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Background and objectives: Identifying the etiologic diagnosis in patients presenting with myelopathy is essential
in order to guide appropriate treatment and follow-up. We set out to examine the etiologic diagnosis after
comprehensive clinical evaluation and diagnostic work-up in a large cohort of patients referred to our specialized
myelopathy clinic, and to explore the demographic profiles and symptomatic evolution of specific etiologic
diagnoses.
Methods: In this retrospective study of patients referred to the Johns Hopkins Myelitis and Myelopathy Center
between 2006 and 2021 for evaluation of “transverse myelitis”,
the final etiologic diagnosis determined after comprehensive evaluation in each patient was reviewed and
validated. Demographic characteristics and temporal profile of symptom evolution were recorded.
Results: Of 1193 included patients, 772 (65%) were determined to have an inflammatory myelopathy and 421
(35%) were determined to have a non-inflammatory myelopathy. Multiple sclerosis/clinically isolated syndrome
(n = 221, 29%) and idiopathic myelitis (n = 149, 19%) were the most frequent inflammatory diagnoses, while
spinal cord infarction (n = 197, 47%) and structural causes of myelopathy (n = 108, 26%) were the most
frequent non-inflammatory diagnoses. Compared to patients with inflammatory myelopathies, patients with noninflammatory myelopathies were more likely to be older, male and experience chronic symptom evolution (p <
0.001 for all). Hyperacute symptom evolution was most frequent in patients with spinal cord infarction (74%),
while chronic symptom evolution was most frequent in patients with structural causes of myelopathy (81%),
arteriovenous fistula or arteriovenous malformation (81%), myelopathy associated with rheumatologic disorder
(71%), and sarcoidosis-associated myelopathy (61%).
Conclusions: Patients initially diagnosed with “transverse myelitis” are eventually found to have a more specific
inflammatory or even non-inflammatory cause, potentially resulting in inappropriate treatment and follow-up.
Demographic characteristics and temporal profile of symptom evolution may help inform a differential diag
nosis in these patients. Etiological diagnosis of myelopathies would provide better therapeutic decisions.

1. Introduction

single-center specialized myelopathy clinic with a diagnosis of “trans
verse myelitis”, we examined the final etiologic diagnoses determined
after comprehensive clinical assessment and diagnostic work-up. We
also evaluated whether demographic characteristics and temporal pro
file of symptom onset differed according to etiology of myelopathy.

Advanced diagnostics such as greater resolution magnetic resonance
imaging (MRI) and auto-antibodies associated with specific myelopathic
disorders have improved diagnostic accuracy in patients presenting with
myelopathy in recent years. However, evidence suggests that the diag
nosis of myelopathies in routine clinical practice remains imprecise [1],
as many patients initially diagnosed with “idiopathic transverse
myelitis” or “transverse myelitis” are eventually found to have a more
specific inflammatory or even non-inflammatory cause after specialist
evaluation [2,3]. In this retrospective study of patients referred to a

2. Methods
2.1. Study design and participants
Medical records of patients referred with a diagnosis of “transverse
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myelitis” to the Johns Hopkins Myelitis and Myelopathy Center
(JHMMC) between 2006 and 2021 were retrospectively reviewed.
Medical records of all patients were reviewed for completeness of in
formation, availability of MRI images or MRI report, and final physicianassigned diagnosis. All diagnoses were reviewed and validated by two of
three physicians (OCM, PB and CAP) with expertise in the diagnosis and
management of inflammatory and non-inflammatory myelopathies.
Exclusion criteria were: 1) a final non-myelopathy diagnosis; 2) missing
clinical information or neuroimaging results, precluding validation of
the diagnosis; 3) non-completion of recommended investigations; or 4)
clinical uncertainty regarding classification of the myelopathy as either
inflammatory or non-inflammatory.

