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OBJECTIVE. Tumefactive demyelination mimics primary brain neoplasms on imag-
ing, often necessitating brain biopsy. This article reviews the literature for the clinical and
radiologic findings of tumefactive demyelination in various disease processes to facili-
tate identification of tumefactive demyelination on imaging.

CONCLUSION. Both clinical and radiologic findings must be integrated to distin-
guish tumefactive demyelinating lesions from similarly appearing lesions on imaging.
Further research on the immunopathogenesis of tumefactive demyelination and asso-
ciated conditions will elucidate their interrelationship.

Tumefactive demyelinating lesions are large demyelinating lesions that present with
significant mass effect and surrounding edema. They are most commonly associated
with multiple sclerosis (MS). However, tumefactive demyelinating lesions are also seen
in other conditions, including neuromyelitis optica spectrum disorder (NMOSD), Balé
concentric sclerosis (BCS), myelinoclastic diffuse sclerosis (Schilder disease), acute dis-
seminated encephalomyelitis (ADEM), acute hemorrhagic leukoencephalitis, and auto-
immune-mediated encephalitis. Tumefactive demyelinating lesions have been arbitrari-
ly defined as demyelinating lesions greater than 2 cm on T2-weighted MRI, although
smaller lesions between 0.5 and 2 cm may also show similar MRI characteristics and clin-
ical evolution [1]. Tumefactive demyelination can manifest in isolation at the onset or
during the course of other disease processes. Furthermore, its pathophysiology remains
poorly understood.

Tumefactive demyelination was first reported in 1979 by van der Velden et al. [2] on un-
enhanced head CT of a patient with pathologically confirmed MS. Since then, tumefac-
tive demyelinating lesions have been described by several names in the literature, includ-
ing pseudotumoral demyelinating lesions, tumefactive or tumorlike MS, and tumorlike
demyelinating lesions, among other designations [3]. These terms have often been used
interchangeably, which may in part reflect both the diagnostic challenge of tumefactive
demyelination and its elusive relationship to associated conditions, many of which have
overlapping features with each other. Efforts are underway to clarify the interrelationship
between tumefactive demyelination, MS, and atypical demyelinating disease processes
that were previously considered subtypes of MS [4].

As its name suggests, tumefactive demyelination mimics brain tumors or other
space-occupying lesions including abscess, other infections, metastasis, or infarct. The
detection of tumefactive demyelination frequently leads to diagnostic uncertainty, par-
ticularly if the lesions occur in patients without a known demyelinating disease. There-
fore, these cases often lead to brain biopsy to establish a diagnosis, causing an increase in
morbidity, delays in treatment, and unnecessary patient distress [5] despite the fact that
there are radiologic signs that can be helpful in diagnosing tumefactive demyelination. To
distinguish tumefactive demyelinating lesions from neoplastic or other lesions, this article
reviews the current state of the literature on clinical and radiologic findings of tumefactive
demyelination and its associated diseases. The goal of this article is to facilitate identifica-
tion of tumefactive demyelination on imaging.
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Fig. 1—63-year-old man with multiple sclerosis and tumefactive demyelination. Patient presented with acute left-sided weakness, progressively worsening gait, left

foot drag, lightheadedness, and dizziness.

A, Photomicrograph (H and E) of biopsied lesion shows normal white matter on right with myelin-highlighted blue and area of demyelination on left with loss of

myelin, macrophages, and perivascular lymphocytes.

B, Photomicrograph (Bielschowsky silver) shows relative axonal preservation in area corresponding to demyelination.
C, Axial contrast-enhanced T1-weighted image shows enhancing lesions with open ring pattern (arrow).

Epidemiology

Currently, no large-scale epidemiologic data are available on
tumefactive demyelination prevalence. Several recent cohort
studies reported a wide range of tumefactive demyelination
prevalence among patients with MS, ranging between 1.4% (10
of 711 patients) and 8.2% (24 of 293 patients) [1, 6, 7]. These rates
are higher than those reported in earlier studies (one reported
0.17% occurrence among patients with MS or chronic inflamma-
tory disease) most likely owing to the advancement of MRI stud-
ies available [8]. Mean age of patients at tumefactive demyelin-
ation onset is between 20 and 40 years, with varying levels of
female predominance [9, 10].

