographics—What is the patient’s age?
3 Clinical—Acute or chronic presentation?

A summary imaging overview showing the most charac-
teristic disease patterns involving the basal ganglia and thala-
mi discussed in this paper is provided in Fig. 59. The various
disease entities are furthermore summarised in Table 1.
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