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Background: Magnetic resonance imaging (MRI) is widely used in clinical practice, and “abnormal brain
MRI” findings often prompt assessment for multiple sclerosis (MS), even when there are no symptoms sug-
gestive of the disease. Despite several studies involving individuals with “radiologically isolated syndrome”
(RIS), little is known about what factors might predict future development of MS. The objective of this
study was to longitudinally evaluate clinical and MRI characteristics of people who presented to an MS
clinic because of incidental abnormal MRI findings but did not have typical symptoms of MS, in order to
assess risk factors for developing MS.

Methods: Thirty consecutive patients presenting to an MS clinic for evaluation of abnormal MRI findings
were envolled in the study. Clinical and paraclinical data, including MRI results, were reviewed. Magnetic
resonance imaging findings of T2 hyperintensities measuring more than 3 mm in diameter and fulfilling at
least three out of four Barkhof criteria, with or without gadolinium-enhancing lesions, were considered to

be suggestive of MS.

Results: The median follow-up time was 5.5 years. No participants without MRI findings suggestive of MS
were diagnosed with MS (P = .005). Fifteen participants had MRI findings suggestive of MS. Seven of the
15 (47%) were diagnosed with MS on follow-up. Cerebrospinal fluid (CSF) testing results were available
Jor 15 participants. Abnormal results were found in six participants, of whom five (83%) also had MRI
[findings suggestive of MS. Only two of the nine (22%) participants with normal CSF results (P = .04) had
MRI findings suggestive of MS.

Conclusions: In our cobort, none of the participants without MRI findings suggestive of MS developed
MS. The participants with MRI findings suggestive of MS were more likely to develop symptoms and MRI
changes typical of MS on follow-up. Int ] MS Care. 2014;16:111-115.

ultiple sclerosis (MS) is an inflammatory and
M neurodegenerative disease affecting more
than 2.5 million people worldwide (primar-
ily young adults) that may lead to significant disability.
Diagnosis of MS requires demonstration of dissemina-

tion in time and space of central nervous system lesions
with the presence of at least one clinical event and

objective clinical findings.> Over the years the diagnostic
criteria have been revised, mostly in relation to magnetic
resonance imaging (MRI) findings, in order to reach an
earlier diagnosis and enable earlier initiation of specific
treatment.’ The dissemination in time and space can
now be determined with serial MRI?; however, for the
diagnosis to be made, a clinical event is still paramount.
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Radiologically isolated syndrome (RIS) is a term
used to describe MRI changes typical of MS that occur
in asymptomatic individuals.* Brain lesions typical of
MS were described by Phadke and Best’ in 1983 in
individuals without diagnoses of MS following brain
autopsy. Several case reports followed in which inci-
dental brain MRI findings were suggestive of MS, yet
full neurologic evaluations did not reveal symptoms or
findings consistent with a diagnosis of MS.%® Because
of the widespread use of MRI in clinical practice, inci-
dental findings of brain lesions have become increasingly
common, often prompting assessment for MS due to
“abnormal brain MRIL.” The purpose of this study was
to longitudinally evaluate individuals who presented to
the MS clinic at the Henry Ford Hospital because of an
incidental finding of “abnormal brain MRI,” in an effort
to assess risk factors for developing MS.

Methods

Participants

Thirty consecutive individuals with “abnormal brain
MRI” presenting to the MS clinic for assessment for
possible MS were included in the study and followed
longitudinally. None of the participants had experienced
an episode of neurologic symptoms suggestive of clini-
cal manifestation of MS. All participants had previously
undergone MRI because of various symptoms, most
frequently headache. Some participants had undergone
cerebrospinal fluid (CSF) or evoked potential tests to
assess for evidence of MS, or blood tests to assess for
different inflammatory/infectious disorders. All par-
ticipants had undergone a full neurologic examination at
presentation in the clinic, and none had abnormal find-
ings. All aspects of the study protocol were reviewed and
approved by the Henry Ford Health System institutional

review board.