Clinical Manifestations

Some tumefactive demyelinating lesions are asymptomatic
and are incidentally discovered on MRI scans. Symptomatic le-
sions present acutely or subacutely, and clinical presentations
vary by the size and location of the lesion and the degree of mass
effect. Hemiparesis or hemiplegia are the most common present-
ing symptoms (67%). However, other symptoms including apha-
sia, headache, visual and cognitive disturbances, and sensory dis-
orders may also be present [10].

Pathologic Appearance

Common histopathologic findings of tumefactive demyelin-
ation resemble prototypic MS and reflect active inflammatory de-
myelinating disease. These include areas of demyelination with
relative axonal sparing, foamy macrophages (some of which con-
tain myelin), reactive astrocytes, and perivascular lymphocytes [11]
(Figs. 1A and 1B). The presence of spared axons is important to dis-
tinguish tumefactive demyelination from a subacute infarction,
which also presents with many foamy macrophages and reactive
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astrocytes. This analysis can be undertaken using silver staining or
neurofilament immunohistochemistry. Creutzfeldt-Peters cells are
reactive astrocytes with fragmented nuclear inclusions that can be
seen in tumefactive demyelination, but Creutzfeldt-Peters cells can
also be found among neoplastic glial cells in glioblastomas [12].

MRI Appearance of Tumefactive Demyelination

MRI is the best imaging modality for tumefactive demyelin-
ation diagnosis (Table 1). Several characteristic conventional MRI
features of tumefactive demyelination have been introduced, al-
though diagnostic uncertainties still remain [5]. These include an
open ring or incomplete rim of enhancement, a T2-hypointense
rim, absent or mild mass effect, and absent or mild perilesion-
al edema (pooled incidence of 35%, 48%, 67%, and 57%, respec-
tively) [13]. MRI's pooled sensitivity and specificity for differentiat-
ing tumefactive demyelinating lesions from primary brain tumor
have been reported as 89% and 94%, respectively [13]. Further-
more, previous reports have suggested four categories of tume-
factive demyelinating lesions based on MRI appearance: ringlike,
megacystic, infiltrative, and Balé-like; however, 14-17% of cases
may not fit any of the categories [14, 15]. Tumefactive demyelin-
ation shows various patterns of contrast enhancement, including
homogeneous, heterogeneous, patchy and diffuse, cotton-ball,
closed ring, open ring, and nodular [9].

Among the aforementioned MRI features of tumefactive demy-
elination, the most frequently reported is an open ring of enhance-
ment with the incomplete portion of the ring abutting the gray
matter of the cortex or basal ganglia [16] (Figs. 1C and 2B). The en-
hancing component of the ring is regarded as an advancing front
of demyelination and faces the white matter side of the lesion. The
nonenhancing core in the center represents a more chronic inflam-
matory process [17]. On pathology, an open ring of enhancement
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TABLE 1: Imaging Characteristics of Tumefactive Demyelination

Characteristic or Imaging Modality

Findings (Pooled Incidence)

Common sites of tumefactive demyelination
cT
MRI

T2-weighted imaging

Contrast-enhanced T1-weighted imaging

DWI

MRS
8F_FDG PET

Frontal lobes and parietal lobes (41-74%)

Hypoattenuated areas on unenhanced CT corresponding to enhancement on MRI (93%)

Hypointense rim (48%)
Absent or mild mass effect (67%)
Absent or mild perilesional edema (57%)

Open ring enhancement (35%) (Fig. 1)

Closed ring enhancement (18%)

Homogeneous, heterogeneous, patchy and diffuse, cotton ball, and nodular patterns of contrast
enhancement

Hyperintense rim
High ADC values in center of lesion and relatively low ADC values in periphery of lesion

Increased Cho/NAA ratio

Increased glucose uptake in lesion that is nearly equal to glucose uptake in normal cortex

Demyelinating diseases seen in association with
tumefactive demyelination

MS Central vein sign, which is commonly seen in periventricular (94%) and deep white matter (84%) lesions
(Fig. 3)
BCS Concentric rings of T2 isointensity and hyperintensity (Fig. 4)

