
Introduction

Multiple sclerosis (MS) is the most common chronical-
ly disabling disease of the central nervous system
(CNS) in young adults, affecting up to 1 per 1000 per-
sons in the Western world [1]. The diagnosis is based
primarily on clinical findings; however, laboratory and
paraclinical tests are also included in the most recent
and widely used diagnostic criteria [2]. Of the paraclin-
ical tests, brain magnetic resonance imaging (MRI) is
most commonly applied, being highly sensitive for MS
abnormalities while having a high negative predictive
value [3].

About 80% of MS patients present with spinal cord
symptoms, suggesting frequent spinal cord involvement
in MS. Recent improvements in spinal cord MRI enable
reliable visualization of the spinal cord in MS [4]. Sever-
al MRI studies have described spinal cord abnormalties
in MS patients as consisting primarily of focal lesions,
located mostly in the lateral and posterior white matter
columns and generally shorter than two segments [5, 6].
Diffuse abnormalities have recently been reported to
be visualized on cardiac gated proton-density (PD)
weighted MRI [7], with the cerebrospinal fluid (CSF)
appearing isointense with normal spinal cord tissue,
which means that even subtle changes in the spinal
cord are readily visualized. Diffuse abnormalities are as-
sociated with severe disease and a primary progressive
disease course [8].

Adding spinal cord MRI in the work-up of suspected
MS cases is conceptually attractive as it depicts the en-
tire central nervous system (CNS), in a disease in which
histopathology typically reveals lesions in the spinal
cord. Only a few studies have so far evaluated the value
of spinal cord MRI findings in the diagnostic setting of
MS [9, 10, 11]. In the study of Thorpe et al. [11] spinal
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Abstract. We examined the value of spinal cord mag-
netic resonance imaging (MRI) in the diagnostic
work-up of multiple sclerosis (MS). Forty patients
suspected of having MS were examined within
24 months after the start of symptoms. Disability
was assessed, and symptoms were categorized as ei-
ther brain or spinal cord. Work-up further included
cerebrospinal fluid analysis and standard proton-den-
sity, T2-, and T1-weighted gadolinium-enhanced
brain and spinal cord MRI. Patients were categorized
as either clinically definite MS (n = 13), laboratory-
supported definite MS (n = 14), or clinically probable
MS (n = 4); four patients had clinically probable MS,
and in nine MS was suspected. Spinal cord abnormal-
ities were found in 35 of 40 patients (87.5 %), consist-
ing of focal lesions in 31, only diffuse abnormalities in
two, and both in two. Asymptomatic spinal cord le-
sions occurred in six patients. All patients with dif-
fuse spinal cord abnormality had clear spinal cord
symptoms and a primary progressive disease course.
In clinically definite MS, the inclusion of spinal imag-
ing increased the sensitivity of MRI to 100 %. Seven
patients without a definite diagnosis had clinically
isolated syndromes involving the spinal cord. Brain
MRI was inconclusive, while all had focal spinal cord
lesions which explained symptoms and ruled out oth-
er causes. Two other patients had atypical brain ab-
normalities suggesting ischemic/vascular disease. No
spinal cord abnormalities were found, and during fol-
low-up MS was ruled out. Spinal cord abnormalities
are common in suspected MS, and may occur asymp-
tomatic. Although diagnostic classification is seldom
changed, spinal cord imaging increases diagnostic
sensitivity of MRI in patients with suspected MS. In
addition, patients with primary progressive MS may
possibly be earlier diagnosed. Finally, differentiation
with atypical lesions may be improved.
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cord MRI findings changed the diagnosis laboratory
supported to clinically definite MS in 3 of 20 cases.
However, the patients were selected on the basis of hav-
ing negative brain MRI findings, and therefore the
group was not representative of the general MS popula-
tion. The occurrence of diffuse spinal cord abnormali-
ties in early or suspected MS has not yet been studied.

We present a series of patients referred to our de-
partment for diagnostic purposes. Our purpose was to
study the brain and spinal cord appearance of patients
suspected of having MS on clinical criteria. In addition,
we evaluated the added value of spinal cord MRI in the
work-up of such patients.

