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Imaging Patterns of Toxic and 
Metabolic Brain Disorders 

Toxic and metabolic brain disorders are relatively uncommon dis-
eases that affect the central nervous system, but they are important 
to recognize as they can lead to catastrophic outcomes if not rapidly 
and properly managed. Imaging plays a key role in determining the 
most probable diagnosis, pointing to the next steps of investigation, 
and providing prognostic information. The majority of cases demon-
strate bilateral and symmetric involvement of structures at imaging, 
affecting the deep gray nuclei, cortical gray matter, and/or periven-
tricular white matter, and some cases show specific imaging mani-
festations. When an appropriate clinical situation suggests exogenous 
or endogenous toxic effects, the associated imaging pattern usually 
indicates a restricted group of diagnostic possibilities. Nonetheless, 
toxic and metabolic brain disorders in the literature are usually ap-
proached in the literature by starting with common causal agents 
and then reaching imaging abnormalities, frequently mixing many 
different possible manifestations. Conversely, this article proposes a 
systematic approach to address this group of diseases based on the 
most important imaging patterns encountered in clinical practice. 
Each pattern is suggestive of a most likely differential diagnosis, 
which more closely resembles real-world scenarios faced by radiolo-
gists. Basic pathophysiologic concepts regarding cerebral edemas 
and their relation to imaging are introduced—an important topic 
for overall understanding. The most important imaging patterns are 
presented, and the main differential diagnosis for each pattern is 
discussed. 
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After completing this journal-based SA-CME activity, participants will be able to:
■■ Identify the imaging features of some of the most prevalent CNS toxic and meta-

bolic disorders.

■■ Describe imaging findings that are highly specific for the diagnosis of particular 
toxic and metabolic brain disorders.

■■ Recognize the most important types of cerebral edema and their imaging characteristics.

See rsna.org/learning-center-rg.

SA-CME Learning Objectives

Introduction
This article addresses some of the most challenging diagnostic issues 
in neuroimaging. Toxic and metabolic brain disorders manifest sec-
ondary to derangements of a well-balanced environment encompass-
ing metabolic substrates, neurotransmitters, electrolytes, physiologic 
pH levels, and blood flow, either by endogenous malfunctions or 
exogenous toxic effects. Patients with these disorders often present 
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tions that should raise suspicion for such diag-
noses when the clinical context is compatible. 
Bilateral and symmetric lesions with restricted 
diffusion, no or mild mass effects, and no en-
hancement are often depicted. In addition, sites 
with higher susceptibility include the cortical gray 
matter, deep gray nuclei, thalami, periventricular 
white matter, and corpus callosum. Therefore, 
lesions with such features and distributions can 
be secondary to underlying toxic effects. How-
ever, such manifestations are unspecific without 
adequate clinical context and can represent 
other conditions. Inborn errors of metabolism 
and hypoxia may have similar imaging features, 
but the presented context is usually different for 
these possibilities. Thus, correlations with clinical 
history are of particular importance in guiding 
imaging analysis. By allying imaging patterns 
with some clinical findings, it is possible to reach 
a hypothesis with good accuracy (2).

The brain is highly susceptible to a number 
of acquired metabolic abnormalities, and the list 
of toxins and poisons that affect the CNS is long 
(Table 1). Some agents accumulate slowly such 
that their clinical manifestations are insidious, 
while others cause profound almost immediate 
CNS toxic effects. Aiming at a more practical 
and easier line of attack to address this group 
of diseases, this article proposes an approach 

to the emergency department and are diagnosed 
with global cerebral dysfunction presenting as 
acute confusional state and delirium, but com-
monly they are also critically ill inpatients. These 
cases often demand a fast and effective manage-
ment approach because they may result in per-
manent structural brain damage. Imaging plays 
a key role in these cases, as imaging findings can 
be used to diagnose the condition or narrow the 
differential diagnosis (1).

In addition to providing a final diagnosis, imag-
ing can provide prognostic information. Extensive 
lesions involving gray matter are often related to 
poor prognosis and outcomes, while lesions re-
stricted to white matter, sparing cortical and deep 
gray matter, can point to a reversible cause.

Toxic and metabolic disorders affecting the 
central nervous system (CNS) usually manifest 
imaging characteristics and topographic distribu-

Teaching Points
■■ Toxic and metabolic disorders affecting the CNS usually mani-

fest imaging characteristics and topographic distributions that 
should raise suspicion for such diagnoses when the clinical 
context is compatible. Bilateral and symmetric lesions with 
restricted diffusion, no or mild mass effects, and no enhance-
ment are often depicted. In addition, sites with higher sus-
ceptibility include the cortical gray matter, deep gray nuclei, 
thalami, periventricular white matter, and corpus callosum. 
Therefore, lesions with such features and distributions can be 
secondary to underlying toxic effects. However, such manifes-
tations are unspecific without adequate clinical context and 
can represent other conditions. Inborn errors of metabolism 
and hypoxia may have similar imaging features, but the pre-
sented context is usually different for these possibilities. Thus, 
correlations with clinical history are of particular importance in 
guiding imaging analysis. 

■■ A clinical finding of acute diffuse white matter impairment 
corroborated by bilateral symmetric confluent areas of true 
restricted diffusion involving the periventricular white matter 
and sparing the basal ganglia at DWI signals ATL as an under-
lying cause. Subsequent normalization of findings is related to 
intramyelinic edema.

■■ Common sites involved in WE include the regions surround-
ing the third ventricle (the medial thalami in 85% of cases, the 
mammillary bodies in 60% of cases, and the hypothalamus), 
the tectal plate and the periaqueductal gray matter in two-
thirds of cases, and the putamina.

■■ In nearly all cases of metronidazole-induced brain toxicity (up 
to 93%), MR images show bilateral symmetric lesions in the 
cerebellum, particularly involving the dentate nuclei. A major-
ity of cases (86%) show a characteristic pattern of bilateral 
symmetric involvement of the dentate nuclei, vestibular nu-
clei, tegmenta, and superior olivary nuclei.

■■ ODS affecting extrapontine cerebral regions, including the 
cortex, has been extensively described. Approximately 50% 
of cases manifest isolated pontine lesions, with pontine and 
extrapontine lesions in 30% of cases. There are only extra-
pontine lesions in 20% of ODS cases, which makes diagnos-
ing this condition even more challenging and underscores the 
importance of recognizing the spectrum of ODS symptoms.

Table 1: Major Causes of Toxic and Metabolic 
Disorders

Most common endogenous metabolic derange-
ments related to CNS involvement

Hypertensive encephalopathies
Glucose disorders
Parathyroid disorders
Hepatic encephalopathy (manganese and/or am-

monia levels)
Uremic encephalopathy
ODS
Cobalamin deficiency

Major exogenous causes of toxic encephalopathy
Alcohol-related disorders (WE, MBD)
Industrial agents (methanol, toluen)
Inhaled gases (carbon monoxide, pesticides)
Illicit drug use (heroin, cocaine)
Chemotherapeutic agents (methotrexate, fluda-

rabine, 5-fluorouracil)
Immunosuppressive agents (TNF-α blockers, 

cyclosporine)
Other potentially neurotoxic medications (met-

ronidazole, vigabatrine)

Note.—MBD = Marchiafava-Bignami disease, 
ODS = osmotic demyelination syndrome, TNF = 
tumor necrosis factor, WE = Wernicke encepha-
lopathy.
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beginning with a given general imaging pattern 
and discussing its most important possible dif-
ferential diagnoses, highlighting imaging findings 
or clinical information that can lead to a specific 
diagnosis.

Cerebral Edema
Vasogenic and cytotoxic edema have been tra-
ditionally related to alterations encountered in 
toxic and metabolic brain disorders. Each one 
encompasses many causes that share similar 
interconnected processes resulting in abnormal 
shifts in water among various compartments 
of the brain parenchyma. Each type of cerebral 
edema leads to particular imaging findings. Re-
cently, other pathologic concepts have been used 
in neuroimaging to describe and explain some 
specific imaging findings and disorders, such as 
the concepts of excitotoxic injury and intramy-
elinic edema (3,4). Figure 1 depicts a schematic 
representation of the most important alterations 
affecting brain tissue in each type of edema.

Vasogenic cerebral edema refers to a process 
induced by mechanical or chemical insults that 
leads to blood-brain barrier disruption, whether 
by physical damage or endothelial activation by 
blood mediators, resulting in leakage of fluid from 
capillaries into the extracellular space in the white 
matter. Images show T2-weighted and fluid-atten-
uated inversion-recovery (FLAIR) hyperintensities 
owing to water accumulation in the extracellular 
space, without restricted diffusion, as the freedom 
of movement of water molecules is not affected. 

Vasogenic edema can produce mass effect, with 
dislocation of structures and defacement of the 
cerebral sulci. The gray matter is maintained, as 
this type of edema mainly involves the white mat-
ter, extending in a fingerlike fashion. Common 
examples include edemas associated with tumors 
and abscesses, as well as posterior reversible en-
cephalopathy syndrome (PRES) (3,4).

