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Isolated Demyelinating Syndromes: Comparison of
Different MR Imaging Criteria to Predict Conversion to

Clinically Definite Multiple Sclerosis

Mar Tintoré, Alex Rovira, Maria J. Martı´nez, Jordi Rio, Pablo Dı´az-Villoslada, Luis Brieva, Cecilia Borra ´s,
Elisenda Grivé, Jaume Capellades, and Xavier Montalban

BACKGROUND AND PURPOSE: Various authors have developed criteria to classify MR
imaging findings that suggest the possibility of multiple sclerosis. The purpose of this study
was to evaluate and compare the capacity of three sets of MR imaging criteria for predicting
the conversion of isolated demyelinating syndromes to clinically definite multiple sclerosis.

METHODS: Seventy patients with clinically isolated neurologic symptoms suggestive of mul-
tiple sclerosis were prospectively studied with MR imaging. The MR imaging findings were
evaluated by two independent neuroradiologists who were blinded to clinical follow-up data.
Based on the clinical outcome at follow-up (presence of a second attack that established clini-
cally definite multiple sclerosis), the sensitivity, specificity, accuracy, positive predictive value,
and negative predictive value of the criteria proposed by Paty et al, Fazekas et al, and Barkhof
et al were calculated.

RESULTS: Clinically definite multiple sclerosis developed in 22 (31%) patients after a mean
follow-up time of 28.3 months. The criteria proposed by Paty et al and those proposed by
Fazekas et al showed identical results: sensitivity, 86%; specificity, 54%; accuracy, 64%; pos-
itive predictive value, 46%; and negative predictive value, 89%. The criteria proposed by
Barkhof et al showed the following: sensitivity, 73%; specificity, 73%; accuracy, 73%; positive
predictive value, 55%; and negative predictive value, 85%.

CONCLUSION: The four dichotomized MR imaging parameters proposed by Barkhof et al
are more specific and accurate than the criteria proposed by Paty et al or Fazekas et al for
predicting conversion to clinically definite multiple sclerosis.

Patients presenting with clinically isolated demye-
linating syndromes do not necessarily have multi-
ple sclerosis, although they may be at risk of de-
veloping this disease. It could be important for
treatment and prognosis to determine the patient’s
likelihood of developing clinically definite multiple
sclerosis after the first episode. The main paraclin-
ical indicators associated with an increased risk of
progression to multiple sclerosis are the presence
of CSF oligoclonal bands (1) and multifocal white
matter abnormalities on MR images (2). These MR
imaging abnormalities are indistinguishable from
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multiple sclerosis in 40% to 80% of patients pre-
senting with isolated syndromes, such as unilateral
optic neuritis, internuclear ophthalmoplegia, or par-
tial myelopathy (3–7). Even when such lesions are
present, it is still not possible to diagnose definite
multiple sclerosis, because the criterion of dissem-
ination in time has not been fulfilled. It has, how-
ever, been shown that the presence of white matter
abnormalities on MR images at the time of presen-
tation with a clinically isolated syndrome sugges-
tive of central nervous system demyelination is
predictive of the long-term risk for subsequent de-
velopment of multiple sclerosis, type of disease,
and extent of disability (8, 9).

Several criteria have been proposed to classify
MR imaging findings as being suggestive or not
suggestive of multiple sclerosis. In 1988, Paty et al
(10) established that images showing either four or
more lesions or three lesions, one of which is in a
periventricular location, are indicative of multiple
sclerosis. These criteria have been evaluated pro-
spectively in cases of patients who presented with
isolated syndromes suggestive of multiple sclerosis,
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TABLE 1: Diagnostic MR Imaging criteria

Paty’s criteria: Four lesions or three lesions, one of which is
periventricular

Fazekas’ criteria: Three lesions, including two of the following
characteristics:

Infratentorial location
Periventricular location
Lesion .6 mm

Barkhof’s criteria

Gadolinium-enhanced lesion or the presence
of: nine or more T2 lesions
One infratentorial lesion
One juxtacortical lesion
Three periventricular lesions

