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Acute transverse myelitis 

with normal brain MRI

Long-term risk of MS

Introduction

Acute transverse myelitis (ATM) may be a clinically iso-
lated syndrome (CIS) presenting as the initial manifes-
tation of multiple sclerosis (MS). The utility of an ab-
normal brain MRI scan in predicting the long-term
outcome in the context of CIS including ATM has been

extensively studied placing these patients at high risk of
developing [4, 10, 18, 23]. However, few studies have ex-
amined the long-term outcome in a relatively large
number of CIS patients presenting with ATM and a nor-
mal brain MRI scan at onset [5, 22]. This is not an infre-
quent observation in clinical practice and often raises
diagnostic and prognostic issues. Furthermore, the in-
corporation of the MRI-based evidence of dissemina-
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■ Abstract Objective To investi-
gate the long-term risk of develop-
ing MS in patients presenting with
acute transverse myelitis (ATM)
and normal brain MRI scans at on-
set. Methods We studied 58 ATM
patients with normal brain MRI at
presentation for up to 5 years with
serial neurologic and imaging
studies. All patients underwent CSF
analysis at onset which was defined
positive if two or more IgG oligo-
clonal bands and/or elevated IgG
index were present. Brain and
spinal cord MRI scans were ob-
tained every 6 months for the first
2 years, and annually thereafter un-
less the patient experienced a sec-
ond neurologic attack different
from the initial episode to confirm
CDMS or there was demonstration
of MRI lesions confirming dissemi-
nation in time and space to fulfill
McDonald imaging criteria to diag-
nose MS. Results Seventeen of 58
(29 %) patients developed MS of
which 7 (41 %) patients developed
CDMS and 10 (59 %) developed MS

using McDonald Imaging Criteria.
Mean time to CDMS by a second
clinical attack was 11.1 months
compared to 19.2 months by MRI
lesions (P = 0.03). None of the pa-
tients developed MS after 24
months of onset. All 17 patients
who developed MS had positive
CSF although 15 patients who had
positive CSF did not develop MS
during the 5 years of follow-up.
Conclusions The majority of pa-
tients with ATM and normal brain
MRI do not develop MS after 5
years of follow-up confirming the
relatively low risk compared to pa-
tients with abnormal brain MRI
scans. CSF is helpful in distinguish-
ing patients more likely to develop
MS. Compared to clinical attacks,
serial imaging may not lead to an
earlier diagnosis in ATM patients
with normal brain MRI.

■ Key words multiple sclerosis ·
clinically isolated syndrome ·
transverse myelitis · brain MRI
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tion in time and space for diagnosing MS has not been
examined in ATM with normal brain MRI scan at pre-
sentation.

We report the long-term outcome in 58 ATM patients
with normal brain MRI scans at onset followed longitu-
dinally for five years with serial neurologic examination
and imaging studies.

Methods

Patients with ATM [26] were followed longitudinally with serial neu-
rologic and imaging studies to monitor conversion to MS. The proto-
col was approved by the local Human Investigations Committee and
all participants gave written informed consent. All patients met the
following criteria for inclusion: (i) Presentation of ATM between the
ages of 18 and 60 years without prior history of symptoms suggestive
of a CNS demyelinating event, (ii) evolution of symptoms over no
more than 4 weeks and sustained for at least 48 hours, (iii) Varying de-
grees of motor, sensory and sphincter dysfunction, but without com-
plete paraplegia, (iv) no evidence of symptoms or neurologic signs
suggestive of cranial involvement at onset, (v) normal brain MRI scan
at presentation, (vi) presence of one or two intramedullary lesions
seen on spinal cord MR imaging with each lesion ≤ 2 vertebral seg-
ments in length, (vii) no evidence of spinal cord compression, (viii)
CSF obtained in all patients at initial presentation and negative for in-
fections, with cell count < 50/mm3 and total protein < 100 mg/dl. All
CSF samples were examined for oligoclonal IgG bands (OCB), mostly
by isoelectric focusing on agarose gels as well as CSF IgG index mea-
surements. However, technical details were not available in many in-
stances, (ix) negative serology for infections or connective tissue dis-
orders, and (x), normal visual evoked potentials at onset.