Cytotoxic cerebral edema, the classic edema 
associated with cerebral ischemia, is a condition 
in which extracellular water passes into cells, 
causing them to swell. In brief, prior ischemic 
or hypoxic insults impair mitochondrial func-
tion and adenosine triphosphate production and 
cause failure of ion pumps and accumulation of 
metabolites (such as lactate), resulting in cel-
lular edema. This process does not compromise 
the blood-brain barrier and mainly affects gray 
matter, although white matter is also involved. 
The imaging features of cytotoxic cerebral 
edema appear primarily as changes at diffusion-
weighted imaging (DWI) caused by restricted 
water diffusivity within brain cells, without T1- or 
T2-weighted changes, as the entire process is a 
redistribution of water. Importantly, the changes 
are not completely reversible (cell death), and as 
the pathologic process progresses, alterations in 
T2-weighted signal intensity and contrast en-
hancement can appear secondarily (3,4).

Excitotoxic brain injury is a final common 
pathway of many cerebral disorders, such as 
infarction, hypoxic-ischemic encephalopathy, and 
status epilepticus, but it is also closely related to 

Figure 1.  Types of cerebral edema. Teal shapes = neurons and axons with my-
elin sheaths, white circles with arrows = water molecules, yellow circles = glial cells.  
(a) Illustration depicts the normal relationship between brain cells and extracellular 
space, which contains water molecules with freedom of movement. (b) Illustration 
depicts brain tissue in a vasogenic edema situation, with an increased number of water 
molecules occupying the extracellular space but maintaining freedom of movement. 
(c) Illustration depicts a cytotoxic brain edema situation, represented by the swelling 
of brain cells (increased volume) without primarily affecting the extracellular space. 
Water molecules inside the brain cells lose their freedom of movement. (d) Illustration 
depicts intramyelinic edema, with swelling of periaxonal space and spaces between 
myelin layers, without primarily affecting other extracellular spaces or involving brain 
cells. Water molecules inside the myelin layers cannot move to other extracellular 
spaces, losing their freedom of movement.
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toxic and metabolic disorders. Excitotoxicity is 
the excessive release of excitatory amino acids in 
the synaptic cleft, with glutamate being the most 
important neurotransmitter responsible for many 
neurologic functions (memory, cognition, move-
ment, and sensation). Excessive glutamate in the 
synaptic cleft can lead to cell swelling and sub-
sequent death (ie, cytotoxic edema) in the event 
of ischemia and cell failure with disruption of 
glutamate reuptake. If the reuptake of glutamate 
is maintained, cell swelling and death may not oc-
cur. Instead, the process known as intramyelinic 
edema may occur instead. 

The myelin sheath is composed of layers of 
myelin around axons that form tight junctions 
with axons and isolate the periaxonal space and 
spaces between myelin layers from other extracel-
lular spaces. Such sites are virtual but potential 
extracellular spaces. Thus, intramyelinic edema 
refers to non-neurotoxic edema in these virtual 
spaces, which is characterized by restricted dif-
fusion (as water molecules are unable to shift to 
other extracellular spaces) and reversibility of the 
condition (without cell death). Consequently, 
the imaging hallmark is true and reversible 
diffusion-weighted restriction. It is believed that 
intramyelinic edema alone results in completely 
reversible edema, while irreversible or partially 
reversible conditions manifest when cellular 
edema is concurrently present. The periventricu-
lar white matter and the splenium, which are 
known to have higher metabolism, are especially 
susceptible to these changes (5,6).

Imaging Patterns
Toxic and metabolic disorders are closely related to 
excitotoxic brain injury, as they often induce intense 
glutamate release. Although receptors related to ex-
citotoxic injury are widely distributed in the brain, 
there are classic CNS sites that are particularly 
susceptible to this mechanism, such as the basal 
ganglia and thalami, cortical gray matter, periven-
tricular white matter, and the corpus callosum. This 
differential susceptibility is important because it 

indicates some possible characteristic imaging pat-
terns that could lead to the consideration of toxic 
and metabolic causes during diagnosis (5–7).

Another important concept to be introduced 
is acute toxic leukoencephalopathy (ATL). ATL, 
which has been recently described in terms of its 
clinical, radiologic, and pathologic features, relates 
to cerebral white matter alterations secondary to 
various toxic agents and has great potential for 
reversibility if rapidly and correctly approached, 
highlighting the importance of its recognition (8). 
A clinical finding of acute diffuse white matter 
impairment corroborated by bilateral symmetric 
confluent areas of true restricted diffusion involv-
ing the periventricular white matter and sparing the 
basal ganglia at DWI signals ATL as an underly-
ing cause. Subsequent normalization of findings is 
related to intramyelinic edema, as described previ-
ously (8,9). Table 2 summarizes the most common 
causes of ATL.

Toxic and metabolic disorders affecting the 
CNS are usually depicted on images following 
some patterns of involvement that are closely 
related to the pathophysiologic mechanism of 
damage, which is important to recognize because 
each pattern can point to a most likely diagnosis 
and even indicate the prognosis. Note that each 
pattern indicates the most commonly involved 
sites for a group of diseases but each disease can 
manifest more than one pattern and can affect 
other structures. The most important patterns are 
as follows (Fig 2):

1. Basal ganglia and/or thalami involvement. 
The periventricular white matter and the corti-
cal gray matter may be also involved. This pat-
tern is usually related to cytotoxic brain edema, 
poor outcomes, and irreversibility.

2. Dentate nuclei involvement.
3. Prominent cortical gray matter involve-

ment. Although cortical lesions can coexist 
with basal ganglia- and white matter–associated 
involvement, they are the most distinguishing 
feature.

4. Symmetric periventricular white matter 
involvement with gray matter sparing. This is a 
pattern that includes ATL causes and is more 
related to intramyelinic edema and higher pos-
sibilities of reversibility and better outcomes.

5. Corticospinal tract region involvement.
6. Corpus callosum involvement.
7. Asymmetric white matter involvement in a 

demyelinating disease pattern.
8. Parieto-occipital subcortical vasogenic 

edema.
9. Central pons involvement.
The pattern of involvement, damage ex-

tension, and possibility of reversion (mainly 
in cases of ATL) are related primarily to the 

Table 2: Most Common Causes of ATL

Chemotherapeutic agents (methotrexate, fluda-
rabine)

Opioid use (heroin, opiates)
AHE
Immunosuppressive agents (cyclosporine, tacroli-

mus)
Carbon monoxide poisoning (subacute presentation)
Other (uremia, cocaine use, metronidazole use)

Note.—AHE = acute hepatic encephalopathy.
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intensity and duration of exposure to a deter-
mined agent (2,7–9).

Keep in mind that such patterns of involve-
ment are unspecific and comprise various possible 
diagnoses, but they can be used as a guide since 
each pattern is related to a minor number of diag-
nostic possibilities and can be a prognostic factor.

Pattern 1: Basal Ganglia and/or 
Thalami Involvement

Pattern 1a: T2-weighted and FLAIR 
Hyperintensity

Wernicke Encephalopathy.—WE is usually 
related to chronic and frequent alcohol intake, 
but it is important to remember that almost 50% 
of WE cases are unrelated to alcohol use (10). 
The underlying pathophysiology is associated 
with nutritional deficiencies, notably thiamine 
(vitamin B1). Thiamine is important in maintain-
ing osmotic gradients across the cell membrane, 
ensuring its integrity (2).

Aside from alcohol abuse, other important 
causes of WE include hyperemesis (pregnancy-

related, chemotherapy), eating disorders, and bar-
iatric surgery, any of which can lead to secondary 
malnutrition (2,10,11). Although most cases occur 
in adults, it is important to emphasize that WE can 
also occur in children (2). The classic clinical triad 
of symptoms, including ocular dysfunction (nys-
tagmus, ophthalmoplegia), ataxia, and confusion, 
manifests in only 30% of patients (11).

Imaging plays an important role in early WE di-
agnosis. MRI is much more sensitive than CT for 
evaluating alterations related to WE. Importantly, 
remember that cerebral atrophy and microhemor-
rhages can manifest owing to chronic alcohol in-
take. During the acute phase, symmetric bilateral 
T2-weighted and FLAIR hyperintensities and re-
stricted diffusion can be observed in affected areas, 
with 50% of cases showing enhancement following 
the administration of contrast material (postcon-
trast). Common sites involved in WE include the 
regions surrounding the third ventricle (the medial 
thalami in 85% of cases, the mammillary bod-
ies in 60% of cases, and the hypothalamus), the 
tectal plate and the periaqueductal gray matter 
in two-thirds of cases, and the putamina (Fig 3) 
(2,10,11). Other sites that can be altered, albeit less 

Figure 2.  Illustration shows the most important general imaging patterns in toxic and metabolic brain 
disorders. White areas = areas of involvement. These include symmetric basal ganglia and/or thalami in-
volvement (axial view) (A); symmetric dentate nuclei involvement (axial view) (B); prominent cortical gray 
matter involvement (axial view) (C); symmetric periventricular white matter involvement (with gray matter 
sparing) (axial view) (D); corticospinal tract involvement (axial view) (E); corpus callosum involvement 
(coronal view) (F); asymmetric white matter involvement (demyelinating disease pattern) (axial view) (G); 
parieto-occipital subcortical vasogenic edema (axial view) (H); and central pons involvement (axial view) (I).
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commonly, are the dorsal medulla, cerebellum, and 
cranial nerve nuclei. There may also exist cortical 
involvement, which can be asymmetric and usually 
involves the perirolandic cortex (Fig 3f) (2,10,11). 
Strong uniform postcontrast enhancement of the 
mammillary bodies is observed in up to 80% of 
cases and is considered a pathognomonic finding 
for WE (Fig 3e). In the chronic phase, the mam-
millary bodies are atrophied (2,10,11).

