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Abstract

Introduction: Optic nerve (ON) inclusion as the fifth location in dissemination in space
(DIS) for the diagnosis of multiple sclerosis (MS) was proposed in 2016 by the Magnetic
Resonance Imaging in Multiple Sclerosis Group. However, there was insufficient evi-
dence to include this recommendation in the 2017 revision of McDonald criteria.

Our objective was to investigate the effect of including ON involvement assessed
by visual evoked potentials (VEP) as the fifth location in DIS criteria for MS diagnosis,
in patients with a typical clinically isolated syndrome (CIS).

Methods: We studied consecutive patients presenting with typical CIS between
2012 and 2019 from two Portuguese hospitals with complete initial evaluation, in-
cluding brain and spine magnetic resonance imaging (MRI) and VEP. McDonald 2017
criteria and a set of modified criteria that included ON involvement in DIS assessed
by VEP were applied retrospectively. Performance of the two sets of criteria to pre-
dict development of clinically definite multiple sclerosis (CDMS) and/or MRI activity
during follow-up was evaluated.

Results: Seventy-six patients were included, 25% of which had an ON CIS. Asympto-
matic ON involvement on VEP was found in 12.3% of non-ON CIS. Twenty-seven (35.5%)
patients converted to CDMS and 37 (48.7%) had MRI activity during follow-up (median =
3.12 years, 1.04 - 8.36). Fifty-nine percent of patients begun disease-modifying treatment
before conversion to CDMS. Modified DIS criteria in combination with dissemination in
time were more sensitive (77.8% vs 74.1%), but less specific (57.1% vs 61.2%) to predict
CDMS, and were more sensitive (73.2% vs 65.9%) with equal specificity (65.7% vs 65.7%)
to predict CDMS or MRI activity, but these differences were not statistically significant.
Modified criteria allowed for the correct diagnosis of 3 additional patients at baseline
(42/76 vs 39/76), in average 9 months before fulfilment of McDonald 2017 criteria.

Conclusion: Although inclusion of ON involvement assessed by VEP in DIS criteria
led to the accurate identification of more MS patients, in our sample it did not allow
for statistically significant increase in sensitivity for MS diagnosis. Even so, our work
supports the need for discussion of the inclusion of ON in DIS criteria in the future
revision of MS diagnostic criteria.

Resumo
Introducgdo: A inclusdo do nervo dptico (NO) nos critérios de disseminagdo no
espaco (DIS) para o diagndstico de esclerose miltipla (EM) foi proposta em 2016
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pelo grupo Magnetic Ressonance Imaging in Multiple Sclerosis. Contudo, existia
evidéncia insuficiente para incluir esta recomendacao na revisdo de 2017 dos crité-
rios de McDonald.

O nosso objetivo foi investigar o efeito de incluir o NO avaliado por potenciais
evocados visuais (PEV) como quinta localizagdo nos critérios de DIS para o diagnés-
tico de EM, em doentes com sindrome clinico isolado (CIS) tipico.

Métodos: Estudamos doentes que se apresentaram com CIS entre 2012 e 2019
em dois hospitais portugueses, com avaliacdo inicial completa, incluindo ressonan-
cia magnética cranio-encefalica e medular, e PEV. Aplicdmos retrospetivamente os
critérios de McDonald 2017 e um conjunto de critérios modificados que incluiam o
NO avaliado por PEV na DIS. Avalidmos a performance dos dois conjuntos de crité-
rios para predizer conversdo em esclerose multipla clinicamente definida (EMCD) e/
ou atividade imagioldgica.