and they have shown high sensitivity but relatively
low specificity (11). The most widely used diag-
nostic criteria for this purpose have been estab-
lished by Fazekas et al (12), who defined abnormal
images as those that show three or more lesions
with two of the following characteristics: infraten-
torial location, periventricular location, or size larg-
er than 6 mm. This model showed high sensitivity
and specificity when evaluated retrospectively in
cases of established multiple sclerosis (13), but it
performed less well when prospectively applied to
patients presenting with isolated syndromes sug-
gestive of multiple sclerosis (14). Recently, Bar-
khof et al (15) developed a four-parameter dichot-
omized MR imaging model based on logistic
regression analysis that requires the presence of at
least one enhancing lesion (or nine lesions visible
on T2-weighted image), one juxtacortical lesion,
one infratentorial lesion, and three periventricular
lesions. This model predicts conversion to clinical-
ly definite multiple sclerosis better than do the cri-
teria proposed by Paty et al or Fazekas et al. The
purpose of this study was to compare the effec-
tiveness of the MR imaging criteria established by
Barkhof et al, Paty et al, and Fazekas et al for pre-
dicting conversion of isolated demyelinating syn-
dromes to clinically definite multiple sclerosis in a
cohort of patients followed up prospectively for a
minimum of 18 months.

Methods
The patients included in this prospective study were those

who presented for the first time with monophasic neurologic
symptoms of the type seen in cases of multiple sclerosis who
were recruited at the Hospital General Vall d’Hebron in Bar-
celona or who were referred to us by neurologists and oph-
thalmologists from the surrounding area. The criteria for in-
clusion were as follows: 1) clinically isolated syndrome
suggestive of central nervous system demyelination, involving
the optic nerve, brain stem, or spinal cord, or any two or all
three of these areas, and not attributable to other diseases; 2)
age of 18 to 50 years; 3) onset of syndrome within 3 months
of clinical and MR imaging examinations; and 4) minimum
clinical follow-up duration of 18 months.

Seventy patients (46 female and 24 male patients) were en-
rolled in the study. Ages ranged from 19 to 49 years, with a
mean age of 31 years. The mean follow-up duration was 28.3
6 6.6 months (range, 18–43 months). Clinical history taking,
physical examination, and follow-up were performed by one
of four neurologists (M.T., J.R., P.D.-V., X.M.) to determine
whether the patients spontaneously presented with new symp-
toms. A diagnosis of clinically definite multiple sclerosis was
established when there was a second attack. This new attack
was defined as an episode of symptoms, documented at the
time of examination, that indicated a neurologic abnormality
attributable to acute demyelination in one or more regions of
the central nervous system; the symptoms had to last more
than 24 hours and had to be separated from the initial attack
by at least 4 weeks (16). The patients were seen every 3
months and were instructed to report any new symptoms or
worsening of pre-existing symptoms.

Patients with an isolated spinal cord syndrome underwent
spinal MR imaging, in addition to MR imaging of the brain,
to exclude alternative pathologic abnormalities (data not
shown). The CSF of 27 patients was analyzed for the presence
of oligoclonal banding.

MR imaging was performed on a 1.0- or 1.5-T imager with
a standard head coil and included the following pulse sequen-
ces: transverse proton density– and T2-weighted conventional
spin-echo (2200/20290/1 [TR/TE/excitations]) or fast spin-
echo (3000/14285/2) and, in some patients, contrast-enhanced
(0.1 mmol/kg; imaging delay, 5 min) T1-weighted spin-echo
(600/15/2). This last sequence was obtained for 25 of the 44
patients whose T2-weighted images showed high signal ab-
normalities. We used a section thickness of 5 mm, a pixel size
of approximately 1 3 1 mm, and an interleaved imaging mode
with an intersection gap of either 1.5 mm when using conven-
tional spin-echo sequences or 5 mm when using fast spin-echo
sequences to obtain, in the latter case, 2 3 13 sections, re-
sulting in 26 contiguous sections covering the whole brain.

Additional sequences, such as sagittal T2-weighted fast
spin-echo (355025000/90/2) or transverse T2-weighted fast
fluid-attenuated inversion recovery (9000/1102150/11, with
an inversion time of 2200–2500) were also performed in most
patients. Because this was a comparative study of different MR
imaging criteria applied to the images obtained in each patient
individually, the use of different imagers and T2-weighted se-
quences should not have influenced the results.

The MR images were assessed independently by two neu-
roradiologists (A.R. and M.J.M.) who were blinded to clinical
follow-up. In cases of discrepancy, a final decision was reached
by consensus after a third analysis of the images.

The proton density– and T2-weighted images were scored
according to total number of lesions, number of periventricular
lesions, presence of juxtacortical lesions, presence of lesions
larger than 6 mm, and presence of infratentorial lesions. For
the patients for whom a contrast-enhanced T1-weighted se-
quence was obtained, the presence of at least one enhancing
area related to a lesion seen on the T2-weighted images was
also scored.