Methanol Poisoning.—Methanol is a strong CNS 
depressant and a common component in solvents, 
perfumes, paint removers, and gasoline mixtures. 
This substance can be accidentally inhaled or 
ingested, with some cases of methanol poisoning 
resulting from the intake of adulterated alcoholic 
drinks (moonshine) (2,12,13).

Methanol causes severe metabolic acidosis, 
with patients commonly presenting in a coma-
tose state after preceding visual and gastrointes-
tinal symptoms. Diagnosis is often delayed, con-
tributing to the high mortality of this condition. 
Important clinical clues include an increased 
anion gap and a latent period between ingestion 
and clinical symptom onset (ethanol ingested 
simultaneously slows methanol metabolism). 

Imaging can play an important role in making 
this diagnosis (2,12–14).

Bilateral symmetric basal ganglia necrosis is 
the most characteristic imaging feature of metha-
nol poisoning. Selective or predominant involve-
ment of the putamina with relative sparing of the 
globi pallidi is suggestive of methanol poisoning 
(Fig 4). Variable degrees of subcortical white 
matter and cerebellar involvement and optic 
nerve necrosis are depicted, dependent on the 
severity of the intoxication (12–14). Hemorrhagic 
necrosis appears as an area of hyperattenuation 
on CT images. MR images show T2-weighted and 
FLAIR hyperintensity, and susceptibility-weighted 
imaging sequences sometimes show associated 
changes owing to the presence of hemorrhage 
(sometimes occurring during the evolution of the 
disease and not in the acute phase). Restricted 
diffusion is depicted in the acute phases, and MR 
spectroscopy shows reduced N-acetylaspartate and 
elevated lactate peaks (Fig 4e) (2,12–14).

Carbon Monoxide Poisoning.—Carbon monox-
ide is an odorless and colorless gas usually pro-
duced by the incomplete combustion of fuels and 
can cause poisoning by accidental inhalation. The 

Figure 3.  WE in a patient with diplopia and impaired mental status after long-term parenteral nutrition. (a–d) Axial FLAIR MR im-
ages show bilateral and symmetric hyperintensities involving the medial thalamus (arrow in a), hypothalamus (arrow in b), periaq-
ueductal gray matter (arrow in c), tectum (arrowhead in c), and dorsal pons (arrows in d). (e) Axial contrast-enhanced T1-weighted 
MR image shows symmetric enhancement of the mammillary bodies (arrows). (f) Axial FLAIR MR image shows perirolandic cortical 
involvement (arrows).
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toxic mechanism is secondary to impaired oxygen 
transportation, as carbon monoxide combines 
with hemoglobin with over 200 times higher af-
finity than that of oxygen (2,15,16).

Because the globus pallidus is sensitive to 
hypoxia, its bilateral symmetric necrotic involve-
ment is the hallmark of carbon monoxide poison-
ing (Fig 5). Hypoattenuation in both globi pallidi 
can be visualized on CT images, with hyperinten-
sities on T2-weighted and FLAIR images and a 
thin hypointense rim around the lesion caused by 
hemorrhage (hyperintense on T1-weighted im-
ages). Diffusion-weighted images show restricted 
diffusion, and susceptibility-weighted sequences 
may show areas of hypointensity corresponding 

to hemorrhage (2,15). In addition to the globi 
pallidi, less common sites that may be involved 
are the hippocampi, caudate nuclei, putamina, 
thalami, cerebellum, corpus callosum, and cere-
bral cortex (2,15,16).

The second most commonly affected site is the 
cerebral white matter (up to one-third of patients), 
which can show delayed leukoencephalopathy in 
the subacute phase of carbon monoxide poisoning. 
This effect, which appears weeks after the initial 
insult, is characterized by progressive white matter 
demyelination with extensive bilateral symmetric 
confluent areas of hyperintensity on T2-weighted 
and FLAIR images and subsequent (months later) 
complete or partial resolution (Fig 5) (2,17).

Figure 4.  Methanol poisoning after moonshine intake. (a) Axial T1-weighted MR image shows hyperintensities involving the pu-
tamina (arrows) owing to necrotic hemorrhage. Note the subtle hyperintensities (arrowheads) involving the anterior and posterior 
white matter. (b) Coronal T2-weighted MR image shows chiasma involvement (black arrow) in addition to putamina (white arrow) 
and diffuse white matter (arrowhead) hyperintensities. (c) Axial diffusion-weighted MR image shows restricted diffusion involving the 
putamina (arrow). There are magnetic susceptibility artifacts involving the white matter owing to hemorrhage (arrowheads). (d) Axial 
T2*-weighted MR image shows necrotic hemorrhage, which is better demonstrated than on b, characterized by a rim of low signal 
intensity involving the putamina (arrowhead) and extensive low signal intensity involving the anterior and posterior white matter 
(arrows). (e) MR spectroscopic image with short echo time shows a huge lactate peak at 1.3 ppm (arrow).
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At that point, it is important to remember the 
importance of correlation with clinical history, 
as some conditions may mimic carbon monoxide 
poisoning with bilateral globi pallidi involvement, 
such as hypoxic-ischemic encephalopathy and 
drug use (15,16).

Vigabatrin-associated Toxicity.—Vigabatrin is 
an antiepileptic drug used for the treatment of 
infantile spasms. The potential risk of developing 
brain abnormalities during the course of treat-
ment is well known. Approximately one-third of 
patients develop such abnormalities, with little 
variation among current studies (17,18). The 
younger the patient, the higher the risk, with 
patients younger than 1 year being the most 
commonly affected (17,18).

Important characteristics of this entity are a 
frequently asymptomatic course and reversibility 
through drug discontinuation. Recent studies 
demonstrate that affected children received higher 
doses than unaffected children, but the duration of 
treatment was not an important factor (17,18).

Images depict classic findings of toxic en-
cephalopathy, with symmetric restricted diffusion 
and T2-weighted and FLAIR hyperintensity in 
involved areas, subsequently normalized after 
vigabatrin withdrawal. The major affected areas 
are the globi pallidi, thalami, dorsal brainstem, 
and dentate nuclei (Fig 6) (17,18).

Uremic Encephalopathy.—Uremic encephalopa-
thy, a metabolic disorder that occurs in the context 
of both acute and chronic renal failure, is a com-
plication resulting from the presence of endog-
enous uremic toxins in patients with severe renal 
failure. The pathogenesis is complex and unclear, 
and the condition is likely caused by the effects 

of neurotoxicity from the accumulation of uremic 
toxins such as guanidine compounds (19–21). 
Clinical manifestations include various neurologic 
symptoms, such as movement disorders (tremor, 
asterixis, myoclonus), seizures, cognitive disorders, 
and impaired mental status (21).

Uremic encephalopathy has three patterns 
of imaging findings: basal ganglia involvement 
(most common), cortical or subcortical involve-
ment (PRES-like), and white matter involvement 
(caused by ATL). Imaging findings are unspecific, 
and the patient’s clinical history and laboratory 
findings are indispensable for diagnosis. Imaging 
can also aid in clinical management because it can 
shed light on the severity and possible reversibility. 

The most common finding is bilateral symmet-
ric involvement of the basal ganglia with variable 
white matter and cortical-associated involvement 
(19,20). The lentiform fork sign can be identified 
in patients with uremic encephalopathy and may 
be indicative of underlying metabolic acidosis 
coexisting with uremia, a typically encountered 
association. This sign is characterized on T2-
weighted and FLAIR images by hyperintensity 
of the white matter that surrounds the lentiform 
nuclei (internal and external capsules and the 
medullary laminae), delineating the lateral and 
medial boundaries of both putamina, giving its 
peculiar appearance that is more commonly found 
in patients with diabetes (Fig 7) (19,22).

Pattern 1b: T2 Hypointensity

Toluene Use.—Toluene is the most important 
component of industrial solvents. This lipid-
soluble product, found in glues, paint thinners, 
and inks, can be rapidly absorbed by the CNS. 
Clinical and imaging findings usually manifest 

Figure 5.  Carbon monoxide poisoning in two patients. (a) Axial FLAIR MR image shows symmetric hyperintensity involving both 
globi pallidi (arrow) and sparing the putamina, a classic finding of this condition. Note that there is also white matter involvement.  
(b, c) Axial diffusion-weighted MR images in another patient show subacute extensive bilateral and symmetric areas of restricted diffu-
sion involving the periventricular white matter (arrows in b), with posterior normalization on the 1-year follow-up image (c).
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after chronic use (years), and thus the condition 
is termed chronic solvent encephalopathy (2,23,24).