Myelinoclastic diffuse sclerosis

NMOSD

Large, masslike T2-hyperintense lesions with irregular or smooth enhancing rims in the deep and
subcortical white matter (Fig. 5)

Often absent or minimal gadolinium enhancement

Note—MRS = MR spectroscopy, Cho = choline, NAA = N-acetyl aspartate, MS = multiple sclerosis, BCS = Bal6 concentric sclerosis, NMOSD = neuromyelitis optica

spectrum disorder.

is associated with infiltration by macrophages and angiogenesis at
the inflammatory border [18]. Mixed results exist about whether
an open-ring or closed-ring pattern of enhancement is more com-
mon. Two cohort studies of tumefactive demyelination (with 168
and 54 cases) found that closed ring was more common. However,
a recent meta-analysis showed that the pooled incidence of open-
ring pattern was higher than the closed-ring pattern (35% vs 18%,
respectively) [9, 13, 19]. Sensitivity of open-ring or incomplete rim
enhancement for tumefactive demyelination diagnosis has been
reported with significant variation (27-71%), although specificity
has been consistently high (98-100%) [20-22].

Most tumefactive demyelinating lesions are supratentorial, with
frontal lobe (incidence between 40.7 and 56%) and parietal lobe
(reported incidence between 42 and 74.1%) being the most com-
mon sites [9, 19, 23, 24]. Corpus callosum, occipital, and temporal
lobe involvement are also seen [9, 19, 23, 24]. When the corpus cal-
losum is involved, a butterfly appearance can be seen in 12% of
cases [9]. The addition of unenhanced CT to contrast-enhanced
MRI'may be useful to better distinguish tumefactive demyelinating
lesions from tumors. Hypoattenuated areas on CT that correspond
to areas of enhancement on MRI occur at a much higher rate in tu-
mefactive demyelination than in tumor (93% vs 4%); thus, CT plus
MRI showed stronger diagnostic accuracy than MRI alone (97% vs
73.0%), with a sensitivity of 87% and specificity of 100% [21].

Diffusion-Weighted MRI

The use of ADC values has been investigated to distinguish tu-
mefactive demyelinating lesions from primary brain neoplasms.
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Tumefactive demyelinating lesions show heterogeneous ADC
values: high ADC in the center of the lesion due to vasogenic
edema and myelin destruction and low ADC peripherally due to
inflammatory cell infiltrates [25]. On serial MRI scans, restricted
diffusion at the advancing edge of demyelination can evolve dy-
namically, which is not seen in abscesses or tumors [26]. Within
the enhancing part of the lesion, tumefactive demyelination may
show reduced isotropic component of the diffusion-tensor (p)
compared with high-grade gliomas. Furthermore, the mean val-
ue of anisotropic component of diffusion-tensor (q) is reduced in
tumefactive demyelination compared with gliomas, which may
suggest greater myelin loss [22]. Although enhancing regions
of tumefactive demyelination show lower ADC value than glio-
mas, minimum ADC values may be higher in tumefactive demy-
elinating lesions than in lymphomas [20, 27]. A study suggests
that the minimum ADC value may be the best indicator for dis-
tinguishing tumefactive demyelinating lesions from primary CNS
lymphomas, with a threshold of 0.556 x 10> mm?/s having a sen-
sitivity of 81.3% and specificity of 88.9% [28]. Finally, compared
with high-grade gliomas, the peripheral enhancing portion of tu-
mefactive demyelination shows higher fractional anisotropy but
lower mean diffusivity values [29].

Dynamic Susceptibility Contrast Perfusion MRI

The few studies that have compared regional cerebral blood
volume (rCBV) of tumefactive demyelinating lesions with the
rCBV of intracranial neoplasms have shown mixed results. Tu-
mefactive demyelinating lesions may show lower or similarly
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increased rCBV compared with intracranial neoplasms [30, 31].
However, given the small sample sizes of these studies [30, 31],
this issue warrants further research.

