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ABSTRACT
Background In patients with isolated syndromes
that are clinically suggestive of multiple sclerosis,
such as optic neuritis or brain-stem or spinal cord
syndromes, the presence of lesions as determined by
T2-weighted magnetic resonance imaging (MRI) of the
brain increases the likelihood that multiple sclerosis
will develop. We sought to determine the relation between early lesion volume, changes in volume, and
long-term disability.
Methods Seventy-one patients in a serial MRI study
of patients with isolated syndromes were reassessed
after a mean of 14.1 years. Disability was measured
with the use of Kurtzke’s Expanded Disability Status
Scale (EDSS; possible range, 0 to 10, with a higher
score indicating a greater degree of disability).
Results Clinically definite multiple sclerosis developed in 44 of the 50 patients (88 percent) with abnormal results on MRI at presentation and in 4 of 21 patients (19 percent) with normal results on MRI. The
median EDSS score at follow-up for those with multiple sclerosis was 3.25 (range, 0 to 10); 31 percent had
an EDSS score of 6 or more (including three patients
whose deaths were due to multiple sclerosis). The
EDSS score at 14 years correlated moderately with
lesion volume on MRI at 5 years (r=0.60) and with
the increase in lesion volume over the first 5 years
(r=0.61).
Conclusions In patients who first present with isolated syndromes suggestive of multiple sclerosis,
the increases in the volume of the lesions seen on
magnetic resonance imaging of the brain in the first
five years correlate with the degree of long-term disability from multiple sclerosis. This relation is only
moderate, so the volume of the lesions alone may not
be an adequate basis for decisions about the use of
disease-modifying treatment. (N Engl J Med 2002;
346:158-64.)
Copyright © 2002 Massachusetts Medical Society.
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N patients who present with isolated syndromes
that are clinically suggestive of multiple sclerosis, such as optic neuritis or brain-stem or spinal
cord syndromes, multiple sclerosis can develop
months or many years later.1,2 Ninety percent of patients with multiple sclerosis first present in this way.
The presence of cerebral white-matter lesions as determined by T2-weighted magnetic resonance imaging

(MRI) at presentation (found in 50 to 70 percent of
patients with isolated syndromes)3-5 is associated with
an increased risk of multiple sclerosis.6-9 Abnormalities
on MRI have therefore been used to select patients
with isolated syndromes for trials of disease-modifying therapies aimed at delaying the onset of multiple
sclerosis.10,11
Little is known about the relation between early
findings on MRI in patients with isolated syndromes
and subsequent disability from multiple sclerosis. This
presentation becomes important in the consideration
of new early disease-modifying treatments and their
potential to reduce long-term disability.12 In a previous report based on data from 10 years of follow-up,
we found that a change in the number and volume
of lesions correlated more strongly with a concurrent
change in disability over the first 5 years than over the
second 5 years.9,13 The number and volume of baseline lesions correlated moderately with the degree of
disability (r=0.45) at year 10. We have now followed
the cohort for a mean of 14.1 years. The primary aim
was to evaluate the strength of the relation between
lesion volumes on earlier MRI scans and the degree
of disability after 14 years.
METHODS
Patients
All the patients presented to the National Hospital at Queen
Square or Moorfields Eye Hospital between 1984 and 1987. Isolated syndromes were presumed to be demyelinating central nervous
system events reaching a peak within 14 days after the onset of
symptoms in subjects 10 to 50 years of age with no history suggesting demyelination. Appropriate investigations were carried out to
rule out alternative diagnoses.
Patients were initially recruited for clinical and MRI examinations
at base line and after approximately one year; 109 patients were studied at both times.14,15 Further assessments took place after 5 years
(89 patients)6 and 10 years (81 patients).9 The patients seen at 10
years were invited back for another clinical assessment and MRI
examination. Progression to clinically definite or probable multiple
sclerosis was defined with the use of the criteria of Poser at al.,16
solely on clinical grounds. Clinically definite cases were classified
as relapsing–remitting or secondary progressive.17 Disability was
measured with the use of the Kurtzke Expanded Disability Status
Scale (EDSS; possible range, 0 to 10, with a higher score indicating
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a greater degree of disability).18 For those who could not attend the
examination, an EDSS score was obtained over the telephone with
the use of a standard questionnaire; this approach was previously
validated in a study of 110 patients, in which the intraclass correlation coefficient for the examination and telephone scores was 94.8
percent.19
MRI
MRI data were available for assessments at base line and at 5, 10,
and 14 years but not for the 1-year follow-up examination. Imaging
was performed on a 0.5-T system (Picker, Cleveland) at base line
and 5 years and on a 1.5-T scanner (General Electric Signa, Milwaukee) at 10 and 14 years. Contiguous, T2-weighted, axial slices of the
brain were obtained at all visits. The slice thickness was 10 mm on
38 of the 71 base-line scans of patients who were followed up at 14
years and 5 mm on all other scans. The methods of counting lesions
and quantifying lesion volume have been described previously.9,13
Statistical Analysis
Comparisons between groups were performed with the use of
chi-square or Mann–Whitney tests as appropriate. The Spearman
rank-correlation coefficient was used to evaluate the relation between the volumes and numbers of lesions on MRI during followup and the EDSS score after 14 years. Measures included the total
volume or number of lesions at a given time point and changes in
volume or number between two time points. The 95 percent confidence intervals of the r value for each correlation between lesion
volume and EDSS score were calculated as outlined by Altman. 20
Similar confidence intervals were obtained with the use of the nonparametric bootstrap method.21 Selected pairs of correlation coefficients were compared with the use of a t-test–based method for
comparing nonindependent correlations.22 The results of the rankcorrelation test were also calculated as r 2, which provides a direct
measure of the degree to which variability in the rank of the 14-year
EDSS score is related to variability in the rank of each measure of
volume on T2-weighted MRI.