The criteria proposed by Paty et al (10) define imaging find-
ings as definitely abnormal when four or more lesions are pres-
ent or when at least three lesions, one of which is in a peri-
ventricular location, are present. The criteria proposed by
Fazekas et al (12) require at least three lesions and two of the
following features: 1) size of 6 mm or larger, 2) location abut-
ting the lateral ventricles, or 3) infratentorial location (Table
1). The four-parameter dichotomized MR imaging model pro-
posed by Barkhof et al (15) includes the following: 1) presence
of at least one contrast-enhancing lesion (or at least nine le-
sions on the T2-weighted images of a patient for whom no
contrast-enhanced T1-weighted images were obtained), 2) at
least three periventricular lesions, 3) at least one juxtacortical
lesion, and 4) at least one infratentorial lesion (Table 1).

The value of MR imaging findings with regard to clinical
follow-up was expressed as sensitivity (true-positive/[true-pos-
itive 1 false-negative]), specificity (true-negative/[true-nega-
tive 1 false-positive]), and accuracy (true-positive 1 true-neg-
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TABLE 2: Diagnostic performance of different MR Imaging cri-
teria

Criteria
Sensitivity

(%)
Specificity

(%)
NPV
(%)

PPV
(%)

Accuracy
(%)

Paty
Fazekas
Barkhof

86
86
73

54
54
73

89
89
85

46
46
55

64
64
73

TABLE 3: Sensitivity, specificity, and accuracy versus the number
of Barkhof criteria for optimized cut-off

Sensitivity Specificity Accuracy

1 criterion
2 criteria
3 criteria
4 criteria

91%
82%
73%
45%

50%
62%
73%
85%

62%
68%
73%
72%

TABLE 4: Confidence intervals for the different MR Imaging cri-
teria

Paty’s and
Fazekas’ Criteria

CI
Barkhof’s Criteria

CI

Sensitivity
Specificity
Accuracy
NPV
PPV

0.78–0.94
0.42–0.66
0.53–0.75
0.35–0.57
0.82–0.96

0.63–0.83
0.63–0.83
0.63–0.83
0.43–0.67
0.77–0.93

TABLE 5: Relationship between number of abnormal Barkhof cri-
teria and observed risk

Abnormal Criteria (No.) Observed Risk

0
1
2
3
4

7.7%
25%
28%
50%
58%

ative/[true-positive 1 false-negative 1 true-negative 1
false-positive]). Positive predictive value was defined as (true-
positive/[true-positive 1 false-positive]) and negative predic-
tive value as (true-negative/[true-negative 1 false-negative]).
True-positive was defined as abnormal MR imaging findings
and conversion to clinically definite multiple sclerosis, false-
positive as positive MR imaging findings in the absence of
conversion to clinically definite multiple sclerosis, false-neg-
ative as normal MR imaging findings but conversion to clini-
cally definite multiple sclerosis, and true-negative as normal
MR imaging findings and no conversion to clinically definite
multiple sclerosis. Logistic regression analysis was conducted
to calculate these parameters for the model presented by Bark-
hof et al. The comparison of ratios was based on the range
observed at a 95% confidence interval, considering the absence
of overlapping as an indicator of differences.

Results
Of the 70 patients enrolled in the study, 24 pre-

sented with optic neuritis, 20 with brain stem
symptoms, 19 with spinal cord syndrome, and sev-
en with polyregional symptoms. At clinical follow-
up (mean, 28.3 6 6.6 months; range, 18–43
months), clinically definite multiple sclerosis was
diagnosed in 22 of the 70 patients (prevalence,
31%; mean conversion time, 12 months).

The MR images did not meet the criteria pro-
posed by Paty et al and Fazekas et al in 29 (41%)
patients, three (10%) of whom developed clinically
definite multiple sclerosis (negative predictive val-
ue of 89%). MR imaging initially revealed T2-
weighted abnormalities according to the criteria
proposed by Paty et al and Fazekas et al in 41
(58%) patients, 19 (46%) of whom developed clin-
ically definite multiple sclerosis. These criteria
showed sensitivity of 86% (19 of 22 patients),
specificity of 54% (26 of 48 patients), accuracy of
64% (45 of 70 patients), positive predictive value
of 46% (19 of 41 patients), and negative predictive
value of 89% (26 of 29 patients) (Table 2).

