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Abstract

Background and Objectives

The diagnosis of multiple sclerosis (MS) requires evidence of both dissemination in space
(DIS) and time (DIT); oligoclonal bands (OCBs) in the CSF can substitute for DIT on MRL
We investigated whether DIT (or positive CSF) is necessary to make a diagnosis of MS in
patients who fulfil a high number of DIS criteria.

Methods

We prospectively recruited patients with a first demyelinating event evaluated with brain and
spinal cord MRI within 3 months of onset. The patients were followed up clinically and with
MRI. We retrospectively applied DIS criteria requiring lesions in >2/4, >3/4, or 4/4 regions
typically affected in MS (periventricular, cortical/juxtacortical, infratentorial, spinal cord)
and >2/5,>3/5, >4/5, and 5/5 regions (including the optic nerve) to baseline assessments. We
investigated the performance of each set of DIS criteria for a diagnosis of MS using the 2017
McDonald criteria, requiring both DIS (lesions in >2/4 regions) plus DIT on MRI (gadoli-
nium-enhancing and nonenhancing lesions, new T2 lesions at follow-up) or CSE-specific
OCBs;, as the gold standard.

Results

We included 244 patients (mean age 32.5 years, 154 [63%] female); 187 (77%) patients were
diagnosed with MS using the 2017 McDonald criteria over a mean follow-up of 11.2 years. DIS
alone, requiring lesions in >2/4, >3/4, or 4/4 regions, exhibited reducing sensitivity (84%, 58%,
and 26%, respectively) and increasing specificity (91%, 98%, 100%) for an MS diagnosis. In 112
(46%) patients with optic nerve assessment with orbital MRI or visual evoked potentials, DIS
in >2/5,>3/5, 24/5, or 5/5 regions also resulted in reducing sensitivity (96%, 83%, 61%, 30%)
and increasing specificity (44%, 83%, 100%, 100%) for MS diagnosis. We propose a diagnostic
algorithm for MS in patients with a first demyelinating event based on the number of DIS
regions fulfilled.

Discussion

In patients with a first demyelinating event, DIS in >4 regions typically affected in MS is highly
specific, indicating an extremely low risk of false-positive results, and misdiagnosis. Using DIS
in >4 regions would reduce the need for follow-up MRI or CSF examination in all patients with
suspected MS, streamlining the diagnostic process. Limitations include an over-representation
of patients with optic neuritis at onset, a low rate of CSF examination, and lack of optical
coherence tomography data.
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Glossary

CVS = central vein sign; DIS = dissemination in space; DIT = dissemination in time; DMT = disease-modifying therapy;
FLAIR = fluid-attenuated inversion recovery; LP = lumbar puncture; MOGAD = myelin oligodendrocyte glycoprotein
antibody-associated disorder; MS = multiple sclerosis; NMOSD = neuromyelitis optica spectrum disorder; NPV = negative
predictive value; OCB = oligoclonal band; PD = proton density; PPV = positive predictive value; PRL = para-magnetic rim

lesion; VEP = visual evoked potential.

Introduction

The requirement for dissemination in time (DIT) and dis-
semination in space (DIS) has been the cornerstone of mul-
tiple sclerosis (MS) diagnostic criteria for nearly 60 years."”
MRI is routinely used to provide evidence for DIS and DIT,?
resulting in earlier diagnosis and treatment.>* Using the 2017
McDonald criteria, DIS on MRI requires >1 T2 lesion in 2 of
4 CNS regions typically affected in MS (periventricular,
cortical /juxtacortical, infratentorial, spinal cord) 3 1t is antici-
pated that future iterations of the McDonald criteria will include
the optic nerve as a fifth region, based on new evidence.”® A
second attack, gadolinjum-enhancing and nonenhancing lesions,
or new T2 lesion(s) on MRI, all provide evidence for DIT.?
CSF-specific oligoclonal bands (OCBs) are an alternative to
clinical or MRI evidence of DIT.>® Both DIS plus DIT (or CSE-
specific OCBs) are required for a diagnosis of MS.>

The relative importance of DIT has recently been
questioned.'”"" First, whilst a minimum of 2 T2 lesions are
required for DIS (provided the lesions are in different MS-
typical regions),” many patients have a higher number of
lesions at presentation.'”"* A higher number of T2 brain
lesions, and greater fulfilment of the Barkhof criteria
(reflecting both lesion number and location),"* is associated
with a higher risk of a second clinical attack."® Contrast-
enhanced MRI is required to determine whether T2 lesions
are of different agesls; however, some experts argue that in
patients with a high burden of T2 lesions, the likelihood that
all lesions formed simultaneously is very low.'® A high number
of lesions in different regions may provide indirect evidence
for DIT, although direct evidence is lacking.10 Second, the
inclusion of CSF-specific OCBs in relapsing MS diagnostic
criteria means that clinical/MRI evidence of DIT is no longer
mandatory for MS diagnosis.16 Finally, with early use of high-
efficacy disease-modifying therapies (DMTs), many patients
have no evidence of inflammatory disease activity (relapses,
new T2 lesions, gadolinium-enhancing lesions)'” and may not
develop DIT in the short to medium term.