Continued toluene use leads to severe ir-
reversible cognitive impairment, which is an 
important clue for diagnosis in adolescents and 
young adults because this population is not 
usually affected by dementia, and toluene use 
is widespread in this population. Alterations 
depicted on images include diffuse periventricu-
lar white matter lesions that are hyperintense on 
T2-weighted and FLAIR images and significant 
T2 hypointensity involving the thalami, basal 
ganglia, and substantiae nigrae (Fig 8) (23,24). 
The cause for such hypointensity is still not 
known. It has been hypothesized to be second-
ary to excessive iron deposition (25). General-
ized cerebral and cerebellar atrophy also mani-
fest, with ventricular dilatation and thinning of 
the corpus callosum (2).

Parathyroid-Hypofunction Disorders and Hyper-
parathyroidism-related Disorders—Parathyroid-
hypofunction disorders are characterized by 
hypofunction of the parathyroid glands or their 
products. There are three main types, differenti-
ated by clinical and laboratory findings: (a) hypo-
parathyroidism, (b) pseudohypoparathyroidism, 
and (c) pseudopseudohypoparathyroidism (2,26).

The main imaging findings are the same for 
all conditions and are related to calcium de-
position in the basal ganglia. CT images show 
coarse bilateral and symmetric calcifications in 
the globi pallidi, putamina, and caudate nuclei, 
emphasizing that the thalami, subcortical white 
matter, and dentate nuclei may also be affected 
(Fig 9). MR images can depict hyperintensity on 
T1-weighted images and hypointensity on T2-
weighted images. T2*- or susceptibility-weighted 

images can depict blooming artifacts related to 
calcium deposition (2,26).

An important differential diagnosis is Fahr 
disease, a genetic condition characterized by idio-
pathic basal ganglia calcification with a similar im-
aging pattern to that of parathyroid-hypofunction 
disorders but without laboratory alterations (2).

 Disorders related to hyperparathyroidism are 
characterized by hyperfunction of the parathyroid 
glands or high serum levels of parathyroid hor-
mone. Primary hyperparathyroidism is caused by 
parathyroid adenoma (75%–85%), parathyroid 
hyperplasia (10%–20%), or carcinoma (1%–5%) 
and is characterized by high serum levels of 

Figure 6.  Vigabatrin-associated toxicity. Axial diffusion-weighted MR images show restricted diffusion symmetrically involving the 
globi pallidi (arrow in a) and dorsal brainstem (arrow in b), with normalization on the 6-month follow-up image (c). 

Figure 7.  Uremic encephalopathy. Axial FLAIR 
MR image shows symmetric involvement of the 
basal ganglia, with hyperintensities (arrows) af-
fecting the white matter that surrounds the basal 
ganglia, delineating the lateral and medial bound-
aries of both putamina (ie, lentiform fork sign).
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parathyroid hormone and calcium serum levels. 
Secondary hyperparathyroidism is related to 
chronic renal failure, in which the kidneys fail to 
convert vitamin D to the active form and excrete 
phosphate, leading to high parathyroid hormone 
levels, normal or low calcium levels, and high 
phosphate serum levels (2,27,28).

In hyperparathyroid disturbances, as in 
hypoparathyroid disorders, bilateral symmetric 
calcifications are depicted in the basal ganglia. In 
primary hyperparathyroidism, the salt-and-pep-
per appearance (ie, multiple well-defined hypoin-
tensities in the skull owing to trabecular bone 
resorption) can be observed, while in secondary 
hyperparathyroidism, diffuse thickening of the 
skull, plaquelike dural thickening, calcification, 
and pipestem calcifications of carotid arteries are 
found. Brown tumors can manifest in both types 

of hyperparathyroidism and are described as 
well-defined round lytic lesions without sclerotic 
margins or cortical involvement (27,28).

Pattern 1c: T1 Hyperintensity

Diabetic Striatopathy.—Diabetic striatopathy is 
also known as hyperglycemia-induced hemichorea-
hemiballismus, and patients with this condition 
present with characteristic involuntary nonpat-
terned movements. This is a nonketotic delayed 
hyperglycemia complication and can sometimes 
lead to a diagnosis of diabetes mellitus type 2. At 
presentation, the mean age is 71 years, and the 
mean glycemia level is 431 mg/dL (2,29,30). Nev-
ertheless, it must be noted that symptoms of this 
condition can manifest acutely or even weeks after 
normalization of the hyperglycemic event (2,29).

Figure 8.  Effects of chronic tol-
uene use. (a) Axial T2-weighted 
MR image shows accentuated 
symmetric hypointensities (ar-
rows) involving the globi pal-
lidi and thalami. (b) Coronal 
T2-weighted MR image shows 
symmetric hypointensities (ar-
rows) involving the thalami and 
substantiae nigrae.

Figure 9.  Primary hypoparathyroidism in a 10-year-old boy who presented with tetany and hyperreflexia and was diagnosed with 
concomitant low levels of calcium and parathyroid hormone. (a) Axial CT image (soft-tissue window) shows coarse and symmetric 
calcifications (arrows) in the basal ganglia and periventricular white matter. (b, c) Axial T2-weighted (b) and T1-weighted (c) MR 
images show low-signal-intensity abnormalities in b and high-signal-intensity abnormalities in c, involving the basal ganglia produced 
by the calcifications (arrows).
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Imaging findings are virtually pathognomonic 
and depict a usually unilateral T1 hyperintensity 
involving the striatum and hyperattenuation in 
the same region on CT images (Fig 10). Diabetic 
striatopathy is completely reversible in 73% of 
patients (29,30).

Chronic Hepatic Encephalopathy.—Chronic he-
patic encephalopathy is a potentially reversible 
clinical syndrome that occurs in the context of 
chronic severe liver dysfunction. Most patients 
have a long history of cirrhosis accompanied by 
portal hypertension or portosystemic shunting 
(2,31,32). Neurotoxic substances accumulate 
within brain tissue, and manganese is the sub-
stance most related to alterations, usually ob-
served in chronic hepatic encephalopathy (31).

Patients may have no clinical findings or only 
subtle cognitive and motor impairment, but they 
can also present with periods of decompensation 
of symptoms during the course of the disease that 
are more related to higher ammonia levels and 
acute hepatic encephalopathy (32).

The characteristic imaging finding is bilateral 
and symmetric T1 hyperintensity involving the 
globi pallidi and substantiae nigrae (reported in 
80%–90% of patients with chronic liver failure), 
most likely due to manganese accumulation (Fig 
11a). High signal intensity on T1-weighted im-
ages of the pituitary gland and the hypothalamus 
can be depicted but is less common. After liver 
transplant, changes can decrease or even disap-
pear, typically normalizing after 1 year (2,31,32).

Patients receiving total parenteral nutrition, 
patients with occupational exposure to manganese 
from welding, and those with noncirrhotic por-
tal vein thrombosis can also demonstrate similar 
imaging findings (32). Notably, such patients 
may may show glutamine-glutamate peak at MR 
spectroscopy with short echo times, resonating at 
2.1–2.4 ppm, which is probably related to chronic 
accumulation of glutamine levels in the brain 
tissue owing to recurrent alterations in ammonia 
levels in chronic hepatic disease. The conversion of 
glutamate and ammonia into glutamine serves as a 
method of ammonia detoxication (32,33).

Recent studies have noted signs of brain edema, 
even in cases of chronic hepatic encephalopathies. 
Excess glutamine in cerebral tissue leads to the 
edema of astrocytes. For this reason, fast FLAIR 
sequences can show bilateral vasogenic edema 
(without restriction at DWI) in cerebral white 
matter, mainly involving the corticospinal tract 
(Fig 11b) (31,32).

On T2-weighted images, laminar hyperin-
tensities involving the deep layers of perirolan-
dic cortices have been histologically related to 
chronic hepatic encephalopathy. It is well known 

that similar cortical laminar T2 hyperintensities 
are also depicted in cases of hypoxic-ischemic 
brain injury. In hypoxic-ischemic encephalopa-
thy, however, these are frequently located in the 
boundary zones of the cerebral cortices, reflecting 
the influence of hemodynamic factors, whereas 
in chronic hepatic encephalopathy these are most 
striking in the superior parietal and posterior 
frontal convexities (Fig 11c) (34).

Parathyroid-Related Disorders.—T1 hyperinten-
sities involving the basal ganglia, thalami, and den-
tate nuclei may be secondary to calcifications (Fig 
9c). In such cases, calcium metabolism disorders 
are more likely to have manifested (2).

Figure E1 summarizes the disorders associated 
with pattern 1.