MR Spectroscopy

On MR spectroscopy (MRS), tumefactive demyelinating lesions
may show an increased choline (Cho)-containing peak and a de-
creased N-acetyl aspartate (NAA) peak (i.e., an increased Cho/
NAA ratio). Although this pattern can also be seen in neoplasms,
two small cohort studies found an almost-identical cutoff of Cho/
NAA ratio of greater than 1.72 or 1.73 as an indicator of high-
grade gliomas rather than tumefactive demyelinating lesions
[32, 33]. However, the applicability of this cutoff is questionable
given that MRS is affected by technical factors, such as choice of
sequence and TE, as well as the age of the lesion [32] and voxel
positioning. Furthermore, at in vivo MRS resolution, the Cho res-
onance includes phosphoesters of Cho that are increased with
both membrane synthesis and turnover [34]. A study with a larger
sample is needed to determine the utility of MRS; however, when
used as an adjunct to conventional MRI, Cho/NAA ratio has been
shown to improve diagnosis [33]. Some studies have shown that a
lactate peak and glutamate-glutamine peak may also be present
in tumefactive demyelinating lesions [25, 35].

PET Scans

Few studies have explored the utility of '®F-FDG (FDG) PET in
tumefactive demyelination diagnosis. Although one study found
a decrease in total brain glucose metabolism among patients
with MS [36], another showed increased glucose uptake in stable
MS lesions [37]. Compared with the normal cortex, tumefactive
demyelinating lesions may show almost equal glucose uptake to
increased glucose uptake on FDG PET [37]. Furthermore, glucose
uptake of tumefactive demyelinating lesions may not significant-
ly differ from malignant gliomas [38].

With regard to "C-methionine PET, methionine uptake of tume-
factive demyelinating lesions may vary from high uptake in the
entire lesion, thus mimicking a malignant tumor, to insignificant
uptake [39-42]. Finally, according to a recent study, '®F-fluoroeth-
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Fig. 2—50-year-old woman with multiple sclerosis
and tumefactive demyelinating lesion. Patient
presented with seizure without return to baseline
mentation.

A, Axial FLAIR image shows large right frontal lesion
with hyperintense rim and isointense center.

B, Axial contrast-enhanced T1-weighted image
shows lesion has incomplete ring of enhancement.

yl-i-tyrosine PET may differentiate tumefactive demyelinating le-
sions from true neoplastic lesions using lesion-to-background ra-
tio and lower SUV__ [43].

CSF Biochemistry

Tumefactive demyelinating lesions that occur in isolation
showed IgG oligoclonal bands positivity between 52.1% and 70%
of cases, and some of these patients later eventually developed MS
[10, 19]. On the other hand, 90% of MS patients with tumefactive
demyelinating lesions show IgG oligoclonal band positivity [19].

Conditions Associated With Tumefactive
Demyelination

This section describes conditions that have been reported in
association with tumefactive demyelination. Many have overlap-
ping features that complicate diagnosis and their categorization
as distinct or related conditions. Although their exact nosology
remains unclear, recognition of these syndromes to be associated
with tumefactive demyelination is crucial for proper tumefactive
demyelination diagnosis and treatment.

Tumefactive Demyelination Associated With Multiple
Sclerosis

Recent literature often describes tumefactive demyelination
associated with MS as MS with an atypical presentation. Patho-
logic analysis of these lesions reveals active demyelination in ac-
cordance with a typical MS lesion [44]. Among patients with an
established MS diagnosis, between 0.1% and 8.2% develop tu-
mefactive demyelination [1, 6, 7, 9, 14, 19, 45]. On the other hand,
between 22% and 70% of inaugural isolated tumefactive demye-
lination (tumefactive demyelination without any other MS lesion
on the first MRI) is followed by MS, with a 5-year risk of MS con-
version estimated at 27% [44]. Tumefactive demyelination-onset
MS presents with an acute onset and a relapsing-remitting evo-
lution, similar to typical MS, and does not have a worse prognosis
than classic MS [10].

On imaging, tumefactive demyelination in MS has been re-
ported in association with a central vessel sign and decreased
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perfusion in comparison with tumors and normal-appearing
white matter. It has been hypothesized that the central ves-
sel represents a vein draining toward distended subependymal
veins [31, 46].