The aim of this study was to explore whether DIT (or positive
CSF) is necessary to make a diagnosis of MS in patients with
fulfilment of a high number of DIS criteria (lesions in >3
regions typically affected in MS, including the optic nerve). In
patients with a typical first demyelinating event, we in-
vestigated the performance of DIS criteria alone for a di-
agnosis of MS, without DIT on MRI or CSF-specific OCBs.
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Methods

Standard Protocol Approvals, Registrations,
and Patient Consents

Patients provided written informed consent at the time of
study entry and at follow-up. The study was approved by the

institutional ethics committee.

Participants

We studied patients with a first demyelinating event recruited
from Moorfields Eye Hospital and the National Hospital for
Neurology and Neurosurgery, London, the United Kingdom,
as part of 2 prospective cohorts. All patients were older than
16 years and presented with a typical syndrome suggestive of
MS (unilateral optic neuritis, partial myelitis, brainstem/
cerebellar, or supratentorial syndrome). Alternative diagnoses
were actively excluded by the treating neurologist/neuro-
ophthalmologist with diagnostic testing available at the time
of initial evaluation.

The first cohort were recruited between 1995 and 2004.
Patients underwent MRI scans with proton density (PD)/T2-
weighted and postcontrast T'1-weighted scans of the brain and
spinal cord within 3 months of onset on the same 1.5T Signa
scanner. A subgroup of patients had lumbar puncture (LP)
and/or visual evoked potentials (VEPs) as part of routine
clinical care. The patients had scheduled follow-up at
3 months, 1, 3, and S years with clinical assessment (including
collecting data on any relapses) and follow-up PD/T2-
weighted MRI scans to look for new T2 lesions (and/or
gadolinium-enhancing lesions on postcontrast T1-weighted
scans). The cohort had a further follow-up after ~15 years
including MRI of the brain with 2D fluid-attenuated inversion
recovery (FLAIR) sequences for lesion detection using the
same 3T Philips Achieva TX scanner.

The second cohort were recruited between 2014 and 2021.
All patients underwent MRI including 3D-FLAIR and pre-
contrast and postcontrast T1-weighted scans of the brain,
PD/T2-weighted sequences plus precontrast and post-
contrast T1-weighted scans of the spinal cord, and 2D-coronal
short tau inversion recovery sequences plus precontrast and
postcontrast T1-weighted scans with fat saturation of the
orbits. A subgroup of patients had LP performed as part of
routine clinical care. The patients had scheduled clinical and
MRI follow-up after 6 months, 1, 3, and 5 years to look for
new T2 lesions on 3D-FLAIR in the brain and PD/T2-
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weighted sequences in the whole spinal cord (postcontrast
T1-weighted imaging and orbital MRI was not performed at
follow-up). Full details of MRI acquisition protocols for both
cohorts have been described in detail previously.*"?

From each cohort, we selected patients with at least 1 follow-
up MRI to look for DIT and >3 years of clinical follow-up or
a diagnosis of MS using the 2017 McDonald criteria, which-
ever occurred first. Patients included in this analysis were not
selected based on MRI findings, and we included patients with
and without DIS and/or DIT at baseline.

MRI Analysis and Other Paraclinical Testing
MRI scans were reviewed by experienced neuroradiologists
blinded to the patients’ clinical status. The number of T2-
hyperintense and gadolinium-enhancing lesions and their
location (periventricular, cortical/juxtacortical, infratentorial,
spinal cord, optic nerve) was recorded. The number of new
T2-hyperintense lesions at follow-up was also noted. CSF
analysis was conducted using isoelectric focusing combined
with immunoblotting. When >2 OCBs were present only in
the CSF, they were considered to be CSF-specific. Full field
pattern reversal VEPs were reported according to local nor-
mative data by a neurophysiologist.

Application of Diagnostic Criteria to Baseline
MRI Scans

We applied 3 DIS criteria to baseline MRI scans requiring
lesions in at least 2 of 4 (>2/4) regions typically affected in
MS (ie, 2017 McDonald DIS criteria), >3 of 4 (>3/4)
regions, and 4 of 4 (4/4) regions. In the subgroup of patients
with optic nerve evaluation using orbital MRI or VEPs, we
expanded the number of DIS regions from 4 to 5 to include
optic nerve lesions. We then applied 4 DIS criteria requiring
lesions in >2/5 regions, >3/S regions, >4/S regions, and 5/5
regions, including the optic nerve.

For reference, we also applied the 2017 McDonald criteria to
MRI scans obtained at baseline requiring MRI evidence of
DIS (T2 lesions in 2/4 regions) plus DIT (gadolinium-en-
hancing and nonenhancing lesions at baseline and/or CSF-

specific OCBs).

Statistical Analysis
Descriptive statistics were used to describe continuous vari-
ables as mean (SD) and categorical variables as percentages.

The performance of each DIS criteria (without DIT/ positive
CSF) was evaluated by calculating the sensitivity, specificity,
accuracy, positive predictive value (PPV), and negative pre-
dictive value (NPV), with 95% Cls, for a diagnosis of MS
using the 2017 McDonald criteria during follow-up. We also
investigated the performance of each of the DIS criteria for
a second clinical attack (i.e., clinically definite MS) and new
T2 lesion(s) during follow-up. Given differences in the MRI
acquisition protocols and field strengths between the 2
cohorts studied, the performance of the DIS criteria was

Neurology.org/N

tested separately in each cohort. We analyzed all patients first
then patients with and without optic neuritis separately. Be-
cause time influences the performance of MS diagnostic cri-
teria, we repeated all analyses in patients with >10 years of
clinical follow-up.

All statistical analyses were performed using SPSS version 21
(IBM Corp., Armonk, NY).

