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13.1	 �Introduction

Demyelinating disorders of the central nervous system (CNS) 
that affect the brain and spine have a variety of etiologies and 
can be separated into primary such as multiple sclerosis (MS) 
and other idiopathic inflammatory-demyelinating diseases 
(IIDDs) and secondary (e.g., infectious, ischemic, metabolic, 
or toxic) diseases. MRI is the imaging modality of choice to 
assess demyelinating disorders of the brain and the cord and, 
together with the clinical and laboratory findings, can accu-
rately classify them in most cases [1–3]. This review will high-
light the important imaging manifestations of some acquired 
demyelinating diseases that allow more specific diagnosis.

13.2	 �Idiopathic Inflammatory-
Demyelinating Diseases (IIDDs) 
of the CNS

The term IIDD encompasses a broad spectrum of CNS disor-
ders that can be differentiated according to their severity, 
clinical course, and lesion distribution, as well as their imag-
ing, laboratory, and pathological findings. The spectrum 
includes monophasic, multiphasic, and progressive disor-
ders, ranging from highly localized forms to multifocal or 
diffuse variants [2]. Relapsing–remitting (RR) and second-
ary progressive (SP) MS are the two most common forms of 
IIDD.  MS can also have a progressive course from onset 
(primary progressive [PP]). Fulminant forms of IIDD include 
a variety of disorders that have in common the severity of the 
clinical symptoms, an acute clinical course, and atypical 
findings on MRI. The classic fulminant IIDD is Marburg dis-
ease but is extremely rare. Baló’s concentric sclerosis and 
acute disseminated encephalomyelitis (ADEM) can also 
present with severe, acute attacks.

Some IIDDs have a restricted topographic distribution, as 
is the case with neuromyelitis optica spectrum disorders 
(NMOSD), which can have a monophasic, but more often 
follows a relapsing course.
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Learning Objectives
•	 To be familiar with the differential diagnosis of 

white matter diseases
•	 Understand the importance of clinical setting, mode 

of presentation and lab results in idiopathic inflam-
matory disorders

•	 Be able to apply MS and NMO diagnostic criteria
•	 Appreciate the value of spinal cord imaging in the 

work-up of MS
•	 Recognize the most important variants and mimics 

of MS

Key Points
•	 Age-related white matter changes are extremely 

prevalent and affect the deep white matter with 
sparing of the U-fibers and spinal cord

•	 The McDonald criteria for MS include cortico/jux-
tacortical, periventricular, infratentorial and spinal 
cord lesions

•	 Longitudinally extensive spinal cord lesions and 
large/atypical brain lesions should prompt antibody 
testing to rule out NMOSD

•	 The differential diagnosis of symmetric white 
lesions includes toxic and metabolic disorders
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13.3	 �Multiple Sclerosis

MS is a progressive inflammatory, demyelinating and neuro-
degenerative autoimmune disease characterized pathologi-
cally by perivascular infiltrates of mononuclear inflammatory 
cells, demyelination, and axonal loss and gliosis, with the 
formation of focal and diffuse abnormalities in the brain and 
spinal cord, mainly affecting the optic nerves, brainstem, spi-
nal cord, and cerebellar and periventricular white matter, 
although cortical and subcortical gray matter damage is also 
prominent, resulting in chronic progressive disability for the 
majority of people with the disorder.

The high sensitivity of MRI in depicting brain and spinal 
cord demyelinating plaques has made this technique the most 
important paraclinical tool in current use, not only for the 
early and accurate diagnosis of MS, but also for understand-
ing the natural history of the disease and monitoring and pre-
dicting the efficacy of disease-modifying treatments [4].

MRI is the most sensitive imaging technique for detecting 
MS plaques throughout the brain and spinal cord. Proton den-
sity (PD) or T2-weighted MR images (especially acquired 
using the fluid-attenuated inversion recovery (FLAIR) 
sequence) show areas of high signal intensity in the periven-
tricular white matter in >90% of MS patients (the remainder 
may have cord lesions only). MS plaques are generally round 
to ovoid in shape and range from a few millimeters to more 
than 1 cm in diameter. They are typically discrete and focal at 
the early stages of the disease, but become confluent as the 
disease progresses, particularly in the posterior hemispheric 
periventricular white matter. MS plaques tend to affect the 
periventricular and juxtacortical white matter, whereas small 
vessel ischemic lesions tend to involve the deep white matter 
more [4]. The total T2 lesion volume of the brain increases by 
approximately 5–10% each year in the relapsing forms of MS.

Both acute and chronic MS plaques appear hyperintense 
on T2/FLAIR sequences, reflecting their increased tissue 
water content. The signal increase indicates edema, inflam-
mation, demyelination, reactive gliosis, and/or axonal loss in 
proportions that differ from lesion to lesion. The vast major-
ity of MS patients have at least one ovoid periventricular 
lesion, whose major axis is oriented perpendicular to the 
outer surface of the lateral ventricles. The ovoid shape and 
perpendicular orientation derive from the perivenular loca-
tion of the demyelinating plaques noted on histopathology 
(Dawson’s fingers).

MS lesions tend to affect specific regions of the brain, 
including the periventricular white matter, the inferior sur-
face of the corpus callosum, the cortico-juxtacortical regions, 
the temporal lobes, and the infratentorial regions. Focal 
involvement of the periventricular white matter in the ante-
rior temporal lobes is typical for MS and rarely seen in other 
white matter disorders, especially not in aging/hypertension 
(see table below). The lesions commonly found at the 
calloso-septal interface are best depicted by sagittal 

T2-FLAIR images—a sequence highly recommended for 
diagnostic MRI studies.

Characteristic differences between small-vessel disease (SVD) and  
MS

Involvement SVD MS
Corpus callosum Rare Common
U-fibers Rare Often
Brainstem Central pons Peripheral
Temporal lobe Nevera Often
Gadolinium 
enhancement

Exceptional 
(subacute infarction)

Common

Black holes Rare Typical
Lacunes Typical Never
Spinal cord Never Common

aWith the exception of cerebral autosomal dominant arteriopathy with 
subcortical infarcts and leukoencephalopathy (CADASIL)

Histopathological studies have shown that a substantial 
portion of the total brain lesion load in MS is located within 
the cerebral cortex. Presently available MRI techniques are 
not optimal for detecting cortical lesions because of poor 
contrast resolution between normal-appearing gray matter 
(NAGM) and the plaques in question, and because of the 
partial volume effects of the subarachnoid spaces and CSF 
surrounding the cortex. Cortical lesions are better visual-
ized by 2D or 3D FLAIR sequences and newer MR tech-
niques such as 3D double inversion recovery (DIR) MR 
sequences which selectively suppress the signal from white 
matter and cerebrospinal fluid (CSF). Juxtacortical lesions 
that involve the “U” fibers are seen in two-thirds of patients 
with MS.