The presence of a central vein within the white matter lesion,
called the “central vein sign” (CVS), is a specific biomarker of
perivenous inflammatory demyelination. CVS is defined as a hy-
pointense thin line or small dot (< 2 mm) that is visible in at least
two planes and located centrally within the surrounding lesion
on susceptibility-weighed images or T2*-weighted images (Fig.
3). Studies have found CVS in up to 80-92% of all MS lesions, and
the CVS has been proposed as a potential diagnostic tool for MS
[47-49]. One study reported that when more than 54% of the le-
sions on any given scan showed the CVS, MS diagnosis accuracy
was 94% with a sensitivity of 90% and specificity of 100% [48].

Given the association of CVS with MS, MS should be a lead-
ing consideration when a CVS is found within a large tumefac-
tive lesion suspicious for tumefactive demyelination. CVS is most
commonly seen in periventricular (94%) and deep white matter
(84%) lesions and decreases closer to the cortex [50-52]. A recent
study described CVS associated with inflammation-dependent
vascular remodeling of small to medium-sized veins, consisting
of luminal enlargement and eccentric thickening of perivascular
space with fibrillar collagen type | deposition [53].
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Fig. 3—63-year-old man (same patient asin

Fig. 1) with multiple sclerosis and tumefactive
demyelinating lesion. Patient presented with left-
sided weakness, left foot drag, and gait abnormality
over few months. Patient also complained of
lightheadedness and dizziness.

A, Magnified axial FLAIR image shows hyperintense
lesion (circle) in right posterior internal capsule and
posterolateral thalamus.

B, Magnified axial susceptibility-weighted image
shows hypointense linear vessel running through
center of lesion (arrow).

Tumefactive Demyelination Associated With Balé
Concentric Sclerosis

BCS is a form of atypical demyelination characterized radio-
logically and pathologically by concentric rings of demyelination
and remyelination [54] (Fig. 4). BCS is now widely considered to
occur in the context of other demyelinating processes rather
than as a distinct demyelinating disease [5]. On MRI, alternating
concentric rings of T2 isointensity and hyperintensity are seen,
representing areas of relatively preserved myelin and demyelin-
ation, respectively [55, 56]. BCS is seen in many diseases includ-
ing MS, NMOSD, progressive multifocal leukoencephalopathy,
cerebral autosomal dominant arteriopathy with subcortical in-
farcts and leukoencephalopathy (CADASIL), and concomitant ac-
tive hepatitis C and human herpesvirus 6 [57-60]. However, aside
from the concentric appearance, BCS-associated tumefactive de-
myelination and MS-associated tumefactive demyelination show
significant overlap. The advent of MRI has revealed a close link of
tumefactive demyelination, BSC, and typical MS [4]. Multiple BCS
lesions can coalesce to form tumefactive demyelination, and con-
versely, tumefactive demyelination can evolve into BCS [61, 62].
Meanwhile, a recent CSF study found significant difference in CSF
findings between BCS and typical MS, suggesting that a BCS le-
sion may denote the presence of an immunologically distinct dis-
ease entity other than MS [63].

Fig. 4—17-year-old girl with biopsy-proven Bal6é
concentric sclerosis (BCS). Patient presented with
strokelike symptoms [54]. (Reprinted by permission
from Springer Nature Customer Service Centre
GmbH: Springer Nature Diffusion-weighted MR
imaging of the brain, 2nd ed. by Moritani T, Ekholm S,
Westesson PA [Moritani T, Ekholm S, Westesson PA,
eds.] © 2009)

A, Axial T2-weighted image shows large
hyperintense mass with multilayered appearance
in right posterior periventricular and deep white
matter.

B, Axial DW image obtained at follow-up 2 months
after A shows lesions as hypointense with increased
ADC (not shown).
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Fig. 5—80-year-old woman with biopsy-proven myelinoclastic diffuse sclerosis (Schilder disease). Patient initially presented with confusion [54]. (Reprinted by
permission from Springer Nature Customer Service Centre GmbH: Springer Nature Diffusion-weighted MR imaging of the brain, 2nd ed. by Moritani T, Ekholm S,

Westesson PA [Moritani T, Ekholm S, Westesson PA, eds.] © 2009)

A, Axial T2-weighted image shows symmetric large hyperintense lesions with slightly low-signal curvilinear areas (arrows) involving posterior corpus callosum and

occipital white matter bilaterally.