Data Availability

The corresponding author has full access to all the data in the
study and takes responsibility for the data integrity and data
analysis. The anonymized dataset is available from the cor-
responding author on reasonable request.

Results

Patient Characteristics

We included 244 patients with a first demyelinating event
from a total of 262 patients (178 in the first cohort and 84
patients in the second cohort). Two patients from the first
cohort developed alternative diagnoses during follow-up (1
each with neuromyelitis optica spectrum disorder [NMOSD]
and myelin oligodendrocyte glycoprotein antibody-associated
disorder [MOGAD]) and were excluded. The remaining 16
patients either had no follow-up MRI available to demonstrate
DIT, <3 years of clinical follow-up, or both.

Approximately 80% of patients initially presented with optic
neuritis, other demographic and clinical characteristics were
typical of early relapsing MS (Table 1 and eTable 1). Patients
were evaluated with brain and spinal cord MRI within
3 months of onset; 112 (46%) patients had optic nerve
evaluation with either orbital MRI (n = 70) or VEPs (n = 42),
and 58 (24%) patients underwent LP (Table 1).

The baseline brain and spinal cord MRI was abnormal in 202
(83%) and 93 (38%) patients, respectively. Using the baseline
brain and spinal cord MRI findings, 160 (66%) patients had
lesions in >2/4 regions typically affected in MS, 109 patients
had lesions in >3/4 (45%) regions, and 48 (20%) patients had
lesions in 4/4 regions. When the 2 patient cohorts were an-
alyzed separately, the second cohort had a higher proportion
of patients with lesions in >3/4 regions compared with the
first cohort (60% vs 39%) (eTable 1). In total, 104 (43%)
patients had DIT on MRI and/or positive CSF at baseline.

Among patients who had optic nerve evaluation (n = 112), the
demographic profile was similar to the whole cohort, but there
were a higher proportion of patients with a nonoptic neuritis
presentation (29% vs 19%) (Table 1). Eighty-nine (79%)
patients had optic nerve lesions; 28/42 (67%) patients had
abnormal VEPs (24/25 [96%] with optic neuritis, 4/17
[24%] with nonoptic neuritis presentations) in the first co-
hort, and 61/70 (87%) patients had abnormal orbital MRI in
the second cohort. When the optic nerve was added as a fifth
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Table 1 Demographic and Clinical Characteristics of Patients Included in the Study

All patients (n = 244)

Patients with optic nerve evaluation (n = 112)

Age, y, mean (SD) 32.5(7.4) 32.5(7.6)
Female, n (%) 154 (63) 68 (61)
Optic neuritis, n (%) 197 (81) 79 (71)
Non-White ethnicity, n (%)? 50/229 (22) 21/98 (21)
Abnormal brain MRI, n (%) 202 (83) 100 (89)
Abnormal spinal MRI, n (%) 93 (38) 58 (52)
Abnormal optic nerve evaluation, n (%)° — 89 (79)
Dissemination in space, n (%)

0 region 41(17) 1(1)

1 region 43 (17) 11 (10)

2 regions 51 (21) 18 (16)

3 regions 61 (25) 25(22)

4 regions 48 (20) 29 (26)

5 regions — 28 (25)
Dissemination in time at baseline, n (%) 80 (33) 36 (32)
CSF-specific oligoclonal bands, n (%)? 45/58 (78) 25/31 (81)
Multiple sclerosis at last follow-up, n (%) 187 (77) 94 (77)
Second clinical attack, n (%) 119 (49) 45 (40)
New T2 lesion(s), n (%) 170 (70) 79 (71)

2 Over the number of patients with data available.

® Optic nerve evaluation included visual evoked potentials (n = 42) or MRI (n = 70).

region, 100 (89%) patients had lesions in >2/S regions, 82
(73%) patients had lesions in >3/5 regions, 57 (51%) patients
had lesions in >4/5 regions, and 28 (25%) patients had lesions
in §/5 regions.

Over a mean follow-up of 11.2 (SD 9.3) years, 187 (77%)
patients were diagnosed with MS using the 2017 McDonald
criteria, 119 (49%) patients had a second clinical attack, and
170 (70%) patients had a new T2 lesion(s) at follow-up
(Table 1). The median number of follow-up MRI scans was 4
(range 1-5) in the first cohort and 3 (range 1-4) for the
second cohort. Among the 57 (23%) patients who did not
develop MS, 52 (91%) had either normal MRI or involvement
of a single CNS region, including 16 patients with optic
neuritis who were evaluated with either VEPs (n = 6) or
orbital MRI (n = 10). After a mean follow-up of 13.3 (SD 5.2)
years in this group, the diagnosis remained “clinically isolated
syndrome.”

Thirty-nine (16%) patients received treatment with DMTs
before a second clinical attack, all of whom satisfied the 2017
McDonald criteria for a diagnosis of MS before starting
treatment.
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Performance of the DIS Criteria

The performance of the various DIS criteria for a diagnosis of
MS using the 2017 McDonald criteria, a second clinical attack
or new T2 lesions(s) at follow-up is shown in Tables 2 and 3.

All Patients

In the whole cohort, DIS criteria requiring lesions in an in-
creasing number of regions resulted in sensitivity of 84%
for >2/4 regions falling to 58% for >3/4 regions and 26% for
4/4 regions for a diagnosis of MS using the 2017 McDonald
criteria. By contrast, specificity for a diagnosis of McDonald
MS increased from 91% for >2/4 regions to 98% for >3/4
regions and was 100% for 4/4 regions. The PPV of >3/4 and
4/4 regions were both very high (>99%).