Posterior fossa lesions preferentially involve the floor of 
the fourth ventricle, the middle cerebellar peduncles, and the 
brainstem. Most brainstem lesions are contiguous with the 
cisternal or ventricular CSF spaces, and range from large 
confluent patches to solitary, well-delineated paramedian 
lesions or discrete “linings” of the CSF border zones. 
Predilection for these areas is a key feature that helps to iden-
tify MS plaques and to differentiate them from focal areas of 
ischemic demyelination and infarction that preferentially 
involve the central pontine white matter.

Approximately 10–20% of T2 hyperintensities are also 
visible on T1-weighted images as areas of markedly 
decreased signal intensity compared with gray matter. These 
so-called T1 black holes have a different pathological sub-
strate that depends, in part, on the lesion age. Temporary 
hypointensity is present in up to 80% of recently formed 
lesions and probably represents marked edema, with or with-
out myelin destruction or axonal loss. In most cases, the 
acute lesions become isointense within a few months as 
inflammatory activity abates, edema resolves, and reparative 
mechanisms like remyelination become active. Less than 
40% evolve into persisting or chronic “black holes” [5], 
which correlate pathologically with the most severe demye-
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lination and axonal loss, indicating areas of irreversible tis-
sue damage. Chronic black holes are more frequent in 
patients with progressive disease than in those with RRMS 
disease, and more frequent in the supratentorial white matter 
as compared with the infratentorial white matter. They are 
rarely found in the spinal cord and optic nerves.

MS lesions of the spinal cord resemble those in the brain. 
The lesions can be focal (single or multiple) or diffuse, and 
mainly affect the cervical cord segment. On sagittal scans, 
the lesions characteristically have a cigar shape and rarely 
exceed two vertebral segments in length (the so-called short-
segment lesions in contrast to longitudinally extensive 
lesions in NMO). On cross-section, they typically occupy the 
lateral and posterior white-matter columns, border the sur-
face but may extend to involve the central gray matter, and 
rarely occupy more than one half the cross-sectional area of 
the spinal cord [6].

Acute spinal cord lesions can produce a mild to moderate 
mass effect with some spinal cord swelling and may show 
contrast enhancement. Active lesions are rarer in the spinal 
cord than the brain and are more frequently associated with 
new clinical symptoms. The prevalence of spinal cord abnor-
malities is as high as 74–92% in established MS, and depends 
on the clinical phenotype of MS. Asymptomatic spinal cord 
lesions are found in 30–40% of patients with a clinically iso-
lated syndrome (CIS), even if the presenting symptoms do 
not involve the spinal cord clinically. In RRMS, the spinal 
cord lesions are typically multifocal. In secondary progres-
sive MS, the abnormalities are more extensive and diffuse 
and are commonly associated with spinal cord atrophy. In 
primary progressive MS, spinal cord abnormalities are quite 
extensive as compared with brain abnormalities. This dis-
crepancy may help to diagnose primary progressive MS in 
patients with few or no brain abnormalities.

Longitudinal and cross-sectional MR studies have shown 
that the formation of new MS plaques is often associated with 
contrast enhancement, mainly in the acute and relapsing stages 
of the disease [7]. The gadolinium enhancement varies in size 
and shape, usually lasting a few weeks, although steroid treat-
ment shortens this period. Incomplete ring enhancement on 
T1-weighted gadolinium-enhanced images with the open bor-
der facing the gray matter of the cortex or basal ganglia is a 
common finding in active MS plaques and is a helpful feature 
for distinguishing between inflammatory-demyelinating lesions 
and other focal lesions such as tumors or abscesses which will 
have a closed ring of enhancement [8].

Contrast enhancement is a relatively good predictor of 
further enhancement and of subsequent accumulation of T2 
lesions, but shows no (or weak) correlation with progression 
of disability and development of brain atrophy. In RRMS 
and early SPMS, enhancement is more frequent during 
relapses and correlates well with clinical activity. For patients 
with primary progressive MS, serial T2-weighted studies 
show few new lesions and less frequent enhancement. 

Contrast-enhanced T1-weighted images are routinely used in 
the study of MS to provide a measure of inflammatory activ-
ity in vivo.

MRI-based disease activity is 5–10 times more frequently 
than clinical evaluation of relapses, suggesting that most of 
the enhancing lesions are clinically silent. Subclinical dis-
ease activity with contrast-enhancing lesions is 4–10 times 
less frequent in the spinal cord than the brain, a fact that may 
be partially explained by the large volume of brain as com-
pared with spinal cord. High doses of gadolinium and a long 
post-injection delay can increase the detection of active spi-
nal cord lesions.

The diagnosis of MS relies heavily on MRI information, 
certainly when there is a clinically isolated syndrome sug-
gestive of demyelination. MRI can be used to show dissemi-
nation in space (lesions 2 of 4 locations - juxtacortical, 
periventricular, infratentorial or spinal cord) and to demon-
strate dissemination in time (enhancement or new t2 lesions 
at follow-up).

13.4	 �Multiple Sclerosis Variants

13.4.1	 �Baló’s Concentric Sclerosis

Baló’s concentric sclerosis is a rare IIDD subtype, consid-
ered a variant of MS, with characteristic radiologic and 
pathologic features. The disease was formerly considered an 
aggressive MS variant, leading to death in weeks to months 
after onset, and in which the diagnosis was made on histo-
pathologic findings at postmortem examination. However, 
with the widespread use of MRI, this MS variant is often 
identified in patients who later have a complete or almost 
complete clinical recovery [9]. The pathologic hallmarks of 
are large demyelinated lesions showing a peculiar pattern of 
alternating layers of preserved and destroyed myelin. One 
possible explanation for this pattern is that sublethal tissue 
injury is induced at the edge of the expanding lesion, which 
would then stimulate expression of neuroprotective proteins 
to protect the rim of peri-plaque tissue from damage, thereby 
resulting in alternating layers of preserved and non-preserved 
myelinated tissue [10]. These alternating bands are best 
identified with T2-weighted sequences, which typically 
show thick concentric hyperintense bands corresponding to 
areas of demyelination and gliosis, alternating with thin 
isointense bands corresponding to normal myelinated white 
matter. This pattern can be also identified on T1-weighted 
images as alternating isointense (preserve myelin) and 
hypointense (demyelinated) concentric rings. These bands, 
which may eventually disappear over time, can appear as 
multiple concentric layers (onion-skin lesion), as a mosaic, 
or as a “floral” configuration. The center of the lesion usually 
shows no layering because of massive demyelination (“storm 
center”). Restricted diffusion followed by contrast enhance-
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ment is common in the outer rings (inflammatory edge) of 
the lesion.