MR imaging was considered normal according
to the criteria proposed by Barkhof et al (none of
the four requisites fulfilled) in 26 (37%) patients,
two (7%) of whom developed clinically definite
multiple sclerosis. Based on the results of logistic
regression analysis using the four dichotomized pa-
rameters proposed by Barkhof et al, we determined
that specificity increased and sensitivity decreased
when the minimum number of criteria for classi-
fying an image as abnormal was incremented. Ac-
curacy was optimal with a minimum of three pa-
rameters (Table 3). With this new cutoff point, we
obtained sensitivity of 73% (16 of 22 patients),

specificity of 73% (35 of 48 patients), accuracy of
73% (51 of 70 patients), positive predictive value
of 55% (16 of 29 patients), and negative predictive
value of 85% (35 of 41 patients) (Table 2). Based
on the confidence intervals, we determined no dif-
ferences in terms of sensitivity, accuracy, positive
predictive value, and negative predictive value
among the three sets of criteria. The confidence in-
tervals of specificity, however, showed practically
no overlapping; therefore, in terms of specificity, a
difference can be assumed between the criteria pro-
posed by Barkhof et al and those proposed by Paty
et al or Fazekas et al (Table 4). The relationship
between the number of abnormal parameters in the
Barkhof model and the observed risk (percentage
of patients with clinically definite multiple sclero-
sis) is shown in Table 5.

CSF analysis for the presence of oligoclonal
banding was positive in 66% of the patients (18 of
27 patients). Among patients who fulfilled the cri-
teria proposed by Paty et al and Fazekas et al, the
results of analysis of oligoclonal banding were pos-
itive in 93% (13 of 14 patients). For patients who
did not fulfill the criteria proposed by Paty et al or
Fazekas et al, the results of analysis of oligoclonal
banding were positive in 38% (5 of 13 patients) (P
, .002). The results of analysis of oligoclonal
banding were positive in 33% of the patients (4 of
12 patients) who had none of the criteria proposed
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by Barkhof et al, in 80% of the patients (4 of 5
patients) with one criterion, and in all of the pa-
tients (10 of 10 patients) with two, three, or four
of the criteria (P , .002).

Discussion
Multiple sclerosis is a central nervous system

disorder that results in abnormalities over time and
space. In most instances, the first symptoms and
signs indicate a lesion in the optic nerve, brain
stem, or spinal cord. Not all patients with these
symptoms, however, have conditions that progress
to clinically definite multiple sclerosis.

A clinical diagnosis of multiple sclerosis is es-
tablished when the two fundamental criteria of dis-
sociation in space and time are fulfilled. MR im-
aging is the most sensitive paraclinical test for
revealing dissociation in space (10, 11), and several
follow-up studies have shown that MR imaging of
the brain at the time of presentation with a clini-
cally isolated syndrome is strongly predictive of the
risk of developing clinically definite multiple scle-
rosis. Short-term follow-up studies of 1 to 5 years’
duration have shown that patients with normal re-
sults of MR imaging of the brain at the time of
presentation have a low (5%) risk of progression to
clinically definite multiple sclerosis, whereas for
those with abnormal MR imaging results, the risk
is much higher (7, 17–19). Our study shows similar
results. After a mean follow-up duration of 28
months, only one patient with strictly normal MR
imaging results and 47% of the patients with ab-
normal MR imaging results had their conditions
progress to clinically definite multiple sclerosis.
The number and characteristics of the lesions are
also important. Morrissey et al (20) reported con-
version to clinically definite multiple sclerosis after
5 years of follow-up in 54% of their patients with
one to three lesions and in 85% of their patients
with four or more lesions. A long-term study re-
cently reported by O’Riordan et al (9) confirmed
progression to clinically definite multiple sclerosis
in 83% of their patients who had abnormal results
of MR imaging of the brain at the time of presen-
tation and in 11% of their patients who had normal
results of MR imaging of the brain. The number of
lesions at the time of presentation also seemed to
be related to clinical scores and the course of dis-
ease at follow-up (9).