Resultados: Incluimos 76 doentes, 25% com nevrite ética como CIS. Os PEV iden-
tificaram envolvimento assintomatico do NO em 12,3% dos CIS-n3o nevrite Stica.
Vinte e sete (35.5%) doentes converteram em EMCD e 37 (48,7%) apresentaram
atividade imagioldgica durante o follow-up (mediana = 3,12 anos, 1,04 — 8,36). Cin-
quenta e nove por cento iniciaram terapéutica modificadora da doenca antes da
conversdo em EMCD. Os critérios de DIS modificados em combinacdo com disse-
minacdo no tempo foram mais sensiveis (77,8% vs 74,1%), mas menos especificos
(57,1% vs 61,2%) para predizer EMCD, e mais sensiveis (73,2% vs 65,9%) e igualmen-
te especificos (65,7% vs 65,7%) para predizer EMCD ou actividade imagiolégica,
mas estas diferencas ndo foram estatisticamente significativas. Os critérios modifica-
dos permitiram o diagnéstico de 3 doentes adicionais no baseline (42/76 vs 39/76),
em média 9 meses antes do cumprimento dos critérios de McDonald 2017.

Conclusdo: Embora a inclusdo do NO avaliado por PEV nos critérios de DIS te-
nha levado a correta identificacdo de mais doentes com EM, na nossa amostra nao
permitiu um aumento estaticamente significativo da sensibilidade de diagnéstico.
Ainda assim, o nosso trabalho apoia a necessidade de discussdo da inclusdo do NO
nos critérios de DIS na futura revisdo dos critérios de diagndstico de EM.

Introduction

Multiple sclerosis (MS) is a chronic demyelinating in-
flammatory disease of the central nervous system (CNS).
The existence of great clinical and imaging heterogeneity,
and the absence of a diagnostic biomarker with absolute
sensitivity and specificity, constitutes a diagnostic chal-
lenge.' Its diagnosis is thus based (1) on the identification
of a typical demyelination syndrome, (2) on the existence
of objective evidence of CNS involvement, (3) on the
demonstration of a disease with dissemination in time
(DIT) and (4) dissemination in space (DIS), and (5) in the
exclusion of other entities that can simulate MS due to its
clinical and laboratory profile. There is robust evidence
of the importance of early initiation of disease-modifying

treatment (DMT) in MS, since it reduces the risk of con-

version to clinically definite multiple sclerosis (CDMS) and
the risk of disability accumulation.>* The existence of in-
creasingly effective therapies makes the benefit of early
treatment even more relevant.>® Thus, the criteria for the
diagnosis of MS have evolved over time, allowing an ear-
lier diagnosis (along with the start of DMT), while trying
to preserve its specificity to avoid incorrect diagnoses.’
Optic neuritis is a common presentation of MS, repre-
senting 25%-30% of clinical isolated syndromes (CIS).®
Approximately 70% of MS patients have an optic neuri-
tis during the course of the disease® and the involvement
of the optic nerve (ON) in the autopsy is almost univer-
sal.” ON involvement can be symptomatic (optic neuri-
tis) or asymptomatic, and can be determined clinically

or through paraclinical data.’ Clinically, the involvement

129



130

Sinapse® | Volume 24 | N.°3 | July-September 2024

of ON can present with decreased visual acuity, pres-
ence of scotomas, dyschromatopsia or pain with eye
movements, and can be objectively demonstrated by a
relative afferent pupillary defect and optic disc oedema
or pallor.®? In diagnostic workup (paraclinical data), the
involvement of ON can be detected by: T2 hyperinten-
sity, enhancement after gadolinium or ON oedema in
magnetic resonance imaging (MRI); asymmetric conduc-
tion delay in visual evoked potentials (VEP) and evidence
of rarefaction of the retinal nerve fiber layer on optical
coherence tomography (OCT) assessment.'°

Despite its clear clinical relevance, this topography
is not considered in the paraclinical criteria of DIS for
the diagnosis of MS. The Magnetic Resonance Imaging
in Multiple Sclerosis (MAGNIMS) group proposed in
2016 the inclusion of ON involvement, documented by
objective clinical signs, by VEP, MRI or OCT, in the DIS
criteria for the diagnosis of MS.'® However, in the 2017
revision of the McDonald criteria (current criteria), the
Panel considered that there was insufficient evidence to
support the inclusion of ON as the 5% anatomical loca-
tion for the demonstration of DIS.” For this reason, it
has been given a high priority to studies that evaluate the
use of MRI, VEP or OCT to determine the involvement
of ON as a possible component of DIS.”