Pattern 2: Dentate Nuclei Involvement

Metronidazole-induced Brain Toxicity
Metronidazole is an antibiotic that is used to treat 
a wide variety of bacterial and protozoal infections 
and was recently reported to rarely cause CNS 
toxic effects. These toxic effects can affect patients 
of all ages, usually appearing during prolonged 
treatment, frequently over 25 days of use (mean 
duration, 54 days), but it is important to empha-
size that shorter periods, such as 7 days, have also 
been described to cause such toxic effects (35,36).

Patients present with symptoms of cerebel-
lar dysfunction, such as dysarthria, ataxia, and 
dysmetria (75% of cases), confusion (33%), and 
seizures (13%) (35).

In nearly all cases of metronidazole-induced 
brain toxicity (up to 93%), MR images show 

Figure 10.  Diabetic striatopathy (hyperglyce-
mia-induced hemichorea hemiballismus). Axial 
T1-weighted MR image shows unilateral hyper-
intensity in the striatum. CT images showed hy-
perattenuation in the same region (not shown).
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bilateral symmetric lesions in the cerebellum, 
particularly involving the dentate nuclei (Fig 12). 
A majority of cases (86%) show a characteristic 
pattern of bilateral symmetric involvement of 
the dentate nuclei, vestibular nuclei, tegmenta, 
and superior olivary nuclei. A lack of enhanced 
lesions with T2-weighted and FLAIR hyperin-
tensity is the most common finding. However, 
not all cases affect the dentate nuclei, with some 
cases demonstrating periventricular white matter 
involvement or affecting the splenium (ATL and 
reversible splenial lesion [RSL]–like appearance), 
sparing the dentate nuclei (35,36).

It is important to note if T2 hyperintensity of 
the dentate nuclei occurs in patients undergoing 
treatment of tuberculosis with isoniazid, which 

occurs mainly in countries where tuberculosis 
is an endemic infection. MR images obtained 
in this population may show a pattern similar 
to that of metronidazole-induced brain toxicity 
(37). Calcium metabolism disorders can manifest  
calcifications involving the dentate nuclei (2).

Methyl Bromide–induced Toxicity
Methyl bromide is one of the most common 
components used in pesticides and is usually 
involved in toxicity related to directed occupa-
tional inhalation in agricultural use (38). Methyl 
bromide–induced toxicity usually manifests 
with symptoms that are delayed months after 
initial exposure and are characterized by cranial 
neuropathy, pyramidal tract dysfunction, and 
behavioral changes. On T2-weighted and FLAIR 
images, bilateral symmetric reversible hyper-
intensities involving the cerebellum and the 
brainstem can be visualized, including mainly 
the periaqueductal midbrain, dorsal pons, and 
dentate nuclei (Fig 13). These imaging find-
ings have a pattern similar to those of WE and 
metronidazole-induced brain toxicity (38).

Figure E2 summarizes the disorders associ-
ated with pattern 2. 

Pattern 3: Prominent  
Cortical Involvement

Adult Hypoglycemic Encephalopathy
Adult hypoglycemic encephalopathy or hypogly-
cemic brain injury is caused by an imbalance be-
tween supply and use of glucose by cerebral cells, 
leading to brain injury (39). The clinical mani-
festation is characterized by seizures, a depressed 
level of consciousness, and even coma in patients 

Figure 11.  Chronic hepatic encephalopathy. (a) Axial T1-weighted MR image shows symmetric hyperintensity (arrow) involving 
the globi pallidi. (b) Axial FLAIR MR image shows high-signal-intensity abnormalities (arrows) along the corticospinal tracts, at the 
level of the posterior limb of the internal capsule. (c) Axial T2-weighted MR image shows linear hyperintensities (arrows) involving 
the deep layers of the perirolandic cortex.

Figure 12.  Metronidazole-induced brain toxic-
ity. Axial FLAIR MR image shows a symmetric hy-
perintensity (arrow) involving the dentate nuclei.
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with diabetes (commonly in those patients under-
going insulin replacement therapy) (2,39).

Hypoglycemic encephalopathy has a predilec-
tion for posterior and deep regions. The most 
common imaging findings are symmetric hyper-
intensities on T2-weighted and FLAIR images 
and strong restricted diffusion affecting the gyri 
in the parieto-occipital and temporal regions on 
diffusion-weighted images. The basal ganglia can 
be involved, and this involvement may point to 
poor outcomes. Another suggestive characteristic 
finding is the sparing of the thalami, white matter, 
and cerebellum (Fig 14). Earlier signs are better 
depicted on T1-weighted images as sulcal efface-
ment owing to gyral swelling and can be visual-
ized on CT images as hypoattenuation (2,39).

In newborns, the most common cause is 
maternal diabetes, which usually manifests in 
the first 3 postnatal days. The most characteristic 
pattern of neonatal hypoglycemia is symmetric 
posterior parieto-occipital gray and white mat-
ter signal abnormality with diffusion restriction 
involving the optic radiations and frequently the 
posterior thalami (2,40).

An important differential diagnosis for hypo-
glycemic injury is hypoxic-ischemic brain injury, 
which has similar imaging findings to those of 
hypoglycemic encephalopathy. An important piece 
of information that may help narrow the differen-
tial diagnosis is that hypoxic-ischemic brain injury 
usually manifests with a history of cardiac arrest 
and usually involves the thalami and cerebellum 
symmetrically (2,39).

Hyperammonemic Encephalopathy  
and AHE
Hyperammonemic encephalopathy is primarily 
caused by hyperammonemia, which has a di-
rect toxic effect on the brain and causes osmotic 
imbalance (which can lead to ODS) (2,32,41,42). 
Acute liver failure is the major cause of hyperam-
monemia, sometimes called AHE (caused by viral 
infections and other acute hepatic dysfunctions 
or by AHE superimposed with chronic hepatic 
failure), but it can manifest in nonhepatic con-
ditions, the most important of which are drug 
toxicities (valproate and acetaminophen), sepsis, 
bone marrow transplant, and parenteral nutrition. 

Figure 13.  Methyl bromide–
induced toxicity. (a) Axial T2-
weighted MR image shows sym-
metric hyperintensities involving 
the dentate nuclei (arrowhead) 
and dorsal pons (arrow). (b) Axial 
FLAIR MR image shows high-sig-
nal-intensity abnormalities involv-
ing the periaqueductal gray matter 
(arrowhead) and subthalamic nu-
clei (arrow).

Figure 14.  Hypoglycemia in a man with 
cirrhosis who presented in a coma with a 
glucose level of 20 mg/dL. (a) Axial FLAIR 
MR image shows symmetric hyperintensi-
ties involving the temporal and parieto-
occipital cortex and the basal ganglia (ar-
rows) and sparing the white matter and 
thalami. (b) Axial apparent diffusion coeffi-
cient (ADC) map shows true restricted dif-
fusion (hypointensity) affecting the same 
regions and better depicts the thalamic 
sparing (arrows).
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Additionally, such patients usually have a serious 
condition and other metabolic-associated disor-
ders, such as hypoglycemia and osmotic imbal-
ance, exacerbating brain injury. Rapid recognition 
and treatment are fundamental for improved 
patient outcome (32,41,42). Early symptoms 
can be observed with plasma ammonia levels of 
60 µmol/L. Lethargy and vomiting progress to 
seizures and coma (2,42).

Classic and suggestive imaging characteristics 
related to hyperammonemic encephalopathy are 
characterized by strongly restricted diffusion on 
diffusion-weighted images, accompanied by high 
signal intensity symmetrically and bilaterally in 
the insular and cingulate gyri on T2-weighted and 
FLAIR images (Fig 15a), with relative sparing of 
the occipital lobes and perirolandic region. The 
basal ganglia are usually also affected, but hemi-
spheric white matter is typically preserved. Hyper-
ammonemic encephalopathy (owing to AHE or 
other causes) most commonly involves the insula 
and thalami (42,43).

Another characteristic finding at MR spec-
troscopy with short echo times is a glutamate-
glutamine peak resonating between 2.1 and 2.4 
ppm (Fig 15b). As in cases of chronic hepatic 
encephalopathy, an increase in glutamine levels is 
a response to hyperammonemia as glutamine is 
used to metabolize ammonia (32,33,42).

Less severe cases of AHE with lower ammo-
nia serum levels can manifest at imaging without 
affecting the cortex and with T2-weighted and 
FLAIR as well as DWI changes involving the 
thalami, posterior limb of the internal capsule, 
and dorsal brainstem, with variable periventricular 
white matter involvement. It seems that there is a 

strong correlation between MRI severity and se-
rum ammonia levels and between serum ammonia 
levels and clinical outcomes (cortical involvement 
results in more severe cases and with poor out-
comes) (34). Note that AHE is a described cause 
of ATL, manifesting as solely symmetric periven-
tricular white matter involvement, which occurs in 
15% of cases (43). After therapy, clinical features 
and abnormalities at MR spectroscopy improve 
first, followed 3–6 months later by possible 
normalization of the signal intensity in the basal 
ganglia and cortex (32,41,42).

Figure E3 summarizes the disorders associated 
with pattern 3. 