Methods and materials

Patients

Our series included 40 patients (28 women, 12 men; me-
dian age 37 years, range 19±61) referred to our outpa-
tient department with symptoms suggestive of MS. Of
these, 65% presented with pyramidal and/or sensory
symptoms attributable to spinal cord involvement. Five
patients had brainstem symptoms, seven visual distur-
bances, and five cerebellar symptoms, and one sphincter
disturbances. All patients were evaluated in the setting
of routine diagnostic work-up within 24 months (medi-
an of 3.5) after the initial symptoms. Each gave in-
formed consent to the study. The following clinical pa-
rameters were recorded: age, sex, date of initial symp-
toms, type of symptoms, and concomitant diseases.
Most patients were mildly disabled, with a median score
on the Expanded Disability Status Scale (EDSS) of 3.5
(range 0±6.5). Further, the neurologist recorded wheth-
er there was clinical evidence of dissociation in space,
i. e., whether symptoms could be associated with abnor-
malities in more than one CNS region. CSF was ana-
lyzed for the presence of oligoclonal bands. Other dis-
eases were ruled out by appropriate tests when neces-
sary.

MRI

MRI of the brain and spinal cord was performed in one
session at 1.0 T, and imaging of the brain consisted of
PD- and T2-weighted conventional spin echo (SE; TR/
TE 2300/45, 90/1 excitations), and T1-weighted conven-
tional SE (600/15, 2), after the administration of gado-
linium-DTPA (0.1 mmol/kg). Twenty-one axial slices
were obtained, with a pixel size of 1 mm2, 5-mm slice
thickness, and an interslice gap of 0.5 mm. Acquisition
time was approximately 20 min. MRI of the spinal cord
was performed using a spinal phased array coil. Twelve
sagittal slices, depicting the spinal cord over its entire
length (3-mm slice thickness, 0.3-mm interslice gap, pix-
el size 0.94 mm2), were acquired using cardiac triggered
conventional SE (2200/20, 80/1; PD and T2-weighted)
and T1-weighted SE (550/15, 2). Acquisition time for
spinal cord imaging was approximately 20 min. Total ac-

quisition time was approximately 1 h; including chang-
ing the MRI coils between brain and spinal cord imag-
ing.

Hardcopy images of brain and spinal cord were
scored by two observers by consensus, unaware of clini-
cal data, for the number of focal lesions, both on T1-
and on PD/T2-weighted images. Further, spinal cord im-
ages were scored for the presence of diffuse abnormali-
ty, which was defined as diffuse signal increase on both
the PD and T2-weighted MRI, regardless of presence
of focal lesions [10]. Finally, the number of enhancing
lesions was scored in brain and spinal cord. According
to previously described brain MRI criteria for MS, the
brain images were judged as to whether they were com-
patible with a radiological diagnosis of MS. According
to these criteria, which were designed to differentiate
MS lesions from atypical (ªischemic vascularº) white
matter lesions in the elderly [12], patients were judged
to have brain MRI findings compatible with MS if they
had at least threelesions fulfilling two of the following
criteria: (a) a lesion larger than 6 mm, (b) a lesion abut-
ting the ventricles, and (c) an infratentorial lesion. Brain
lesions were considered to be ischemic vascular in origin
when they were confluent, nonovoid, and spared the U-
fibers.

Diagnostic classification

After evaluation of clinical, MRI, and laboratory data
(CSF) patients were categorized according to the diag-
nostic criteria of Poser et al. [2] as having either clinical-
ly definite MS (CDMS), laboratory-supported definite
MS (LSDMS), or clinically probable MS (Table 1). For
this categorization only brain MRI was included. Only
upon fulfilling the Fazekas et al. [12] criteria was the
brain MRI considered to be positive as paraclinical evi-
dence. After diagnostic work-up, patients were followed
up for a median of 17 months (range 6±33). Table 2 sum-
marizes the diagnostic work-up in patients not fulfilling
the Poser et al. criteria for CDMS. Statistical compari-
sons between groups were made using the Mann-Whit-
ney U test.

Results

Clinical and MRI data are summarized in Table 3. After
evaluating clinical, laboratory, and brain MRI data, 13
of 40 patients fulfilled the Poser et al. criteria for
CDMS, 14 for LSDMS, and 4 for clinically probable
MS. In the remaining 9 patients MS could not be ruled
out, nor could another diagnosis be made.

