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Abstract Differential diagnosis of acute and subacute
transverse myelopathy includes inflammatory, infectious,
vascular, metabolic and paraneoplastic etiologies. Informa-
tion on the diagnostic approach to transverse myelopathy
with regard to daily clinical practice is provided. The
differentiation between five lesion patterns on magnetic
resonance imaging (MRI) in myelitis may be helpful:
(1) longitudinal extensive transverse myelitis, (2) short
segment ovoid or peripherally located, (3) “polio-like”,
(4) granulomatous and (5) segmental with rash. A correla-
tion with these imaging features is supported if the clinical
course and neurological symptoms are known. Although
the mean interval from onset to nadir of symptoms in
spinal cord infarction is 1 h, an overlap with a fulminant
course of myelitis is possible, and impaired diffusion may
also occur in acute inflammatory processes. As a result,
laboratory testing, including aquaporin-4 antibodies and
cerebrospinal fluid analysis, is crucial for the correct inter-
pretation of imaging findings. Moreover, the discrimination
of acute complete and acute partial transverse myelitis is
advantageous in order to identify diverse entities, the latter
often being a precursor to multiple sclerosis. Additional
brain imaging is mandatory in suspected demyelinating,
infectious, neoplastic and systemic autoimmune disease.
A symmetrical lesion pattern restricted to individual tracts
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or dorsal columns indicates subacute combined degen-
eration of the spinal cord and, in addition to deficiency
syndromes, a paraneoplastic etiology should be considered.
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imaging · Spinal cord infarct · Spinal vascular disease

Introduction

The differential diagnosis of progressive neurological syn-
dromes due to spinal cord dysfunction encompasses a broad
spectrum of different etiologies [1–3]. This review deals
with morphological equivalents of clinical spinal cord syn-
dromes as far as depictable on MRI, summarized under
the umbrella term myelopathy [4], and information on the
identification and analysis of MRI features with special re-
gard to neurological symptoms will be discussed. Due to
specific treatment options, correct categorizing of these le-
sions is crucial. The first step is to immediately exclude
extradural compression in an emergency setting (see Ta-
ble 1; [1, 2]). The spectrum of acute and subacute trans-
verse myelopathy includes vascular, inflammatory, infec-
tious, metabolic, toxic, neoplastic and paraneoplastic eti-
ologies [1]. Although specific neuroradiological findings
are well defined in several spinal cord pathologies, there is
some overlap of lesion patterns [3, 5, 6]. Therefore, detailed
information on onset and course of neurological symptoms
is essential for the correct interpretation of imaging fea-
tures [1, 7]. Additional information necessary to make the
right diagnosis includes cerebrospinal fluid (CSF) analy-
sis, serum inflammatory markers as well as microbiologi-
cal serology [1, 8]. Moreover, cranial MRI is essential if
systemic central nervous system (CNS) involvement is sus-
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Table 1 Differential diagnosis of acute and subacute spinal cord
symptoms

1. Extradural A) Space occupying lesions

Neoplastic

Medial disc herniation

Spinal canal stenosis

Spontaneous epidural hematoma (EDH)

Spinal trauma (contusion, compression, EDH)

B) Inflammatory diseases

Epidural abscess

Spondylodiscitis
2. Intradural A) Neoplastic lesions

Extra-/intramedullary tumor, meningeosis neoplas-
tica

B) Spinal AVM

Dural fistula

Intra-/perimedullary AVM

Cavernoma

C) Inflammatory diseases (subdural, subarachnoid,
intramedullary)

Myelitis

Polyradiculitis (e. g. Guillain Barré syndrome)

D) Metabolic and toxic etiologies

SCDSC

E) Spinal cord infarction

F) Post radiation myelopathy

pected, e. g. clinical isolated syndrome (CIS) in assumed
multiple sclerosis (MS) [1, 5, 6, 9–11].

Diagnostic criteria for acute transverse myelitis (ATM)
were established by the Transverse Myelitis Consortium
Working Group (TMCWG) in 2002 [12]. These include
appropriate neurological symptoms reaching maximum in-
tensity within a time interval ranging from 4 h up to 21 days
after onset. Inflammatory etiologies need to be demon-
strated by pathological CSF findings with pleocytosis and
elevated immunoglobulin and/or pathological contrast en-

Table 2 Acute transverse myelitis (ATM)

ACTM APTM/short segmented

Clinical findings Bilateral prominent paresis
Symmetrical sensation deficits
Definable sensory level
Autonomic disturbances, e. g. bladder/bowel dys-
function

Possible mild motor symptoms
Mild unilateral/asymmetrical sensation deficits
Facultative autonomic disturbance,
e. g. bladder dysfunction