Procedure

Magnetic resonance imaging scans of all participants
were evaluated by the same staff neurologist to deter-
mine whether the lesions present were suggestive of
MS. Routine MRI scans were obtained at 1.5 or 3 T,
and conventional images were reviewed with neurora-
diologists to eliminate potential differences in technical
quality. Images were considered to be suggestive of MS
if they showed T2-hyperintense lesions greater than 3
mm in diameter and fulfilled the Barkhof criteria (Table
1).>'% Cerebrospinal fluid analysis was offered to all par-
ticipants, and 15 of them agreed to have a spinal tap 1
to 2 weeks following the initial visit. The CSF findings
were considered abnormal if there were two or more
oligoclonal bands that were not present in corresponding

Table 1. Barkhof magnetic resonance imaging
criteria®'°

1 Gadolinium-enhancing lesion or 29 T2 lesions
1 Juxtacortical lesion

1 Infratentorial lesion

3 Periventricular lesions

serum or an elevated IgG index. Participants were evalu-
ated clinically every 6 to 12 months and at the end of
the study follow-up period; they were categorized as not
having MS or as having MS based on the 2005 and/or
the 2010 McDonald diagnostic criteria.>!!

Data Analysis

Descriptive characteristics including sex, race, age,
symptoms at presentation, and duration of follow-up
were recorded. Based on MRI findings at presentation,
patients were categorized into those with and without
lesions suggestive of MS according to the Barkhof crite-
ria. For those participants who had undergone CSF test-
ing, results were characterized as normal or abnormal,
based on the definition given previously. Kaplan-Meier
curves and log-rank tests were performed to assess the
association between MRI lesions suggestive of MS and
time to MS diagnosis (using the 2010 McDonald cri-
teria). Time to MS diagnosis was defined as number of
years between initial presentation and MS diagnosis or
last follow-up for participants with no MS diagnosis.
Given the small sample size of participants with CSF
analysis, the association between CSF testing results and
time to MS diagnosis was not assessed. However, the
association between CSF testing results and the presence
of MRI lesions suggestive of MS was assessed using the
Fisher exact test. Log-rank and Fisher exact tests were
also performed to assess the association of the initial
symptoms that prompted the first MRI study with MS
diagnosis and the presence of MRI lesions suggestive
of MS. Associations were considered to be statistically
significant at P < .05. All analyses were conducted using
SAS version 9.2. Among participants who were not diag-
nosed with MS during follow-up, the numbers of indi-
viduals with certain presenting symptoms were recorded.

Results

Of the 30 study participants, 90% were female and
77% were white. The mean age at presentation was
43 .4 years (range, 23—67 years). The median duration of
follow-up was 5.5 years (Table 2).

Of the 30 participants, 15 (50%) had present-
ing MRI scans that met the Barkhof criteria and were
considered to be suggestive of MS. Of these 15 par-
ticipants, 7 (47%) were diagnosed with MS using the
2010 McDonald criteria (4 of whom also met the 2005
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Table 2. Sociodemographic characteristics and
duration of follow-up

MRI lesions suggestive of MS

All

Characteristic (N=30) Yes(n=15) No (n=15)
Sex, No. (%)

Female 27 (90) 13 (87) 14 (93)

Male 3(10) 2(13) 1(7)
Race, No. (%)

White 23 (77) 10 (67) 13 (87)

Black 5(7) 4 (27) 1(7)

Asian 2(7) 1(7) 1(7)
Age at presentation, y

Mean (SD) 43.4(10.2) 40.3(10) 46.2 (9.5)

Range 23-67 23-54 34-67
Duration of follow-up, 5.5 (1-16) 6 (1-16) 501-11)

median (range), y

Abbreviations: MRI, magnetic resonance imaging; MS, multiple
sclerosis.
criteria), and 8 (53%) were not given the diagnosis of
MS during follow-up. All participants who received a
diagnosis of MS did so within 4 years. The participants
who developed clinical manifestations of MS during
follow-up had symptoms of partial myelitis (4), brain
stem syndrome (1), and optic neuritis (2). None of the
participants whose initial MRI studies did not suggest
MS developed clinical manifestations of MS (P = .005)
(Figure 1).

Of the 15 participants for whom CSF analysis was
performed, 6 (40%) had abnormal find-

Longitudinal Follow-up After Incidental Abnormal MRI

with headache vs. 26% without headache; P = .648).
The same was true for the association between headache
as a symptom and the presence of MRI lesions sugges-
tive of MS (40% with headache vs. 60% without head-
ache; P = .466). For the other symptoms that prompted
the first MRI study, the sample size was too small to test
the association with MS diagnosis and presence of MRI
lesions suggestive of MS.