The Baló pattern on MRI can be isolated, multiple, or 
combined with typical MS-like lesions, and the lesion struc-
ture can vary from one or two to several alternating bands, 
with a total size from one to several centimeters. Lesions 
occur predominantly in the cerebral white matter, although 
brainstem, cerebellum, and spinal cord involvement has also 
been reported [11].

13.4.2	 �Neuromyelitis Optica Spectrum 
Disorders

Neuromyelitis optica (NMO) is an autoimmune inflamma-
tory disorder of the CNS with a predilection for the optic 
nerves and spinal cord [12]. The discovery of an NMO-
specific autoantibody directed against aquaporin-4 
(AQP4-Ab), the major water channel in the CNS, clearly 
identified NMO as a disease separate from MS—and requir-
ing a different treatment than MS [13, 14].

This uncommon and topographically restricted form of 
IIDD is characterized by severe unilateral or bilateral optic 
neuritis and complete transverse myelitis, which occur 
simultaneously or sequentially over a varying period (weeks 
or years). The index events of new-onset NMO are severe 
unilateral or bilateral optic neuritis, acute myelitis, or a 
combination of these symptoms. The myelitis attacks appear 
as complete transverse myelitis with severe bilateral motor 
deficits, sensory-level, bowel and bladder dysfunction, pain 
and significant residual neurologic injury. Optic neuritis 
attacks are generally more severe than those typically seen 
in MS.

Approximately 85% of patients have a relapsing course 
with severe acute exacerbations and poor recovery, which 
leads to increasing neurologic impairment and a high risk of 
respiratory failure and death due to cervical myelitis. Patients 
who experience acute optic neuritis and transverse myelitis 
simultaneously or within days of each other are much more 
likely to have a monophasic course. On the other hand, a 
relapsing course correlates with NMO-IgG seropositivity, a 
longer interval between attacks, older age at onset, female 
gender, and less severe motor impairment after the myelitic 
onset. Although the initial attacks are more severe in patients 
proven to have monophasic NMO, the long-term neurologic 
prognosis is somewhat better in this group because patients 
do not accumulate disability from recurrent attacks.

Clinical features alone are insufficient to diagnose NMO; 
CSF analysis and MRI are usually required to confidently 
exclude other disorders. CSF pleocytosis (>50 leukocytes/
mm3) is often present, while oligoclonal bands are seen less 
frequently (20–40%) than in MS patients (80–90%). 
AQP4-Ab detection is best performed using cell-based 

assays that have greater sensitivity. AQP4-Ab distinguish 
this form of IIDD from MS and it can predict relapse and 
conversion to NMO in patients presenting with a single 
attack of longitudinally extensive myelitis. NMO-IgG is pos-
itive in 52% of patients with relapsing transverse myelitis 
and in 25% of patients with recurrent idiopathic optic neuri-
tis [15].

Wingerchuk et al. [16] proposed a revised set of criteria 
for diagnosing NMO.  These criteria remove the absolute 
restriction on CNS involvement beyond the optic nerves and 
spinal cord, allow any interval between the first events of 
optic neuritis and transverse myelitis, and emphasize the 
specificity of longitudinally extensive spinal cord lesions on 
MRI and NMO-IgG-seropositive status. More recently the 
International Panel for NMO Diagnosis developed new diag-
nostic criteria that define the unifying term NMOSD, which 
is stratified by serologic testing (with or without AQP4-IgG) 
[17]. These new criteria require, in patients with AQP4-IgG, 
core clinical and MRI findings related to optic nerve, spinal 
cord, area postrema, other brainstem, diencephalic, or cere-
bral presentations. However, more stringent clinical and 
MRI criteria are required for diagnosis of NMO-spectrum 
disorders without AQP4-IgG or when serologic testing is 
unavailable.

Diagnostic Criteria for NMOSD Without or Unknown 
AQP4-IgG Status
	1.	 At least two core clinical characteristics occurring as a 

result of one or more clinical attacks and meeting all of 
the following requirements:
	a.	 At least one core clinical characteristic must be optic 

neuritis, acute myelitis with LETM, or area postrema 
syndrome

	b.	 Dissemination in space (two or more different core 
clinical characteristics)

	c.	 Fulfillment of additional MRI requirements, as appli-
cable (see below)

	2.	 Negative tests for AQP4-IgG using best available detec-
tion method or testing unavailable

	3.	 Exclusion of alternative diagnoses

Additional MRI Requirements
	1.	 Acute optic neuritis: requires brain MRI showing

	a.	 Normal findings or only nonspecific white matter 
lesions

	b.	 Optic nerve MRI with T2w-hyperintense lesion or 
T1-weighted gadolinium-enhancing lesion extending 
over >1/2 optic nerve length or involving optic 
chiasm

	2.	 Acute myelitis: requires associated intramedullary MRI 
lesion extending over ≥3 contiguous segments (LETM) 
or ≥3 contiguous segments of focal spinal cord atrophy in 
patients with history compatible with acute myelitis
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	3.	 Area postrema syndrome: requires associated dorsal 
medulla/area postrema lesions

	4.	 Acute brainstem syndrome: requires associated periepen-
dymal brainstem lesions

MRI of the affected optic nerve demonstrates swelling and 
loss of blood–brain barrier integrity with gadolinium enhance-
ment that can extend into the optic chiasm. The spinal cord 
lesions in NMO typically extend over three or more contigu-
ous vertebral segments and occasionally the entire spinal cord 
(longitudinally extensive spinal cord lesions); they are cen-
trally located (preferential central gray-matter involvement) 
and affect much of the cross-section on axial images. During 
the acute and subacute phase, the lesions are tumefactive and 
show contrast uptake. In some cases, the spinal cord lesions 
are small at the onset of symptoms, mimicking those of MS, 
and then progress in extent over time. The presence of very 
hyperintense spotty lesions on T2-weighted images (“bright 
spotty sign”) is a specific feature that helps differentiate NMO 
from MS, particularly in patients without longitudinally 
extensive spinal cord lesions [6, 11, 12], and likely reflects the 
highly destructive component of the inflammatory lesion. 
Spinal cord lesions can progress to atrophy and necrosis and 
may lead to syrinx-like cavities on T1-weighted images.