B, Axial contrast-enhanced T1-weighted image shows symmetric irregular enhancement along curvilinear T2-hypointense signal areas.
C, Axial DW image shows curvilinear areas (arrows) as mildly hyperintense with decreased ADC (not shown), corresponding to active demyelination.

Tumefactive Demyelination Associated With
Myelinoclastic Diffuse Sclerosis (Schilder Disease)

Myelinoclastic diffuse sclerosis, also known as Schilder dis-
ease, is a rare primary demyelinating disorder that is regarded as
an MS variant that often develops during childhood and adoles-
cence but that can occur in adults. Schilder plaques have been
defined to be at least 3 x 2 cm in two of three dimensions and
typically involve the centrum semiovale and the corpus callosum
[64, 65]. MRI shows large, masslike T2-hyperintense lesions with
irregular or smooth enhancing rims in the deep and subcortical
white matter [54] (Fig. 5). The open-ring sign is common and is
helpful in diagnosing tumefactive demyelinating lesions when
present. Because Schilder disease lesions often do not seem to
differ from multifocal tumefactive demyelinating lesions, some
no longer consider Schilder disease to be a distinct form of atypi-
cal demyelination [5]. Pathology of Schilder disease may be iden-
tical to that of MS [64]. However, a recent CSF study showed that
oligoclonal band patterns of Schilder disease are substantially
different from MS, prompting authors to suggest that the two are
immunologically distinct entities [66].

Tumefactive Demyelination Associated With NMOSD
NMOSD is a new disease spectrum now regarded as a distinct
entity from MS. Its most significant clinical features include optic
neuritis and longitudinal myelitis affecting three or more verte-
bral segments, and patients may or may not be seropositive for
antiaquaporin 4 antibody (AQP4-Ab). AQP4-Ab is a pathogenic
autoantibody targeting the water channel protein aquaporin 4
on astrocytic foot processes [67]. The common clinical picture of
NMOSD has a significant overlap with MS and includes subacute
vison loss, paraparesis or quadriparesis episodes, and relapsing
attacks of varying frequency. Among patients with AQP4-Ab-se-

AJR:217, July 2021

ronegative NMOSD, up to 25% may be seropositive for antibod-
ies against myelin-oligodendrocyte glycoprotein (MOG-IgG), a
myelin-targeting antibody [68]. MOG-IgG-seropositive NMOSD
cases are now considered to denote a distinct disease entity
separate from AQP4-Ab—positive NMOSD, often referred to as
MOG-IgG-associated encephalomyelitis [69]. Tumefactive de-
myelination has been reported in association with NMOSD and
MOG-IgG demyelinating diseases [45, 70, 71]. Furthermore, tume-
factive demyelination has been reported to develop among pa-
tients with NMOSD who were initially misdiagnosed as having MS
and were treated with interferon-f therapy and fingolimod [72].

On imaging, tumefactive demyelination-associated NMOSD
often shows absent or minimum gadolinium enhancement, sug-
gesting preserved integrity of the blood-brain barrier [73, 74],
while the presence of tumefactive demyelination in NMOSD with
incomplete ring enhancement may be easily confused with tu-
mefactive demyelination in MS [75] (Fig. 6). A common MRI find-
ing includes hyperintense lesions on T2-weighted imaging, iso-
to hypointense lesions on T1-weighted imaging, and hypo- or
isointense lesions on DWI with increased ADC values. If DWI hy-
perintensity is present, it is often due to T2 shine-through. An
MRS study with a small cohort found that tumefactive demyelin-
ating lesions in patients with NMOSD showed increased Cho/cre-
atine ratios and decreased NAA/creatine ratios [76].

Imaging findings of AQP4-Ab-seropositive NMOSD include se-
vere optic neuritis that may involve the optic chiasm as well as lon-
gitudinally extensive myelitis involving more than three vertebral
segments, commonly in the central gray matter. Involvement of the
area postrema in the dorsal medulla with intractable hiccup, nausea,
and vomiting are highly specific findings [77]. Gadolinium-enhanc-
ing lesions may have a cloudlike appearance (i.e., patchy enhancing
lesions that have blurred margins) in up to 90% of patients [78].
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Tumefactive Demyelination Associated With Acute
Disseminated Encephalomyelitis

ADEM is an immune-mediated inflammatory demyelinating
disorder that is typically precipitated by viral infections or vaccina-
tions [79]. It is mostly seen in the pediatric population, with report-
ed incidence varying between 0.4/100,000/year under the age of
20 years and 0.64/100,000/year under the age of 15 years [80, 81].
Reports of tumefactive demyelination in association with ADEM
are limited, but a study with a large cohort found that 10.3% of
patients had tumefactive demyelination [81]. Inflammatory demy-
elinating lesions of ADEM partially or completely resolve, and the
occurrence of new lesions is rare at 5-8% [79].

