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Accuracy of magnetic resonance imaging for the diagnosis
of multiple sclerosis: systematic review
Penny Whiting, Roger Harbord, Caroline Main, Jonathan J Deeks, Graziella Filippini, Matthias Egger,
Jonathan A C Sterne

Abstract
Objective To determine the accuracy of magnetic
resonance imaging criteria for the early diagnosis of
multiple sclerosis in patients with suspected disease.
Design Systematic review.
Data sources 12 electronic databases, citation
searches, and reference lists of included studies.
Review methods Studies on accuracy of diagnosis
that compared magnetic resonance imaging, or
diagnostic criteria incorporating such imaging, to a
reference standard for the diagnosis of multiple
sclerosis.
Results 29 studies (18 cohort studies, 11 other
designs) were included. On average, studies of other
designs (mainly diagnostic case-control studies)
produced higher estimated diagnostic odds ratios
than did cohort studies. Among 15 studies of higher
methodological quality (cohort design, clinical
follow-up as reference standard), those with longer
follow-up produced higher estimates of specificity and
lower estimates of sensitivity. Only two such studies
followed patients for more than10 years. Even in the
presence of many lesions ( > 10 or > 8), magnetic
resonance imaging could not accurately rule in
multiple sclerosis (likelihood ratio of a positive test
result 3.0 and 2.0, respectively). Similarly, the absence
of lesions was of limited utility in ruling out a
diagnosis of multiple sclerosis (likelihood ratio of a
negative test result 0.1 and 0.5).
Conclusions Many evaluations of the accuracy of
magnetic resonance imaging for the early detection of
multiple sclerosis have produced inflated estimates of
test performance owing to methodological
weaknesses. Use of magnetic resonance imaging to
confirm multiple sclerosis on the basis of a single
attack of neurological dysfunction may lead to
over-diagnosis and over-treatment.

Introduction
Recent criteria state that a diagnosis of multiple sclero-
sis should be based on two attacks of neurological dys-
function occurring at different times and affecting
different parts of the central nervous system.1 Magnetic
resonance imaging may assist in earlier diagnosis of
the disease by enabling visualisation of clinically silent
lesions in the brain. The McDonald 2001 criteria2 allow

diagnosis of multiple sclerosis after one clinical attack if
the patient also meets criteria for a positive result on a
magnetic resonance imaging scan.

We carried out a systematic review to estimate the
accuracy of different magnetic resonance imaging cri-
teria for the early diagnosis of multiple sclerosis in
patients presenting with suspected disease.

Methods
We searched 12 databases from inception until
September or November 2004, undertook a citation
search on the article reporting the McDonald 2001 cri-
teria,2 screened reference lists of included studies, and
assessed studies included in the National Institute for
Health and Clinical Excellence guidelines for multiple
sclerosis.3

Studies had to compare magnetic resonance imag-
ing (or criteria incorporating such imaging) to a refer-
ence standard for the diagnosis of multiple sclerosis
and report sufficient data to construct a 2×2 table of
test performance. For multiple publications of a study,
we included the one with data for the longest
follow-up. We also included separate publications that
reported on different criteria for magnetic resonance
imaging or separate results for relevant patient
subgroups.

Studies were assessed for methodological quality
using the QUADAS (quality assessment of diagnostic
accuracy studies) tool (see bmj.com for scoring of
items).4 We grouped studies according to patient spec-
trum: prospective cohort studies of patients with
suspected multiple sclerosis, and studies of other
designs.

Data analysis
From each 2×2 table we computed sensitivity,
specificity, and likelihood ratios.5 We plotted results
from all studies on a receiver operating characteristic
plot. To compare accuracy of cohort and other studies
we selected the median diagnostic odds ratio for each
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study. We used random effects meta-analysis to obtain
summary diagnostic odds ratios in each group and
carried out a permutation test6 to obtain a P value for
comparison.

To assess the effect of duration of follow-up on
accuracy and threshold, we used the hierarchical sum-
mary receiver operating characteristic method.7 We
drew separate receiver operating characteristic plots
for studies that evaluated commonly reported mag-
netic resonance imaging criteria (Barkhof, Paty, and
Fazekas), and the McDonald 2001 criteria.

Further analysis was restricted to cohort studies
with at least 10 years’ clinical follow-up. For each of
these we produced separate receiver operating charac-
teristic plots.

Results
Forty publications reporting the results of 29 studies
were included (see bmj.com for flow diagram)w1-w43; 18
cohort studies and 11 studies of other designs (see
tables on bmj.com). The studies differed according to
population, quality, magnetic resonance imaging
protocol, and criteria used to define a positive test
result. Publication dates ranged from 1986 to 2003.
Over this time improvements occurred in magnetic
resonance imaging (see table A on bmj.com).

