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Abstract

Neuromyelitis optica (NMO) is an autoimmune disorder of the central nervous system that usually
presents with acute myelitis and/or optic neuritis. Recently, some brain magnetic resonance
imaging findings have been described in NMO that are important in the differential diagnosis.
Pencil-thin, leptomeningeal, and cloud-like enhancement may be specific to NMO. These patterns
are usually seen during relapses. Recognizing these lesions and enhancement patterns may
expedite the diagnosis and allows early effective treatment. The purpose of this article is to review
the latest knowledge and to share our experience with the contrast enhancement patterns of NMO
brain lesions.
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1. Introduction

Neuromyelitis optica (NMO) is an autoimmune disorder of the central nervous system that
typically presents with acute transverse myelitis (TM) and/or optic neuritis (ON) attacks.
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NMO is now known to be associated with antibodies to aquaporin 4 (AQP4), which is highly
concentrated in astrocytic end-feet at the blood—brain barrier [1].

Brain, orbits, and spinal cord magnetic resonance imaging (MRI) has an increasing role in
the early diagnosis of NMO [2,3]. Early diagnosis and appropriate treatment of NMO are
clinically important. First of all, preventing future attacks and related severe disability is the
major goal of treatment in NMO. Secondly, some multiple sclerosis (MS) treatments,
especially natalizumab and interferon beta, may worsen the disease [4-6].

Enhancement patterns of the brain lesions in NMO have some unique features, and
sometimes, in the presence of characteristic lesions, they might help to make a specific
diagnosis. The purpose of this article is to review the latest knowledge and to share our
experience with the contrast enhancement patterns of NMO brain lesions. With the data and
images provided in this review, we hope to familiarize readers with the different types of
lesion enhancement characteristics that might indicate NMO.

1.1. Brain lesions

Presence of a brain MRI that is not diagnostic of MS also remains part of the current
diagnostic criteria [7] (Table 1). These criteria should be used to make a diagnosis of NMO.
Excluding NMO based on these criteria is not advised, considering reported brain lesions
that may meet MS criteria and spinal cord lesions that are not long enough to meet
longitudinally extensive transverse myelitis (LETM) definition (contiguous T2 signal
abnormality =3 vertebral segments) [2].

After discovery of the antibody to AQP4 in 2004, various brain lesions have been reported in
NMO [8]. AQP4 protein is expressed mainly in astrocytes, in high densities in perivascular
and subpial astrocytic end-feet. It is widely distributed in the central nervous system, and
thus the manifestations of the disease would not be expected to be restricted to the spine and
optic nerves. Lesions in the hypothalamus and thalamus (diencephalic lesions), and
periependymal lesions around cerebral aqueduct, third and fourth ventricles, dorsal medulla,
and area postrema are regarded as typical locations for NMO lesions as these regions also
represent areas of high AQP4 distribution [9-12]. Periventricular lesions that have a parallel
orientation (i.e., not Dawson’s fingers); diffuse heterogenous hyperintensities in the
splenium of the corpus callosum; corticospinal tract lesions; large, extensive confluent
cerebral hemispheric lesions; and nonspecific punctate T2 hyperintense lesions have also
been described in NMO patients [12-14]. Brain lesions in NMO tend to be asymptomatic;
however, intractable hiccups, vomiting, and nausea may signify lesions involving the area
postrema and the medullary floor of the fourth ventricle; narcolepsy and hypothermia may
point to hypothalamic lesions; and seizures and headaches are nongeneralizing presenting
symptoms also seen in NMO [15-19].

1.2. Brain contrast enhancement patterns

Table 2 outlines the published literature about contrast enhancement patterns of brain lesions
in NMO [20-35]. We did a PubMed search for articles published between 2000 and 2014
using the word “neuromyelitis optica.” All orginal articles, case reports, and reviews about
NMO and neuromyelitis optica spectrum disease, including MRI findings, published in
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English and providing a digital object identifier number, were reviewed. The year and origin
of the study, and the number, race, and sex of the patients were noted. The provided
seropositivity and seronegativity for NMO immunoglobulin G (IgG) were included the table.
The number and percentage of the patients that were demonstrated to have enhancement of
the brain lesions and described enhancement pattern or patterns, if provided, were listed.

According to the previous reports, nonenhancing brain lesions appear to be more common in
NMO, but in most of those reports, brain MRIs were not acquired during an acute attack of
the disease. One would expect more enhancing lesions when the studies are obtained during
acute attack. Additionally, as shown in Table 2, the enhancement patterns were mostly
described in NMO-1gG positive patients. Recent studies have also demonstrated contrast-
enhancing brain lesions in NMO IgG-negative patients [20,32]. Furthermore given the lower
sensitivity of the previous NMO IgG tests, there would probably be more NMO-seropositive
patients with current highly sensitive tests than those included in previous studies.