Discussion

The purpose of this study was to evaluate the risk of
developing MS among individuals who presented to an
MS clinic because of abnormalities seen on brain MRI,
but who did not have clinical manifestations of MS. In
practice, misdiagnosis of MS is common; in addition to
having significant health and social consequences, this
may lead to unnecessary health-care costs.'*

The results of our study showed that none of the
participants without symptoms and MRI findings sug-
gestive of MS developed MS during follow-up. This
finding may help physicians to decide whether to order
follow-up brain MRI scans for individuals who lack
symptoms and MRI findings suggestive of MS. Par-
ticularly in the United States, brain MRI is frequently
performed because of a variety of symptoms, leading to
potential overuse of this diagnostic procedure.

Headache was the presenting symptom for the major-
ity of our study participants with abnormal MRI find-
ings not suggestive of MS. A Dutch population-based

ings (presence of oligoclonal bands and/ 100-
or increase in IgG index). Of the six par- 904
ticipants with abnormal CSF findings, four

80+

were eventually diagnosed with MS, while
only one of the nine participants with nor- 701

mal CSF test results eventually developed | & 601
clinical manifestations of MS meeting the g 5.
2010 McDonald criteria. This comparison | 5

was not tested because of the small sample E 40

size. Of the nine participants who had nor- 30-
mal CSF findings, 22% had MRI lesions

fffffffff MRI not suggestive of MS

MRI suggestive of MS
P =.005, log-rank test

suggestive of MS, compared with 83% of 20

the participants with abnormal CSF find- 101

ings (Fisher exact test; P = .04). 04,
As for symptoms that prompted the first 0

MRI study, headache was the most com-
mon (50%). Less common symptoms were
dizziness (7%), blurry vision (7%), and
paresthesia (7%) (Table 3). The association
between presence of headache as an initial
symptom prompting the first MRI study
and MS diagnosis was not significant (20%

Figure 1. Kaplan-Meier survival analysis of 15
participants with magnetic resonance imaging
(MRI) suggestive of multiple sclerosis (MS) and 15
participants with MRI not suggestive of MS and no
evidence of clinical manifestations of MS

2 4 6 8 10 12 14 16 18

Years Since Initial Presentation
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Table 3. Symptoms in relation to presenting
MRI characteristics

No. with MRI
No. with MRI lesions not

Symptom that lesions suggestive suggestive of
prompted initial MRI of MS MS
Headache 9 6
Dizziness 0 2
Blurry vision 1 1
Tinnitus 0 1
Paresthesia 1 1
Extremity pain 1 1
Cognitive/psychiatric 0 2
Syncope 1 0
None 2 1

Abbreviations: MRI, magnetic resonance imaging; MS, multiple
sclerosis.

study found that patients with migraine, with and with-
out aura, are at increased risk of having deep white mat-
ter lesions.” Also, subclinical vascular changes and white
matter lesions are common in the general population,
and their prevalence increases with age.'*!® A recent
MRI study of patients with headaches found white mat-
ter hyperintensities in approximately 51%, with modi-
fied Barkhof criteria met in 2.4% to 7.1%." The study
did not include clinical and laboratory information on
those patients or follow-up.

In the present study, participants who had MRI
findings meeting the Barkhof criteria were more likely
to develop MS. Participants who had MRI lesions sug-
gestive of MS were also more likely to have abnormal
CSF study results. This suggests that in some people,
RIS consists of an asymptomatic period before the clini-
cal presentation of MS*!®1%; however, it is unclear why
some people with RIS progress to MS while others do
not. In previous studies, attempts were made to assess
the association of abnormal CSF testing results in RIS
with progression to clinically isolated syndrome (CIS) or
MS. One study involving 41 patients found no increased
risk of radiologic or clinical progression with the pres-
ence of oligoclonal bands or elevated IgG index in CSF.*
Another study involving 70 patients found that CSF
abnormalities were predictive when associated with nine
or more T2-hyperintense lesions on initial MRI.'® The
same study found that abnormal visual evoked potential
(VEP) at baseline was a predictive factor for developing
CIS." In our study, only ten participants had evoked
potential studies performed, and the data could not be
analyzed because of the small number (data not shown).
Of four participants who were subsequently diagnosed
with MS, one had abnormal VEP at presentation;
another one had abnormal somatosensory evoked poten-

tial (SSEP). Seven participants whose initial MRI studies
did not suggest MS had normal evoked potential studies
(VEP and SSEP). Further studies are needed to clarify
the predictive value of CSF and VEP testing in progres-
sion to clinically definitive MS.