Clinically definite MS

The median duration between appearance of the initial
symptoms and examination in the 13 patients with
CDMS was somewhat longer than that in the other 27
patients (Table 2), although not significantly so. Eleven

G. J. Lycklama et al.: Spinal cord magnetic resonance imaging in suspected multiple sclerosis 369



patients had at least two separate clinical attacks (disso-
ciation in time), and had clinical evidence of abnormali-
ties in two different areas of the CNS (dissociation in
space). Brain MRI showed abnormalities (positive for
the Fazekas et al. [12] criteria) in 10 of 11 patients, while
spinal cord MRI showed focal lesions in all 11 patients.
The other two patients with CDMS had experienced
two separate attacks, but confined to a single CNS
area. However, brain MRI findings provided paraclini-
cal evidence of dissociation in space in these patients.
Again, spinal cord MRI also showed focal lesions; thus
sensitivity of combined brain and spinal cord MRI was
100 % in the patients with CDMS. Gadolinium enhance-
ment was seen on brain MRI in 8 of 13 patients with
CDMS. In 3 of these the spinal cord also showed gado-
linium enhancement. Furthermore, 8 of 13 CDMS pa-

tients showed hypointense lesions on the T1-weighted
brain MRI. Such hypointense lesions were not found in
the spinal cord (nor in the spinal cord of any other sub-
group). Median EDSS was higher in these patients (me-
dian 3, range 1.5±5.5) than in patients who did not have
hypointense lesions (median EDSS 1, range 0 ±2,
P < .01). None of the 13 patients with CDMS had dif-
fuse spinal cord abnormalities. During follow-up all pa-
tients with CDMS were classified as having relapsing-
remitting MS.

Laboratory supported definite MS

The diagnosis LSDMS was made in 14 patients (Ta-
ble 2). In 5 of these an isolated clinical attack in combi-
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Table 1. Diagnostic criteria for multiple sclerosis according to Poser et al. [2]

Category Attacksa Clinical
evidenceb

Paraclinical evidence
of dissocation in spacec

CSF: oligoclonal
banding/IgG

Clinically definite MS 2 2 ± ±
2 1 and 1 ±

Laboratory-supported definite MS 2 1 or 1 Positive
1 2 ± Positive
1 1 and 1 Positive

Clinically probable MS 2 1 ± ±
1 2 ± ±
1 1 and 1 ±

Laboratory-supported probable MS 2 ± ± Positive
a Having at least two attacks suggests dissociation in time
b Clinical evidence of dissociation (1, only one CNS area affected;
2, dissociation in space)

c Paraclinical evidence of dissociation in space using brain MRI

®

®

®

®
®
®
®
®
®
®
®
®
®

®
®

® ®

®

®
®

® ®®

®
®®® ®

®

®

®

®

®

®®
®

®

®

®
®

®
®

®

®

®

®

®
®
®

®

®

®

®

®

®
®

® ®

® ®

®®® ® ®®

Table 2. Diagnostic work-up and result of 27 patients not fulfilling
the criteria for clinically definite MS (CDMS clinically definite
multiple sclerosis, SUSP suspected MS, PROB clinically probable

MS, LSDMS laboratory-supported definite MS, PPMS primary
progressive MS, RRMS relapsing-remitting MS, VASC vascular-is-
chemic brain abnormalities)

Presentation n CSFa Brain MRIb Spinal cordc Initial diagnosis Clinical course
during follow-up

Final diagnosis

One attack,
> 1 � clinical evidence

1 Progressive 1 PPMS
2 Pos 2 LSDMS 1 Stable 1 LSDMS

5 Pos 3 Neg 3 LSDMS 2 Stable 2 LSDMS
5 Pos 1 new attack 1 RRMS

6 1 Neg 1 Pos 1 Pos 1 PROB 1 Stable 1 PROB

3 Progressive 3 PPMSd

8 Pos 8 LSDMS 1 relapse 1 RRMS
4 Stable 4 LSDMS

9 Pos 1 Neg 1 LSDMS 1 Stable 1 LSDMS
3 Pos 3 SUSP 3 Stable 3 SUSP

14 Pos 5 Neg 2 Neg 2 SUSP 2 Stable 2 SUSP
2 Pos 2 Neg 2 PROB 2 Stable 2 PROB

One attack,
1 � clinical evidence

1 Progressive 1 PPMSe

2 Pos 2 SUSP 1 Stable 1 SUSP
20 6 Neg 4 Neg 2 VASC 2 SUSP 2 Stable 2 VASC

Two attacks,
1 � clinical evidence

1 1 Neg 1 Neg 1 Pos 1 PROB 1 Stable 1 PROB

a Pos, oligoclonal bands in CSF; suggestive of MS
b Pos, brain MRI examination positive for the Fazekas et al. [12]
criteria for MS