Gadolinium enhancement is the result of the disruption of the blood—brain barrier (BBB)
[36]. AQP4 is a water channel protein and responsible for the bidirectional water flow
between blood and brain. It is highly expressed in astrocytic end-feet and plays a critical role
in forming the BBB. Antibody to AQP4 may cause the degradation or down-regulation of
the water channel protein, damage the astrocytes, and result in breakdown of the BBB.
When the breakdown of the BBB occurs, this allows the secondary influx of humoral or
cellular immune components that attack the adjacent brain regions [21,37,38]. The ongoing
disruption and damage to the BBB might explain the enhancement of brain lesions in NMO.
Nonetheless, some parenchymal lesions in NMO may not show enhancement. For example,
large, extensive parenchymal lesions, which are similar in appearance to posterior reversible
encephalopathy or acute disseminated encephalomyelitis (ADEM), may be reversible and
may not enhance, suggesting preserved integrity of the BBB [22-24].

1.3. Patchy parenchymal enhancement (“cloud-like” enhancement)

Patchy, inhomogeneous, subtle parenchymal enhancement with ill-defined margins, so called
“cloud-like” enhancement, was first described by Ito et al. [21] and was proposed to be
specific to NMO (Fig. 1). It has been the most commonly reported enhancement pattern in
NMO patients since then in the literature [21,24,25,33,34]. The association of this
enhancement pattern with NMO is helpful in differential diagnosis because it is different
from the nodular or ring enhancement, which is more prominent and well defined, usually
seen in MS [21] (Fig. 2). Cloud-like enhancement is sometimes associated with linear
periependymal enhancement, which may be a more characteristic enhancement pattern for
NMO [34]. When cloud-like enhancement is seen together with periependymal
enhancement, it may look like a “flame” (Fig. 1) or “smoke coming out of mouth” (Fig. 3).

1.4. Periependymal linear enhancement

This is a thin, linear enhancement, surrounding the lateral, third, or fourth ventricles and/or
cerebral aqueduct, which is recently described in NMO [29,30,34]. The ependymal cells and
astrocytes are known to be rich in AQP4, and enhancement of these regions during relapses
may make this pattern more characteristic to NMO than other described patterns [29,30]. It
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is usually associated with periventricular linear hyperintensities on fluid-attenuated inversion
recovery (FLAIR) images and may be seen during acute TM and/or ON attacks [34] (Fig. 4).
Periependymal linear enhancement and FLAIR periependymal linear hyperintensity could
reflect an earlier phase of the disease. It follows the margins of the ventricles, may
sometimes be interrupted or focal, and disappears after acute attack [29,30].

Periependymal enhancement can be associated with “cloud-like” enhancement, in
periventricular and deep white matter, as described above (Fig. 3). It is not always seen as
“pencil-thin” or linear and sometimes may be thick and irregular [30,34]. With progression
of the disease, probably because of increased damage over time, it may appear thicker and
extend into the brain parenchyma (Fig. 5).

The differential diagnosis of periependymal enhancement includes infectious ventriculitis
and neoplasms such as lymphoma and sarcoidosis.

1.5. Leptomeningeal enhancement

Blood-brain barrier microvasculature consists of two capillary cell components (pericytes
and endothelia), which are typically surrounded by astrocytic end-feet processes [39]. The
dominant water channel protein, AQP4, is confined to the astrocytes end-feet processes.
Antibody to AQP4 binds to surface of microvessels, pia, and Virchow—Robin sheaths and
damages the astrocytes. Thus, leptomeningeal enhancement is probably a result of functional
impairment of AQP4 water channels in the pial and subpial surfaces [34]. According to this
mechanism, one might also expect perivascular enhancement in NMO patients [35].

Leptomeningeal enhancement can be linear or thick and extensive [28,34]. Recently,
leptomeningeal enhancement around the brainstem was described in a study with NMO IgG-
positive patients [34]. Enhancement of the leptomeninges might be mistaken for infectious
disorders, granulomatous diseases such as sarcoidosis, or neoplastic diseases, especially
when MR is performed early during the disease course (Fig. 6). Moreover, these NMO
patients can be symptomatic and present with encephalopathy-like symptoms, making
differential diagnosis even more difficult [28].

1.6. Enhancement of the brainstem, hypothalamus, and corticospinal tract lesions

Besides the periventricular areas, the hypothalamus, medullary floor of the fourth ventricle,
and area postrema express AQP4 abundantly [6]. Lesions in these locations are known to be
characteristic of NMO [40]. Hypothalamic involvement is found more commonly in patients
with NMO compared to ADEM or MS. Bilateral involvement of the hypothalamus was
helpful in differentiating NMO from MS in a recent study [41]. Lesions in those areas
usually show faint enhancement with poorly defined margins (Figs. 7 and 8).

Corticospinal tract lesions, which may be either bilateral or unilateral and extend from
internal capsule to pons, were previously described in NMO [12,24]. These lesions could be
analogous with LETM in spinal cord and may cause contralateral hemiparesis [24]. The
pyramidal tract is not one of the CNS areas that AQP4 is highly distributed, so the etiology
of this involvement is still not clear [24]. There has been no previously described
enhancement pattern in these lesions.
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1.7. Isolated, ring, and open ring enhancement

Isolated enhancement, ring, and open ring enhancements are considered to be specific to
MS, and they are rarely seen in NMO patients [21,25,27,31,33,34]. However, although rare,
these intense, well-defined enhancement patterns were described before, especially in
seronegative NMO patients [14] (Fig. 9).