3. Results
3.1. Etiologic diagnoses of the cohort
Of 1620 patients referred with a working diagnosis of transverse
myelitis, 427 patients were excluded and 1193 patients were included.
After thorough clinical evaluation and work-up, the myelopathy was
categorized as inflammatory in 772 patients (65%) and noninflammatory in 421 patients (35%, Fig. 1). Only 149 patients (12% of
the whole cohort) were given a final diagnosis of idiopathic myelitis
after thorough work-up.
The final diagnosis assigned to each patient after comprehensive
work-up is illustrated here. MS = multiple sclerosis, CIS = clinically
isolated syndrome, NMOSD = neuromyelitis optica spectrum disorder,
AVF = arteriovenous fistula, AVM = arteriovenous malformation.
Multiple sclerosis/clinically isolated syndrome (MS/CIS, n = 221,
29%), idiopathic myelitis (n = 149, 19%) and NMOSD (n = 132, 17%)
were the most frequent inflammatory diagnoses. NMOSD included 101
patients seropositive for AQP4-IgG (70%) and 31 seronegative NMOSD
(21%). After 2017, MOGAD was diagnosed in 13 patients out of 384
patients seen after test became available (3.4%). Rheumatologic
myelopathy was diagnosed in association with systemic lupus erythe
matosus (n = 15), Sjogren's syndrome (n = 9), Behcet's disease (n = 2),
and mixed connective tissue disease or other (n = 8). Infectionassociated myelitis (outlined in Table 2) occurred with enterovirus
infection (e.g., acute flaccid myelitis), human immunodeficiency virus
(HIV), human T-lymphotropic virus 1 (HTLV-1), mycoplasma pneumo
niae, varicella zoster virus (VZV), arboviral (West Nile virus, Jameson
Canyon virus), and tick-borne (borreliosis, ehrlichiosis) infections,
among others. Inflammatory myelopathies classified as ‘other’ included
hyper eosinophilic and hyper-IgE-associated myelitis (“atopic
myelitis”), medication-induced (checkpoint inhibitor or anti-TNF ther
apies), paraneoplastic myelopathy (glial fibrillary acidic protein (GFAP)
astrocytopathy, or no known antibody identified), chronic inflammatory
pseudotumorous lesions of unknown etiology, post-vaccination mye
lopathies and chronic lymphocytic inflammation with pontine peri
vascular enhancement responsive to steroids (CLIPPERS).
Spinal cord infarction (47%), structural causes of myelopathy (26%),
and AVF/AVMs (14%) were the most frequent non-inflammatory di
agnoses. Structural causes of myelopathy included cervical spondylosis,
disc herniation, spinal cord syrinx, Chiari malformation with cord
compression, dorsal arachnoid web, and spinal cord herniation. Meta
bolic myelopathies included vitamin B12 deficiency, copper deficiency,
and mitochondrial disorders. Non-inflammatory myelopathies classified
as ‘other’ included radiation myelopathy, hereditary spastic paraparesis,
symmetric motor and/or sensory tractopathy of uncertain etiology, and
suspected tumors without histologic confirmation.

2.2. Demographic and clinical information
Race was self-reported. Temporal profile from symptom onset to
nadir neurological dysfunction was categorized as hyperacute (<6 h);
acute (6 to 48 h); subacute (2 to 21 days); or chronic (>21 days) [3].
2.3. Diagnostic validation
Diagnostic validation was in line with methodology described in
detail by our group elsewhere [3], using diagnostic criteria where
available [4–8], and otherwise based on interpretation of the clinical
features, laboratory and/or neuroimaging findings. Neuromyelitis
optica spectrum disorder (NMOSD) included patients with positive
aquaporin-4-IgG (AQP4-IgG), or patients with negative serological
testing who met clinical diagnostic criteria [7]. MOG-IgG testing became
available in our institution from 2017, and from this time forward pa
tients with positive MOG-IgG and a consistent clinical syndrome were
classified as MOG antibody-associated disease (MOGAD). Infectionassociated myelitis was diagnosed when the myelitis emerged in the
setting of a documented neurotropic CNS infection, while para/postinfectious myelitis occurred in association with a systemic infection.
Idiopathic myelitis and sarcoidosis-associated myelitis were diagnosed
in accordance with prior work published by our group [9,10]. Arterio
venous fistulas (AVF) and arteriovenous malformations (AVM) were
diagnosed with digital subtraction angiography [11]. Myelopathy
associated with connective tissue disease or other rheumatologic dis
orders (“rheumatologic myelopathy”) was diagnosed according to sys
temic and/or laboratory features diagnostic of an underlying
rheumatological disorder, and a myelopathy consistent with that dis
order. Structural myelopathy was diagnosed based on clinical and im
aging evidence of spine and/or discal abnormalities impacting the spinal
cord. Metabolic myelopathy was diagnosed based on the clinical fea
tures supported by relevant laboratory findings. Tumor was diagnosed
based on histopathological confirmation from biopsy or resection of
intra-axial or extra-axial lesions affecting the cord (or imaging charac
teristics alone for meningioma).
2.4. Statistical analyses
Statistical analyses were performed using Stata version 16 (Stata
Corp, College Station, TX, USA). The chi-squared, Wilcoxon rank-sum,
and one-way analysis of variance (ANOVA) tests were used as appro
priate, and p < 0.05 was considered as significant.
2.5. Ethical approval
Johns Hopkins University Institutional Review Board approval was
obtained for this study, with requirements for patient consent waived.