Pattern 4: Symmetric Periventricular 
White Matter Involvement

Heroin Toxic Leukoencephalopathy
Heroin is an opioid that is most commonly used 
as a recreational drug for its euphoric effects. This 
substance is also the most commonly abused 
opioid and one of the most common drugs used 
in overdose-related deaths worldwide (2,44,45). 
Heroin is typically injected intravenously. How-
ever, it can also be inhaled. Symptoms usually 
have rapid onset and last for hours (2,44).

The most common acute complication of 
injected heroin is stroke, typically involving the 
globi pallidi (up to 10% of cases), which has a 
similar imaging manifestation to that depicted in 
cases of carbon monoxide poisoning (2,45,46). 
Nonetheless, the most dramatic acute effects 
occur with inhaled heroin. The freebase form 
is heated on aluminum foil, and the vapors are 
inhaled (commonly known as chasing the dragon) 

Figure 15.  Hyperammonemic encephalopathy in a 54-year-old man on the 10th day after liver transplant.  
(a) Axial diffusion-weighted MR image shows bilateral and symmetric restricted diffusion affecting the insular 
and cingulate gyri (arrows) and sparing the parieto-occipital region (*). (b) MR spectroscopic image with an 
echo time of 30 msec shows a glutamine-glutamate peak at approximately 2.1–2.4 ppm (arrow).
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(2). Toxic leukoencephalopathy related to this 
method of inhalation has a nonlinear progression 
and can have a latent period before onset. The 
disease continues to progress for up to 6 months 
after cessation of heroin use (2,44,45).

Heroin toxic leukoencephalopathy manifests as 
confluent, widespread, bilateral, symmetric white 
matter T2-weighted and FLAIR hyperintensi-
ties involving both the supra- and infratentorial 
compartments (Fig 16). Supratentorial white 
matter hyperintensities often selectively involve 
the posterior limb of the internal capsule and 
periventricular white matter, usually sparing the 
anterior limb of the internal capsule and sub-
cortical U fibers (Fig 16b). The basal ganglia are 
rarely involved. Cerebellar involvement mani-
fests as symmetric white matter hyperintensities 
with dentate nuclei sparing, a pattern sometimes 
described as a butterfly-wing pattern. Diffusion-
weighted images show diffusion restriction in the 
affected areas during the acute phase (44,45).

Methotrexate and Other 
Chemotherapeutic Agents
Methotrexate has been associated with CNS 
toxic effects and the development of leukoen-
cephalopathy after its administration. The general 
incidence is approximately 0.8%–4.5%, but there 
are some described risk factors that can elevate 
these rates, such as intrathecal administration 
(the major risk factor, with some studies report-
ing a relative risk of 66%) and high doses (the 
higher the dose, the higher the risk). Methotrex-
ate-related toxic leukoencephalopathy is most 
common in pediatric patients (47–49).

There are three main patterns that are clas-
sically described for methotrexate-related CNS 
toxicity: (a) toxic leukoencephalopathy, (b) dis-
seminated necrotizing encephalopathy, and  
(c) subacute combined degeneration. This final 

pattern is related to vitamin B12 deficiency, 
which is addressed further in the article (47–49).

Methotrexate-related toxic leukoencephalopathy 
is the most common manifestation, with a wide 
range of clinical and imaging findings. This condi-
tion often manifests acutely between 2 and 14 
days after methotrexate administration, but mani-
festation can occur on a delay, even years after use 
(43–45). The majority of patients are asymptomatic, 
and imaging findings are mild and transient (47).

The most important imaging finding is true 
diffusion restriction, bilaterally asymmetric 
across multiple vascular territories, affecting the 
centrum semiovale and sparing the subcortical 
U fibers. These changes are thought to be early 
signs of acute toxic methotrexate-related leuko-
encephalopathy (Fig 17a, 17b). The same regions 
appear on T2-weighted and FLAIR images as 
hyperintensities and can disappear or persist after 
symptom resolution (47–49). 

Disseminated necrotizing encephalopathy is a 
rare manifestation and complication of intrathe-
cal methotrexate therapy combined with whole-
brain radiation therapy but has more aggressive 
findings and consequences and is typically fatal 
(47,49). Clinically, necrotizing encephalopathy 
is characterized by rapidly progressive subcorti-
cal dementia with motor and autonomic deficits 
(urinary incontinence, gait disturbance, memory 
difficulty, and hemiparesis) (47,49). MR im-
ages show extensive white matter involvement, 
with multiple low-signal-intensity foci within the 
disseminated areas of T2 hyperintensity (point-
ing to hemorrhage). The low-signal-intensity foci 
have peripheral or solid enhancement, as they are 
associated with mass effect (tumorlike pattern) 
(Fig 17c–17e) (47). Lesions and enhancement can 
disappear completely without any treatment. No 
reliable imaging features are described to differen-
tiate necrotizing encephalopathy from a recurrent 

Figure 16.  Inhaled heroin (chasing the 
dragon) toxicity in two patients. (a) Axial 
T2-weighted MR image shows confluent 
symmetric hyperintensity in the cerebral 
white matter. Diffusion-weighted im-
ages and ADC maps showed restricted 
diffusion (not shown), and 6-month 
control images showed normalization 
(not shown). (b) Axial FLAIR MR image 
in another patient shows bilateral and 
symmetric hyperintensity affecting the 
periventricular white matter, with selec-
tive involvement of the posterior limb 
of the internal capsule and sparing of 
the anterior limb of the internal capsule 
(arrows).
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mass, but knowledge or suspicion of this condition 
prevents unnecessary invasive therapies (49).

Importantly, it is necessary to emphasize that 
many other chemotherapeutic and immunosup-
pressive drugs can cause leukoencephalopathy 
with reversible restricted diffusion (ATL), such 
as cyclosporine, 5-fluorouracil, and fludarabine 
(Fig 18). The use of chemotherapeutic agents is 
the major cause of ATL, and immunosuppressive 
agents are another group of drugs usually in-
volved with such conditions. The most important 
pattern to recognize is bilateral symmetric white 
matter involvement (8,9,43).

Carbon Monoxide Poisoning
Brain toxic effects of carbon monoxide poison-
ing can appear in a subacute manifestation weeks 
after initial insult as delayed leukoencephalopathy 

(ATL) with restricted diffusion and posterior 
reversibility. Up to one-third of cases demon-
strate such findings (Fig 5). All aspects of carbon 
monoxide poisoning (15) are discussed earlier in 
this article.

Uremic Encephalopathy
Up to 10% of cases of uremic encephalopathy, 
discussed previously, can manifest as a classic 
cause of ATL at imaging, with confluent bilateral 
and symmetrical periventricular white matter 
involvement and posterior normalization on 
follow-up images (19,43).

Acute Hepatic Encephalopathy
As discussed previously, AHE is a cause of ATL 
in up to 15% of cases, manifesting solely as sym-
metric periventricular white matter involvement. 

Figure 17.  Methotrexate-related CNS toxicity in two patients. (a, b) Axial diffusion-weighted image (a) and ADC map (b) in a 
patient with toxic leukoencephalopathy show multiple lesions (arrow) with true restricted diffusion affecting the centrum semiovale 
and crossing vascular territories while sparing the subcortical U fibers. (c) Axial FLAIR MR image in another patient with a more severe 
case of necrotizing encephalopathy after undergoing intrathecal methotrexate therapy combined with whole-brain radiation therapy 
shows a hypointense lesion (arrow) involved by an extensive confluent area of vasogenic edema (hyperintensity). (d) Axial contrast-
enhanced T1-weighted MR image in the same patient as in c shows peripheral enhancement of the lesion (arrow) and a circumjacent 
hypointense area of edema. (e) Axial contrast-enhanced T1-weighted control MR image obtained 3 months later shows a reduction 
in the lesion enhancement (arrow) and surrounding edema (arrowhead). 
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AHE is the third most common cause of ATL in 
a series of 101 cases (43).

Pattern 5: Corticospinal  
Tract Involvement

Cobalamin Deficiency
Cobalamin deficiency, or vitamin B12 deficiency, 
can have many causes, such as insufficient intrin-
sic factor (pernicious anemia, atrophic gastritis, or 
gastrectomy), ileal malabsorption (Crohn disease, 
resection of ileum, and infective ileitis), malnutri-
tion (alcohol excess, veganism, and strict vegetari-
anism), and prolonged use of some medications, 
such as H2-receptor histaminergic antagonists, 
metformin, proton pump inhibitors, and metho-
trexate (50,51). Vitamin B12 deficiency is usually 
associated with both megaloblastic anemia and 
subacute combined degeneration. Neurologic 
symptoms can precede anemia and may not com-
pletely resolve after treatment (50,51).

Subacute combined degeneration selectively 
affects the dorsal and lateral spinal cord col-
umns, depicted as hyperintensities symmetri-
cally affecting such sites at T2-weighted imaging 
(Fig 19a). The selective involvement of the dor-
sal columns creates a characteristic appearance 
of an inverted V shape. With indistinguishable 
clinical and imaging findings, the less common 
copper deficiency is a differential diagnosis for 
subacute combined degeneration. Excessive zinc 
intake can produce secondary copper deficiency, 
leading to the same manifestation. Imaging 
alterations in the brain are nonspecific but are 
characterized by bilateral hyperintensities on 
T2-weighted and FLAIR images following the 
path of the corticospinal tract (Fig 19b) (50,51). 
Usually there is complete resolution within 3 
months after treatment, and permanent residual 
functional deficit occurs in only a minority of 
cases (51).