RESULTS

Information was obtained on 72 of the 81 patients
included in the 10-year follow-up; 8 could not be
traced, and 1 declined to participate. One of the 72
patients was excluded since the symptoms were considered, in retrospect, to be due to cerebrovascular disease (the decision was made with knowledge of the
MRI findings but was based on the clinical data). Of
the remaining 71, 3 had died from complications of
severe multiple sclerosis by year 14 (1 between years
5 and 10 and 2 between years 10 and 14), 55 visited
the hospital and underwent a neurologic and MRI examination, and 13 underwent EDSS assessment over
the telephone.
The cohort of 71 included in the 14-year follow-up
did not significantly differ from the original cohort of
109 in age at presentation, sex, type of syndrome, or
frequency and volume of abnormalities on MRI at
presentation (Table 1). The 68 surviving patients were
assessed after a mean of 14.1 years (range, 12.5 to
16.8) when their mean age was 45 years (range, 33 to
64). Interferon beta had been prescribed after the 10year follow-up in only three patients; treatment was
stopped after a brief period in two, and only one was
continuing treatment at year 14.

Development of Multiple Sclerosis

Clinically definite multiple sclerosis developed in 48
of 71 patients (68 percent) and probable multiple sclerosis in a further 5 (7 percent). The median EDSS
score of patients with clinically definite multiple sclerosis was 3.25 (range, 0 to 10); 31 percent had an
EDSS score of 6 or more (including three patients
whose deaths were due to multiple sclerosis). Clinically definite multiple sclerosis developed in 25 of the 36
patients with optic neuritis (69 percent), 9 of the 14
patients with brain-stem syndromes (64 percent), and
14 of the 21 patients with spinal cord syndromes (67
percent).
Normal MRI Scans at Base Line

Clinically definite multiple sclerosis (all relapsing–
remitting) developed in 4 of 21 patients with normal
MRI scans at base line (19 percent) with a median
EDSS score of 1.75 (range, 1 to 2). The median time
to the development of multiple sclerosis was 7.5 years
(range, 5 to 11). Clinically probable multiple sclerosis
developed in another patient. All five patients with new
clinical events and three others (who were 39, 49, and
64 years of age) had new lesions on MRI. Thus, 8 of
21 patients (38 percent) exhibited clinical or imaging
evidence of multiphasic disease.
Abnormal MRI Scans at Base Line