NMO was long considered a disease without brain 
involvement, and a negative brain MRI at disease onset was 
considered a major supportive criterion for the diagnosis of 
NMO. However, various studies have shown that brain MRI 
abnormalities exist in a significant proportion (50–85%) of 
patients [18]. Brain MRI lesions are often asymptomatic, but 
sometimes are associated with symptoms even at disease 
onset. The brain lesions are commonly nonspecific. They can 
be dot-like or patchy, <3 cm in diameter, and located in the 
deep white matter, brainstem, or cerebellum. Nonetheless, 
some brain MRI features appear to be quite characteristic 
and distinct from MS lesions. These abnormalities may par-
allel sites with high AQP4 expression adjacent to the ven-
tricular system at any level, such as the hypothalamus, 
periependymal areas surrounding the third and lateral ven-
tricles, cerebral aqueduct, corpus callosum, and dorsal brain-
stem adjacent to the fourth ventricle. The appearance of 
periventricular lesions in NMO is quite characteristic. In 
contrast to MS, where periventricular lesions are discrete, 
oval-shaped, and perpendicular to the ependymal lining due 
to their perivenular distribution (Dawson’s fingers), NMO 
lesions are not oval-shaped, located immediately adjacent to 
the lateral ventricles following the ependymal lining in a dis-
seminated pattern, and are often edematous and heteroge-
neous [18]. As opposed to what occurs in MS, NMO lesions 
do not affect the cortical gray matter.

Involvement of the corpus callosum has been described in 
18% of AQP4-seropositive NMO patients. The lesions are 
multiple, large, and edematous, show heterogeneous signal 

intensity on T2-weighted images, and sometimes affect the 
entire thickness of the corpus callosum.

Lesions may also affect areas where AQP4 expression is 
not particularly high, such as the corticospinal tracts. These 
lesions, which can be unilateral or bilateral and may affect 
the posterior limb of the internal capsule and cerebral pedun-
cle of the midbrain, are contiguous and often longitudinally 
extensive [19].

Other brain MRI findings described in NMO include 
extensive and confluent hemispheric white-matter lesions 
and radial hemispheric lesions (sometimes corresponding to 
an extension of periventricular lesions), which are likely 
related to vasogenic edema involving the white-matter tracts. 
These lesions usually do not show mass effect or contrast 
enhancement, but there may be a “cloud-like” pattern of 
enhancement, defined as multiple patches of enhancing 
lesions with blurred margins [18]. In fact, the finding of large 
hemispheric lesions in a patient suspected of MS should trig-
ger the option of NMO and testing for AQP4 antibodies.

Some of the typical brain MRI findings may be specific to 
clinical presentations, such as intractable vomiting and hic-
cup (linear dorsal medullary lesions involving the area pos-
trema and nucleus tractus solitarius), or a syndrome of 
inappropriate antidiuretic hormone secretion (hypothalamic 
and periaqueductal lesions) [18].

Distinguishing NMO from MS is critical, particularly in 
the early stages, since the treatment and prognosis of these 
disorders differ. In fact, some evidence suggests that 
MS-modifying treatments such as interferon-ß, natalizumab, 
and laquinimod exacerbate NMO.  By contrast, several 
immunosuppressants (e.g., azathioprine, rituximab, mito-
xantrone) seem to help in preventing NMO relapses.

NMOSD can be associated with systemic autoimmune 
diseases such as systemic lupus erythematosus and Sjögren’s 
syndrome). Whether the neurologic manifestations are solely 
due to NMO-spectrum disorder or are a manifestation of 
these diseases is controversial, although optic neuritis and 
transverse myelitis are rare presentations of them, and sev-
eral studies have shown that patients with systemic autoim-
mune diseases and NMO-IgG-positive antibodies always 
have optic neuritis, myelitis, or NMO.

13.4.3	 �Acute Disseminated Encephalomyelitis 
(ADEM)

ADEM is a severe, immune-mediated inflammatory disorder 
of the CNS that predominantly affects the white matter of the 
brain and spinal cord. In the absence of specific biologic 
markers, the diagnosis of ADEM is based on clinical and 
radiologic features [20]. This disorder affects children more 
commonly than adults, and, in contrast to MS, shows no 
gender preponderance. The estimated incidence is 0.8 per 
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100,000 population per year. In most cases, the clinical onset 
of disease is preceded by viral or bacterial infections, usually 
nonspecific upper-respiratory-tract infections. ADEM may 
also develop following a vaccination (postimmunization 
encephalomyelitis). Patients commonly present with non-
specific multifocal symptoms, which developed subacutely 
over a period of days, frequently associated with encepha-
lopathy (relatively uncommon in MS), defined as an altera-
tion in consciousness (e.g., stupor, lethargy) or a behavioral 
change unexplained by fever, systemic illness, or postictal 
symptoms. Although ataxia, encephalopathy, and brainstem 
symptoms are frequently present in both pediatric and adult 
cases, certain signs and symptoms appear to be age-related. 
In childhood ADEM, long-lasting fever and headaches occur 
more frequently, while in adult cases, motor and sensory 
deficits predominate. In general, the disease is self-limiting 
and the prognostic outcome favorable.

Although ADEM usually has a monophasic course, multi-
phasic forms have been reported, raising diagnostic difficul-
ties in distinguishing these cases from MS. This multiphasic 
form, which accounts for <4% of ADEM cases, is defined as 
a new encephalopathic event consistent with ADEM, sepa-
rated by 3 months after the initial illness but not followed by 
any further events. The second ADEM event can involve 
either new or re-emergent neurologic symptoms, signs, and 
MRI findings. Relapsing disease following ADEM that 
occurs beyond a second encephalopathic event is no longer 
consistent with multiphasic ADEM but rather indicates a 
chronic disorder, most often leading to the diagnosis of MS or 
NMO [21] and should prompt testing for myelin oligodendro-
cyte glycoprotein (MOG) antibodies, especially in children.