MRI Often LETM (extension ≥3 vertebral segments) Extension �2 vertebral segments

CSF Pleocytosis
OCB often negative

Pleocytosis, often <50 cells
OCB often positive

Clinical course over 5 years Relapse: 2%
More incomplete remission

Definite MS: ca. 30%

Exclusion criteria for ATM: perimedullary flow voids, history of spine radiation, abrupt onset suspicious for ischemia
Inclusion criteria for ATM: progression from onset to nadir of symptoms within 4 h to 21 days; exclusion of space occupying lesion, extra-/
subdural inflammatory or infectious process
ACTM Acute complete transverse myelitis, APTM acute partial transverse myelitis, CSF cerebrospinal fluid, LETM longitudinal extensive
transverse myelitis, OCB oligoclonal bands

hancement of the lesion on post-contrast (pc) T1-weighted
images (WI). From a clinical point of view, the distinc-
tion between acute complete transverse myelitis (ACTM)
and acute partial transverse myelitis (APTM) is helpful,
since different entities could be classified (see Table 2;
[6, 10, 13]). Exclusion criteria for idiopathic as well as
disease-associated ATM include: a history of radiation of
the spine, perimedullary abnormal flow voids suggestive of
spinal arteriovenous malformation (AVM), and abrupt on-
set of neurological deficits suspicious for vascular disorders,
e. g. spinal cord infarction (SCI) [6, 12].

Vascular Diseases

Spinal Cord Vascular Anatomy

The spinal cord is supplied by radiculomedullary arteries
originating from the vertebral artery (VA) and the posterior
intercostal artery and may split in an anterior and a pos-
terior radicular artery (RA) [14–17]. The thoracolumbar
spinal cord including the conus medullaris is fed by a domi-
nant anterior RA, i. e. arteria radicularis magna (syn.: artery
of Adamkiewicz), and the pelvic arteries and lateral sacral
vessels arising from the internal iliac artery may potentially
also contribute to cord perfusion. Whereas the anterior RA
feeds the anterior spinal artery (ASA), the posterior RA
supplies the pial plexus surrounding the spinal cord (vaso-
corona) and the dual posterior and posterolateral spinal ar-
teries (PSA/PLSA) [14–17]. In addition to the ASA and
PSA territories, two further medullary arterial systems can
be differentiated [15, 16]:

1. The intrinsic system represented by the sulcal spinal
(syn.: sulcocommissural) arteries (SSA) originating al-
ternately from the ASA to the right and left side of the
cord
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2. An extrinsic system represented by numerous small per-
forating arteries originating from the vasocorona and the
PSA and PLSA

Spinal Cord Infarction

In contrast to cerebral stroke, spinal cord ischemia is rare
and accounts for less than 1% of all infarcts [18–21]. Unlike
the sudden onset of symptoms in cerebral stroke, neurolog-
ical deficits due to SCI typically manifest over a time pe-
riod of 30–45min with radicular, e. g. belt-like acute pain
representing the precursor [19, 22]. Although the median
time interval from onset to nadir of symptoms was 1 h, it
is worth mentioning, that the mean of 7.8 h reported by
Nedeltchev et al. [22] exhibits large variance, resulting in
an overlap with a fulminant course of ATM [12]. There-
fore, the lower time limit of 4 h for the development of
maximum deficits after symptom onset in ATM does not
exclude SCI. The overlapping time courses of maximum
deficits underline the importance of considering additional
clinical data and CSF analysis. Moreover, while the absence
of contrast enhancement and restricted diffusion on diffu-
sion weighted imaging (DWI) are indeed typical for SCI
[19, 23–25], these imaging features may also be present in
a fulminant course of ATM [6, 23, 26].

The etiology of SCI is heterogeneous and despite an ex-
tensive diagnostic work-up in 24% of infarcts, the etiology
remains unclear [18–20]. While in younger patients VA dis-
section [27–32], vasculitis, antiphospholipid antibody syn-
drome and several rare etiologies such as fibro cartilagi-
nous embolism [33, 34], surfers myelopathy [35, 36], drugs,
e. g. cocaine, and sickle cell disease may cause SCI, in
the elderly aortic diseases like arteriosclerosis, dissection
and aneurysm repair are considerable risks for medullar
ischemia [19, 20, 37]. Further etiologies include systemic
hypotension, cardiac failure, spinal scoliosis surgery and in-
filtrative periradicular procedures [38]. Due to spinal cord
vascularization and infarct topography, different transverse
spinal cord syndromes with specific imaging pattern may
occur (see Table 3; [3, 18–20, 39]).

The most common clinical feature in SCI is ASA syn-
drome with bilateral extensive transverse spinal cord le-
sions sparing PSA territories (see Fig. 1; Table 3; [18–20]).
If segmental duplication of the ASA is present, SSA syn-
drome may occur [15, 40]. MRI exhibits a unilateral cord
lesion and, in contrast to the Brown-Séquard syndrome [39,
41–43] representing a hemispinal cord lesion, the posterior
columns are spared (see Table 3; [27]). Possibly due to suf-
ficient collateralization, circumscribed infarcts in the PSA
territory are rare [29, 44, 45]. Although imaging features
may be similar to subacute combined degeneration of the
spinal cord (SCDSC), e. g. caused by vitamin B12 defi-

ciency [46–49], the clinical course of SCI with abrupt onset
of ataxic gait and impaired proprioception helps to distin-
guish SCI from SCDSC (see Table 3). Entire cross-sectional
damage of the spinal cord often occurs in the lower thoracic
and thoracolumbar spinal cord caused by aortic pathologies
with consecutive flow impairment or occlusion of the artery
of Adamkiewicz [17–20, 37].