c Pos, focal and/or diffuse abnormalitie on spinal cord MRI exami-
nation
d Two of three patients showed diffuse spinal cord abnormalities
e Spinal cord MRI showed diffuse abnormality



nation with clinical evidence of dissociation in space, to-
gether with CSF findings suggestive of MS, led to a diag-
nosis of LSDMS (Table 2). The remaining 9 patients
with LSDSM had also experienced only a single clinical
episode, but neurological evaluation revealed only one
affected system (ªclinically isolated syndromeº). In
these patients positive brain MRI findings provided par-
aclinical evidence of dissociation in space, and CSF find-
ings were suggestive of MS, thus leading to a diagnosis
of LSDMS (Table 2).

All patients with LSDMS had brain MRI findings
suggestive of MS (positive for the Offenbacher et al.
[12] criteria). In ten patients there wer also spinal cord
abnormalities. These consisted of only focal lesions in
seven, focal and diffuse abnormalities in two, and only
diffuse abnormalities in one patient. Six of the ten
LSDMS patients with spinal cord abnormalities had spi-
nal cord symptoms, while only one patient without spi-
nal cord abnormalities had spinal cord symptoms. The
LSDMS patients with spinal cord abnormalities had
higher EDSS (median 2.5, range 0±6.5) than those with-
out (median 2, range 1±2.5). The four LSDMS patients
without spinal cord abnormalities tended to have more
brain lesions (median 19, range 6±25) than those with
(median 9, range 5±53).

During follow-up eight patients with LSDMS experi-
enced no new symptoms. Four patients experienced
gradual worsening, and a diagnosis of primary progres-
sive MS was made (Table 3). Interestingly, all three
LSDMS patients with diffuse spinal cord abnormalities
developed primary progressive disease course (Fig. 1).
Two patients with LSDMS had a clinical relapse during

follow-up demonstrating dissemination in time and
space, enabling a diagnosis of relapsing-remitting MS.
In one of these patients (61 years old) brain MRI was in-
conclusive, since in addition to typical MS lesions there
were also multiple lesions suggestive for ischemic-vascu-
lar white matter involvement. However, spinal cord MRI
revealed several focal lesions suggestive for MS (Fig.2).

Remaining patients (no definite MS)

In 13 patients MS could neither be confirmed nor ruled
out after evaluation of clinical, CSF, and MRI data. In
four patients the Poser et al. criteria led to a diagnosis
of clinically probable MS. Two of these patients had ex-
perienced one clinical episode consisting of spinal cord
symptoms. Spinal cord MRI ruled out cord compres-
sion, and a focal spinal cord lesion was found in one of
the two. In addition, brain MRI provided paraclinical
evidence or dissociation in space in both patients. How-
ever, CSF findings were negative, and the diagnosis
therefore remained clinically probable MS (Tables 1,
2). Of the other two patients with clinically probable
MS, one had experienced two separate clinical attacks,
both consisting of identical spinal cord symptoms, thus
not demonstrating dissociation in space. Spinal cord
MRI revealed a single spinal cord lesion, and spinal
cord compression was ruled out. Since the focal lesion
was most likely the cause of symptoms, dissociation in
space was not verified, and brain MRI was negative. Be-
cause CSF findings were also negative, the diagnosis
thus remained probable MS. The last of the four pa-
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Table 3. Summary of clinical and MRI data on 40 patients suspected of having MS

Overall series
(n = 40)

Clinically
definite
(n = 13)

Laboratory-
supported definite
(n = 14)

Clinically
probable
(n = 4)

Remaining
(n = 9)