An ADEM event as the first manifestation of the classic 
relapsing form of MS occurs in 2–10%. According to the 
International Pediatric Multiple Sclerosis Study Group, the 
diagnosis of MS is met if, after the initial ADEM, a second 
clinical event meets the following three requirements: (1) it 
is non-encephalopathic; (2) it occurs 3 months or more after 
the incident neurologic illness; and (3) it is associated with 
new MRI findings consistent with the McDonald criteria for 
dissemination in space [21]. The presence of hypointense 
lesions and two or more periventricular lesions are MRI fea-
tures that support an MS diagnosis in children with acute 
CNS demyelination [21]. Unlike the lesions in MS, ADEM 
lesions are often large, patchy, and poorly marginated on 
MRI, especially when there are MOG antibodies [22]. There 
is usually asymmetric involvement of the subcortical and 
central white matter and cortical gray–white junction of the 
cerebral hemispheres, cerebellum, brainstem, and spinal 
cord. Lesions confined to the periventricular white matter 
and corpus callosum are less common than in MS. The gray 
matter of the thalamus and basal ganglia is often affected, 
particularly in children, and typically in a symmetric pattern 
[23]. However, the frequency of thalamic involvement in 
adult ADEM does not differ from that of adult MS. This can 

be explained by the fact that involvement of this structure is 
less common in adult ADEM than in childhood ADEM. Four 
patterns of cerebral involvement have been proposed to 
describe the MRI findings in ADEM [24]: (1) ADEM with 
small lesions (<5 mm); (2) ADEM with large, confluent, or 
tumefactive lesions, and frequent extensive perilesional 
edema and mass effect; (3) ADEM with additional symmet-
ric deep gray-matter involvement; and (4) acute hemorrhagic 
encephalomyelitis. Gadolinium enhancement of one or more 
lesions occurs in 14–30% of cases [21]. The pattern of 
enhancement varies and can be complete or incomplete ring-
shaped, nodular, gyral, or spotty. Although ADEM is usually 
a monophasic disease, new lesions may be seen on follow-up 
MRI within the first month of the initial attack.

Most MRI lesions appear early in the course of the dis-
ease, supporting the clinical diagnosis of ADEM. Nonetheless, 
in some cases, there may be a delay of more than 1 month 
between the onset of symptoms and the appearance of lesions 
on MRI. Therefore, a normal brain MRI scan obtained within 
the first days after the onset of neurologic symptoms sugges-
tive of ADEM does not exclude this diagnosis.

The spinal cord is affected in <30% of ADEM patients 
[24], predominantly in the thoracic region. The spinal cord 
lesion is typically large, causes swelling, and shows variable 
enhancement. In most ADEM patients, partial or complete 
resolution of the MRI abnormalities occurs within a few 
months of treatment. This course is positively associated 
with a final diagnosis of ADEM.

13.5	 �Infectious Inflammatory 
Demyelinating Disorders

13.5.1	 �Progressive Multifocal 
Leukoencephalopathy

Progressive multifocal leukoencephalopathy (PML) is over-
whelmingly a disease of the immunocompromised patient 
and most (55–85%) cases are related to acquired immunode-
ficiency syndrome (AIDS). There is a wide age range of 
involvement, with the peak age of presentation in the sixth 
decade. The disease is caused by reactivation a papovavirus 
(JC virus) that selectively attacks the oligodendrocyte, lead-
ing to demyelination. Treatment with monoclonal antibody 
therapy (natalizumab, rituximab, efalizumab) or other immu-
nomodulatory drugs, commonly used in patients with MS and 
other disorders has also been linked with PML [25]. Untreated 
patients with PML have an extremely poor prognosis, with 
death common in the first 6 months following establishment 
of the diagnosis. Although there is no specific treatment, 
combination anti-retroviral therapy (cART) has not only 
resulted in a lower incidence of PML in AIDS patients, but 
also substantially improved survival times of afflicted 
patients, now at 50% 1-year survival [25]. Unfortunately, 
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about 20% of PML cases are linked to a robust inflammatory 
response to pathogens associated with recovery of the immune 
system after a period of immunosuppression. This condition, 
known as PML-IRIS (Immune Reconstitution Inflammatory 
Syndrome), has been associated with intracranial masses with 
generous amounts of surrounding vasogenic edema on 
MRI. Enhancement may also occur [25].

The lesions of PML are characterized by little mass effect 
or enhancement. Most lesions involve the subcortical white 
matter and deep cortical layers of the parieto-occipital or 
frontal white matter, although gray matter and posterior 
fossa lesions are also common, occurring in up to 50% of 
cases. PML lesions tend to be more confluent in their appear-
ance than ADEM lesions and scalloping of the lateral margin 
of the lesion at the gray matter-white matter junction is com-
mon. Subtle signal intensity changes in the white matter may 
precede clinical suspicion of the PML-IRIS. While develop-
ment of mass effect and temporary enhancement in the early 
phase of cART has been linked to better survival, similar 
imaging manifestations may also be seen in monoclonal-
antibody treated PML patients [25].

13.5.2	 �Human Immunodeficiency Virus 
Encephalopathy

Human immunodeficiency virus (HIV) encephalopathy 
results from direct infection of the brain by the virus itself. 
Since the advent of cART, the prevalence of the disease has 
markedly decreased and the temporal progression has been 
slowed. Most patients are severely immunocompromised at 
the time of onset and exhibit psychomotor slowing, impaired 
mental status, and memory difficulties. Histologically, demy-
elination and vacuolation with axonal loss are noted, along 
with occasional microglial nodules. Mild cerebral atrophy is 
the first and sometimes only imaging feature of AIDS demen-
tia complex, also know as HIV dementia, HIV-associated 
dementia complex, or as HIV-associated neuron-cognitive 
disorder (HAND). Involvement of the central white matter, 
basal ganglia, and thalamus is characteristic. Typically, bilat-
erally symmetric abnormal T2 hyperintensity in the basal 
ganglia and small focal areas in the periventricular regions 
are noted on T2-weighted MR images [26]. Regression of 
these findings has been seen following institution of cART.

13.6	 �White Matter Disease from Toxic 
Imbalance

13.6.1	 �Chronic Alcohol Ingestion  
and its Consequences

Brain abnormalities in alcoholics include atrophy, 
Marchiafava–Bignami disease, Wernicke encephalopathy, 

osmotic myelinolysis, and consequences of liver cirrhosis 
such as hepatic encephalopathy and coagulopathy [27]. All 
the reported entities are not specific of alcohol and can be 
found in many other toxic or metabolic conditions. Ethanol 
direct brain toxicity is caused by under-regulation of recep-
tors of N-methyl-D-aspartate, abnormal catabolism of homo-
cysteine, resulting in an increased susceptibility to glutamate 
excitatory and toxic effects. Moreover, immune response 
occurs mediated by lipid peroxidation products that bind to 
neurons resulting in neurotoxicity. Neuroimaging studies 
show a characteristic distribution of loss of volume: initially 
there is infratentorial predominance with atrophy of the cer-
ebellar vermis and hemispheres. Frontal and temporal atro-
phy is subsequently evident, followed by diffuse atrophy of 
the brain. The possibility of partial reversibility of these 
alterations is also observed. In pregnancy, ethanol deter-
mines inhibition of maturation of Bergmann’s fibers of cer-
ebellum, with consequential marked cerebellar atrophy.