The neurologic findings of ADEM reflect multifocal involve-
ment, but ADEM usually behaves as a monophasic disease [80].
Classic MRI findings of ADEM on FLAIR images are multiple asym-
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Fig. 6—35-year-old woman with antiaquaporin

4 antibody-seropositive neuromyelitis optica
spectrum disorder and tumefactive demyelinating
lesion. Patient is paraplegic and presented with
increased sleepiness and decreased alertness.

A, Axial FLAIR image shows multiple hyperintense
lesions in periventricular regions, worse along
occipital horn of right lateral ventricle. There is
also hydrocephalus that required ventriculostomy
placement.

B, Axial contrast-enhanced T1-weighted image
shows incomplete peripheral enhancement of right-
sided lesions.

metric areas of hyperintensity involving white matter [54] (Fig.
7). However, size, location, and presence or absence of hemor-
rhage can be variable. Demyelinating lesions of ADEM almost al-
ways occur in the subcortical white matter, but they are also seen
in the brainstem, spinal cord, thalami, and basal ganglia; 3.3% of
ADEM cases have reportedly converted to MS [82].

Tumefactive Demyelination Associated With Other Disorders

Autoimmune-mediated encephalitis, which can be paraneo-
plastic, may also present with tumefactive demyelination-type
lesions onimaging. We encountered a case of pathologically con-
firmed tumefactive demyelination associated with anti-Ma2-se-
ropositive autoimmune encephalitis in a patient with mediastinal
nonseminomatous germ cell tumor (Fig. 8). Anti-N-methyl-p-as-
partate encephalitis is a subtype of autoimmune-mediated

Fig. 7—11-year-old boy with acute demyelinating
encephalomyelitis and tumefactive demyelinating
lesion. Patient presented with altered mental status
[54]. (Reprinted by permission from Springer Nature
Customer Service Centre GmbH: Springer Nature
Diffusion-weighted MR imaging of the brain, 2nd ed.
by Moritani T, Ekholm S, Westesson PA [Moritani T,
Ekholm S, Westesson PA, eds.] © 2009)

A, Axial FLAIR image shows multiple ill-defined
hyperintense lesions in white matter, corpus
callosum, basal ganglia, and thalami.

B, DW image shows multiple hyperintense lesions
with increased ADC and partially decreased ADC

in peripheral area of lesions, likely representing
combination of vasogenic cytotoxic edema with
demyelination.
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B C

Fig. 8—30-year-old man with tumefactive demyelinating lesion associated with anti-Ma2-seropositive autoimmune encephalitis and nonseminomatous germ cell

tumor. Patient presented with altered mental status, incontinence, and headache.

A, Axial FLAIR image shows extensive edema extending from hypothalamus to temporal lobes and insula bilaterally.
B, Coronal contrast-enhanced T1-weighted image shows avid enhancement in hypothalamus and basal ganglia.

C, Axial DW image shows restricted diffusion along periphery.

encephalitis associated with MRI and pathologic changes of de-
myelination [83]. This type of encephalitis has been associated
with NMOSD, and its MRI appearance may mimic tumefactive
demyelination [84, 85]. Furthermore, tumefactive demyelination
has been reported as a potential adverse event of fingolimod or
natalizumab use in MS and NMOSD [86-88].

It is also important to be aware that tumefactive demyelin-
ation can be a harbinger of malignancy. Pathologically confirmed
tumefactive demyelinating lesions, after showing good response
to corticosteroids, can precede primary CNS lymphoma in immu-
nocompetent patients [89-92]. A biopsied lesion showing de-
myelination may later prove to be a rapidly developing primary
CNS lymphoma. CNS lymphoma has been described in patients
treated with mycophenolic acid for systemic lupus erythemato-
sus, which may originally present as demyelinating lesions [93].
Awareness of this possible disease course is important to miti-
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gate disease progression, and diligent follow-up is required in tu-
mefactive demyelination regardless of steroid responsiveness.