1.8. Enhancement of optic nerves and optic chiasm

Optic neuritis may present with similar clinical and imaging features in both MS and NMO,
but long segment enhancement that extends into chiasm and even optic tracts, and bilateral
involvement are more suggestive of NMO than MS [6,42] (Fig. 10).

2. Conclusion

Magnetic resonance imaging findings are important in the differential diagnosis of NMO.
Although nonenhancing brain lesions on brain MRI have been reported to be more common,
there are some enhancement patterns (cloud-like enhancement, periependymal linear
enhancement, leptomeningeal enhancement, enhancement in the hypothalamus, medullary
floor of the fourth ventricle and area postrema, and bilateral long segment optic nerve
enhancement that extends chiasma) that may be specific to NMO. These patterns are more
common in seropositive patients and usually seen during relapses. Recognizing these lesions
and enhancement patterns that are more typical of NMO may expedite the diagnosis and
treatment.
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Fig. 1.
Cloud-like enhancement. T1-weighted contrast-enhanced images of a 57-year-old female

with seropositive NMO shows patchy, ill-defined parenchymal enhancement (arrows).
Images were obtained during acute TM attack, and there is also upper spinal cord
enhancement (arrowhead).
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Fig. 2.
Typical (A) nodular and (B) ring enhancement in two different patients with multiple

sclerosis (arrows).
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Fig. 3.
Cloud-like enhancement associated with linear periependymal enhancement in a patient with

seropositive NMO. T1-weighted contrast-enhanced image of a 62-year-old male during both
acute TM and ON attack shows periependymal enhancement associated with slight, ill-
defined parenchymal enhancement. It looks like “smoke coming out of mouth.”
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Fig. 4.
Periependymal linear enhancement in two different patients with seropositive NMO during

first acute TM attack. (A) Axial FLAIR and (B) T1-weighted contrast-enhanced images of a
21-year-old female show periependymal linear hyperintensity and linear enhancement along
the frontal horns of lateral ventricles. (C) Axial FLAIR and (D) T1-weighted contrast-
enhanced images of a 35-year-old female demonstrate periependymal linear hyperintensity
and linear enhancement around the cerebral aqueduct (arrows).
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Fig. 5.
Periependymal linear enhancement. (A) Axial fluid-attenuated recovery and (B) T1-

weighted contrast-enhanced images show thicker periependymal enhancement in a 73-year-
old male during ON attack later in the course of the disease.
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Fig. 6.

Legptomeningeal enhancement in a previously healthy 28-year-old female that was later
diagnosed as seropositive NMO. (A) Axial T2-weighted fast spin-echo shows cortical
hyperintensities and sulcal effacement in the right cerebral hemisphere without white matter
signal abnormalities. (B) T1-weighted contrast-enhanced images demonstrate thick
leptomeningial and cortical enhancement.
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Fig. 7.
Bilateral involvement of the hypothalamus in a 21-year-old female with seropositive NMO.

Axial (A) fluid-attenuated recovery and (B) T1-weighted contrast-enhanced images
demonstrate hyperintense lesions in hypothalamus that show faint, poorly defined
enhancement (arrows).
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Fig. 8.
Dorsal medullary lesion in a 28-year-old female that was later diagnosed as seropositive

NMO. Axial (A) fluid-attenuated recovery and (B) T1-weighted contrast-enhanced images
show hyperintense lesion in dorsal medulla that show faint enhancement with poorly defined
margins (arrows).
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Fig. 9.
Multiple-sclerosis-like enhancement in two different patients. T1-weighted contrast-

enhanced images demonstrate (A) isolated, well-defined nodular enhancement in the pons in
a 57-year-old female with seropositive NMO and (B) open ring enhancement in a 65-year-
old male with seronegative NMO.
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Fig. 10.
Enhancement of the prechiasmatic optic nerves and optic chiasm in a 44-year-old female

during bilateral ON attack. (A) Axial fluid-attenuated recovery image shows hyperintensity
in posterior parts of the optic nerves, chiasma, and optic tractus (arrow). There is
hyperintensity around the cerebral aqueduct as well (arrowhead). (B) T1-weighted contrast-
enhanced image demonstrates marked enhancement (arrow). Bilateral, long segment
enhancement, usually including also the optic chiasm and sometimes optic tracts, is
characteristic for NMO.
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Table 1
Diagnostic criteria for the diagnosis of NMO [7]

Acute myelitis
Optic neuritis
And at least 2 of the 3 following supportive criteria:
NMO IgG seropositivity
Contiguous T2 signal abnormality =3 vertebral segments (LETM)

Onset brain MRI that is not meeting the diagnostic criteria for MS

Clin Imaging. Author manuscript; available in PMC 2016 May 02.
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