Due to the higher vulnerability of the motoneurons in
anoxia, hemodynamic infarcts at the watershed between the
intrinsic and extrinsic system most often manifest in the an-
terior horns [50]. Characteristic lesion patterns on T2 WI
depict the “snake eye” or “owl’s eye” configuration [30,
31]. If the cervical spinal cord is affected, neurological ex-
amination shows flaccid, often symmetrical palsies of the
proximal muscles of the upper extremities, so-called man-
in-the-barrel syndrome [51, 52]. However, a “snake eye”
or “owl’s eye” lesion pattern is not specific for a vascular
origin. Other diseases affecting the motoneurons in the an-
terior horns such as lower motoneuron diseases [53], e. g.
spinal muscle atrophy (SMA) [53], Hirayama disease [54,
55], Hopkins disease [56] and infectious etiologies, e. g.
poliomyelitis or tick-borne encephalomyelitis (see below),
may also induce this type of lesion pattern [3, 57–60].

As in acute cerebral ischemia, DWI is the imaging
method with the highest sensitivity for depicting SCI [19,
24, 25]. However, one should bear in mind that ATM may
also show restricted diffusion [23, 26]. Conversely, T2 WI
may be negative in SCI, especially within the first 15 h after
symptom onset [61, 62]. However, in the further course of
SCI, up to 98% of patients will show hyperintense signal
changes on T2 WI, and typically in the second week after
SCI additional vertebral body infarcts may be visible [19,
20].

Vascular Malformation

Neurological manifestations of spinal vascular malforma-
tions are variable, including acute complete transverse
spinal cord syndrome due to hematomyelia [21]. Spinal
dural AV fistula fed by radiculomeningeal branches should
be regarded as a separate type of shunting lesion and not be
included in the (true) AV malformations. AVM supplied by
radiculomedullary or radiculopial arteries result in pial cord
AVM with two subtypes, i. e. (1) glomerular (plexiform or
nidus type) and (2) fistulous pial AVM, which may show
high shunting (macrofistula) or low shunting (microfistula)
volume [63]. Spinal cord cavernoma represents a non-
shunting spinal vascular malformation. However, a detailed
description of spinal AVM goes beyond the scope of this
review and is published elsewhere [63]. Due to venous
overloading in dual AV fistula, the spinal cord drainage
is compromised resulting in venous congestion [63, 64].
MRI exhibits cord swelling with partially homogeneous
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Table 3 Neurological syndromes, clinical findings and lesion patterns

Neurological syn-
drome

Clinical findings Lesion pattern

Spinal sulcal artery
(syn.: sulcocommis-
sural)

Ipsilateral spastic (hemi-)paresis, con-
tralateral dissociated sensation deficits
(loss of pain and temperature sense)

Centromedullary
(syn.: ASA syn-
drome)

Flaccid paresis at the lesion level and
(spastic) para- or tetraparesis below,
bilateral sensation deficits (loss of pain
and temperature sense), bladder and
bowel dysfunction, facultative vegetative
dysfunctions and Horner’s syndrome

Complete transverse
spinal cord syn-
drome of the artery
of Adamkiewicz

Flaccid paresis at the lesion level and
(spastic) para- or tetraparesis below,
(in-) complete loss of sensation below,
bladder and bowel dysfunction
(see also Table 4)

“Man-in-the-barrel” Bilateral flaccid proximal paresis of the
upper limbs, no sensation deficits
(see also Table 4)
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Table 3 Neurological syndromes, clinical findings and lesion patterns (Continued)

Neurological syn-
drome

Clinical findings Lesion pattern

Posterior spinal
artery

Disturbance of proprioception (light
touch and vibration sense), ataxic gait
disturbance

Brown-Séquard
(hemispinal cord)

Ipsilateral spastic paresis, dissociated
sensation deficits (ipsilat.: disturbance of
proprioception; contralat.: loss of pain
and temperature sense)

SCDSC Bilateral disturbance of proprioception,
ataxic gait disturbance, facultative spas-
tic paraparesis

ASA Anterior spinal artery, SCDSC subacute combined degeneration of the spinal cord, 1 radiculomedullary artery, 2 anterior radicular artery,
3 posterior radicular artery, 4 anterior spinal artery, 5 sulcal spinal (syn.: sulcocommissural) artery, 6 posterolateral spinal artery, 7 posterior spinal
artery, 8 vasocorona, 9 dorsal root ganglion

hyperintense signal changes on T2 WI and characteristic
perimedullary flow voids due to vein enlargement (see
Fig. 2; [65]). If shunt volume is small, only pc T1 WI
may be able to depict pathological perimedullary vascular
structures beside inhomogeneous intramedullary contrast
enhancement due to venous congestion. While clinical
symptoms are often slowly progressive over years, acute
deterioration due to additional ischemic complications
within the congestive myelopathy may occur [64, 66].