The objective of this study was, then, to investigate
the effect of including ON involvement assessed by VEP
as the 5% location in DIS criteria for MS diagnosis, in pa-
tients with a typical CIS.

Material and Methods
Study design and patients:

We revised the databases of the demyelinating dis-
eases consultations and the records of the Neurophysiol-
ogy Laboratories (list of patients who underwent VEP),
of two Portuguese hospitals and retrospectively studied
consecutive patients presenting with CIS between 2012
and 2019, through clinical file consultation. Central field

Table 1. Modified Dissemination in Space (DIS) criteria.

pattern reversal VEPs were done as part of routine clini-
cal care at diagnosis. ON involvement was defined as the
presence of an unilateral prolongation of PI100 wave la-
tency (= |16 ms), absence of the P100 wave, or signifi-
cant intereye P100 wave latency asymmetry (= [0 ms)
when the prolongation of latency was bilateral.'"'?

Inclusion criteria for the study were: (I) Patients with
typical CIS (as defined by Miller DH et al),? (2) with brain
MRI within 6 months of CIS, (3) cervical spine MRI within 6
months of CIS, if McDonald2017 criteria for MS diagnosis
were not met with brain MR, (4) dorsal spine MRI within 6
months of CIS, if McDonald2017 criteria for MS diagnosis
were not met with brain MRI, (5) VEP within 6 months of
CIS, (6) follow-up brain MRI within 3-24 months of CIS,
and (7) follow-up of at least | year. Exclusion criteria were
atypical CIS, with clinical or paraclinical red flags (as defined
by Miller DH et al)? and insufficient data on clinical file.

Procedures:

We retrospectively applied, at the time of CIS:

* The McDonald 2017 DIS criteria alone,

¢ the McDonald 2017 criteria (DIS + DIT),

¢ aset of modified DIS criteria including ON assessed

by VEP as the 5th location (Table 1),

* and the modified DIS criteria (Table 1) + McDon-

ald 2017 DIT criteria.

On follow-up we assessed: () the conversion to
CDMS, defined as the development of clinical activity (re-
lapse or clinical progression),'® (2) the presence of MRI
activity (new lesion or enlarged hyperintense T2 lesion
or any gadolinium enhancing lesion), (3) initiation of DMT.

Statistical analysis:

We calculated the sensitivity, specificity, accuracy,
positive predictive value (PPV), and negative predictive
value (NPV) of the McDonald 2017 DIS criteria and the
modified DIS criteria, alone, and in combination with
McDonald 2017 DIT criteria, to predict conversion to

Involvement of = 2 of 5 anatomical locations, including:

= 1 periventricular lesion on brain MRI

= 1 cortical/juxtacortical lesion on brain MRI

> 1 infratentorial lesion on brain MRI

= 1 spinal-cord lesion on cervical or dorsal spine MRI

Involvement of ON assessed by VEP (unilateral or asymmetrical prolongation of P100 latency)

MRI, magnetic resonance imaging; ON, optic nerve; VEP, visual evoked potentials.
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CDMS, development of MRI activity, and occurrence of
CDMS or MRI activity, during follow-up.

A McNemar test was performed to compare the
performance of the two sets of criteria, with significance
reported at p<0.05.

Results
Patient demographic and clinical characteristics:

We included 76 patients, 60 (78%) women, with a mean
age at CIS of 34 years (range |1 - 64), and a median fol-
low-up of 3.12 years (range 1.04 — 8.36). Nineteen patients
(25%) had an optic neuritis as their CIS. Asymptomatic ON
involvement on VEP was found in 12.3% of non-ON CIS.