The findings were similar for development of a second clinical
attack or new T2 lesion(s) during follow-up with moderate to
low sensitivity, but moderate to very high specificity with
fulfilment of a greater number of DIS criteria (Table 2).

When comparing the specificity for each of the DIS criteria for
a second clinical attack vs a diagnosis of MS using the

McDonald criteria, the specificity was generally lower for the
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development of a second attack, driven by the low number of
patients with relapses (Table 2).

For reference, we also applied the 2017 McDonald DIS and
DIT criteria to baseline MRI scans (with CSF-specific OCBs
as a substitute for MRI evidence of DIT, where available). The
diagnostic performance was similar to the more stringent DIS
criteria requiring >3/4 regions (Table 2).

Subgroup of Patients With Optic Nerve Evaluation
The analyses were repeated in patients with optic nerve
evaluation to expand the number of DIS regions from 4 to S
(Table 3). DIS criteria requiring lesions in a higher number of
regions exhibited sensitivities ranging from 83% for >3/5
regions to 30% for 5/S regions for an MS diagnosis using the
2017 McDonald criteria. The specificity of lesions in >3
regions for a diagnosis of 2017 McDonald MS was moderate
to very high (83% for >3/5 regions, 100% for >4/S regions,
and 100% for 5/S regions). The PPV of >3/S, >4/S, or 5/
regions for MS diagnosis was also very high (>95%).

For reference, the 2017 McDonald DIS and DIT criteria ap-
plied to baseline MRI scans (and/or CSF examination)

exhibited similar sensitivity (54% vs 61%) and specificity
(100% for both) compared with the modified DIS criteria
requiring lesions in >4/5 regions.

Using the outcome of a second clinical attack or new T2
lesion(s) at follow-up, the performances of the various DIS
criteria was similar in patients with optic nerve evaluation. DIS
criteria requiring lesions in a higher number of regions
resulted in falling sensitivity but increasing specificity
and PPV for a second clinical attack or DIT on follow-
up MRI.

Analysis of Each Cohort Separately

DIS criteria requiring a higher number of regions resulted in
increasing specificity and PPV for a diagnosis of 2017
McDonald MS but falling sensitivity (eTables 2 and 3). In the
cohort who underwent MRI at 3T with an optimized pro-
tocol for lesion detection including 3D-FLAIR, the sensi-
tivity of DIS requiring >3/4 (70 vs 52%) or 4/4 (32 vs 23%)
regions was higher compared with patients in the first cohort
(eTable 2). The findings were similar for the secondary
outcomes of CDMS and new T2 lesions at follow-up (data
not shown).

Table 2 Performance of DIS Criteria With Increasing Number of Regions in the Whole Cohort (n = 244)

Sensitivity
% (95% CI)

Specificity
% (95% CI)

Accuracy
% (95% Cl)

PPV
% (95% Cl)

NPV
% (95% Cl)

Diagnosis of McDonald MS

DIS alone

DIS 22/4 regions

84.0 (77.9-88.9)

91.2 (80.7-97.1)

86.7 (80.6-89.8)

96.9 (93.1-98.6)

63.4 (55.3-70.8)

DIS 23/4 regions

57.8 (50.3-64.9)

98.2 (90.6-99.7)

67.2 (60.9-73.1)

99.1 (93.9-99.9)

41.5 (37.4-45.7)

DIS 4/4 regions

25.7 (19.6-32.6)

100 (93.7-100)

43.0 (36.7-49.5)

100 (92.6-100)

29.1(27.4-30.9)

DIS + DIT at onset?

50.8 (43.1-58.0)

100 (94.2-100)

62.3 (56.7-69.2)

100 (96.1-100)

37.5(37.3-44.4)

Second clinical attack

DIS alone

DIS >2/4 regions

81.5(73.4-88.0)

48.0 (39.0-57.1)

64.3 (58.0-70.4)

59.9 (55.3-64.3)

73.2 (64.2-80.6)

DIS 23/4 regions

53.8 (44.4-63.0)

64.0 (55.0-72.4)

59.0 (52.6-65.3)

58.7 (51.6-65.5)

59.3 (53.5-64.8)

DIS 4/4 regions

24.4(17.0-33.1)

84.8 (77.3-90.6)

55.3 (48.9-61.7)

60.4 (47.5-72.0)

54.1 (50.9-57.2)

DIS + DIT at onset?

52.9 (43.6-62.2)

76.8 (68.4-83.9)

65.2 (58.8-71.1)

68.5 (60.2-75.7)

63.2 (58.1-68.0)

New T2 lesion at follow-up

DIS alone

DIS >2/4 regions

82.4(75.8,87.8)

70.3(50.7,72.3)

78.7 (69.8,80.7)

81.4(76.7,85.3)

63.4 (54.6,71.4)

DIS 23/4 regions

56.5 (48.7-64.1)

82.4(71.8-90.3)

64.3 (58.0-70.4)

88.1 (81.6-92.5)

45.2 (40.3-50.2)

DIS 4/4 regions

26.5(20.0-33.8)

95.9 (88.6-99.2)

47.5 (41.1-54.0)

93.8 (82.8-97.9)

36.2 (33.9-38.6)

DIS + DIT at onset?