Neurological findings caused by spinal cord cavernoma
range from slight radicular sensation deficits to acute, pro-
gressive or recurrent myelopathies with transverse spinal
cord syndromes due to intralesional bleeding with differ-
ent grades of perifocal reaction (see Fig. 3; [63]). Be-

side space occupying effects, toxic hemorrhagic products
as well as perifocal capillary proliferation and vessel dila-
tion may be responsible for progressive symptoms [63]. In
line with imaging features of cerebral cavernoma, spinal
MRI shows circumscribed, often clearly defined lesions
with a hypointense rim caused by hemosiderin deposits and
inhomogeneous hyperintense intralesional signal on T2 WI
depending on different stages of hemorrhages, the so-called
mulberry appearance [6, 63].
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Fig. 1 Anterior spinal artery syndrome. Sagittal T2 WI (a) showing
a pencil-like longitudinal extensive hyperintense lesion ventrally ac-
centuated in the cervical spinal cord (arrows). Axial T2 WI (b–d) ex-
hibit bilateral partially symmetrical hyperintense signal conversion be-
ginning in the anterior horns (b–d; arrow) and sparing of the posterior
spinal artery territory (d; arrowhead)

Fig. 2 Sagittal T2 WI (a) demonstrating venous congestion of the
spinal cord with swelling (arrow) and perimedullary flow voids (ar-
rowhead) due to varicose enlargement of overloaded vein (b: selective
DSA; c: contrast enhanced MRA; arrowhead) caused by dural arte-
riovenous fistula (b, c: arrow)

Inflammatory Lesions

The underlying etiologies of ATM cover a broad spectrum.
Therefore, differentiation between ACTM and APTM is
a helpful concept, since different disease entities could be
distinguished, the latter often being the initial manifestation
of MS (see Table 2; [1, 2, 6, 10]). Knowledge of clinical
course and neurological symptoms facilitates the correla-
tion of imaging features to certain etiologies [1, 3, 59]. In
children, however, the differentiation between ACTM and
APTM is less helpful compared to adult patients regarding
the course of the disease and final diagnosis [13, 67].

APTM often shows mild neurological deficits and 5-year
follow-up will exhibit progression to definite MS in up to
30% of patients [6, 10, 68]. MRI typically shows peripher-
ally located ovoid lesions with hyperintense signal changes
on T2 WI and the longitudinal extension is shorter than two
vertebral segments [5, 6, 69–71]. In contrast, longitudinal
extensive transverse myelitis (LETM) extends over at least
three vertebral segments, involves complete or most of the
cross section of the spinal cord and is associated with dis-
tinct neurological deficits ranging up to para- or tetraplegia
(see Table 2; [72, 73]). Laboratory analysis should include
specific autoimmune antibodies [74–76]. The diagnosis of
idiopathic ATM requires exclusion of systemic autoimmune
disease (SAD) [12] such as systemic lupus erythematosus
(SLE) [77], Sjögren’s syndrome (SS) [78], Behçet’s disease
[79, 80], as well as known agents associated with infectious
etiology [74, 81]. Additional cerebral imaging is required
to depict possible cerebral lesions in suspected SAD [1–3,
5, 6, 12, 69]. The distinction of five different lesion patterns
on MRI might be helpful in daily clinical practice:

1. LETM
2. Short segment ovoid or peripherally located
3. “Polio-like”
4. Granulomatous, nodular
5. Segmental with rash [3, 59].

Longitudinal Extensive Transverse Myelitis (LETM)

The definition of LETM was established by Wingerchuk
et al. [72] in 2007 to differentiate spinal cord involvement in
neuromyelitis optica (NMO) from MS. Conversely, etiolo-
gies of LETM show a wide range, including inflammatory
diseases such as SLE, SS, Behçet’s disease, sarcoidosis and
acute disseminated encephalomyelitis (ADEM), as well as
infectious and parainfectious disorders (see Table 4) and
the differential diagnosis includes vascular, neoplastic and
nutritional causes (see Table 1; [5, 6, 11, 73, 74, 82–85]).
Aquaporin-4 antibodies (AQP4-ab) discovered in 2004 are
highly specific for NMO [72]. Besides clinical syndromes
or MRI lesions related to the optic nerves and the spinal

K



Magnetic Resonance Imaging and Clinical Features in Acute and Subacute Myelopathies 423

Fig. 3 Spinal cavernoma in a 45-year-old woman suffering from hypoesthesia in the left C7 and C8 dermatome. T2 WI (a: sagittal; f: axial)
showing an intramedullary space occupying lesion at the level C7 paramedian left-sided with inhomogeneous signal abnormalities (mulberry
appearance; arrow) and hypointense signal changes on sagittal T2* WI (b; arrow). T1 WI (c: sagittal; g: axial) exhibit subacute bleeding with
hyperintense signal changes (arrows) without enhancement on pc T1 WI (d: sagittal; e: coronal (arrow); h: axial).

cord, additional lesions in the brainstem, the diencephalon
and other specified cerebral regions may occur [86, 87],
and new diagnostic criteria were defined by Wingerchuk
et al. in 2015 resulting in the unifying term NMO spectrum
disorders (NMOSD) [88]. There seems to be a relationship
between cerebral involvement and lesion pattern and the
distribution of AQP4 [89].