Study quality was generally poor (see table B and
figure 2 on bmj.com). Three cohort studies were
susceptible to incorporation bias as magnetic reso-
nance imaging contributed to the final diagnosis.10–13

All other cohort studies used clinical follow-up alone
as the reference standard. Most used the Poser criteria,8

although some used the McDonald 1977 criteria.2 9

The McDonald 1977 criteria, based on clinical
information alone, are not the same as the McDonald
2001 criteria, which incorporate magnetic resonance
imaging.4

Cohort studies produced lower estimated sensitiv-
ity and specificity than studies of other designs (fig 1):
pooled diagnostic odds ratio 9 (95% confidence inter-
val 5 to 16) for cohort studies and 213 (85 to 535) for

studies of other designs (P < 0.001). Further analysis
was restricted to the 15 cohort studies that used a diag-
nosis of clinically definite multiple sclerosis as the
reference standard.

The average duration of follow-up ranged from
seven months to 14 years. Sufficient data were available
to investigate the effects of duration of follow-up for
presence of one or more lesions and presence of one
or more non-clinical lesions. Figure 2 shows that stud-
ies with longer follow-up produced higher estimated
specificity and lower estimated sensitivity; evidence
from the hierarchical summary receiver operating
characteristic analysis (p = 0.074) supported this.

The longest average duration of follow-up was
three years in studies assessing the Barkhof, Fazekas,
and McDonald 2001 criteria, and six years in studies
assessing the Paty criteria (see bmj.com). Both
positive( < 5) and negative likelihood ratios for these
criteria (range 0.2 to 0.5) suggested that they are of
limited utility for ruling in or out the development of
multiple sclerosis within three to six years. Positive like-
lihood ratios for the McDonald 2001 criteria (range 2.7
to 8.7) suggest greater potential for predicting multiple
sclerosis within three years than the criteria based on
magnetic resonance imaging alone, but negative likeli-
hood ratios (0.1 in one study, 0.2 to 0.5 in three studies)
suggest that they are of limited utility for ruling out the
development of multiple sclerosis within three
years.15–18

Only two studies, one from the United States19 and
one from England,20 followed patients for more than
10 years, long enough to be reasonably confident that
almost all patients whoever would be had been
diagnosed as having multiple sclerosis. The US study
included 351 patients with optic neuritis; follow-up of
more than 10 years was available for 302 (86%) of
these. The English study included 135 patients with a
range of presenting symptoms, of whom 71 (53%) were
included in the final evaluation. Both evaluated thresh-
olds based on the number of lesions present on
magnetic resonance imaging of the brain (fig 3).
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Fig 1 Receiver operating characteristic plots for cohort studies and
for studies of other designs
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Fig 2 Receiver operating characteristic plots for studies included in
hierarchical summary receiver operating characteristic analysis.
Numbers are duration of follow-up in years
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Estimated sensitivity was higher with fewer lesions
but specificity was lower (fig 3). The English study pro-
duced higher estimates of sensitivity. Positive likelihood
ratios for the presence of various numbers of lesions
ranged from 2.0 to 3.4. Assuming a pretest probability
of multiple sclerosis of 60% this is equivalent to a post-
test probability of 75%-84%, suggesting that magnetic
resonance imaging is of limited utility for ruling in
multiple sclerosis at any threshold. Negative likelihood
ratios ranged from 0.1 to 0.9 but were greater than 0.5
for all but one of the thresholds in the English study.
This is equivalent to modifying a pretest probability of
60% to give a post-test probability of multiple sclerosis
of 43%-57%, suggesting that magnetic resonance
imaging is also of limited utility in ruling out a diagno-
sis of multiple sclerosis.

Discussion
Use of magnetic resonance imaging to confirm multi-
ple sclerosis on the basis of a single attack of
neurological dysfunction may lead to over-diagnosis
and over-treatment. Many studies in our systematic
review produced inflated estimates of test performance
owing to methodological weaknesses.

Only two cohort studies included at least 10 years’
follow-up. These suggested that the role of magnetic
resonance imaging for ruling in or ruling out multiple
sclerosis is limited. Studies lacking an appropriate
patient spectrum overestimated both sensitivity and
specificity. Studies of shorter clinical follow-up overes-
timated sensitivity and underestimated specificity. The
Fazekas, Barkhof, and Paty criteria showed poor accu-
racy for predicting the development of multiple sclero-
sis within three to six years. The limited data on the
McDonald 2001 criteria suggest that these have some
potential to rule in the development of multiple sclero-
sis within three years. Neither the specific magnetic
resonance imaging criteria nor the McDonald 2001
criteria were evaluated in studies with long term
follow-up, and so it is not possible to determine their
accuracy for the diagnosis of multiple sclerosis.