47.6 (39.9-55.4)

85.1(75.0-92.3)

59.0 (52.6-65.3)

88.0(80.7-92.9)

41.4(37.3-45.7)

Abbreviations: DIS = dissemination in space; DIT = dissemination in time; MS = multiple sclerosis; NPV = negative predictive value; PPV = positive predictive

value.

@ CSF-specific oligoclonal bands were considered as a substitute for MRI evidence of DIT at baseline.
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Table 3 Performance of DIS Criteria With Increasing Number of Regions in the Subgroup of Patients With Optic Nerve
Evaluation (n = 112)

Sensitivity
% (95% Cl)

Specificity
% (95% Cl)

Accuracy
% (95% Cl)

PPV
% (95% Cl)

NPV
% (95% Cl)

Diagnosis of McDonald MS

DIS alone

DIS >2/5 regions

95.7 (89.5-98.8)

44.4 (21.5-69.2)

87.5(79.9-93.0)

90.0 (85.6-93.2)

66.7 (40.2-85.6)

DIS 23/5 regions

83.0(73.8-90.0)

83.3 (58.6-96.4)

83.0 (74.8-89.5)

95.1 (90.2-98.7)

50.0 (36.4-60.5)

DIS >4/5 regions

60.6 (50.0-70.6)

100 (81.5-100)

67.0 (57.4-75.6)

100 (93.7-100)

32.7 (27.5-38.5)

DIS 5/5 regions

29.8 (20.8-40.1)

100 (81.5-100)

41.1 (31.9-50.8)

100 (87.7-100)

21.4(19.3-23.8)

DIS + DIT at onset?

53.9 (43.0-64.6)

100 (85.2-100)

63.4 (53.8-72.3)

100 (92.6-100)

35.9(30.9-41.2)

Second clinical attack

DIS alone

DIS >2/5 regions

95.6 (84.9-99.5)

14.9 (7.4-25.7)

47.3 (37.8-57.0)

43.0 (40.1-45.9)

83.3(53.5-96.6)

DIS 23/5 regions

80.0 (65.4-90.4)

31.3(20.6-43.8)

50.9 (41.3-60.5)

43.9 (38.6-49.3)

70.0 (54.1-82.2)

DIS 24/5 regions

68.9 (52.4-81.8)

61.2 (48.5-72.9)

64.3 (54.7-73.1)

54.4 (45.4-63.1)

74.5 (64.6-82.5)

DIS 5/5 regions

35.6 (21.9-51.2)

82.1(70.8-90.4)

63.4 (53.8-72.3)

57.1 (41.1-71.8)

65.5 (59.8-70.8)

DIS + DIT at onset?

57.8 (42.2-72.3)

67.2 (54.6-78.2)

63.4 (53.8-72.3)

54.2 (43.6-64.4)

70.3 (61.8-77.6)

New T2 lesion at follow-up

DIS alone

DIS >2/5 regions

94.9 (87.5-98.6)

24.2 (11.1-42.3)

74.1 (65.0-81.2)

75.0(71.1-78.6)

66.7 (39.3-86.1)

DIS 23/5 regions

83.5(73.5-90.9)

51.5(33.5-69.2)

74.1 (65.0-81.9)

80.5 (74.1-85.6)

56.7 (41.9-70.4)

DIS 24/5 regions

63.3(51.7-73.9)

78.8 (61.2-91.0)

67.9 (58.4-76.4)

87.7 (78.4-93.4)

47.3 (39.0-55.7)

DIS 5/5 regions

31.6 (21.6-43.1)

90.9 (75.7-98.1)

49.1 (39.5-58.7)

100 (73.0-100)

35.7 (31.6-40.1)

DIS + DIT at onset?

50.6 (39.1-62.1)

75.8 (57.7-88.9)

58.0 (48.3-67.3)

83.3 (72.5-90.5)

39.1 (32.3-46.3)

Abbreviations: DIS = dissemination in space; DIT = dissemination in time; MS = multiple sclerosis; NPV = negative predictive value; PPV = positive predictive

value.

@ CSF-specific oligoclonal bands were considered as a substitute for MRI evidence of DIT at baseline.

Performance of the DIS Criteria in Patients
With and Without Optic Neuritis

The performance of the DIS criteria for a diagnosis of MS
using the 2017 McDonald criteria in patients with optic
neuritis and nonoptic neuritis presentations is presented in
Table 4. The findings were similar with involvement of >4
regions in DIS displaying high specificity and PPV for a di-
agnosis of 2017 McDonald MS in patients with and without
optic neuritis. In the subgroup of patients with optic nerve
evaluation, the sensitivity of >4/5 regions in DIS was lower
among patients with a nonoptic neuritis presentation com-
pared with the optic neuritis patients (47 vs 68%), but similar
to the sensitivity of the 2017 McDonald DIS and DIT criteria
when applied baseline MRI scans and CSF findings (47% for
both). The findings were similar when considering a second
clinical attack or new T2 lesions at follow-up to the whole
cohort with falling sensitivity with lesions in a greater number
of DIS regions but increasing specificity (eTables 4 and ).

Neurology | Volume 104, Number 7 | April 8, 2025

Performance of the DIS Criteria in Patients
With Long-Term Follow-Up

A total of 163 (67%) patients had >10 years of follow-up. In
this group, 118 (72%) patients were diagnosed with MS using
the 2017 McDonald criteria, 98 (60%) patients had a second
clinical attack, and 112 (69%) patients had a new T2 lesion on
a follow-up MRI. In the patients with optic nerve evaluation,
39 patients had >10 years of follow-up and outcomes were
similar; 31 (79%) patients were diagnosed with MS, 26 (67%)
patients had a second clinical attack, and 27 (69%) patients
had new T2 lesion(s) at follow-up.