Whereas evidence of AQP4-ab in LETM proves the diag-
nosis of NMOSD and excludes MS, the absence of AQP4-
ab or NMOSD with unknown AQP4-ab status require spe-
cific MRI features as well as core clinical symptoms [88].
Imaging criteria include the predominance of grey matter
involvement in at least 70% of the centrally located lesions
and contrast enhancement without a specific pattern should
be present [86–88]. Rostral extension into the brainstem
with special regard to the area postrema, cord swelling and
T1 hypointensity [88] of regions with hyperintense signal
changes on T2 WI, bright spotty lesions [90] and linear
lesions with extension to the area postrema are additional
imaging features (see Fig. 4; [91]). However, Flanagan et al.
[92] reported on 25 (14%) of 176 patients suffering from
short transverse myelitis (STM) with extension below three

vertebral segments positive for AQP4-ab. Follow-up over
a 5.4-year period revealed relapse in 92% [92, 93]. In con-
trast to STM negative for AQP4-ab, a central lesion pattern,
T1 hypointensity and negative OCB are typical in NMOSD
related STM [92, 93]. Knowledge of this imaging precursor
in NMOSD is important, since the therapeutic strategies in
MS and NMOSD differ [93]. Whereas immune-modulating
substances are recommended promptly in CIS or MS, such
therapies are potentially harmful in NMOSD [92, 93].

T1 hypointensity, which is never seen in MS lesions, may
reflect the more complicated clinical course in NMOSD
with incomplete remission and persistent neurological
symptoms (see Fig. 4; [89, 90]). One reason for this is
the different target of autoimmune-related inflammatory
processes in MS and NMOSD. Histological examination
in NMOSD revealed the destructive nature of lesions with
necrotizing demyelination and cavitation and thickened
vessel walls, strongly suggesting autoimmune astrocytopa-
thy [89]. AQP4 is concentrated on perivascular astrocytic
foot processes at the blood–brain barrier, subpial and
subependymal regions and a vasculocentric pattern of im-
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Table 4 Acute transverse myelitis: lesion type on MRI, etiology and lesion pattern

Lesion type MRI findings Etiology Lesion pattern

1. Longitu-
dinal exten-
sive trans-
verse myelitis
(LETM)

≥3 Vertebral segments
Predominately grey mat-
ter
Facultative T1 hy-
pointensity
Often swelling
Enhancement when
present: patchy, exten-
sive

NMOSD (AQP4-ab?)
SAD
ADEM
Viral, bacterial, parasitic
Idiopathic
(see also Table 3)

2. Short seg-
ment ovoid or
peripherally
located

<2 Vertebral segments
Predominately white
matter
Possible slight swelling
Enhancement when
present: homogeneous,
eccentrically

CIS (MS)
Other (e. g. NMOSD,
Behçet’s disease; the
exact localisation could
differ)

3. “Polio-like” Anterior horns grey mat-
ter
Often symmetrical T2
hyperintensities
“Snake/owl’s eyes”

Viral: poliomyelitis,
tick-borne, EV D68,
picorna- and flaviviridae;
Atopic
(see also Table 3)

4. Granuloma-
tous nodular

Variable longitudinal
extension
Swelling
Enhancement: nodular
eccentric or diffuse nodu-
lar, facultative pial and
radicular

Parasitic
Sarcoidosis
Bacterial (e. g. tuberculo-
sis, lues, other)
DD: meningeosis neo-
plastica

5. Segmental
with rash

White (and grey) matter
entry zone of dorsal root
Uncommonly hemispinal
cord lesion

VZV

ADEM Acute disseminated encephalomyelitis, AQP4-ab aquaporin 4 antibody, CIS clinically isolated syndrome, EV enterovirus, LETM longitu-
dinal extensive transverse myelitis, MS multiple sclerosis, NMOSD neuromyelitis optica spectrum disorders, SAD systemic autoimmune disease,
VZV varicella zoster virus
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Fig. 4 Neuromyelitis optica
spectrum disorders (NMOSD).
T2 WI (a: sagittal; d: axial)
showing longitudinal exten-
sive transverse myelitis (a;
arrow) with bright spotty le-
sions (a, d: arrowhead) and
cord swelling; hypointense sig-
nal changes on T1 WI (b; ar-
row) and patchy inhomoge-
neous enhancement on pc T1
WI (c: sagittal; e: axial) in
a young woman suffering from
fulminant progressive tetrapare-
sis

munoglobulin G (IgG) deposition in NMO lesions was
demonstrated [89].

LETM may be the initial manifestation of SAD in 16.5%
of cases [6, 77]. On the other hand, LETM in SAD may also
be part of NMOSD, underlining the necessity for AQP4-ab
testing as an essential step in the diagnostic work-up of
LETM [88, 94]. Kitley et al. [75] reported on 76 patients
suffering from LETM with 44 patients (58%) testing posi-
tive for AQP4-ab, clearly reflecting the majority of NMOSD
in LETM. Moreover, an additional five patients negative for
AQP4-ab fulfilled the criteria for NMOSD.