Patients were examined every six months and unscheduled visits
were conducted whenever clinically warranted. All patients under-
went brain and spinal cord MRI scans every 6 months for the first two
years and annually thereafter for up to approximately five years un-
less the patient developed MS confirmed by the occurrence of a sec-
ond clinical attack consistent with a CNS demyelinating episode that
was neurologically different from the initial episode (CDMS accord-
ing to Poser et al. criteria) [21] or the development of new MRI lesions
that fulfilled the definition for dissemination in time and space ac-
cording to the McDonald MRI criteria [17]. An attack was defined as
new neurologic symptom(s) persisting for at least 48 hours and ac-
companied by objective change on neurologic examination in the ab-
sence of fever or infection. Relapses were typically treated with a five
day course of intravenous methylprednisolone at one gram a day for
5 days. All brain MRI scans included pre and post contrast images.
Spinal cord MRI scans were performed in a sagittal plane with T1-
weighted pre and post contrast, and T2-weighted images. If a lesion
was identified on these images, additional images in the axial plane
were obtained for confirmation.

■ Statistical analysis

Statistical analysis was performed using Fisher’s exact test, student’s
t test, chi square, and the Mann-Whitney U-test as appropriate with a
95 % level of significance. All p values < 0.05 were regarded as statis-
tically significant.

Results

Demographics and clinical characteristics of 58 consec-
utive patients who met the study criteria are shown in

Table 1. After a mean follow-up of 61.8 months, 17 of 58
(29 %) of the patients developed MS after an average of
15.9 months. No patient developed MS after 24 months
of initial presentation. Thirty-two of 58 (55 %) had ab-
normal CSF defined by the presence of two or more CSF
OCB not noted in the serum or elevated CSF IgG Index
or both.All 17 patients who developed MS had abnormal
CSF. However, 15 of 41 (37 %) patients who did not de-
velop MS also had abnormal CSF. Abnormal CSF pre-
dicted a 53 % conversion rate to MS within 2 years of on-
set (r = 0.6, P < 0.0001). Patients who developed MS had
a younger onset of disease but not significantly different
from those who did not develop MS.

Subgroup analysis (Table 2) showed mean time to de-
velop CDMS by Poser criteria (n = 7) was 11.1 months
versus 19.2 months in patients who developed MS ac-
cording to McDonald MRI criteria (n = 10) (11.1 vs 19.2
months, P = 0.01). Mean time to initiation of DMT from
the initial presentation in patients developing CDMS by
Poser criteria was 17.7 months in contrast to 26.6
months in patients who developed MS according to Mc-
Donald MRI criteria (17.7 vs 26.6 months, P = 0.01).

We see a large population of African-American (AA)
patients at our clinic with an unusually high representa-
tion in this cohort. Clinical characteristics of the AA-
ATM patients and comparison with Caucasian ATM pa-
tients are shown in Table 3. Twenty of 58 (34 %) were AA
and 7 of 20 (35 %) developed MS in contrast to 10 of 38
(26 %) Caucasian ATM patients who developed MS.
Mean time to MS in AA-ATM patients was significantly
less than Caucasian ATM patients (9.6 vs 20.3 months,
P = 0.001) and mean EDSS at last observation was higher
in AA than Caucasians (5.20 vs 3.45, P = 0.003) despite
significantly less time to initiation of DMT in AA than
Caucasians (16.6 vs 27.4 months, P = 0.001) despite
longer duration of exposure to DMT in AA than Cau-
casians (45.1 vs 35.6 months, P = 0.0004).