Clinically definite multiple sclerosis developed in
44 of 50 patients with abnormal MRI scans at base
line (88 percent); 27 had relapsing–remitting disease
(20 with an EDSS score of no more than 3 and 7 with
an EDSS score greater than 3), and 17 had secondary
progressive disease (including 3 who died from severe
disease). The median EDSS score of these 44 patients
was 3.5 (range, 0 to 10), and the median time to the
development of multiple sclerosis was 2 years (range,
0.5 to 12). Clinically probable multiple sclerosis developed in four patients (8 percent). Of the two remaining patients, one had new lesions on MRI and the
other declined follow-up imaging. Overall, 49 of 50
patients (98 percent) had clinical or radiologic evidence of multiphasic disease consistent with multiple sclerosis.
Development of Disability

Patients with worse clinical outcomes had larger
numbers and volumes of lesions on MRI at base line
(Table 2) and larger increases in lesion volume over
time (Table 3). The median EDSS score at follow-up
in those with more than 10 lesions at base line was 6.
All three patients who died as a result of multiple sclerosis had accumulated large volumes (22, 44.8, and
76 cm3) at five years of follow-up.
The EDSS score at 14 years correlated moderately
with the change in lesion volume on MRI over the
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TABLE 1. CHARACTERISTICS

OF THE

CHARACTERISTIC

PATIENTS

MEAN DURATION OF FOLLOW-UP
FROM BASE-LINE MRI

BASE LINE*

5.3
Patients who underwent clinical
assessment — no.
Abnormal results on base-line MRI
— no. (%)
Female sex — no. (%)
Age at presentation — yr
Mean
Range
Optic neuritis — no. (%)
Brain-stem syndrome — no. (%)
Spinal cord syndrome — no. (%)
Exclusions due to alternative diagnosis
— no.
Deaths not related to multiple sclerosis — no.
Clinically definite multiple sclerosis
— no. (%)
Abnormal results on base-line MRI
Normal results on base-line MRI
MRI examination — no.
Electronic data for quantification
of lesion volume — no.
Lesion volume on MRI — cm3
Median
Range
Median EDSS score¿
All patients
Patients with clinically definite
multiple sclerosis

MRI FOLLOW-UP STUDIES.

IN THE

109

YR†

9.7

14.1

YR‡

89

81

71

69 (63)

57 (64)

54 (67)

50 (70)

68 (62)

53 (60)

53 (65)

49 (69)

32
13–49
53 (49)
23 (21)
33 (30)
0

31

32
17–49
42 (52)
16 (20)
23 (28)
1

32

13–49
44 (49)
17 (19)
28 (31)
3

0

2

0

YR§

19–49
36 (51)
14 (20)
21 (30)
1
0

0

38 (43)

48 (59)

48 (68)

0
0
109
70

37 (65)
1 (3)
89
66

45 (83)
3 (11)
64
57

44 (88)
4 (19)
55
55

0.46
0–55.0

2.06
0–114.3

3.84
0–88.6

6.01¶
0–70.3

0

1.5
2.5**

2
3.25

2
3.25

—

*Data are from Ormerod et al.3,4 and Miller et al.5,14,15
†Data are from Morrissey et al.6
‡Data are from O’Riordan et al.9
§Data are from the present study.
¶The median lesion volume at presentation was 0.54 cm3 (range, 0 to 55.0).
¿EDSS denotes Expanded Disability Status Scale (possible range, 0 to 10, with a higher score indicating a greater degree of disability).
**Data were missing for two patients.

first 5 years (r=0.61) and the lesion volume at 5 years
(r=0.60) (Table 4). Significant but weaker correlations
were found between the EDSS score at 14 years and
the earlier base-line volume (r=0.48) as well as later
measures (lesion volume on MRI at 10 years, r=0.48;
change in volume from year 5 to year 10, r=0.29; and
change in volume from year 10 to year 14, r=0.45).
Differences in the r values were marginally significant
for two of six pairwise comparisons: volumes at base
line as compared with volumes at year 5 and changes
in volume from year 0 to year 5 as compared with
changes from year 5 to year 10 (Table 4).