Considerable weaknesses existed in the primary
studies included in the review. The only reference
standard for the diagnosis of multiple sclerosis is long
term clinical follow-up. Most studies followed patients
for short periods or included an inappropriate patient
spectrum, such as people with clinically definite multi-
ple sclerosis and a control group of people known not

to have the disease. That such studies tend to exagger-
ate the accuracy21 of magnetic resonance imaging in
the diagnosis of multiple sclerosis is to be expected;
people with more advanced disease are more likely to
have lesions on scans than those in the early stages of
the disease.

The McDonald 2001 criteria incorporate the
Barkhof criteria to define a positive magnetic
resonance imaging scan.2 The article reporting the
McDonald 2001 criteria2 refers to a small number of
studies to justify its selection of the Barkhof criteria for
this purpose. All these had methodological weak-
nesses. This paper was published before the two long
term cohort studies from England and the United
States.19 20 Those two studies produced differing results,
with the US study reporting lower estimates of sensitiv-
ity for similar thresholds for magnetic resonance imag-
ing. These differences may reflect the smaller sample
size of the English study or large proportion of
dropouts in this study. Alternatively, magnetic reso-
nance imaging may be more accurate in patients with
brainstem or spinal cord symptoms than in patients
with optic neuritis.

The main clinical question is whether magnetic
resonance imaging should be included in the
investigation of patients with multiple sclerosis. Such
imaging is not simply ordered to increase the certainty
of the diagnosis: other possible reasons include ruling
out differential diagnoses such as brain tumours,
providing a baseline for monitoring disease progres-
sion, patient request, and patient reassurance. Rather
than the accuracy of magnetic resonance imaging
alone in diagnosing multiple sclerosis, the issue of
clinical relevance is, arguably, the added value of mag-
netic resonance imaging in diagnosing multiple
sclerosis compared with the patient’s history and clini-
cal examination alone.22 None of the located studies
tackled this issue. A further limitation of published
studies is that they tend to dichotomise the results of
magnetic resonance imaging into positive or negative
scans. The use of a scale based on features present on a
scan should be considered. This is probably consistent
with how the results of magnetic resonance imaging
are interpreted in practice.

In conclusion, magnetic resonance imaging is a
relatively poor test for both ruling in and ruling out
multiple sclerosis. In clinical practice a false positive

Specificity

Se
ns

iti
vi

ty

1.0 0.8 0.6 0.4 0.2 0
0

0.2

0.4

0.6

0.8

1.0
English study

Specificity

1.0 0.8 0.6 0.4 0.2 0

US study

≥1

≥1

≥4

≥11

≥2

≥5

≥9

Fig 3 Sensitivity plotted against specificity (95% confidence
intervals) for different thresholds (number of lesions shown next to
plots) reported in English and US studies2 3

What is already known on this topic

Magnetic resonance imaging has been
recommended in the diagnosis of multiple
sclerosis

The diagnostic accuracy of such imaging has been
assessed but a systematic review has not previously
been carried out

What this study adds

Magnetic resonance imaging is of limited utility
for both ruling in and ruling out multiple sclerosis

Studies with shorter follow-up tended to produce
higher estimates of sensitivity and lower estimates
of specificity compared with longer term studies
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diagnosis of multiple sclerosis is potentially more dan-
gerous than a false negative one because it implies
unnecessary successive tests and treatments, or
needless anxiety and psychological distress for the
patient. Multiple sclerosis remains predominantly a
clinical diagnosis.
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Clinical value of the metabolic syndrome for long term
prediction of total and cardiovascular mortality:
prospective, population based cohort study
Johan Sundström, Ulf Risérus, Liisa Byberg, Björn Zethelius, Hans Lithell, Lars Lind

Abstract
Objectives To find out if the presence of the
metabolic syndrome increases the risk of subsequent
total and cardiovascular mortality, taking into account
established risk factors for cardiovascular disease.
Design Prospective cohort study.
Setting General population.
Participants A community based sample of 2322
men followed since 1970 for a maximum of 32.7
years, investigated at ages 50 and 70.
Main outcome measures The relations of the
metabolic syndrome defined by the national
cholesterol education programme (NCEP) of the US
National Heart, Lung, and Blood Institute or criteria
of the World Health Organization (WHO) to
subsequent total and cardiovascular mortality.
Results When adding the metabolic syndrome to
models with established risk factors for cardiovascular
disease (smoking, diabetes, hypertension, and serum
cholesterol) at age 50, presence of the metabolic

syndrome as defined in the NCEP significantly
predicted total and cardiovascular mortality (Cox
proportional hazard ratios 1.36, 95% confidence
interval 1.17 to 1.58; and 1.59, 1.29 to 1.95,
respectively). The metabolic syndrome added
prognostic information to that of the established risk
factors for cardiovascular disease (likelihood ratio
tests, P < 0.0001 for both outcomes). Similar results
were obtained in a subsample without diabetes or
manifest cardiovascular disease.
Conclusions In a large, community based sample of
middle aged men, the presence of the metabolic
syndrome according to the definition of the NCEP
gave long term prognostic information regarding
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