The performances of the various DIS criteria for the diagnosis
of MS using the 2017 McDonald criteria are shown in eTa-
ble 6. In all patients with >10 years of follow-up, the sensi-
tivity, specificity, and PPV for a diagnosis of McDonald MS
were similar to the whole cohort, but the specificity for
a second clinical attack was higher in the longer term (80%
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Table 4 Performance of DIS Criteria in Patients With and Without Optic Neuritis for a Diagnosis of 2017 McDonald

Multiple Sclerosis

Sensitivity Specificity Accuracy PPV NPV Sensitivity Specificity Accuracy PPV NPV
% (95% CI) % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl) % (95% Cl) % (95% CI) % (95% CI) % (95% CI) % (95% ClI)
Diagnosis of McDonald  Optic neuritis (n = 197) Nonoptic neuritis (n = 47)
MS
DIS alone
DIS 22/4 regions 82.2 88.9 83.8 96.2 83.8 88.6 91.7 89.4 96.9 733
(75.2-88.0) (76.0-96.3) (77.8-88.6) (91.6-98.3) (77.9-88.6) (72.3-96.8) (61.5-99.8) (76.9-96.5) (82.5-99.5) (51.8-87.5)
DIS 23/4 regions 54.0 97.8 64.0 98.8 38.6 74.3 100 80.9 100 57.1
(45.7-62.1) (88.2-99.9) (56.8-70.1) (92.5-99.8) (34.5-42.9) (56.7-87.5) (73.5-100) (66.7-90.9) (86.8-100) (43.2-70.1)
DIS 4/4 regions 23.0 100 40.6 100 27.8 371 100 53.2 100 35.3
(16.6-30.5) (92.1-100) (33.7-47.8) (90.0-100) (26.1-30.0) (21.5-55.1) (73.5-100) (38.1-67.9) (75.3-100) (29.7-41.3)
DIS + DIT at onset?® 46.1 100 58.4 100 35.4 62.9 100 723 100 48.0
(38.0-54.3) (92.1-100) (51.2-65.3) (94.9-100) (32.2-38.9) (44.9-78.5) (73.5-100) (57.4-84.4) (84.6-100) (37.5-58.7)
Diagnosis of McDonald  Optic neuritis (n = 79) Nonoptic neuritis (n = 33)
MS in patients with
optic nerve evaluation
DIS alone
DIS >2/5 regions 96.8 37.5 84.8 85.9 75.0 93.3 66.7 90.9 96.6 50.0
(89.0-99.6) (15.2-64.6) (75.0-91.9) (80.6-89.9) (40.0-93.1) (77.9-99.2) (9.4-99.2) (75.7-98.1) (84.9-99.3) (17.4-82.6)
DIS 23/5 regions 82.5 75 81.0 92.9 52.2 86.7 100 87.9 100 429
(70.9-91.0) (47.6-92.7) (70.6-89.0) (84.7-96.8) (37.3-66.7) (69.3-96.2) (29.2-100) (71.8-96.6) (86.8-100) (23.2-65.1)
DIS 24/5 regions 68.3 100 74.7 100 44.4 46.7 100 51.5 100 15.8
(55.3-79.4) (79.4-100) (63.6-83.8) (91.8-100) (35.8-53.5) (28.3-65.7) (29.2-100) (33.5-69.2) (76.8-100) (11.8-20.8)
DIS 5/5 regions 333 100 46.8 100 27.6 233 100 30.3 100 1.5
(22.0-46.3) (79.4-100) (33.5-58.4) (84.0-100) (24.2-31.2) (9.9-42.3) (29.2-100) (15.6-48.7) (59.0-100) (9.7-13.7)
DIS + DIT at onset? 46.0 100 57.0 100 32.0 46.7 100 51.5 100 15.8
(33.4-59.1) (78.4-100) (45.3-68.1) (88.1-100) (27.3-83.2) (28.3-65.7) (29.2-100) (33.5-69.2) (76.8-100) (11.8-20.8)

Abbreviations: DIS = dissemination in space; DIT = dissemination in time; MS = multiple sclerosis; NPV = negative predictive value;

value.

PPV = positive predictive

@ CSF-specific oligoclonal bands were considered as a substitute for MRI evidence of DIT at baseline.

for >3/4 regions and 94% for 4/4 regions). In the subgroup of
patients with optic nerve evaluation, the specificity for both
a diagnosis of MS using the McDonald criteria (100% for >4/
S regions, 100% for S/S regions) or a second clinical attack
(92% for >4/5 regions, 100% for 5/5 regions) was very high.
The findings were similar for development of a second clinical
attack or new T2 lesion(s) on MRL Full results are presented
in eTable 7.