Fig. 1. Overview of the study population, indicating final etiologic diagnoses
after comprehensive clinical evaluation and diagnostic work-up.
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Specific etiologic diagnoses with n > 30 were included here.
IQR = interquartile ratio, MS = multiple sclerosis, CIS = clinically isolated syndrome, NMOSD = neuromyelitis optica spectrum disorder, AVM = arteriovenous malformation, AVF = arteriovenous fistula.
a
Across etiologic diagnoses of inflammatory myelopathy.
b
across etiologic diagnoses of non-inflammatory myelopathy.
c
One-way analysis of variance (ANOVA).
d
chi-squared test.
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In this study of a very large cohort of patients referred to a singlecenter specialized myelopathy clinic with a diagnosis of “transverse
myelitis”, we have demonstrated that comprehensive clinical assess
ment and diagnostic testing revealed a more specific inflammatory or
non-inflammatory diagnosis in the majority of patients. Furthermore,
we have shown that basic clinical information including demographic
characteristics and temporal profile of symptom evolution is useful
when considering the differential diagnosis of a patient presenting with
myelopathy.
The most important finding of our study was the identification of a
specific underlying inflammatory or non-inflammatory diagnosis in
most patients. This finding was consistent with a smaller reported cohort
from a similar specialized center [2]. A specific etiologic cause of
myelopathy is important in guiding clinical management. Failing to
diagnose MS/CIS at presentation may represent a lost opportunity for
early treatment to prevent accumulation of long-term disability
[12–14]. Similarly, NMOSD and neurosarcoidosis represent disabling
yet treatable inflammatory disorders requiring specific management and
follow-up. Furthermore, treatment of non-inflammatory myelopathies is
entirely different to inflammatory myelopathies, and appropriate man
agement can only be facilitated by accurate diagnosis in these cases.
Spinal cord infarction is an important under-recognized diagnosis for
which proposed diagnostic criteria have only been recently suggested
[7]. Identification of a spinal cord stroke may offer opportunities for
intervention addressing underlying mechanisms in individual patients,

NMOSD
(n = 132)

4. Discussion

Idio-pathic
myelitis (n
= 149)

Among patients with non-inflammatory myelopathies, age differed
across etiologic diagnoses (p < 0.001), driven by the older ages of pa
tients with AVF/AVM compared to patients with spinal cord infarction
and structural myelopathies (Table 1). A bimodal age distribution was
suggested in patients with spinal cord infarctions (Fig. 2). Patients with
AVM/AVF were more frequently male than patients with spinal cord
infarction or structural myelopathy. Spinal cord infarction was most
frequently hyperacute in onset, while all other non-inflammatory eti
ologies were most frequently chronic (p < 0.001, Table 1, Fig. 3).