13.6.2	 �Hepatic Encephalopathy

The term hepatic encephalopathy (HE) includes a wide spec-
trum of neuropsychiatric abnormalities occurring in patients 
with liver dysfunction. Most cases are associated with cirrho-
sis and portal hypertension or portal-systemic shunts, but the 
condition can also be seen in patients with acute liver failure 
and rarely, those with portal-systemic bypass and no associ-
ated intrinsic hepatocellular disease. Although HE is a clini-
cal condition, several neuroimaging techniques, particularly 
MRI, may eventually be useful for the diagnosis because they 
can identify and measure the consequences of CNS increase 
in substances, which, under normal circumstances, are effi-
ciently metabolized by the liver. Classical MR abnormalities 
in chronic HE include high signal intensity in the globus pal-
lidum on T1-weighted images, likely a reflection of increased 
tissue concentrations of manganese, and an elevated gluta-
mine/glutamate peak coupled with decreased myo-inositol 
and choline signals on proton MR spectroscopy, representing 
disturbances in cell-volume homeostasis secondary to brain 
hyperammonemia [28]. Recent data have shown that white 
matter abnormalities, also related to increased CNS ammonia 
concentration, can also be detected with several MRI tech-
niques: magnetization transfer ratio measurements show sig-
nificantly low values in otherwise normal-appearing brain 
white matter, T2-Flair sequences reveal diffuse and focal high 
signal intensity lesions in the hemispheric white matter, and 
DWI discloses increased white matter diffusivity. All these 
MR abnormalities, which return to normal with restoration of 
liver function, probably reflect the presence of mild diffuse 
interstitial brain edema, which seems to play an essential role 
in the pathogenesis of HE.

In acute HE, bilateral symmetric signal-intensity abnor-
malities on T2-weighted images, often with associated 
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restricted diffusion involving the cortical gray matter, are 
commonly identified. Involvement of the subcortical white 
matter and the basal ganglia, thalami, and midbrain may also 
be seen. These abnormalities that can lead to intracranial 
hypertension and severe brain injury reflect the development 
of cytotoxic edema secondary to the acute increase of brain 
hyperammonemia.

13.6.3	 �Marchiafava–Bignami Disease

Marchiafava–Bignami disease is a rare complication of 
chronic alcoholism, characterized by demyelination and 
necrosis of the corpus callosum, with rare involvement of 
extracallosal regions. Etiology remains unknown but is 
believed to be caused by toxic agents in red wine of low 
quality and lack of group B vitamins. Rarely, the disease has 
also been reported in non-alcoholic patients. Symptoms are 
mainly represented by cognitive deficits, psychosis, hyperto-
nia, and interhemispheric disconnection, until coma and 
death. Typical MRI features in the acute phase are corpus 
callosum hyperintensity on T2-weighted sequences and 
FLAIR, without significant mass effect, with peripheral 
enhancement. Diffusion is restricted due to cytotoxic edema. 
In chronic forms, necrosis of the genu and splenium can be 
detected [29].

13.6.4	 �Wernicke Encephalopathy

Wernicke encephalopathy is an acute condition first 
described by the French ophthalmologist Gayet in 1875, and 
later by the German neurologist Wernicke in 1881, caused 
by a deficiency of B1 (thiamine). It develops frequently but 
not exclusively in alcoholics. Other potential causes include 
extended fasting, malabsorption, digitalis poisoning, mas-
sive infusion of glucose without B1 in weak patients. The 
autoptic incidence is reported to be 0.8–2% in random 
autopsies, and 20% in chronic alcoholics. The classic clini-
cal triad of ocular dysfunctions (nystagmus, conjugate gaze 
palsy, ophthalmoplegia), ataxia, and confusion is observed 
in only 30% of cases. Treatment consists of thiamine infu-
sion, and avoids irreversible consequences including 
Korsakoff dementia or death. Memory impairment and 
dementia are related to damage of the mammillary bodies, 
anterior thalamic nuclei and interruption of the dience-
phalic-hippocampal circuits. Depletion of thiamine leads to 
failure of conversion of pyruvate to acetyl-CoA and 
α-ketoglutarate to succinate, altered pentose monophos-
phate shunt, and the lack of Krebs cycle, with cerebral lactic 
acidosis, intra- and extra-cellular edema, swelling of astro-
cytes, oligodendrocytes, myelin fibers, and neuronal den-
drites. Neuropathological aspects include neuronal 

degeneration, demyelination, hemorrhagic petechiae, pro-
liferation of capillaries and astrocytes in peri-aqueductal 
gray substance, mammillary bodies, thalami, pulvinar, III 
cranial nerves nuclei, and cerebellum. On MRI, bilateral 
and symmetrical hyperintensities on T2-weighted sequences 
and FLAIR are evident at the level of the already mentioned 
structures, mainly mammillary bodies and thalami [30, 31]. 
Rarely, cortex of the forebrain can be involved. DWI shows 
areas of reduced apparent diffusion coefficient (ADC) due 
to cytotoxic edema, although the ADC can sometimes be 
high due to the presence of vasogenic component. Rarely, 
T1-weighted images show bleeding ecchymotic hemor-
rhages in the thalami and mammillary bodies, a sign consid-
ered clinically unfavorable. In 50% of cases, contrast 
enhancement is present in periaqueductal regions. Marked 
contrast enhancement of mammillary bodies is evident in 
80% of cases, even prior to the development of visible 
changes in T2-weighted sequences and is considered highly 
specific for WE.  In chronic forms, change of signal in 
T2-weighted sequences becomes less prominent due to the 
diffuse brain atrophy, more pronounced at the level of mes-
encephalon and mammillary bodies.

13.6.5	 �Osmotic Demyelination Syndrome

Osmotic demyelination syndrome (ODS) usually occurs in 
the setting of osmotic changes, typically with the rapid cor-
rection of hyponatremia. This causes destruction of the 
blood–brain barrier with hypertonic fluid accumulation in 
extracellular space, resulting in a non-inflammatory demye-
lination. The most common damage is in the pontine fibers 
[32]. ODS is observed in alcoholics with nutritional defi-
ciency. The most common symptoms include paralysis, dys-
phagia, dysarthria, and pseudobulbar palsy. Death is frequent. 
Rarely, ODS affects other regions, especially basal ganglia, 
thalami, deep white matter. MRI usually shows an area of 
high signal on T2-weighted sequences in the central part of 
the pons (central pontine myelinolysis), sparing ventro-lat-
eral portions and corticospinal tracts. The lesion is moder-
ately hypointense in T1 and may show positive contrast 
enhancement. If the patient survives, the acute phase can 
evolve into a cavitated pontine lesion.