Discussion

To the best of our knowledge, this is the largest cohort of
ATM patients with normal brain MRI scans at onset and

Table 1 Clinical characteristics of the cohort

Total number of patients 58
Mean age at onset, years (± SD) 32.7 (8.5)
Gender (F/M) 41/17
Ethnicity, CA/AA 38/20
Mean Duration of follow-up, months (± SD)* 61.8 (± 2.6)
CSF +, n (%) 32 (55.2 %)
No of Patients who developed MS by Poser et al. 17 (29.3 %)
criteria (CDMS) or McDonald MRI Criteria (%)

+ CSF Two or more OCB and/or elevated IgG Index
* Range of follow-up for all patients was between 58 and 68 months
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followed for at least five years with serial MRI scans. Our
study showed that 29 % of ATM patients presenting with
normal brain MRI scan at onset developed MS accord-
ing to clinical or imaging criteria. The development of
MS in other studies of ATM with normal brain MRI
scans at onset has varied between 10 to 33 % [2, 3, 5, 9, 15,
16, 19, 22]. Several factors including but not limited to
study design, number of patients, duration of follow-up,
and image analysis may account for the wide range of
conversion to MS in previous reports. Interestingly, we
found only one study reporting a zero rate of conversion
in ATM patients with normal brain MRI scans followed
clinically for 44 months from onset [24]. No details of
this sub-cohort were described precluding further com-
ment on their contrasting findings.

The presence of OCB in the CSF has been associated
with a higher risk of developing MS [13, 20]. The impor-
tance of OCB in the context of ATM in determining fu-
ture risk of MS has been highlighted with a strong pre-
dictive value in several studies [2, 16, 19]. We reported
abnormal CSF (defined in this study by the presence of
two or more OCB or elevated CSF IgG Index or both) in
55 % (32 of 58) of patients of which 53 % (17 of 32) went

on to develop MS (r = 0.6,P < 0.0001).This highlights the
significance of obtaining CSF when evaluating the pa-
tients with ATM and assessing the risk of future conver-
sion to MS. Cerebrospinal fluid analysis has been rec-
ommended by the Transverse Myelitis Consortium
Working Group in the work-up and evaluation of ATM,
particularly, for distinguishing inflammatory from non-
inflammatory etiologies [26]. No other tests in the CSF
have been reported to predict a higher risk of conversion
to MS in ATM patients with normal brain MRI scans.
However, increased CSF glucose levels and CSF IL-6 lev-
els have been associated with a poor outcome [3, 15].

There is consensus that the risk of developing MS is
significantly high with an abnormal brain MRI scan at
onset [11, 12]. Furthermore, the use of the McDonald
MRI criteria demonstrating dissemination in time and
space has been shown to establish the diagnosis of MS in
a shorter period of time compared to CDMS by Poser
et al. criteria [8, 25]. However, there is no information on
the utility of the McDonald MRI criteria in ATM with a
normal brain MRI at onset.We compared the time to de-
velop MS by the two sets of criteria, i.e., Poser et al. ver-
sus McDonald MRI criteria. This comparison was done

CDMS MS Patients who 
(Poser et al.) (according to did not develop 
n = 7 McDonald MRI MS

Criteria) n = 41
n = 10

Mean age at onset, years (± SD) 27.6 (5.2) 28.7 (4.6) 32.1 (8.9)
Gender (F/M) 5/2 10/0 26/15
Ethnicity (AA/CA) 4/3 3/7 13/28
Mean duration of follow-up, months (± SD) 61.7 (2.7) 63.0 (2.5) 60.9 (2.6)
Mean time to second event, months (± SD)* 11.1 (4.5) 19.2 (8.4) na
Mean time to initiation of therapy 17.7 (3.9) 26.6 (8.1) na
from onset, months (± SD)**
Mean EDSS (± SD) 4.6 (1.0) 3.9 (1.2) 1.06 (0.8)
CSF +, n (%) 7 (100 %) 10 (100 %) 15 (37 %)

+ CSF Two or more OCB and/or elevated IgG Index; AA African-Americans; CA Caucasians
* 11.1 vs 19.2 months (p = 0.01); ** 17.7 vs 26.6 months (p = 0.01)