MS/CIS
(n =
221)

3.4. Demographic and clinical characteristics of patients with noninflammatory myelopathies

All
inflammatory (n =
772)

Table 1
Demographic characteristics and temporal profile of symptom evolution patients with myelopathy, according to specific etiologic diagnosis.

p-valuea

All noninflammatory (n =
421)

Spinal
cord
infarct (n
= 197)

Among patients with inflammatory myelopathies, age differed across
etiologic diagnoses (p < 0.001, Table 1, Fig. 2), driven by the younger
age of patients with para/post-infectious myelopathy compared to other
etiologic groups. Patients diagnosed with MS/CIS, NMOSD and rheu
matologic myelopathy were more frequently female than patients with
sarcoidosis-associated myelopathy of infection-associated myelitis. The
highest proportion of patients reporting Black race occurred with
NMOSD (37%) and sarcoidosis-associated myelitis (43%). Among in
flammatory myelopathies, temporal profile of symptom onset was most
frequently subacute (45%). A chronic temporal profile was most
frequently reported in patients with neurosarcoidosis and myelopathy
associated with an underlying rheumatologic disorder, while an acute
profile was frequently seen in infection-associated myelopathies
(Table 1, Table 2, Fig. 3).

44
(35–52)
140 (64)

Structural
(n = 108)

3.3. Demographic and clinical characteristics of patients with
inflammatory myelopathies

44 (30–54)

AVF/
AVM (n
= 59)

Compared to patients with an inflammatory myelopathy, patients
with a non-inflammatory myelopathy were more likely to be older,
male, and experience hyperacute or chronic symptom onset (p < 0.001
for all, Table 1, Fig. 2).

Age, median
years (IQR)
Female (%)
Race
White (%)
Black (%)
Other (%)
Temporal
profile
Hyperacute
(%)
Acute (%)
Subacute (%)
Chronic (%)

p-valueb

3.2. Demographic and clinical characteristics of patients with
inflammatory versus non-inflammatory myelopathies

<0.001c
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Fig. 2. Distribution of age of patients with inflammatory and non-inflammatory myelopathies. Histograms are presented demonstrating (A) the age distribution of
patients with inflammatory compared to non-inflammatory myelopathies, and (B) the age distribution of the most common specific etiologic diagnoses. MS =
multiple sclerosis, CIS = clinically isolated syndrome, NMOSD = neuromyelitis optica spectrum disorder, AVF = arteriovenous fistula, AVM = arteriovenous
malformation.
Table 2
Age and temporal profile of symptom evolution in patients with infection-associated myelitis.

Age, median years (IQR)
Temporal profile
Hyperacute (%)
Acute (%)
Subacute (%)
Chronic (%)

AFM
(n = 23)

Myco-plasma (n = 5)

VZV
(n = 10)

HIV
(n = 7)

HTLV-1 (n = 6)

Other viral (n = 14)

Other bacterial (n = 5)

p-value

5 (3–6)

17.5 (14.5–19)

65 (56–73)

43.5 (37–45)

54.5 (37–56)

25 (1–36)

59 (35–61)

<0.001a*

0 (0)
18 (78)
5 (22)
0 (0)

0 (0)
4 (80)
1 (20)
0 (0)

0 (0)
1 (10)
8 (80)
1 (10)

0 (0)
0 (0)
1 (14)
6 (86)

0 (0)
0 (0)
0 (0)
6 (100)

1 (7)
6 (43)
4 (29)
3 (21)

0 (0)
1 (20)
4 (80)
0 (0)