SLE associated myelitis could be divided in two subtypes
preferentially affecting grey or white matter [77]. Patients
with grey matter lesions often show rapid clinical progres-
sion to nadir <6 h with pronounced irreversible para- or
tetraparesis and bladder dysfunction [77]. An additional is-
chemic component is thought to be part of the pathogen-
esis with perivascular inflammation, and DWI may show
restricted diffusion in correlation to ischemic necrosis and
infarction seen on histological studies [6, 77, 89]. Fever,
headache, malaise and urinary retention have been identi-
fied as short clinical prodromes prior to irreversible motoric
deficits [77]. The second subtype preferentially affecting
white matter of the spinal cord typically shows a more
subacute onset with mild para- or tetraparesis, spasticity,
hyperreflexia and bladder dysfunction. Altogether, 55% of
patients had a history of optic neuritis, 57% were positive
for NMO-IgG and DWI was negative (see Fig. 5; [77]).

In the NMOSD subgroup negative for AQP4-ab, addi-
tional testing for antibodies directed to myelin oligodendro-
cyte-glycoprotein (MOG-IgG) is required [95–98]. Patients
negative for AQP4-ab and positive for MOG-ab generally
showed a favorable monophasic disease course and addi-
tional cerebral NMOSD lesions were absent [10]. These
patients showed a trend towards younger age, and more
often presented with coincident optic neuritis and positive
OCBs on CSF analysis. During the course of the disease,
a more MS-like lesion pattern on cerebral MRI may be seen
[95, 96, 98]. However, the differential diagnosis should in-
clude a site restricted spinal form of ADEM [3, 11].

In a pediatric population, up to 40% of patients suffering
from LETM showed clinical signs and serological evidence
of previous and frequently viral infection, while the rate
of parainfectious etiology varies between 6% and 45% in
adults [5, 6]. Differentiation between infectious and parain-
fectious ATM is difficult and viral agents are more common
than fungal or bacterial causes (see Fig. 6; [3, 59]). A ful-
minant clinical course of spinal involvement within some
hours may occur. This is probably not due to an extraor-
dinary virulence of certain agents, but to an abnormal im-
munological response in microbial superantigen-mediated
infection [81]. However, most commonly, neuronal damage
is a consequence of molecular mimicry between microbial
antigens and most likely neuronal cell wall components
[81]. Rapid progressive LETM in bacterial meningitis is
a rare complication due to bacterial cord invasion via ve-
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Fig. 5 Longitudinal extensive transverse myelitis (LETM) in a 73-year-old man with progressive paraparesis within 10 days and a history
of recurrent optic neuritis in systemic lupus erythematosus (SLE) and NMOSD. T2 WI (a, b: sagittal; d–f: axial) demonstrating several focal
hyperintense lesions (a, b: arrow) and additional LETM with bright spotty lesions (b, d–f: arrowhead), especially in the grey matter of the spinal
cord. T1 WI pc (g–i, axial) exhibiting inhomogeneous stained intramedullary enhancement (arrow).

Fig. 6 Sagittal T2WI (a) show-
ing parainfectious LETM due
to septicemia after urogenital
infection with inhomogeneous
intramedullary hyperintense sig-
nal changes (arrow) in the entire
thoracic cord in a 75-yeary-
old man suffering from rapid
progressive paraparesis within
24 h. T1 WI pc (b) revealing
slight leptomeningeal enhance-
ment (arrow). c–e: LETM in
bacterial meningomyeloradi-
culitis (pneumococcus infec-
tion) causing paraplegia within
3 days. T2 WI (c, d: sagittal)
demonstrating distinct hyperin-
tense spinal cord (arrow) and
T1 WI pc (e) exhibiting con-
fluent intramedullary (arrow),
leptomeningeal and radicular
(arrowhead) enhancement

nous pathways, and additional infarcts, hematomyelia and
abscess are further dramatic consequences (see Fig. 6; [99]).

Interestingly, venous hypertensive myelopathy subse-
quent to cervical spondylosis may mimic imaging features
of LETM [100]. Flanagan et al. [101] emphasized trans-

verse pancake-like gadolinium enhancement of the spinal
cord caudally to the site of maximal spinal stenosis as a di-
agnostic clue that spondylosis is the cause of myelopathy.
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Fig. 7 Multiple sclerosis (MS).
T2 WI (a: sagittal; c: axial)
showing a hyperintense ovoid
lesion in the lateral circumfer-
ence of the cervical cord (c, ar-
row) with partially homoge-
neous enhancement on pc T1
WI (b: sagittal; d: axial; ar-
row) in a young man suffering
from incomplete right-sided
Brown–Séquard syndrome

Fig. 8 “Polio-like” lesion pattern: 28 year-old-woman with flaccid
paraparesis due to tick-borne myelitis. T2 WI (a: sagittal; b: axial)
demonstrating hyperintense lesions in the projection of the anterior
horns of the spinal cord (arrows). c and d: Similar imaging features
(“snake eyes” or “owl’s eyes”) also visible on axial T2 WI in a pa-
tient suffering from spinal cord infarction with man-in-the-barrel syn-
drome (c; arrow) and in a 72-year-old woman with spinal muscle atro-
phy (SMA; d, arrows)