13.7	 �White Matter Disease Associated 
with Radiation Therapy 
and Chemotherapy

Treatment strategies designed to target cancer cells are com-
monly associated with deleterious effects to multiple organ 
systems, including the CNS. As both radiation and chemo-
therapy alone can be associated with significant toxicity, the 
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combination of radiation and chemotherapy may be particu-
larly harmful to the CNS. With advanced treatment regimens 
and prolonged survival, neurological complications are 
likely to be observed with increasing frequency.

Neurotoxicity can result from direct toxic effects of the 
drug or radiation on the cells of the CNS, or indirectly 
through metabolic abnormalities, inflammatory processes, or 
vascular adverse effects.

Recognition of treatment-related neurologic complica-
tions is critically important, because symptoms may be con-
fused with metastatic disease, tumor progression, 
paraneoplastic disorders, or opportunistic infections, and 
discontinuation of the offending drug may prevent irrevers-
ible CNS injury.

13.7.1	 �Radiation Injury and Necrosis

It is widely accepted that the white matter of the CNS is 
prone to radiation-induced injury, compared with gray mat-
ter. Radiation encephalopathy has been classically divided 
into three stages according to its timing after radiotherapy: 
early, early-delayed, and late-delayed reactions [33]. Within 
the first several weeks of therapy, patients may experience 
acute declines with focal neurologic deficits. These effects 
are possibly related to increased edema, which has been 
supported by the observation that steroid treatment often 
results in clinical improvement. Early-delayed adverse 
effects usually occur within 1–6  months of treatment and 
are thought to be a result of demyelination. This syndrome 
is characterized by somnolence, fatigue, and cognitive dys-
function, consistent with dysfunction of the frontal network 
systems. Late-delayed side effects occur months to years 
after cessation of treatment and are largely irreversible and 
progressive. These late changes are commonly associated 
with progressive cognitive deficits. In more severe cases of 
late-delayed radiation injury, imaging and histopathological 
studies may demonstrate leukoencephalopathy and/or focal 
necrosis.

In all types of white matter radiation-induced damage, CT 
and mainly MRI may demonstrate variable degrees of white 
matter signal changes related to an increase in free tissue 
water in the involved areas. This may result from endothelial 
damage, causing increased capillary permeability and vaso-
genic edema, or from demyelination. However, the degree of 
these white matter changes correlates poorly with the func-
tional deterioration observed in the patients. MRI findings in 
early reactions occurring during course of treatment are non-
specific. MRI may be normal or demonstrate poorly defined 
multifocal lesions in both hemispheres that usually disappear 
spontaneously. MRI in early-delayed reactions also may 
show signal changes involving not only the hemispheric 
white matter but also the basal ganglia and the cerebral 

peduncles, which resolve completely without treatment. 
These early-delayed changes have been reported in children 
with acute lymphatic leukemia who have been treated with 
both whole brain irradiation and chemotherapy. These 
changes have no correlation with clinical manifestations and 
have no clear prognostic significance. Late-delayed reactions 
can be subdivided into diffuse and focal radiation necrosis 
injury.

Diffuse radiation injury is characterized by white mat-
ter changes that are “geographic” in nature, i.e., the areas 
of abnormal signal intensity or attenuation are limited to 
the regions of the brain that conform to the radiation por-
tal. This can produce striking differences between the 
involved zones and the spared surrounding white matter. 
The involved territories are often symmetric and do not 
enhance on post-contrast studies. While originally 
reported in children with leukemia, diffuse necrotizing 
leukoencephalopathy has also been observed following 
treatment for many other malignancies in both children 
and adults. The disease may occur following chemother-
apy alone, but the incidence of disease is highest when 
chemotherapy is combined with radiation therapy. Both 
the histologic findings and imaging features bear resem-
blance to radiation necrosis. Axonal swelling, demyelin-
ation, coagulation necrosis, and gliosis dominate the 
histologic picture.

Diffuse white matter changes, with hypoattenuation on 
CT and T1 and T2 prolongation on MRI, are common and 
often involve an entire hemisphere. Microbleeds can occur 
as a sign of vasculopathy. Radiation-induced leukoenceph-
alopathy may be associated with progressive brain atro-
phy, and patients may present with cognitive decline, gait 
abnormalities, and urinary incontinence. However, the 
more common mild-to-moderate cognitive impairment is 
inconsistently associated with radiological findings, and 
frequently occurs in patients with normal-appearing scans. 
Recently, more sensitive tools to quantify the damage to 
brain tissue, such as diffusion tensor imaging (DTI) have 
been applied in patients treated with brain radiotherapy 
and have shown early and progressive diffuse changes in 
normal-appearing white matter indicating radiation-
induced demyelination and mild structural degradation of 
axonal fibers, which are undetectable with conventional 
MRI.

Focal radiation necrosis usually manifests as a ring-like 
or irregular enhancing mass lesion located in the white mat-
ter, which may become hemorrhagic. The MRI features 
commonly seen in radiation necrosis include a soap bubble-
like interior and Swiss cheese-like interior. Compared with 
lesions with the soap bubble pattern, Swiss cheese lesions 
are larger, more variable in size, and more diffuse. This pat-
tern can be visualized as a result of diffuse necrosis affecting 
the white matter and cortex with diffuse enhancement at the 
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margins with intermixed foci of necrosis. The rim of enhance-
ment is often thinner, more uniform, and more aligned to the 
gray matter-white matter junction than in malignant tumors. 
As radiation necrosis progresses, it can lead to severe shrink-
age of the white matter and cortex and result in focal brain 
atrophy with hydrocephalus.

Quite frequently is impossible to distinguish radiation 
necrosis from recurrent malignant brain tumor, such as glio-
blastoma multiforme, using conventional MRI.  Metabolic 
imaging (e.g., positron emission tomography) may facilitate 
differentiating between the two diseases as radiation necrosis 
is iso-to-hypometabolic while recurrent high-grade tumors 
are typically hypermetabolic. MR spectroscopy (MRS) may 
also be useful as radiation necrosis frequently shows a char-
acteristic lactic acid peak and near-normal peaks for N-acetyl-
aspartate (NAA) and choline while recurrent high-grade 
gliomas typically show elevated choline levels compared to 
NAA without or with elevated lactic acid levels. Perfusion 
imaging can identify the areas of increased blood flow associ-
ated with tumor recurrence, whereas radiation necrosis is not 
expected to contain any increased blood flow [34].