Clinical presentation
Duration of symptoms (months) 4 (0±20) 6 (0±20) 4.5 (0±25) 1 (0±3) 3 (1±18)
EDSS 2 (0±6.5) 2 (0±5.5) 2 (0±6.5) 1.5 (0±3) 2 (0±5.5)
Oligoclonal banding in CSF 27 (67%) 9 (70%) 14 (100%) ± 5 (56%)
Brain symptoms 15 (38%) 6 (46%) 9 (64%) 1 (25%) 1 (11%)
Spinal cord symptoms 26 (65%) 8 (62%) 7 (50%) 3 (75%) 8 (89%)
Duration of follow-up (months) 17 (6±33) 17 (7±33) 15 (6±30) 26 (10±30) 21 (8±33)

Course during follow-up
Relapsing-remitting MS 13 (33%) 13 (100%) 2 (14%) ± ±
Primary progressive MS 5 (12%) ± 4 (28%) ± 1 (11%)
Ischemic vascular disease 2 (5 %) ± ± ± 2 (22%)
Definite diagnosis 6 (15%) ± ± ± 6 (67%)

Brain MRI
PD/T2 lesions 9.5 (0± > 60) 16 (3± > 60) 11 (5± > 60) 7 (2±15) 2 (0±30)
T1 lesions 0 (0±23) 1 (0±14) 0 (0±23) 0 (0±1) ±
Gadolinium-positive scans 15 (38%) 8 (62%) 6 (43%) 1 (25%) ±
Positive brain MRI scansa 30 (75%) 12 (92%) 14 (100%) 3 (75%) 1 (11%)
¹Vascularª brain lesions 3 (8 %) ± 1 (7 %) ± 2 (22%)

Spinal cord MRI
PD/T2 lesions 1 (0±7.5) 4.5 (1±7.5) 1 (0±6.5) 1 (0±1) 0.5 (0±2)
Gadolinium-positive scans 4 (10%) 3 (23%) ± ± 1 (11%)
Scans showing diffuse abnormality 4 (10%) ± 3 (21%) ± 1 (11%)
Abnormal spinal cord scansb 33 (82%) 13 (100%) 10 (71%) 4 (100%) 7 (78%)

a According to the Fazekas et al. [12] criteria
b Either focal spinal cord lesions, or diffuse abnormalities or both



tients with probable MS had experienced one attack in-
volving both visual and sensory symptoms (dissociation
in space). Spinal cord imaging revealed a single lesion,
explaining the sensory symptoms. Also, brain MRI was
compatible with MS. However, because CSF findings
were negative, the diagnosis remained probable MS.
During follow-up, none of the four patients with proba-
ble MS experienced new symptoms.

In another two patients (44 and 43 years old), the lo-
cation and shape of the brain MRI lesions suggested is-
chemic vascular lesions. One of these patients, who had
experienced sensory symptoms, showed a total of 30 fo-
cal brain lesions on T2-weighted MRI. No gadolinium
enhancement was seen, and none of the lesions ap-
peared as hypointense on T1-weighted images. Never-
theless, the MRI criteria for MS were fulfilled. Howev-
er, no spinal cord abnormalities were detected in this pa-
tient, and CSF examination showed no abnormalities

(Fig. 3). The other patient had 13 focal brain lesions,
without gadolinium enhancement or hypointensity on
T1-weighted images. Because of location and size of
the lesions the MRI criteria were not fulfilled. Again,
spinal cord showed no abnormalities, and CSF findings
were negative. During follow-up no new symptoms de-
veloped in either patient, and the final diagnosis was
probable ischemic vascular disease.

The remaining seven patients all presented with symp-
toms attributable to spinal cord abnormalities. MRI ru-
led out spinal cord compression in all. While none of the
patients had brain abnormalities, spinal cord MRI
showed abnormalities in all seven, consisting of focal le-
sions in six and diffuse abnormalities in one. Regarding
the patients with focal spinal cord lesions, dissociation in
space could not be established because clinical symptoms
were correlated well with spinal cord imaging findings,
and additional asymptomatic spinal cord lesions were
not found. CSF examination revealed oligoclonal bands
in five of six patients. During follow-up none of the six pa-
tients experienced new symptoms, and the diagnosis re-
mained clinically isolated syndrome (Fig.4). The last pa-
tient, showing diffuse spinal cord abnormality, showed
disease progression during follow-up, and eventually a fi-
nal diagnosis of primary progressive MS was made.