<0.001b

IQR = interquartile ratio, AFM = acute flaccid myelitis, HIV = human immunodeficiency virus, HTLV-1 = human T-lymphotropic virus type VZV = varicella zoster
virus; HIV: human immunodeficiency virus; HTLV-1:human T-lymphotropic virus.
Other viral includes West Nile, Jameson Canyon, Parvovirus, EBV, HSV, Coxsackie.
Other bacterial includes Lyme and Ehrlichiosis.
a
Across etiologic diagnoses of inflammatory myelopathy.
b
across etiologic diagnoses of non-inflammatory myelopathy.
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Fig. 3. Distribution of temporal profile of symptom evolution in patients with inflammatory and non-inflammatory myelopathies. Histograms are presented
demonstrating (A) the temporal profile of symptom evolution with inflammatory compared to non-inflammatory myelopathies, and (B) the temporal profile of
symptom evolution in the most common specific etiologic diagnoses. MS = multiple sclerosis, CIS = clinically isolated syndrome, NMOSD = neuromyelitis optica
spectrum disorder, AVF = arteriovenous fistula, AVM = arteriovenous malformation.
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that may be characteristic of specific etiologic diagnosis include the
‘trident sign’ or dorsal subpial enhancement in sarcoidosis-associated
myelitis [34,36], ‘pancake-like’ transverse enhancement in spondy
lotic myelopathy [18], ring or partial ring enhancement in AQP4-IgG
seropositive NMOSD [34], or the ‘missing piece’ sign in spinal dural
AVF [37]. Indeed, education regarding typical enhancement patterns of
specific myelopathies can aid physicians in making the correct diagnosis
[38]. Additional advanced imaging studies should also be considered
where clinically-appropriate. FDG-PET CT of the body is a useful tech
nique to identify evidence for underlying systemic sarcoidosis when
sarcoidosis-associated myelitis is suspected, [39] while rigorous spinal
digital subtraction angiography with careful interpretation is considered
the gold standard for diagnosis of AVF [40]. In addition, CSF parameters
during the acute phase of symptoms such as pleocytosis and the presence
of oligoclonal bands (OCBs) would favor a diagnosis of inflammatory
myelopathy, while a completely normal CSF or absence of pleocytosis or
OCBs would decrease the likelihood of diagnosis of inflammatory or
demyelinating myelopathies [3]. The presence of CSF-restricted OCBs in
combination of MRI features such as short-length lesions or multi-focal
lesions may also provide support for the diagnosis of demyelinating
myelopathies and/or serve as a predictor for the potential conversion to
MS in patients presenting with isolated myelitis [9].
The current study has a number of limitations. Our myelopathy
center is a specialized service that may have introduced bias towards
diagnostically challenging cases. Infection-associated myelitis may be
underdiagnosed in this cohort (and perhaps misclassified as idiopathic
myelitis), since patients were assessed in an outpatient setting weeks to
months after symptom onset, at which point causative pathogens are
unlikely to be detected. MOG-IgG testing was not commercially avail
able in our region until 2017, so patients seen prior to this with MOGIgG associated disease may have been misclassified as idiopathic
myelitis or seronegative NMOSD. This situation and the fact MOG-IgG
antibody titers may decline after the acute phase and re-testing in
some patients may explain the relative lower frequency of MOGAG in
our cohort compared to recent studies [41]. We did not include MRI and
CSF findings in this study, as these paraclinical features of myelopathies
have already been analyzed in detail in other work from our group [3],
and the focus of the current study was limited to misdiagnosis and the
identification of demographic and clinical clues to specific etiologic
diagnoses. All patients in the current study underwent a battery of
routine diagnostic tests including MRI and serum biomarkers, advanced
diagnostics such as angiography to detect AVF/AVM and FDG-PET CT to
detect systemic sarcoidosis were necessarily limited to patients with
suggestive clinical or paraclinical features. Additionally, sensitive and
specific tests for certain myelopathic disorders (e.g. spinal cord infarc
tion) are still lacking, meaning that misclassification of diagnoses in
some patients cannot be excluded. Finally, it is important to note that
this study focused on cases diagnosed or misdiagnosed as ‘transverse
myelitis’, and should not be considered an incidence or prevalence study
for specific etiologic diagnoses.