The change in lesion volume on MRI correlated
moderately with the change in the EDSS score over
the first 5 years (r=0.58) and was weaker though still
significant over the 5-to-10-year and 10-to-14-year
periods (Table 5).
The EDSS score at 14 years was correlated with the
number of lesions on MRI at base line (r=0.47, P<
0.001), 5 years (r=0.55, P<0.001), and 10 years (r=
0.45, P=0.001) and with the number of new lesions
on MRI from year 0 to year 5 (r=0.51, P<0.001)
and year 10 to year 14 (r=0.59, P<0.001) but not
from year 5 to year 10 (r=0.16, P=0.25).
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TABLE 2. NUMBER AND VOLUME OF ASYMPTOMATIC LESIONS
ON T2-WEIGHTED MRI OF THE BRAIN AT PRESENTATION
IN PATIENTS WITH ISOLATED SYNDROMES,
AND THEIR CLINICAL OUTCOME AFTER 14 YEARS.

TABLE 3. LESION VOLUMES AT EACH TIME POINT, ACCORDING TO
CLINICAL OUTCOME AFTER 14 YEARS.
CLINICAL OUTCOME

NO. AND MEDIAN VOLUME OF
ASYMPTOMATIC LESIONS AT BASE LINE*

CLINICAL OUTCOME

1–3
4–10
>10
0
(0 cm3) (0.6 cm3) (0.9 cm3) (5.6 cm3)
(N=21) (N=18)
(N=15)
(N=17)

Isolated syndrome — no. (%)
Clinically probable multiple
sclerosis — no. (%)
Clinically definite multiple
sclerosis — no. (%)
EDSS score — no.
>3
»6
10
Median EDSS score
Range of EDSS scores

16 (76)
1 (5)

1 (6)
1 (6)

0
2 (13)

1 (6)
1 (6)

4 (19)

16 (89)

13 (87)

15 (88)

5
2
0
2
0–8

7
4
1
4
0–10

12
9
2
6
2–10

0
0
0
1.75
1–2

*The median volume was included when available.

DISCUSSION

Although case ascertainment was not complete, the
patients in this 14-year follow-up cohort had similar
clinical and imaging features at base line as the original cohort (Table 1) and are likely to be representative.
Overall, 14 years after the first presentation, clinically
definite multiple sclerosis had developed in 68 percent of the patients. This is in accordance with the
prediction, based on actual follow-up for a mean of
11 years and life-table analysis, that multiple sclerosis
would have developed in 75 percent of a cohort with
optic neuritis after 15 years.23 Prospective studies of
similar length in other countries have reported lower
frequencies in patients with isolated optic neuritis,
with multiple sclerosis developing in 38 to 58 percent
of patients after 13 to 15 years of follow-up.1,2 Multiple sclerosis developed in a similar proportion with
brain-stem or spinal cord syndromes, and inclusion of
these cases does not account for the difference. The
higher conversion rate in our cohort may reflect geographic variations in the course of the disease, or a
higher proportion of patients in whom multiple sclerosis did not develop may have been lost to follow-up.
However, we know of four patients who had multiple
sclerosis when seen at 10 years and who were lost to
follow-up at 14 years.
Of those with abnormalities on MRI at base line,
98 percent exhibited either clinical or radiologic evidence of multiphasic disease; this long-term follow-up
study therefore confirms that white-matter lesions on
MRI in young adults with isolated syndromes are, in
almost all instances, due to multiple sclerosis. Indeed,

Died (EDSS score of 10)
Median volume (cm3)
Range (cm3)
No. of patients
Secondary progressive
multiple sclerosis
Median volume (cm3)
Range (cm3)
No. of patients
Relapsing–remitting
multiple sclerosis
(EDSS score >3)
Median volume (cm3)
Range (cm3)
No. of patients
Relapsing–remitting
multiple sclerosis
(EDSS score «3)
Median volume (cm3)
Range (cm3)
No. of patients
Clinically probable
multiple sclerosis
Median volume (cm3)
Range (cm3)
No. of patients
Isolated syndrome
Median volume (cm3)
Range (cm3)
No. of patients