During follow-up, 27 (35.5%) patients converted to
CDMS, 37 (48.7%) had MRI activity, and 41 (53.9%)
had one or the other. However, it is important to denote
that 59.2% of the patients begun DMT before conver-
sion to CDMS, and of these only 37.8% had a second
clinical event on follow-up.

Modified criteria allowed for the diagnosis of 3 ad-
ditional patients at baseline, when compared with Mc-
Donald 2017 criteria (42 of 76 vs 39 of 76, respectively),
two with an ON-CIS and one with a myelitis, in average
9 months before fulfilment of McDonald 2017 criteria
and subsequent initiation of DMT.

Demographic, clinical, and paraclinical findings of the
76 patients are resumed in Table 2, and demographic and
clinical characteristics of the 3 additional patients identi-

fied with the modified criteria are resumed in Table 3.

Performance of the criteria:

The performance of the different combined diagnos-
tic criteria (Modified DIS criteria, Modified DIS criteria +
McDonald 2017 DIT criteria, McDonald 2017 DIS criteria,
McDonald 2017 DIS + DIT criteria) is shown in Table 4.

Modified DIS criteria, alone and in combination with DIT,
were slightly more sensitive than McDonald 2017 (DIS and
DIS + DIT) criteria to predict conversion to CDMS (92.6%
vs 88.9% and 77.8% vs 74.19%, respectively), but less spe-
cific (42.9% vs 46.9% and 57.1% vs 61.2%, respectively).

When the outcome was MRl activity, modified DIS crite-
ria alone and in combination with DIT, were more sensitive
than McDonald 2017 (DIS and DIS + DIT) criteria (83.8%vs
75.7% and 70.3% vs 62.2%, respectively) with equal speci-
ficity (43.6% vs 43.6% and 59.0% vs 59.0%, respectively).

When the outcome was either conversion to CDMS

or MRI activity during follow-up, modified DIS criteria

Table 2. Patient demographic and clinical characteristics.

Characteristics

Age at onset, years, mean (range) 34 (11 - 64)
Sex, n (%)
Female 60 (78)
Male 16 (22)
CIS topography, n (%)
Optic neuritis 19 (25)
Brainstem syndrome 15(19.7)
Spinal-cord syndrome 26 (34.2)
Cerebral syndrome 9(11.8)
Polyfocal 3(3.9)
Undetermined 4 (5.3)

Follow-up time, years, median (range) | 3.12 (1.04 - 8.36)

ON involvement on VEP, n (%)

Optic neuritis (n=19) 12 (63.2)
Non-ON CIS (n=57) 7(12.3)
Criteria fulfilment at CIS, n (%)
McDonald 2017 DIS 50 (55.8)
Modified DIS 53 (69.7)
McDonald 2017 (DIS + DIT) 39 (51.3)
Modified DIS + DIT 42 (55.3)
Outcomes on follow-up, n (%)
Conversion to CDMS 27 (35.5)
MRI activity 37 (48.7)
CMDS or MRI activity 41 (53.9)
Initiation of DMT 53 (69.7)
Lr(w)it(i:aéi,?/lnsof DMT before conversion 45 (59.2)
Time to reach outcomes on follow-
up, years, median (range)
Time to conversion to CDMS 1.11(0.18 = 5.63)
Time to MRI activity 1.20 (0.25 - 6.34)
Time to CDMS or MRI activity 1.04 (0.18 = 5.63)
Time to initiation of DMT 0.33(0.07 - 3.46)

CIS, clinically isolated syndrome; ON, optic nerve; VEP, visual
evoked potentials; DIS, dissemination in space; DIT, dissemina-
tion in time; CDMS, clinically definite multiple sclerosis; MR,
magnetic resonance imaging; DMT, disease modifying therapy.

alone and in combination with DIT were, once more,
more sensitive than McDonald 2017 (DIS and DIS +
DIT) criteria (85.4% vs 78.0% and 73.2% vs 65.9%,
respectively) with equal specificity (48.6% vs 46.6%
and 65.7% vs 65.7%, respectively). They had also bet-
ter PPV, NPV, and accuracy.