Short Segment Ovoid or Peripherally Located

These lesions are predominately located in the white matter,
exhibiting broad contact to the cord surface with possible
swelling in the acute phase (see Fig. 7; [1, 3, 6, 69–71]). The
longitudinal extension is typically shorter than two verte-
bral segments and T1 hypointensity is very uncommon. The
prototype of neurological manifestation is APTM, [10, 13]
suspicious for CIS as the spinal precursor of MS [13, 68,
69, 102]. In the acute stage, these lesions often show homo-
geneous or eccentric enhancement on pc T1 WI, and focal
atrophy may be present in the chronic stage [69, 71, 103,
104]. Early in the course of MS, the cervical spinal cord is
preferentially affected and biomechanical stress with spe-
cial regard to lateral cord circumference via anchorage of
the ligamenta denticulata and extensive mobility of the cer-
vical spine might be a promoting process [105]. In contrast
to MS, STM in the beginning of NMOSD mentioned above
discloses a more often central location with prominent in-
volvement of the grey matter, relationship to the central
canal and possible T1 hypointensity. The identification of
this differential diagnosis is important due to the disparity
of treatments [3, 92, 93].

“Polio-like”

Besides prototypical poliovirus, other picorna- and flaviviri-
dae affecting in particular motoneurons in the anterior horns
may also show this lesion pattern, often exhibiting symmet-
rical hyperintense signal changes on T2 WI (see Fig. 8; [3,
57]). During the enterovirus D68 outbreak of 2014, Mal-
oney et al. [57] performed an MRI study on affected chil-
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Fig. 9 Granulomatous lesion pattern: T2 WI (a, b: sagittal; e: axial) disclosing extended, centrally accentuated hyperintense lesion (arrow: a, b)
of the cervical and thoracic cord and diffuse leptomeningeal (arrow: c, d, g) and partially nodular intramedullary (arrowhead: c, f) enhancement
on pc T1 WI (c, d: sagittal; f, g: axial) in eosinophil (h: cerebrospinal fluid) meningomyeloradiculitis caused by neurotoxocariasis resulting in
progressive paraparesis within 3 days

dren suffering from acute flaccid paralysis. MRI disclosed
longitudinal extensive lesions of the entire grey matter of
the spinal cord and, in the subacute stage, lesions restricted
to the anterior horn cells with enhancement of the ventral
nerve roots, similar to the positive anterior cauda sign in
ischemic spinal cord damage [15]. Although this lesion pat-
tern reduces the differential diagnosis of infectious agents, it
is not specific and may also occur in hemodynamic diseases
caused by elective parenchyma necrosis [26, 27, 50–52], in
neurodegenerative diseases affecting the lower motoneu-
rons, e. g. SMA ([53–55] and see Fig. 8), and in Hopkin’s
syndrome with focal amyotrophy after atopic myelitis [56].
Moreover, hyperintense signals on T2 WI in the anterior
horns were reported at the start of NMOSD relapse [58].

Granulomatous, Nodular

Imaging shows enhancing nodular lesions located in the lep-
tomeninx around the spinal cord and the nerve roots, as well
as intramedullary nodules, both potentially accompanied by
focal edema with cord swelling [59, 73, 74]. The differen-

tial diagnosis includes bacterial agents, i. e. tuberculosis and
lues, as well as parasitic infections (see Fig. 9). In addition,
meningeal carcinomatosis and sarcoidosis should be con-
sidered, whereas the latter with true granuloma may exhibit
hypointense signal on T2 WI with surrounding edema and
homogeneous contrast enhancement (see Fig. 10; [106]).
However, the discrimination between LETM in NMOSD
and sarcoidosis may be challenging [84]. In a recent pa-
per, Flanagan et al. [84] pointed out that subpial enhance-
ment spanning at least two vertebral segments and persist-
ing over 2 months despite high-dose corticoid treatment
was suggestive of sarcoidosis, whereas ring-like or patchy
enhancement was more common in NMOSD. In neurotox-
ocariasis as a typical parasitic infection of the CNS, the
prevalently neurological manifestation is myelitis in 60%
[107], underlining the advantage of additional cytological
CSF analysis, which often exhibits significant eosinophilia
(see Fig. 9; [108]). However, the diagnosis rests on antibody
testing.
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Fig. 10 Sarcoidosis in
a 25-year-old man suffering
from sciatic pain of several
months’ standing without
neurological deficits. T2
WI (a: axial) showing a hy-
perintense inhomogeneous
lesion in the thoracolumbar
region (arrow) with cord
swelling and diffuse nodular
(arrows: b, c), inhomogeneous
leptomeningeal (b, d: arrow-
heads) and radicular (b, d: open
arrow) enhancement on pc T1
WI

Segmental with Rash

The characteristic infectious agent in this type of myeli-
tis is varicella zoster virus (VZV). Since viruses persist
in the dorsal root ganglia and the trigeminal and genicu-
late ganglia, the spinal cord lesions are located around the
entry zone of the dorsal nerve roots [3, 59, 109]. Compara-
ble to ovoid lesions mentioned above broad, contact to the
cord surface is visible and Brown-Séquard syndrome rep-
resents a rare complication (see Table 3; [110]). In contrast
to ischemic SSA syndrome, posterior columns are also in-
volved, representing hemispinal cord syndrome with disso-
ciated sensation deficits and ipsilateral spastic paresis below
the affected level.