Correlation between clinical findings and MRI data:
overall series

Of 24 patients with symptoms clinically attributable to
spinal cord localization (Table 2), 22 showed spinal
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Fig.1A±D. A 28-year-old woman with progressive pyramidal
symptoms. At the time of examination her EDSS was 6.5, indicat-
ing severe impairment. CSF findings suggested MS. Because she
had experienced only one clinical attack, with no clinical evidence
of dissociation in space, the diagnosis was LSDMS. A,B PD- (A)
and T2-weighted (B) brain MRI revealed small periventricular
white matter lesions and one isolated white matter lesion (arrow).
The Fazekas et al. [12] MRI criteria for MS were not fulfilled. Ga-
dolinium-enhanced T1-weighted MRI revealed no enhancing or
hypointense lesion, and the brain MRI examination was inconclu-
sive. C,D PD-weighted spinal cord MRI revealed diffuse abnor-
mality of the spinal cord without focal lesions (arrows). During fol-
low-up, while the patient's symptoms further deteriorated, a diag-
nosis of primary progressive MS was made



cord abnormalities. Spinal cord abnormalities were also
found in 3 additional patients with symptoms judged as
possibly related to spinal cord abnormalities. In 13 pa-
tients the neurologist found no clinical evidence of spi-
nal cord dysfunction. However, 6 patients (46 %),
showed focal spinal cord lesions, mostly involving one
segment, but in two patients involving more than two
vertebral segments. As to the patients with diffuse spi-
nal cord abnormalities, all had spinal cord symptoms,
and EDSS was higher (median 4.5, range 3±6.5) than in
patients with no or only focal lesions (median EDSS 2,
range 0±6, P < 0.01). Duration of symptoms was longer
in patients with diffuse abnormalities (median 16, range
10±18 months) than in the other patients (median 5.5,
range 0 ±24 months, P < 0.05). Four of five patients
with a primary progressive disease course showed dif-
fuse spinal cord abnormalities. By contrast, none of the
other 35 patients showed diffuse spinal cord abnormali-
ties.

Discussion

The findings of this study show that abnormalities on
spinal cord MRI are very common in patients with sus-
pected MS or early definite MS. Spinal cord imaging in-
creased the overall sensitivity of MRI since we found
spinal cord abnormalities in most patients with negative
or inconclusive brain MRI findings. Furthermore, spinal
cord abnormalities were not restricted to patients with
spinal cord symptoms. Asymptomatic spinal cord le-
sions were found in about 50% of all patients, which is
in agreement with a recent study in clinically isolated
syndromes [13].

We evaluated the effect of including spinal MRI find-
ings as paraclinical evidence of MS in our group of pa-
tients. In this respect it is important to realize that our
patients were not selected on basis of brain MRI find-
ings and are therefore representative of patients who
are encountered in clinical routine. The impact of in-
cluding spinal MRI findings in the final diagnostic clas-
sification in these patients was minimal. Even when con-
sidering only a single focal lesion and/or the presence of
diffuse spinal cord abnormalities suggestive of MS, the
final diagnosis was not altered in the vast majority of
our patients. To some extent this may reflect the design
of the criteria, which were developed when imaging of
the spinal cord was not possible. However, the value of
spinal cord MRI went beyond influencing diagnostic
classification, which is illustrated in our study in several
ways (Table 4).

Firstly, in the patients with primary progressive MS a
previous study of ours suggested that diffuse spinal cord
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Fig.2A±D. A 61-year-old women presenting with motor symp-
toms. Clinical examination revealed no evidence of dissociation
in space, and her EDSS was 2.0. CSF findings suggested MS.
A, B Brain MRI revealed numerous hyper-intense lesions on the
T2-weighted images, and the Fazekas et al. [12] criteria were ful-
filled. However, the appearance of the lesions suggested an is-
chemic-vascular origin of at least part of the lesions. Based on clin-
ical, laboratory, and brain MRI findings, a diagnosis of LSDMS
was made. C,D Spinal cord MRI revealed several focal lesions sug-
gestive of MS. During follow-up she developed a clinical relapse,
and eventually a diagnosis of relapsing-remitting MS was made



abnormalities found in primary progressive MS patients
are typical for advanced disease [7, 8]. In the present
study we encountered four patients with diffuse spinal
cord abnormalities at presentation, all of whom later de-
veloped clinically definite primary progressive MS. The
diagnostic problems involving a primary progressive
disease course are well known, because the Poser et al.
criteria are more difficult to apply in these cases [14].
Therefore spinal cord MRI may provide important clues
for the diagnosis of primary progressive MS, as diffuse
spinal cord abnormalities may be the only finding in
these patients.