Algorithm for MS Diagnosis Based on
Fulfilment of DIS

Taking into account our findings, we developed an algorithm
for MS diagnosis based on DIS criteria fulfilment (Figure). In
patients with a first demyelinating event, a diagnosis of MS
can be made if there are brain and spinal cord lesions on MRI
in 4/4 typical regions, and DIT on MRI or positive CSF are
not mandatory. If this criterion is not fulfilled, optic nerve
evaluation should be considered, so that DIS in up to S
regions can be evaluated. In patients with lesions in 4/5
typical regions, including the optic nerve, MS can also be
diagnosed without DIT/positive CSF. Based on our findings
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25%-40% of people with a first demyelinating event may
diagnosed with MS, after other disorders have been excluded,
based on high fulfilment of DIS criteria in >4/5 typical
regions. In the remaining patients, particularly those with DIS
in 2-3 regions after optic nerve evaluation, additional evi-
dence is required to make a diagnosis of MS, either DIT on
MR, positive CSF, or both.

Discussion

We evaluated the performance of high fulfilment of DIS cri-
teria for MS diagnosis, a second clinical attack, or new T2
lesion(s) on MR, in patients with a first demyelinating event
over ~11 years. DIS criteria requiring lesions on MRI in 4/4
MS typical regions displayed 100% specificity and PPV for
each of the outcomes tested, but moderate to low sensitivity
and moderate accuracy. Notably, DIS criteria requiring lesions
in 4/4 regions had similar specificity and PPV as the 2017
McDonald criteria requiring both DIS and DIT/positive CSF
combined, when applied to baseline MRI scans. These
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Figure Proposed Algorithm for MS Diagnosis in Patients With a First Demyelinating Event

| Patients with a first demyelinating event ‘

l

| No better explanation ‘

MRI brain and spinal cord confirming
lesions in 4/4 regions typically affected in MS

!
E’{

Multiple sclerosis ‘

iNo

MRI brain and spinal cord plus optic nerve

evaluation confirming lesions in

Yes

Multiple sclerosis ‘

>4/5 regions typically affected in MS

lNo

MRI brain and spinal cord plus optic nerve

] L . - Yes
evaluation confirming lesions in

A

Evidence if DIT on MRI

or CSF-specific OCBs Multiple sclerosis

Yes

2/5 regions typically affected in MS

iNo

No

Clinical and MRI follow-up ‘

I Clinical and MRI follow-up ‘

DIT = dissemination in time; MS = multiple sclerosis; OCB = oligoclonal band.

findings suggest that DIS alone in 4/4 regions seems sufficient
to “rule-in” MS, without the need for DIT or positive CSF,
with a negligible risk of a false-positive MS diagnosis. How-
ever, the sensitivity of DIS in 4/4 regions was relatively low,
especially in patients scanned at lower field strengths and
imaging protocols not optimized to detect MS lesions. Lesser
fulfilment of DIS criteria does not “rule-out” MS, and CSF
examination and/or follow-up MRI should be considered in
this patient group.

Recent studies have demonstrated the utility of including
optic nerve lesions in DIS criteria.”'®'® In patients with
optic nerve evaluation, the findings were broadly similar with
increasing specificity of DIS criteria requiring lesions in 3, 4, or
5 regions but reducing sensitivity. Notably, the specificity and
PPV of 4/5 or 5/5 regions was high and similar to the 2017
McDonald criteria requiring both DIS and DIT/positive CSF
at baseline. A lower threshold for DIS in 3/5 regions had
higher sensitivity, but the specificity was lower. A reduction in
specificity when optic nerve lesions are included in DIS cri-
teria has been noted previously.”"” Studies in larger cohorts of
patients with complete evaluation of optic nerve are needed to
determine whether a lower threshold of 3/5 regions would be
more appropriate, accepting that the performance of MS di-
agnostic criteria requires a trade-off between sensitivity and
specificity.

Based on our findings we propose an algorithm whereby MS
can be diagnosed on the basis of DIS alone without DIT/
positive CSF in some patients (Figure). Using the algorithm,
if a patient has a typical MS presentation and an MRI shows
high fulfilment of DIS criteria, then the diagnosis could be
established and treatment started without the need for further
testing. A diagnosis of MS could be made in patients at very
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high risk intuitively (lesions in >4 typical regions) who have
no gadolinium enhancement (>70% of patients with a recent
first demyelinating event'>) who are unable or unwilling to
undergo LP, or if LP might be delayed, which is common in
some health care settings, particularly outside specialist cen-
ters. Using DIS alone could simplify the workup of patients
with suspected MS. Contrast-enhanced MRI scans require
venous cannulation and staff to administer contrast agents,
plus increased scanning times to acquire precontrast and
postcontrast T1-weighted images, or repeat MRI scanning if
the initial diagnostic MRI was performed without contrast. In
general, there is a move to limit use of gadolinium because of
the uncertain clinical significance of deposition in brain tis-
sue’® and the impact on the aquatic environment.”* The use
of CSFE-specific OCBs to provide a substitute for clinical or
MRI evidence of DIT results in earlier MS diagnosislé;
however, compared with MRI scans, LP is invasive, requires
greater healthcare resources, and is less acceptable to patients
undergoing MS workup.”” Complications of LP such as
postdural puncture headache sometimes necessitate emer-
gency department visits or additional treatment such as epi-
dural blood patch.>® CSF-specific OCBs are found in
approximately 90% of patients with established MS but only
70% first demyelinating event.** Although considered a po-
tential “red ﬂag,”25 the differential diagnosis is rather limited
in a patient with a typical MS presentation, MRI evidence of
DIS in 4-S§ typical regions but negative OCBs. The proposed
diagnostic algorithm may reduce health care costs, particularly
in low-income countries where the cost of investigations and
a lack of specialist laboratory equipment represent significant
barriers.”® Despite these limitations, as set out in our di-
agnostic algorithm, both contrast-enhanced MRI and LP will
remain essential tools in the workup of patients with sus-
pected MS, certainly in patients with lesser fulfilment of DIS