Subacute Combined Degeneration of the Spinal
Cord

In subacute combined degeneration of the spinal cord
(SCDSC), the generally symmetrical lesions are confined
to individual columns and certain tracts, and histology re-
veals primary involvement of myelin sheets in vitamin B12
and copper deficiency syndromes (see Fig. 11; [47, 48]).
In addition, N2O inducing methionine synthase inactivity
may also cause SCDSC [46]. Especially the centers of the
dorsal and lateral columns are involved and additional brain
imaging may exhibit leukoencephalopathy with confluent
hyperintense signal changes on T2 WI in the centrum
semiovale and neuropathy of the optic nerves with patchy
enhancement on pc T1 WI [47, 48].

Vitamin E deficiency is depicted exceedingly rarely,
showing similar imaging features. However, histological
examination discloses axonal degeneration due to axonal
neuropathy of the sensory neurons located in the spinal
ganglia, comparable to axonal degeneration in Friedreich’s
ataxia [48]. Differential diagnosis should include para-
neoplastic tractopathy exhibiting a similar lesion pattern
on MRI and sometimes involvement is restricted to the
corticospinal tract [6, 111, 112]. Another SCDSC mimic
is vacuolar myelopathy, best known from HIV infection,
where dorsal and lateral columns are preferentially af-
fected. Enhancement on pc T1 WI may be a clue for
opportunistic infection or lymphoma, whereas HIV myeli-
tis is a more problematic radiological diagnosis and in
particular neuropathological evidence is lacking [48, 113,
114]. Early deficiency treatment in SCDSC may result in
complete remission of neurological symptoms and patho-
logical imaging findings (see Fig. 11; [47, 48]). Spinal
cord atrophy may be visible in the chronic stage of the dis-
ease [47, 48, 104]. A detailed description of other chronic
metabolic and hereditary diseases affecting the spinal cord,
e. g. adult polyglycosan body disease (PGBD) or leukoen-
cephalopathy with brainstem and spinal cord involvement
and high lactate (LBSL) is beyond the scope of this review
[48, 115].

In conclusion, the differential diagnosis of acute and sub-
acute myelopathy includes vascular, inflammatory, (para-)
infectious, metabolic, toxic and paraneoplastic etiologies.
The first step in the diagnostic approach to myelopathy is
to exclude cord compression in an emergency setting. Due
to spinal cord vascularization, different lesion types may
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Fig. 11 Subacute combined degeneration of the spinal cord (SCDSC). T2 WI (a: sagittal; b, c: axial) demonstrating homogeneous hyperintense
signal changes of the dorsal columns (arrow) and the corticospinal tract (arrowhead) due to vitamin B12 deficiency with progressive gait distur-
bance. T2 WI (d: sagittal; e: axial) exhibiting patchy hyperintense signal conversion, especially in the lateral borders of the dorsal columns (e:
arrow) in the early phase of funicular myelopathy and complete restitution after 9 months due to sufficient vitamin B12 substitution (f). g Similar
imaging features in copper deficiency; h (T2 WI sagittal): SCDSC due to N2O exposure

occur in SCI. Although the mean time interval from on-
set to nadir of symptoms in SCI is 1 h, an overlap with a
fulminant course of ATM is possible. Moreover, restricted
diffusion on DWI characteristic for SCI may also be visible
in acute inflammatory processes. The etiology of ATM cov-
ers a broad spectrum and, therefore, differentiation between
ACTM and APTM is advantageous, since some disease en-
tities could be distinguished, the latter often being the initial
presentation of MS. A differentiation of five lesion patterns
on MRI in ATM may be helpful:

1. LETM
2. Short segment ovoid or peripherally located
3. “Polio-like”
4. Granulomatous nodular
5. Segmental with rash

Correlation with these imaging features is facilitated if
the clinical course and neurological symptoms are known.
However, additional brain imaging is mandatory especially
in suspected CIS, SAD and NMOSD. Although LETM is
the typical spinal manifestation of NMOSD, STM may be
the precursor of this disease underlining the necessity of
AQP4-ab testing in ATM. Knowledge of these divergent
imaging features in NMOSD is important due to the differ-
ent therapeutic strategies in MS and NMOSD.

MRI may also provide clues suggesting myelopathies
other than ATM or SCI. A symmetrical lesion pattern re-
stricted to individual tracts or especially the dorsal columns
facilitates the diagnosis of SCDCS in metabolic disorders
such as vitamin B12 or copper deficiency syndromes; a

paraneoplastic etiology may also come into consideration.
In addition, beside neurological features and laboratory test-
ing, CSF analysis is crucial for the correct interpretation of
spinal imaging findings. The presence of perimedullary flow
voids is highly suspicious for spinal AVM with special re-
gard to dural AV fistula, and additional venous congestion
may occur.
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