Table 2 Clinical characteristics of patients who con-
verted to CDMS

Caucasians African-Americans
n = 38 n = 20

Mean age at onset, years (± SD) 32.7 (9.6) 32.7 (6.1)
Gender, F/M 24/14 17/3
Mean duration of follow-up, months (± SD) 61.8 (2.6) 61.7 (2.6)
Mean time to second event, months (± SD)* 20.3 (7.5) 9.6 (2.4)
Mean time to initiation of therapy from onset, months (± SD)** 27.4 (7.2) 16.6 (3.0)
Mean EDSS (± SD)*** 3.45 (0.7) 5.2 (0.9)
CDMS by Poser et al. criteria (%) 3 (42.9 %) 4 (57.1 %)
MS using McDonald MRI criteria (%) 7 (70 %) 3 (30 %)
CSF +, n (%)§ 19 (50 %) 13 (65 %)

+ CSF Two or more OCB and/or elevated IgG Index
* 20.3 vs 9.6 months; p = 0.001; ** 27.4 vs 16.6 months; p = 0.001; *** 3.45 vs 5.20; p = 0.003

Table 3 Effect of ethnicity: ATM and the develop-
ment of MS in Caucasians and African-Americans
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retrospectively since our study began before the publi-
cation of the McDonald criteria, and we did not obtain a
brain scan 3 months after onset. Interestingly, we noted
the development of CDMS defined by the occurrence of
a second clinical attack fulfilling the requirement of dis-
semination in time and space in a significantly shorter
period of time compared to the development of MS
based on MRI evidence of dissemination in time and
space (11.1 vs 19.2 months, P = 0.01). Thus, it appears
that serial MRI studies in ATM patients with normal
brain scans do not shorten the time to diagnose MS
which is in contrast to their well-known utility in CIS
patients with abnormal brain MRI scans [4, 10]. Never-
theless, more patients were diagnosed with MS accord-
ing to the McDonald MRI criteria than the Poser criteria
indicating the sensitivity of imaging in this type of co-
hort. This also adds to the overall validity of the Mc-
Donald diagnostic criteria scheme that includes both
clinical as well as imaging criteria for the diagnosis of
CDMS. Since all 17 of the patients who developed MS in
our study did so within 24 months of onset, we suggest
that the routine use of serial MRI scans in ATM patients
with normal brain MRI scans may not be cost-effective
after 24 months from onset.Furthermore, it also appears
that the risk of developing MS in our cohort was signif-
icantly reduced after the first 24 months. We can not ex-
tend our observations to CIS patients with optic neuri-
tis or brainstem syndromes because it is unclear if
localization within the CNS may affect risk of develop-
ing MS.

Lately, there is increasing recognition that CNS de-
myelinating disease including MS may be clinically
more aggressive and less responsive to therapy in AA

with MS than Caucasians [6, 7, 14, 27]. Thirty four per-
cent of our patients were AA and 35 % of them devel-
oped MS. At last observation, AA patients had greater
disability than Caucasians despite earlier diagnosis and
longer exposure to therapy. These observations expand
our knowledge about the spectrum of CNS demyelinat-
ing diseases in AA concurring with several previous re-
ports suggesting a more aggressive disease course in AA
than Caucasians. Factors contributing to a more aggres-
sive disease course in AA than Caucasians remain un-
clear although, possible association with APOE E4 (40 %
heterozygote carriers in AA), greater spinal cord in-
volvement and more tissue destruction quantified by
non-conventional imaging have been implicated [1, 14].

In summary, majority of the patients who present
with ATM and a normal brain MRI scan do not develop
MS after five years of follow-up. Those who do develop
MS (29 %), do so within 24 months of onset and have
OCB or elevated CSF IgG Index in the CSF. Serial MRI
scans are not helpful in establishing an earlier diagnosis
in this cohort. Finally, once again, we observe that AA
with ATM develop MS in a shorter period of time than
Caucasians and also appear to respond less favorably to
therapy. Further long-term studies with larger number
of patients including biomarkers are needed to confirm
our findings and establish markers for risk of develop-
ing MS as well as predicting clinical outcomes.
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