Chronic Hepatic Encephalopathy
Chronic hepatic encephalopathy, discussed previ-
ously, is classically recognized by its alterations at 
T1-weighted imaging. Recent studies show that this 
condition can lead to the development of variable 
vasogenic brain edemas during the disease course. 
It usually affects the white matter in the cortico-
spinal tract regions, most likely due to glutamine 
accumulation within brain tissue (Fig 11b) (32).

Pattern 6: Corpus  
Callosum Involvement

Marchiafava-Bignami Disease
MBD is a rare disorder characterized by osmotic 
demyelination and subsequent necrosis of the 

corpus callosum. Such conditions are primarily 
associated with chronic ethanol use and vitamin 
B complex deficiency (not exclusively B1 defi-
ciency, as in cases of WE) (2,52,53).

MBD manifests in two clinical forms. The 
first is type A (acute), in which patients present 
with seizures and or in a coma, with involvement 
of the entire corpus callosum, and which usu-
ally progresses to death within several days. The 
second is type B (chronic), in which patients are 
diagnosed with mild encephalopathy and focal le-
sions in the corpus callosum (most commonly in 
the genu). MBD is usually accompanied by other 
alcohol-related pathologic conditions, with some 
reports of WE and MBD occurring together. As-
sociated brain volume loss is common (52,53).

The diagnosis of MBD at imaging is based on 
corpus callosum involvement. Selective involve-
ment of the middle layers of the corpus callosum 
in the context of chronic ethanol use is a highly 
suggestive finding of MBD. The initial changes 
associated with acute MBD are best visualized on 
sagittal FLAIR images. Central callosal involve-
ment sparing the periphery is referred to as the 
sandwich sign (Fig 20a). Alterations in cases of 
type B appear first in the genu and frontoparietal 
cortex followed by splenial involvement. There 
is variable white matter involvement (53). DWI 
is initially negative, with diffusion restriction 
occurring later. Acute lesions may show contrast 
enhancement (2). Chronic MBD appears as thin-
ning of the corpus callosum with central linear 
hypointensities on T1-weighted images. Diffu-
sion-tensor images show a reduction in callosal 
fibers (Fig 20b) (2,52,53).

Figure 18.  Fludarabine-related toxicity 
leading to ATL. Axial diffusion-weighted MR 
image shows symmetric restricted diffusion 
(arrowheads) involving the periventricular 
white matter.
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Reversible Splenial Lesion
The so-called RSLs or cytotoxic lesions of the 
corpus callosum, which are secondary lesions that 
are associated with several different entities, are an 
important imaging differential diagnosis for MBD. 
These lesions are usually reversible and involve the 
splenium of the corpus callosum (2,8,9,43,54). 
The precise pathophysiology of RSLs is unknown 
but is probably due to excitotoxic intracellular 
and/or intramyelinic edema, as the splenium has a 
high density of excitatory receptors that render it 
vulnerable to cytotoxic edema (2,9,54).

The use and subsequent withdrawal of anti-
epileptic drugs is most commonly associated with 
RSLs, which typically manifest between 24 hours 
and 3 weeks after drug discontinuation. Aside 

from that, other conditions related to RSLs are 
viral infection (mild encephalopathy with RSL) 
and metabolic abnormalities (hypoglycemia, 
hypernatremia, and acute alcohol poisoning), 
although there are many other related causes and 
withdrawal from other types of drugs can lead to 
RSLs (2,8,9,43,54).

Patients are often asymptomatic, a different 
clinical presentation from those patients with 
MBD. Imaging findings include ovoid lesions 
involving the central splenium, hyperintense 
lesions on T2-weighted and FLAIR images, 
and hypointense lesions on T1-weighted im-
ages, with restricted diffusion and no enhance-
ment (Fig 21) (2,8,9,54). RSL is considered a 
subtype of ATL because there is an overlap of 

Figure 19.  Cobalamin deficiency with combined subacute degeneration of the spinal cord. (a) Axial 
T2-weighted MR image of the cervical spine shows involvement of the dorsal and lateral columns (arrow)
in an inverted V shape. (b) Axial FLAIR MR image of the head shows bilateral hyperintensities (arrows) 
involving the region of the corticospinal tract.

Figure 20.  MBD in a 30-year-old man with a history of multiple binge drinking episodes who presented 
with apraxia, hemialexia, and symptoms of dementia. (a) Sagittal FLAIR MR image shows demyelinating 
and necrosis of the central portion of the splenium (hypointensity), sparing the periphery (arrows) (sand-
wich sign). (b) Axial diffusion-tensor reconstructed MR image shows reduction in the callosal fibers (red 
area) in the same splenial region (arrows).
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causes between these two entities and owing to 
its appearance with reversible restricted diffu-
sion. RSL appears to be the mildest severity of 
ATL, only involving the splenium and with com-
plete posterior resolution (43). The lesions are 
not always strictly splenial and can involve the 
entire corpus callosum in a minority of cases. In 
addition, patients can be diagnosed with severe 
encephalopathy and sometimes the lesion is not 
completely reversible, which is why the use of 
the term cytotoxic lesions of the corpus callosum is 
currently preferred (55).

Figure E4 summarizes the disorders associ-
ated with patterns 4, 5, and 6.

Pattern 7: Asymmetric 
 White Matter Involvement 

(Demyelinating Disease Pattern)

Levamisole-induced 
Leukoencephalopathy
Levamisole is a medication with anthelmintic 
and immunomodulatory properties, but its use 
has been suspended in most countries because of 
its collateral effects. It has been recognized as a 
cocaine adulterant because it can induce effects 
similar to those of cocaine on the CNS. It is esti-
mated that approximately 69% of commercialized 
cocaine worldwide is adulterated (56–58). Patients 
are usually adolescents or young adults and pres-
ent with a strokelike episode, which makes it an 
important differential diagnosis in this population 
and affects patient management (56,57).

Imaging characteristically shows lesions with 
a tumefactive demyelinating pattern, represented 
as one or a few randomly distributed oval or 
round lesions in the centrum semiovale, with 
no mass effect or edema, with smooth and in-
complete enhancement peripherally (C-shaped 
appearance, the incomplete portion is related to 
the cortex) and strongly restricted diffusion (Fig 
22). T2-weighted and diffusion-weighted images 
can depict concentric layers of hyperintensities. 
Another important characteristic is that after 
treatment with steroids, lesions tend to regress and 
even disappear. Recognizing this entity is of great 
importance in guiding management approaches 
and treatment (56–58).

One should remember the important well-
known and extensively described intracranial 
vascular effects of cocaine and of many other illicit 
drugs. Blood pressure imbalance induces ischemic 
and/or hemorrhagic stroke or even reversible cere-
bral vasoconstriction syndrome and PRES (46).

Chemotherapeutic Agents
Many chemotherapeutic agents have been re-
lated to neurotoxic effects and induce a demye-

linating leukoencephalopathy pattern during the 
course of treatment, characterized at imaging as 
multiple ovoid asymmetric white matter hyper-
intensities in a perivenular distribution (59). 
The most common agents related to this pattern 
are tumor necrosis factor-α blockers (infliximab, 
adalimumab), which are currently widely used 
to treat immune-mediated conditions and some 
cancers (59). Vincristine, a chemotherapeutic 
agent used to treat some types of leukemia, 
Hodgkin disease, and small cell lung cancer, has 
also been associated with this pattern of neuro-
toxicity (59).

Pattern 8: Parieto-occipital  
Subcortical Vasogenic Edema

Posterior Reversible Encephalopathy 
Syndrome
PRES, also known as reversible posterior leukoen-
cephalopathy syndrome, refers to a clinicoradiologic 
disorder of potentially reversible subcortical va-
sogenic brain edema in patients with classic acute 
neurologic symptoms (seizure in 60%–75%, al-
tered mental function and headache in 20%–25%) 
in the setting of several conditions, such as hyper-
tension, preeclampsia, renal failure, sepsis, throm-
bocytopenia, the administration of cytotoxic or 
immunosuppressive medications, and many other 
potential causes. Symptoms and imaging findings 
usually normalize after treatment (2,60–62).

Figure 21.  Ovoid lesion in a patient who pre-
sented to the emergency department after using 
a large amount of cannabis. No abnormal symp-
toms other than those that are expected after 
cannabis use were seen. Axial diffusion-weighted 
MR image shows a single ovoid central lesion (ar-
row) affecting the splenium, with true restricted 
diffusion (ADC map not shown). MRI (not 
shown) performed months later was normal.
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PRES was classically described as a cere-
brovascular autoregulatory disorder caused by 
hypertension, but this pathophysiologic theory 
does not explain the manifestation of all the 
clinical and imaging findings. In addition, most 
patients present with only mild blood pressure 
elevation, and 20%–30% of patients are normo-
tensive. Current theories have a similar shared 
mechanism, advocating endothelial injury and 
dysfunction secondary to different causes (cy-
totoxic, immunogenic), ultimately resulting in 
vasogenic edema. Interstitial fluid accumulates in 
the subcortical white matter, with a predilection 
for the parietal and occipital lobes (2,61,62). This 
condition occurs at all ages but is most common 
in young women (2).