[15–17] and at a group level facilitate research into mechanisms, ther
apies and recurrence risks. Furthermore, differentiation of spinal cord
stroke from an inflammatory myelopathy may avoid potential harm in
individual patients from immune-therapies which may have a procoagulable effect (e.g. intravenous immunoglobulin) or serious poten
tial infectious complications (e.g. cyclophosphamide). Patients with
structural causes of myelopathy or AVF/AVM represent other groups in
whom misdiagnosis may result in lost opportunities for intervention,
and irreversible disability [11,18]. Recognition of AVF/AVM can also
impact management decisions in the acute setting, as precipitous decline
in neurological status has been reported in around 40% of patients with
AVF/AVM who were erroneously treated with high-dose corticosteroids
– perhaps due to haemodynamic effects [11].
We have demonstrated that in a large cohort of patients with mye
lopathies, demographic characteristics and temporal profile of symptom
onset differ considerably across etiologic diagnoses. Age is a factor
which is rarely included in diagnostic criteria, but is an important
consideration in clinical reasoning [19]. In most disorders, age distri
butions in our cohort mirrored findings from the broader literature, e.g.
older age distribution of NMOSD and neurosarcoidosis compared to
other inflammatory disorders [20–22]. Our finding regarding a possible
bimodal age distribution of spontaneous spinal cord strokes is novel, and
to our knowledge has not been previously reported in the literature.
[23–25] This may be because pediatric cases have not been included in
various observational studies, or suggest that spinal cord stroke is underrecognized in children. Indeed, the literature on spontaneous spinal cord
strokes in children are essentially limited to case reports [26–28]. In
adults with spontaneous spinal cord stroke, typical cardiovascular risk
factors (such as hypertension) are frequently present [3,6], suggesting
that etiologic mechanisms may be similar to cerebral strokes (such as
atheroma and cardio-embolism). Additionally, structural issues such as
degenerative spinal disease may result in arterial compression in adults
[17]. On the other hand, the specific mechanisms of spontaneous spinal
cord strokes in young people are not well understood. Trauma may be an
important etiologic factor, for example vertebral artery dissection or
fibrocartilaginous embolism should be considered in a young person
presenting with spontaneous spinal cord infarction following intense
exercise, contact sports or load-bearing activity (such as weightlifting)
[28]. Other putative etiological factors in young people may include
congenital heart disease, thrombophilic disorders, arteriopathy, or ge
netic disorders leading to vasculitis (e.g., deficiency of adenosine
deaminase 2) [29] among others. Exploring the mechanisms of sponta
neous spinal cord stroke represents a key area for future research.
Our findings also suggest that temporal profile of symptom evolution
is useful in guiding an initial differential diagnosis in a patient with
myelopathy. For example, spinal cord infarction should be considered in
the differential of any hyperacute myelopathic syndrome, while disor
ders in which a chronic presentation is likely include sarcoidosisassociated myelopathy, rheumatologic myelopathy, structural myelop
athies, and AVM/AVF.
Importantly, other factors not studied here that have been identified
as informative in differentiating etiologies of myelopathy include MRI
characteristics and CSF pleocytosis [3]. The absence of an MRI T2-lesion
can be informative finding, for example MRI may appear normal in the
hyperacute assessment of patients with spinal cord infarction (with le
sions becoming apparent on later interval imaging) [6]; myelitis in
MOGAD may be MRI-negative [30]; and a T2-lesion may not be evident
in patients with low-flow spinal dural AVF (although other features such
as CSF flow voids may be present) [31]. Length of T2 lesion is a key MRI
characteristic that can help differentiate specific inflammatory mye
lopathies, with longitudinally extensive lesions extending over 3 verte
bral segments being more characteristic of NMOSD, sarcoidosisassociated myelitis, MOGAD, or idiopathic transverse myelitis, than of
MS. [9,10,32–35] Axial location of T2-lesion is also important, with
central lesions being characteristic of AVF, and gray matter delineation
being a key feature of AFM, for example [3,8]. Enhancement patterns

5. Conclusions
We have demonstrated that specific inflammatory and noninflammatory disorders are often missed in patients diagnosed with
“transverse myelitis”. Neurologists should focus on an etiologic-based
diagnosis in order to facilitate appropriate treatment and follow-up
rather than establishing the generic diagnosis of “transverse myelitis”.
History-taking remains a cornerstone of clinical neurology, with de
mographic characteristics and temporal profile of symptom evolution
potentially contributing to diagnostic reasoning in patients with
myelopathies.
Study funding
This study received no specific funding.
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