A number of studies have been conducted to deter-
mine other factors that predict the evolution of RIS into
MS. Some studies have suggested that the presence of
infratentorial, spinal cord, or cortical lesions increases
the risk of progression to MS.?*** A recent study found
that although macroscopic brain damage was similar in
RIS and relapsing-remitting MS (RRMS), magnetiza-
tion transfer ratio (MTr), which reveals subtle tissue
damage, was milder in RIS than in RRMS. This new
approach could be useful for differentiating cases of RIS
with a high likelihood of progression from those that
will remain asymptomatic.”® Other studies have focused
on family history of MS and found that individuals who
have first-degree relatives with MS are more likely to
have asymptomatic brain lesions on MRI.> In addition,
although MRI has helped in understanding MS pathol-
ogy and in management of disease, it captures only a
small fraction of MS-related changes that may be detect-
able by other techniques or by pathological assessment.”
For example, a recent study has suggested that people
with RIS have a similar cognitive deficit profile as those
with MS and that such individuals may have an undiag-
nosed CIS presenting as cognitive dysfunction.*

The natural course of RIS is still unknown. Yield-
ing findings similar to ours, a few cohort studies have
indicated that one-third of cases of RIS will convert
to MS during a 5-year follow-up and two-thirds will
show radiologic progression.*'® There are no guidelines
concerning treatment of RIS.” Although an increas-

e Individuals with symptoms and magnetic reso-
nance imaging (MRI) findings not suggestive of
MS and with normal cerebrospinal fluid (CSF)
testing results are unlikely to develop definitive
MS on follow-up.

e Individuals with MRI lesions suggestive of MS
but without symptoms suggestive of MS (radio-
logically isolated syndrome) are at some risk of
developing MS. Abnormal CSF results may add
to this risk.

* Further studies are needed on radiologically
isolated syndrome in order to determine the best
way to follow these individuals clinically and
radiologically and to make decisions regarding
therapeutic management.
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ing number of studies have highlighted the role of early
pharmacologic therapy in CIS,*®* early treatment with
disease-modifying therapies is still debatable even in CIS.
One-third of individuals with RIS develop neurologic
symptoms during follow-up.*® In our study, the likeli-
hood of developing clinical manifestations of MS in these
individuals was 47%. The literature indicates a risk of
clinical conversion of between 15% and 50% in patients
with RIS.* The prevalence of conversion to MS among
patients with CIS in 12 to 24 months’ follow-up has
been reported as between 31% and 45%.”'° A patient-
specific approach to follow these individuals with RIS
has been proposed.’! Our study may provide guidance in
identifying patients who may need close follow-up.

Limitations

The present study has several limitations. First, the
sample size is not large enough for risk stratification
according to the number of Barkhof criteria met. The
number of participants undergoing CSF analysis was
also small. Obtaining CSF studies for all participants
could be useful for further assessing the combined risk of
having both abnormal MRI and abnormal CSF findings.
Second, the specificity of the Barkhof criteria has been
debated.’ These results, however, provide additional
evidence for the udility of these criteria. In addition, our
study was conducted using conventional MRI; thus the
results apply only to conventional imaging.

Conclusion

This study found that patients lacking symptoms and
MRI findings suggestive of MS were not at risk of devel-
oping clinically definitive MS during follow-up. How-
ever, the presence of MRI lesions suggestive of MS at
presentation, described in the literature as RIS, increased
the risk of developing MS later in life. Larger-scale stud-
ies of RIS are needed to determine additional specific
characteristics that increase the risk of developing clini-
cal manifestations of MS in the future. Such data will
be valuable in helping to counsel patients, plan imaging
follow-up, and identify treatment options. O
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