Imaging findings include changes associated 
with vasogenic edema, commonly bilateral and 
asymmetric high signal intensity on T2-weighted 
and FLAIR images and hypoattenuation on CT 
images involving the subcortical white matter 
(Fig 23). Diffusion-weighted images and appar-
ent diffusion coefficient maps are often negative 
(differentiating the condition from cytotoxic and 
intramyelinic edema) or at least have a smaller 

extension than those changes depicted on FLAIR 
images. Postcontrast enhancement is not a typical 
feature, but some studies report that up to 37% 
of cases depict contrast enhancement (61,62).

Proposed algorithms for PRES diagnosis usu-
ally involve the presence of suggestive clinical 
symptoms associated with known risk factors and 
typical imaging findings (61).

There are many patterns of involvement that 
have been described, including (a) parieto-
occipital involvement, the most common and 
suggestive pattern (up to 90%, also known as 
classic PRES); (b) the superior frontal sulcus pat-
tern (70%); (c) the holohemispheric watershed 
pattern (50%); and (d) involvement in other less 
common sites, such as the cerebellum, basal gan-
glia, and brainstem (2). Combinations of patterns 
are common (more than 90% of cases). Note that 
PRES, despite its name, is not always reversible 
and not always posterior (2,61,63).

Prompt suspicion and recognition of PRES is 
important because delayed diagnosis can progress 
to subarachnoid hemorrhage and/or infarction 
owing to diffuse vascular contraction secondary 
to endothelial dysautoregulation (2,61–63).

Figure 22.  Levamisole-induced leuko-
encephalopathy in two patients. (a) Axial 
contrast-enhanced T1-weighted MR im-
age shows hypointense lesions within the 
centrum semiovale with incomplete pe-
ripheral enhancement, without edema or 
mass effect. (b) Axial diffusion-weighted 
MR image shows a lesion centered in the 
centrum semiovale with strong restricted 
diffusion and different concentric layers of 
hyperintensities. Both cases depict lesions 
with a tumefactive demyelinating pattern.

Figure 23.  PRES. (a) Axial FLAIR MR 
image shows bilateral asymmetric hyper-
intensity involving the subcortical white 
matter of the parieto-occipital and frontal 
lobes, sparing the cortex. (b) Axial ADC 
map shows no true restricted diffusion af-
fecting these areas, indicating a vasogenic 
edema mechanism. A postcontrast T1-
weighted MR image (not shown) showed 
no enhancement. Such findings are com-
patible with vasogenic edema in a typical 
PRES distribution. Clinical and epidemio-
logic findings can favor this diagnosis.
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The administration of many drugs can lead to 
PRES or PRES-like symptoms and imaging pre-
sentation, the most important of which are cyclo-
sporine and tacrolimus. An important tip is that in 
these drug-related cases, an atypical PRES is the 
rule, with symmetric lesions in unusual sites and 
possible contrast enhancement at imaging (61–63).

Pattern 9: Symmetric Central  
Pontine Involvement

Osmotic Demyelination Syndrome
ODS is an acute form of demyelination caused 
by rapid shifts in serum osmolality. The classic 
and most common cause is a rapid correction 
of hyponatremia. However, it is important to 
remember that ODS may occur in patients who 
are normonatremic. In fact, this heterogeneous 
disorder has osmotic stress as its basic cause. 
Many other conditions that lead to ODS have 
been described, and there are known comorbid 
conditions that predispose patients to its develop-
ment. These causes and predisposing conditions 
are described in Table 3 (2,64).

In the classic context of rapid hyponatremia 
correction leading to ODS, sodium levels are 
usually lower than 115 mmol/L, and correction 
rates are higher than 12 mmol/L per day (2).

Oligodendrocytes are especially vulnerable 
to osmotic changes (particularly at the pons) 
leading to demyelination that most commonly 
involves the brainstem region, which is why this 
entity was classically called central pontine myelin-
olysis. Nevertheless, any brain cell can be affected 
by osmotic imbalance, and ODS affecting extra-
pontine cerebral regions, including the cortex, 
has been extensively described. Approximately 
50% of cases manifest isolated pontine lesions, 
with pontine and extrapontine lesions in 30% 
of cases. There are only extrapontine lesions in 
20% of ODS cases, which makes diagnosing this 
condition even more challenging and underscores 
the importance of recognizing the spectrum of 
ODS symptoms (2,64,65).

The main signs or symptoms are seizures and 
altered mental status, often biphasic, with altered 
mental status when hyponatremia has manifested 
and subsequent improvement after natremia res-
toration followed by new rapid deterioration after 
approximately 1 week (2,64).

The classic and most common imaging ap-
pearance consists of well-demarcated and sym-
metric, rounded, or trident-shaped lesions on 
the central pons that characteristically spare the 
peripheral pons and corticospinal tract regions 
(Fig 24a). Sparing of the transverse pontine 
fibers is described and can be visualized at 
imaging as fine lines of normal signal intensity 

crossing the lesion. Alterations are depicted on 
conventional images 1–2 weeks after symptom 
onset as a hypoattenuating lesion on CT images, 
a hypointense lesion on T1-weighted images, 
and a hyperintense lesion on T2-weighted and 
FLAIR images. Importantly, diffusion-weighted 
images can depict restricted diffusion in the 
acute phase as soon as 24 hours after the onset 
of ODS, which is an important finding for early 
diagnosis (2,64,65).

The most commonly involved extrapontine sites 
are the basal ganglia, thalami, and hemispheric 
white matter, often symmetrically. Some cases 
show laminar necrosis of the cortex (2,64). There 
is an uncommon but suggestive manifestation of 
extrapontine ODS. Studies have shown that the 
white matter immediately underlying the gray 
matter is especially susceptible to osmotic distress, 
leading to alterations in these sites that are de-
picted on images as multiple and diffuse punctate 
lesions on juxtacortical white matter or delineating 
the transition line between cortical gray matter 
and subjacent white matter (Fig 24b) (65).

Suggestive Sites of Involvement
Some sites of involvement more specifically sug-
gest a reduced number of conditions and may 
point to subjacent diagnoses (Fig 25). Remember 
that most findings are not pathognomonic. How-
ever, by considering the patient’s clinical history, it 
is possible to reduce the number of conditions in 
the differential diagnosis. These correlations refer 
only to toxic and metabolic causes and can be 
used for orientation in a suitable clinical context.

Conclusion
Diagnosing toxic and metabolic brain disorders 
remains challenging and refers to a heteroge-
neous group of diseases. Although many imag-
ing manifestations are unspecific, some imaging 

Table 3: Causes and Predisposing Conditions 
of ODS

Causes 
Rapid hyponatremia correction
Alcoholism
Liver transplant (hyperammonemia)
Malnutrition
Hyper- or hypoglycemia
Azotemia and hemodialysis

Predisposing conditions
Renal, adrenal, and pituitary disease
Hyperemesis
History of transplantation
Severe burns
Prolonged use of diuretics
Paraneoplastic disease
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Figure 25.  Chart demonstrates the correlation between more specific sites of involvement in toxic and metabolic brain disorders 
and their most likely diagnoses. CLOCCs = cytotoxic lesions of the corpus callosum, CO = carbon monoxide.

Figure 24.  ODS in two patients. (a) Axial FLAIR MR image shows classic findings of ODS, characterized 
by a trident-shaped lesion (arrow) affecting the central pons and sparing of the periphery and the region 
of the corticospinal tract. (b) Coronal T2-weighted MR image with extrapontine findings shows multiple 
juxtacortical (white matter–gray matter transition) hyperintense lesions (arrows).
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findings can be quite specific for a few condi-
tions. Nonetheless, some prognostic information 
can be obtained from imaging studies, suggesting 
a reversible subjacent cause or indicating severe 
involvement of cerebral structures.

Approaching these conditions by considering 
the patterns at imaging can add to the radiolo-
gist’s daily routine. Depending on the pattern, 
pathophysiologic information can be inferred and 
a reduced number of conditions in the differential 
diagnosis can be considered.

Many other causes related to toxic and meta-
bolic disorders exist, and there are other possible 
uncommon presentations for each cause. The pro-
posed patterns and online supplements describe 
the majority of the most common conditions and 
presentations encountered in clinical practice and 
can be helpful when diagnosing such a group of 
diseases. One should always look for the accessible 
clinical history as it points to subjacent toxic and 
metabolic causes over other groups of diseases that 
can show the same imaging characteristics. Com-
bining clinical issues with imaging findings can 
make it possible to reach a specific diagnosis.
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