BASE LINE

5 YEARS

10 YEARS

14 YEARS

9.9
1.2–10.5
3

44.8
22–76
3

88.6
—
1

—
—
—

2.5
0.2–55
12

16.8
1.3–114
11

21.3
1.1–46
7

28.1
0.5–70
9

2.4
0.5–6.1
5

5.7
3.3–21.7
5

15.6
6.3–39
5

21.6
16.6–52
5

2
0–36.6
22

5.9
0.6–37
21

0.6
0–13.7
22

8.0
1–37.9
22

1.0
0–2.6
5

3.5
1.4–10.9
5

3.8
2.0–16.3
5

5.0
4.2–15.1
5

0
0–0.4
16

0
0–0.6
13

0
0–0.6
13

0
0–5.5
13

new diagnostic criteria for multiple sclerosis, based on
serial MRI findings, have recently been promulgated
for patients with clinically isolated syndromes.24 In
contrast, prolonged follow-up of those with normal
scans confirms the good prognosis already observed
during short-term follow-up studies: clinically probable or definite multiple sclerosis had developed in
only one fifth of patients, and none had become disabled. A significant proportion of this subgroup may
nevertheless have multiple sclerosis, albeit a mild form,
since almost 40 percent had new lesions on follow-up
MRI. Although one patient was at an age (64 years)
when new lesions due to incidental vascular disease
are common, the findings suggest that more prolonged follow-up is warranted. Some patients have
had a second episode after 30 or more years.
The average degree of disability of patients was mild,
though the wide range included all levels of the EDSS
scale. Whereas the median EDSS score of patients with
clinically definite multiple sclerosis was 3.25, other natural-history studies have found that after 15 years, 50
percent will require aid to walk (equivalent to an EDSS
score of 6).25-27 There are several possible explanations
for the difference. First, the largest subgroup had op-
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TABLE 4. RELATION BETWEEN LESION VOLUME AND CHANGES
IN VOLUME THROUGHOUT THE STUDY
AND EDSS SCORE AFTER 14 YEARS.*
TIME POINT

Base line (0 yr)
0–5 yr
5 yr
5–10 yr
10 yr
10–14 yr

NO.

OF

PATIENTS

63
59
59
52
52
45

r (95% CI)†

0.48
0.61
0.60
0.29
0.48
0.45

(0.26–0.65)
(0.42–0.75)
(0.41–0.74)‡
(0.02–0.52)§
(0.24–0.67)
(0.18–0.66)

P VALUE

FOR

TABLE 5. CORRELATION BETWEEN CHANGE IN LESION VOLUME
ON MRI AND CHANGE IN EDSS SCORE FOR ALL
AVAILABLE PATIENTS.*
r

<0.001
<0.001
<0.001
0.037
<0.001
0.002

*Other pairwise comparisons of r values for absolute volumes (base line
vs. 10 years, P=0.5; 5 years vs. 10 years, P=0.43) and changes in volume
(0 to 5 years vs. 10 to 14 years, P=0.89; 5 to 10 years vs. 10 to 14 years,
P=0.29) were not significant.
†The r denotes the Spearman rank-correlation coefficient, and CI confidence interval.
‡P=0.056 for the comparison with base line according to the t-test–
based method for comparing nonindependent correlations.

VARIABLE

0–5 YEARS

5–10 YEARS

10–14 YEARS

No. of patients
66
57
45
Change in EDSS score
Median
1.5
0.5
0
Range
0 to 8.5
¡1 to 5
¡1.5 to 6
Change in lesion volume
(cm3)
Median
1.11
0.85
0.83
Range
¡0.4 to 65.9 ¡0.34 to 67.0 ¡4.0 to 13.6
Correlation between change
in EDSS score and
change in volume
r
0.58
0.41
0.35
P value
<0.001
0.002
0.02
*EDSS denotes the Expanded Disability Status Scale, and r the Spearman rank-correlation coefficient.