Neurology.org/N

€210274(8)


http://neurology.org/n

criteria but also to aid in differential diagnosis™ and poten-
tially in counselling patients about prognosis.'*"

Removing the requirement for DIT/positive CSF from MS
diagnostic criteria in selected patients with high DIS fulfil-
ment comes with some potential concerns. The combination
of both DIS and DIT improves MS diagnostic criteria per-
formance by enhancing specificity.”'® Previous studies have
typically applied less stringent DIS criteria requiring in-
volvement of only 2 regions to confirm DIS,*'® whereas our
findings suggest that a higher bar for DIS fulfilment maintains
high specificity without the need for DIT. Misdiagnosis of MS
in patients with nonspecific or vascular white matter lesions
represents an ongoing challenge posed by MRI-based di-
agnostic criteria.”” Surveys in North America, where the rate
of MS misdiagnosis appears to be high,*® suggest that mis-
understanding of MS diagnostic criteria is a significant con-
tributor to misdiagnosis.””*° Application of DIS criteria
requires careful evaluation of lesions to differentiate peri-
ventricular and juxtacortical in particular from nonspecific
subcortical lesions.”” Educational efforts to increase the
knowledge and confidence of neurologists evaluating patients
with suspected MS® and increased access to neuro-
radiologists and specialist MS care®" are priorities to reduce
misdiagnosis. Accuracy of MS diagnosis may be enhanced by
DIS criteria requiring lesions in a higher number of regions,
including the optic nerve or spinal cord, which are not typi-
cally affected by common MS mimics, such as migraine or
small vessel cerebrovascular disease. Antibody-mediated dis-
orders such as NMOSD and MOGAD also frequently involve
both the optic nerve and spinal cord and specific clinical and

MRI findings typically aid in differential diagnosis.**

This study does have some limitations. First, patients with
optic neuritis were over-represented. Some studies have
found that patients with optic neuritis have a more favorable
prognosis, including lower risk of a second clinical attack or
new lesions on MRL"? This would be expected to negatively
influence specificity in this cohort, whereas we found con-
sistently high specificity for DIS criteria requiring lesions in >4
typical regions. This may reflect the recruitment of optic
neuritis patients from specialist neuro-ophthalmology clinics
and the high pretest probability for MS with >80% of patients
having abnormal brain MRL'>"> We repeated analyses in
patients with and without optic neuritis; the specificity and
PPV of DIS criteria requiring lesions in >4 regions was the
same. As expected, the sensitivity of criteria that included
optic nerve lesions (DIS in >4/S regions) was higher in
patients with optic neuritis reflecting the low frequency of
asymptomatic optic nerve lesions in patients with brainstem
or spinal cord syndromes (<20% patients).” Optical co-
herence tomography, which was not consistently available in
this study, may aid in detection of asymptomatic optic nerve
lesions.” Second, not all patients underwent CSF examination.
Most of the patients (>97%) who did not undergo LP already
had either evidence of DIT on MRI (or a second clinical
attack during follow-up), did not have MRI evidence of DIS,
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or both. The low rate of CSF examination is therefore unlikely
to influence our findings. Third, we analyzed 2 cohorts
recruited over a period of 3 decades. Although recruitment of
the cohorts was very similar, reflected in the consistency of the
demographic and clinical profile, there were differences in the
MRI study protocols, including scanning at 3T in the second
cohort, and use 3D FLAIR to improve lesion detection. While
this heterogeneity is a limitation, it may better reflect routine
clinical practice where patients with suspected MS are eval-
uated with MRI at different field strengths and with protocols
not optimized for detection of demyelinating lesions.*
Fourth, susceptibility-weight imaging or T2*-weighted
sequences were not part of the study protocols, and we
were unable to evaluate for central vein sign (CVS) or para-
magnetic rim lesions (PRLs). These imaging biomarkers have
high specificity for MS**** but add additional scanning time
to established MRI protocols and have not yet entered routine
clinical practice. In patients with a first demyelinating event,
conventional MRI alone demonstrating DIS in >4 typical
regions may be sufficient to make a diagnosis of MS, although
CVS or PRLs might still be useful in patients with DIS in <2
typical regions and in patients with diagnostic uncertainty or
vascular comorbidities.*>*® The algorithm presented could be
adapted if these imaging techniques become widely available.
Finally, we evaluated young adult patients with typical clinical
presentations suggestive of MS where alternative diagnoses
had been actively excluded before study entry, which will
influence specificity. The performance of more stringent DIS
criteria alone without DIT/positive CSF should be tested in
in patients with atypical presentations (including radiologi-
cally isolated syndrome), primary progressive MS, and special
patient populations including children, older adults, and
patients with comorbidities.

In conclusion, in patients with a first demyelinating event,
lesions on MRI involving >4 regions typically affected in MS
(periventricular, cortical/juxtacortical, infratentorial, spinal
cord, optic nerve) has very high specificity and PPV for a di-
agnosis of MS, suggesting that false-positive results are un-
likely. DIT/positive OCBs may not be necessary to confirm
a diagnosis of MS in patients with typical clinical pre-
sentations and DIS in >4 regions, facilitating the application of
the criteria in clinical practice and streamlining MS diagnosis.
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