The MR images of the present cohort revealed
disseminated abnormalities consistent with demy-
elination in 58% to 63% of subjects, depending on
the MR imaging criteria used. These asymptomatic
abnormalities could potentially represent a dissem-
inated presentation of a monophasic illness or the
onset of multiple sclerosis. Differentiation between
these two processes at the time of presentation is
important, not only because it provides patients
with an accurate prognosis but also because it is
fundamental for selecting patients for therapeutic
trials aimed at preventing or delaying the devel-

opment of multiple sclerosis and disability (9, 21),
the main issue being selection of patients at high
risk for progression over a 2- to 5-year period. Dif-
ferent MR imaging entry criteria are currently be-
ing used in phase III treatment trials to determine
whether the use of interferon-b in patients with a
clinically isolated syndrome delays development of
clinically definite multiple sclerosis. These criteria
show high sensitivity, although specificity is con-
siderably lower. Using the most commonly applied
criteria, such as those proposed by Paty et al and
Fazekas et al, we reached a sensitivity of 86% and
a specificity of 54%. Conversion of multiple scle-
rosis at follow-up, however, is usually less than
50%, implying that specificity is more important
than sensitivity for initial evaluation of these pa-
tients. Barkhof et al (15) proposed a four-parameter
dichotomized MR imaging model that increased
specificity. The model was obtained by means of
logistic regression analysis assessing the relative
individual contribution of several MR imaging pa-
rameters. Regression analysis was used to decrease
redundancy of information and to identify the pa-
rameters that best predicted conversion to clinically
definite multiple sclerosis. This method showed
that enhancing and juxtacortical lesions provided
the most important information and that infraten-
torial and periventricular lesions provided the next
most important information. If there are no con-
trast-enhanced images, the alternative criterion pro-
posed by Barkhof et al was the presence of at least
nine lesions on T2-weighted images. These requi-
sites combine number and location of lesions on
T2-weighted images and presence of enhancing le-
sions, thus indicating dissociation not only in space
but also in time and fulfilling both clinical require-
ments needed to establish a definite diagnosis of
multiple sclerosis. Based on the MR imaging cri-
teria proposed by Barkhof et al, we found that ac-
curacy was optimal when at least three parameters
were fulfilled. Specificity was 73%, a value higher
than the values obtained by applying the criteria
proposed by Paty et al and Fazekas et al, which are
sensitive but less specific.

Almost 50% of the patients for whom oligoclon-
al banding analysis was conducted could be con-
sidered to have had laboratory-supported definite
multiple sclerosis according to the criteria proposed
by Poser et al (16). A significant correlation was
observed between the likelihood of having positive
results of oligoclonal banding analysis and fulfill-
ment of the criteria proposed by Paty et al, Fazekas
et al, and Barkhof et al. All patients who met at
least two of the criteria proposed by Barkhof et al
had positive results of their oligoclonal banding
analysis and were thus considered to have labora-
tory-supported definite multiple sclerosis.

The sensitivity of all the MR criteria should im-
prove by using a 3-mm section thickness and a com-
bination of fast spin-echo and fast fluid-attenuated
inversion-recovery sequences (22–24), although an
increase in specificity has not been shown. This ap-
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proach results in increased operator time but should
be recommended in the initial workup of patients
who are presenting for the first time with neurologic
syndromes that suggest a demyelinating disease
when sensitivity in detection of brain lesions is con-
sidered more important than specificity. Moreover,
it has been shown that the use of different field
strengths does not significantly influence the number
of lesions detected (25).

Considering the relatively short follow-up period,
it is important to emphasize that lack of conversion
may simply indicate a less active course during the
observation period rather than lack of conversion to
multiple sclerosis. With longer clinical follow-up,
the rate of progression to clinically definite multiple
sclerosis will probably increase and the sensitivity
and specificity of the MR imaging criteria proposed
by Barkhof et al will probably improve. The nega-
tive predictive value was very high for all of the
criteria studied, but it might be even higher if spinal
MR imaging is also performed at the time of pre-
sentation. O’Riordan et al (26) described asympto-
matic spinal cord lesions in 27% of their patients
with clinically isolated syndromes, suggesting that
MR imaging of the spinal cord could increase the
sensitivity and negative predictive value of MR im-
aging criteria in predicting conversion to clinically
definite multiple sclerosis.

Conclusion
In our prospectively selected cohort, the four di-

chotomized MR imaging parameters proposed by
Barkhof et al constituted the most effective model
for predicting conversion to clinically definite mul-
tiple sclerosis. The variables involved can be easily
assessed, and the fact that the number of positive
criteria can be related to the likelihood for devel-
oping multiple sclerosis is attractive. In future stud-
ies, the cutoff for the criteria proposed by Barkhof
et al can be adapted according to the individual
goal: priority for high sensitivity or priority for
high specificity. To balance both end points best,
we found that selecting patients with three or four
criteria resulted in the highest accuracy.
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