13.7.2	 �Chemotherapy-Associated 
Neurotoxicity

Neurotoxicity has been observed with virtually all categories 
of chemotherapeutic agents [35]. Neurologic complications 
may range from acute encephalopathy, headache, seizures, 
visual loss, cerebellar toxicity, and stroke to chronic side 
effects, including chronic encephalopathy, cognitive decline, 
and dementia.

Among the most puzzling aspects of cancer therapy-
related toxicity is the occurrence of delayed and progressive 
neurological decline, even after cessation of treatment. 
Anticancer agents affect brain function through both direct 
and indirect pathways. It is also conceivable that additional 
variables play important roles, including the timing of treat-
ment, combination of different treatment modalities, patient 
age, integrity of the blood–brain barrier, and cognitive func-
tion prior to treatment initiation.

Imaging studies have provided evidence that structural 
and functional CNS changes occur in a significant number of 
patients treated with chemotherapy. Some agents, such as 
methotrexate or carmustine, are well known to cause a leu-
koencephalopathy syndrome, especially when administered 
at a high dose, intrathecally, or in combination with cranial 
radiotherapy. Nonenhancing, confluent, periventricular 
white matter lesions, necrosis, ventriculomegaly, and corti-
cal atrophy characterize this syndrome. White matter abnor-
malities following high-dose chemotherapy have been 
detected in up to 70% of treated individuals and usually have 
a delayed onset of several months.

A delayed leukoencephalopathy syndrome with distinct 
DWI abnormalities on MRI indicative of cytotoxic edema 
within cerebral white matter has been recently described. 
This syndrome appeared to mimic a stroke-like syndrome 
and has seen mainly in patients receiving methotrexate, 
5-fluorouracil (5-FU), carmofur, and capecitabine.

13.8	 �Vascular Causes of White Matter 
Disease

13.8.1	 �Posterior Reversible Encephalopathy 
Syndrome (PRES)

Although not a truly demyelinating condition, reversible 
encephalopathy syndrome is noteworthy because of its affin-
ity for the posterior cerebral white matter territories and is 
important in the differential diagnosis of demyelinating dis-
ease. Under normal circumstances, cerebral perfusion pres-
sure is maintained at a relatively constant level by 
autoregulation, a physiologic mechanism that compensates 
for wide changes in systemic blood pressure. Hypertensive 
encephalopathy is believed to result from loss of normal auto-
regulation, with competing regions of vasodilatation and 
vasoconstriction, and endothelial dysfunction. The vessels of 
the posterior cerebral circulation, lacking less sympathetic 
innervation compared to those of the anterior circulation, are 
unable to vasoconstrict in a normal manner and bear the brunt 
of these vascular changes. Reversible vasogenic edema is the 
result and is associated with visual field deficits, as well as 
headaches, somnolence, and an overall impaired mental sta-
tus. The terms posterior reversible encephalopathy syndrome 
(PRES) and reversible posterior leukoencephalopathy syn-
drome (RPLS) have been popularized in the literature to 
describe this scenario that is most commonly seen in hyper-
tensive states and/or the presence of immunosuppression 
(particularly cyclosporine A and tacrolimus), chemotherapy, 
eclampsia, and renal failure. While it commonly involves the 
posterior cerebral white matter, other sites may also be 
affected including unilateral cerebral hemispheric or isolated 
brainstem involvement in patients following aortic valve sur-
gery [36, 37]. Accordingly, it has been suggested that perhaps 
the terminology should be changed to simply “reversible 
encephalopathy” [38].

On MR studies, bilaterally symmetric abnormal T2 hyper-
intensity, representing vasogenic edema, is most commonly 
seen in the distribution of the posterior circulation, although 
other sites including the frontal lobes and corpus callosum 
may be noted as well. Cortical and subcortical lesions may 
be better detected on FLAIR sequences. DWI may be normal 
or show restricted water diffusion in regions of infarction 
that correlate with poorer prognosis [23]. Susceptibility-
weighted imaging may show areas of hemorrhage within 
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involved territories. With early treatment and limited involve-
ment of the brain, many of these imaging abnormalities will 
completely resolve and most patients recover within 2 weeks 
[39]. However, when larger areas or regions of infarction are 
involved, permanent neurologic deficits or even death are 
possible. Vascular narrowing has been observed on angio-
graphic studies. Perfusion studies reported in the literature 
indicate normal to increased perfusion in these zones. When 
biopsies of these regions have been performed, white matter 
edema is seen histologically.

13.8.2	 �Aging and Ischemic Demyelinating 
Disorders

Small focal lesions on T2-weighted images are quite common 
in the white matter of adult subjects [40]. They are not associ-
ated with mass effect, do not enhance, and are typically isoin-
tense compared to normal white matter on T1-weighted 
images. When these lesions have been biopsied, histologic 
examination reveals a spectrum of findings including gliosis, 
(partial) loss of myelination, and vasculopathy. They tend to 
be located in the deep white matter of the centrum semiovale. 
In contrast to MS, lesions do not involve the corpus callosum 
or the juxtacortical U-fibers, important distinguishing fea-
tures [3]. Since the lesions are so ubiquitous and appear to be 
a part of “normal” aging, various terms have been proposed: 
senescent white matter changes or disease, deep white matter 
ischemia, leukoaraïosis, etc. In general, the more lesions 
present, the more likely it is that the patient will have cogni-
tive problems or difficulties with neuropsychological testing. 
However, it is not possible to predict a particular patient’s 
status simply based on the imaging appearance alone.

In adult patients between 30 and 50 years of age, the pres-
ence of periventricular and subcortical lesions in a patient 
with a family history of similarly affected relatives should 
raise the possibility of cerebral autosomal dominant arteri-
opathy with subcortical infarcts and leukoencephalopathy 
(CADASIL). A defect in the notch3 gene on the long arm of 
chromosome 19 has been identified and apparently evokes 
an angiopathy affecting small and medium-sized vessels. 
Most lesions occur in the frontal and temporal lobes and less 
commonly in the thalamus, basal ganglia, internal and exter-
nal capsules, and brain stem [41].

13.9	 �Conclusion

MRI of the brain and spinal cord is of vital importance in the 
diagnosis of MS, the most important idiopathic inflamma-
tory CNS disorder [42]. Dissemination in space and time on 
MRI is not limited to MS and can occur in NMO, and spinal 
cord imaging is important in the differential diagnosis. 

Increasingly, MRI is used to monitor MS treatment and their 
complications such as PML.
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