Secondly, in patients with isolated spinal cord symp-
toms. when confronted with an isolated spinal cord syn-
drome, the differential diagnosis is extensive. In such
patients spinal cord MRI is of great importance since
this may both rule out spinal cord compression and
demonstrate abnormalities suggestive of MS [15]. Of
course, finding spinal cord abnormalities in patients
with a clinically isolated syndrome involving the spinal
cord is not likely to demonstrate dissociation in space,
thus altering the diagnostic classification, unless lesions
at several spinal levels are present. It would be interest-
ing to determine whether the patients with isolated spi-
nal cord involvement eventually develop clinically defi-
nite MS over time. If so, the finding of spinal cord ab-
normalities in patients suspected of having MS could
be of prognostic value. On the other hand, it is conceiv-
able that some of these patients never develop definite
MS, as in isoloated optic neuritis. Nevertheless, both
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Fig.3A±D. A 44-year-old woman presenting with one period of
sensory symptoms. Clinical examination revealed no evidence of
dissociation in space, and her EDSS was 1.0. No CSF abnormalities
were found. A,B Brain MRI showed several focal lesions on the
PD- and T2-weighted MRI images. Note that the thoracic spinal
cord appears to be narrowed due to slight scoliosis during position-
ing. The adjacent images showed that the spinal cord had normal
thickness at thoracic level. No gadolinium enhancement was seen,
and none of the lesions appeared as hypointense on T1-weighted
images. Nevertheless, the MRI criteria for MS were fulfilled. How-
ever, the appearance of lesions suggested an ischemic-vascular ori-
gin. C,D No spinal cord abnormalities were detected in this pa-
tient. During follow-up no new symptoms developed, and the pa-
tient was diagnosed as probably having ischemic-vascular disease
of the brain

Table 4. Situations with a possible role for spinal cord MRI in sus-
pected MS

Situation Value of spinal cord imaging

Clinically definite MS Explaining spinal cord symptoms

Primary progressive
disease course

Demonstrating diffuse spinal cord
involvement

Suspected MS; no spinal
cord symptoms

Demonstrating dissociation in space

Suspected MS, spinal
cord symptoms

Ruling out other causes
Explaining spinal cord symptoms
Prognostic value for future clinical
course?

Suspected MS, older
hypertensive patient
(brain MRI atypical)

Ruling out MS (if no spinal cord
abnormalities)



for explaining symptoms and for ruling out other causes
spinal cord MRI clearly is useful in patients with clini-
cally isolated syndromes involving the spinal cord.

Thirdly, in patients with nonspecific symptoms possi-
bly related to vascular disease brain abnormalities are
often present [16], sometimes indistinguishable from
MS lesions. Spinal MRI may be useful in discriminating
between the two conditions. In the two patients who
were finally diagnosed as having vascular disease, no ab-
normalities were found in the spinal cord, despite the
fact that both had many brain lesions (one fulfilled the
MRI criteria for MS). This finding is in accord with pre-
vious reports that atypical hypoxic/ischemic lesions
probably are not to be found in the spinal cord of heal-
thy subjects [4]. However, large population studies, in-
cluding those of elderly subjects with cerebrovascular
risk factors, are needed to confirm this.

Adding spinal cord MRI to the diagnostic work-up of
suspected MS patients comes at the price of increased
imaging time. Further, the MRI coil may have to chan-
ged during the MRI examination. In the future, perma-
nent MRI coils and faster acquisition times may resolve

this problem. However, in our opinion, the clear advan-
tages of imaging the spinal cord in such patients war-
rants the acquisition time disadvantage.

We conclude that spinal cord MRI should be consid-
ered more frequently in the diagnostic work-up of pa-
tients suspected of having MS. In several instances, sum-
marized in Table 4, it may increase sensitivity and/or
specificity of the examination, although this is not re-
flected in current clinical classification schemes.
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