§P=0.064 for the comparison with 0 to 5 years according to the t-test–
based method for comparing nonindependent correlations.

tic neuritis, which may have a milder disease course;
70 to 80 percent have minimal disability after followup periods of 8 to 15 years.1,28 Second, all patients
were followed prospectively whether multiple sclerosis developed or not, with assessment at regular intervals (1, 5, 10, and 14 years after onset); this helped
detect cases of multiple sclerosis in patients in whom
relapses were mild and disability was minimal. Third,
patients with primary progressive multiple sclerosis
were not included in the present study but have been
in other studies 27,29; disability develops more rapidly in
this subgroup than in those with relapse.29
The EDSS score at 14 years correlated significantly
with lesion volumes on MRI at all of the earlier time
points, indicating that the lesion volume at any time
contributes to the development of later disability. Lesion numbers show broadly similar correlations but
are less reliable than volumes as a measure of disease
progression, because lesion sizes vary and enlargement
and the confluence of lesions are not accounted for.
The volume on MRI after 5 years and the change in
volume during the first 5 years correlated more strongly with the EDSS score at 14 years than did measures
of volume at earlier or later time points, suggesting
that the development of lesions in the early years has
an important influence on long-term disability.
Natural-history studies have identified a relation
between clinical features during the early years and
long-term disability. The frequency of relapse and the
interval between relapses during the first 2 years,26
incomplete recovery from relapses during the first
5 years,27 and the degree of disability after 5 years30

have been associated with the development of disability up to 25 years later. The apparent influence of relapses at this early stage contrasts with the situation
in patients who have entered the progressive phase of
multiple sclerosis, in whom relapses no longer influence progressive disability.29 The present MRI study
and previous clinical studies suggest that both MRI
and clinical measures of disease activity in the first
two to five years after the development of an isolated
syndrome are important in the long-term prognosis
for disability in patients with multiple sclerosis.
Lesions on MRI correspond to demyelinating
plaques at autopsy,31 and most new lesions develop
from a focal region of breakdown of the blood–brain
barrier32 associated with active inflammation and demyelination.33 A large lesion volume in the early years
implies that extensive inflammation and demyelination have already occurred. On the other hand, a likely mechanism of progressive disability is axonal loss,
which can be extensive in chronic lesions.34 Putative
magnetic resonance markers of axonal loss (e.g., tissue
atrophy or reduced N-acetyl aspartate on magnetic
resonance spectroscopy) indicate that axonal loss is
more abundant in disabled patients with a progressive
course.35,36
The extent of inflammation and demyelination early in the disease course may influence the extent of later axonal loss in several ways. First, acute inflammation
is associated with axonal damage, including transection37,38; widespread axonal loss will diminish the
amount of axonal reserve, and a threshold may be
reached at an early point when continuing axonal loss
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— by whatever mechanism — begins to manifest as
disability. Second, widespread inflammation could expose a range of potential autoantigens to immune
surveillance, resulting in complex immunopathogenic events due to epitope spreading39; such a process
may be less regulated and may be likely to cause axonal damage. Third, widespread early demyelination
itself may create an environment that is not conducive to long-term axonal survival.
Pathologic features other than the total volume of
the lesions are likely to contribute to disability: these
include axonal loss in lesions, abnormalities in the
normal-appearing tissues, diffuse atrophy, and spinal
cord disease. Magnetic resonance techniques such as
T1-weighted imaging (for hypointense and contrastenhancing lesions), magnetic resonance spectroscopy, magnetization-transfer imaging, and diffusion tensor imaging are more pathologically specific than
T2-weighted MRI and should be incorporated into
future studies.
This study provides MRI data over many years. Although there was a change in scanner and slice thickness during the study, this had little influence40,41 on
the large increases seen in the lesion volumes, which
included an increase in the median volume by a factor of 11 over a 14-year period. Furthermore, none
of these patients were treated with disease-modifying drugs during the first 10 years; three patients received interferon beta after year 10. Now that agents
that substantially modify lesion volume on MRI are
being widely used in patients with relapsing–remitting multiple sclerosis,42 it is unlikely that similar
data from long-term natural-history studies on the
development of lesions on MRI will be obtained.
The study demonstrates that lesion volume on MRI
in patients with isolated syndromes and early multiple
sclerosis (the first five years of the disease) is of prognostic value in assessing the risk of future disability.
The correlations are only moderate, which cautions
against the use of lesion volume alone to decide about
the use of disease-modifying treatments for individual
patients. Although the results suggest a potential longterm clinical benefit of therapies that suppress lesion
formation in the early years of disease, the mechanisms
underlying the observed relation between clinical and
MRI data are uncertain, and prospective long-term
follow-up of cohorts receiving disease-modifying treatments will be needed to clarify this issue.
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