Tumefactive Demyelination Associated With
Developmental Venous Anomalies

Developmental venous anomalies (DVAs) are the most com-
mon type of congenital cerebral vascular malformations and
are generally regarded as benign and incidental developmental
anomalies. However, between 11.6% and 28.3% of DVAs are as-
sociated with FLAIR hyperintensity in the DVA drainage territo-
ry of the brain parenchyma [94-97]. Although the exact patho-
physiology of DVA-associated signal-intensity change remains
unclear, it has been hypothesized that DVA causes impaired ve-
nous drainage, which predisposes to blood-brain barrier break-
down and increases lymphocytic infiltration in adjacent brain pa-
renchyma, leading to demyelination. A recent study found that

Fig. 9—56-year-old woman

with biopsy-proven tumefactive
demyelinating lesion associated with
developmental venous anomaly (DVA).
Patient presented with diplopia, acute
left eyelid droop, and right-hand
tingling and numbness.

A, Axial FLAIR image shows
hyperintense lesion in right insula and
right midbrain.

B, Magnified axial contrast-enhanced
T1-weighted image shows patchy
peripheral enhancement of lesion.
Note “central vein” sign (vertical arrow)
and associated DVA (horizontal arrow).
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Fig. 10—8-year-old boy with large tumefactive demyelinating lesion. Patient presented with left-sided weakness and headache. Patient showed good response to

corticosteroid treatment.

A, Axial FLAIR image shows large hyperintense lesion in right frontal and parietal lobes.

B, Axial contrast-enhanced T1-weighted image shows incomplete peripheral enhancement of lesion.
C, Axial FLAIR image obtained after patient had received 5 weeks of corticosteroid treatment shows decreased signal abnormality in right frontal and parietal lobes.

47.3% of DVAs in patients with MS were associated with FLAIR hy-
perintense signal that showed a positive CVS (Fig. 9). This find-
ing prompted the authors to suggest that a demyelinating cause
should be considered when a tumefactive demyelinating lesion
with CVS is found in close association with a DVA [98]. Because
the DVA may be the sole venous outflow to adjacent normal brain
parenchyma, biopsy of a suspected tumefactive demyelinating
lesion in close proximity to DVA should be avoided due to in-
creased hemorrhage and infarction risks [99].

Management and Course of Tumefactive Demyelination

Management recommendations for isolated tumefactive de-
myelinating lesions are based on case reports and series. Simple
observation is sufficient for asymptomatic or minimally symp-
tomatic cases, and follow-up MRI at 4-6 weeks (or sooner if
symptoms worsen) is considered reasonable. High-dose IV cor-
ticosteroids are the first-line treatment of acute symptomatic tu-
mefactive demyelinating lesions [19] (Fig. 10). When corticoste-
roids are ineffective, plasma exchange therapy can be considered
[100]. When lesions progress further despite treatment, good re-
sponse has been shown with cyclophosphamide and rituximab
[5]. When MS evolves or when tumefactive demyelinating lesions
present with typical MS, it is reasonable to treat with MS dis-
ease-modifying therapy [101]. Caution is required for the use of
fingolimod, but no evidence exists regarding the preferred type
of MS therapy. Relapses of tumefactive demyelinating lesions are
said to occur in approximately 17% of isolated tumefactive de-
myelinating lesions, which are also treated with corticosteroids
[19]. The long-term prognosis of tumefactive demyelinating le-
sions warrants further research and may largely depend on the
underlying immunopathology.
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Conclusion

Tumefactive demyelination is an uncommon but important
manifestation of multiple immune-mediated neurologic diseas-
es that can be difficult to diagnose. However, identifying an ab-
normality as demyelination rather than malignancy or infection
is critical in guiding further workup and treatment. To do so, in-
tegrating clinical findings with findings from multiple imaging
modalities is essential. Continued research to understand the im-
munopathogenesis of tumefactive demyelination as well as its
associated diseases will aid in further understanding their inter-
relationship and nosology.
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