However, when compared using the McNemar test
there were no statistically significant differences between

the performance of the two sets of criteria to predict
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Table 3. Characteristics of the 3 additional patients identified by modified DIS criteria.

At follow up:
CIs Follow up
topography (years) McDonald17? | MRI activity? CDMS? DMT?
(when) (when) (when) (when)
i Yes Yes Yes Yes
J 45y Myelitis 521 (0.40y) (0.40y) (0.40y) (0.53y)
. .\ Yes Yes Yes
@51y Optic neuritis 1 0.99) 0.99) No 0.99)
. - Yes Yes Yes
Q 47y Optic neuritis 2.84 (0.87y) 0.87y) No (0.96y)

CIS, clinically isolated syndrome; MRI, magnetic resonance imaging; CDMS, clinically definite multiple sclerosis; DMT, disease modify-

ing therapy; y, years.

Table 4. Performance of the McDonald 2017 criteria and the set with modified DIS criteria.

Sensitivity Specificity PPV NPV Accuracy
% % % % %
(Cl 95%) (Cl 95%) (Cl 95%) (Cl 95%) (Cl 95%)
Prediction of conversion to CDMS
88.9 46.9 48.0 88.5 61.8
McDonald17 DIS (70.8 - 97.7) (32.5-61.7) (40.7 - 55.4) (71.7 - 95.9) (50.0 - 72.8)
. 92.6 42.9 47.2 91.3 60.5
Modified DIS (75.7 - 99.1) (28.8 - 57.8) (40.7 - 53.8) (72.7 - 97.6) (48.7 -71.6)
74.1 61.2 51.3 81.1 65.8
McDonald17 DIS + DIT (53.7 - 88.9) (46.2-74.8) 41.0-61.5) (68.6 - 89.4) (54.0 - 76.3)
. 77.8 571 50.0 82.4 64.5
Modified DIS + DIT (57.7 -91.4) 42.2-71.2) (40.6 - 59.4) (68.9 - 90.8) (52.7 - 75.1)
Prediction of MRI activity
75.7 43.6 56.0 65.4 59.2
McDonald17 DIS (58.8 - 88.2) (27.8 - 60.4) (47.8 - 63.9) 49.1-78.7) (47.3-70.4)
.o 83.8 43.6 58.5 73.9 63.2
Modified DIS (68.0 - 93.8) (27.8 - 60.4) (50.8 - 65.8) (55.6 - 86.5) (51.3-73.9)
62.2 59.0 59.0 62.2 60.5
McDonald17 DIS + DIT (44.8 - 77.5) 421 -74.4) (47.8 - 69.3) (50.2 - 72.8) (48.7 -71.6)
. 70.3 59.0 61.9 67.7 64.5
Modified DIS + DIT (53.0 - 84.1) (42.1-74.4) (51.4-71.4) (54.4 - 78.6) (52.7 -75.1)
Prediction of conversion to CDMS or MRI activity
78.0 48.6 64.0 65.4 64.5
McDonald17 DIS (62.4-89.4) | (31.4-660) | (554-718) | (49.1-787) | (52.7-75.1)
.o 85.4 48.6 66.0 73.9 68.4
Modified DIS (70.8 - 94.4) (31.4 - 66.0) (57.9-73.3) (55.7 - 86.5) (56.8 - 78.6)
65.9 65.7 69.2 62.2 65.8
McDonald17 DIS + DIT (49.4-79.9) (47.8 - 80.9) (57.5-78.9) (50.2-72.8) (54.0 - 76.3)
. 73.2 65.7 71.4 67.6 69.7
Modified DIS + DIT (57.1 - 85.8) (47.8 - 80.9) (60.4 - 80.4) (54.5 - 78.5) (58.1 - 79.8)

PPV, positive predictive value; NPV, negative predictive value; Cl, confidence interval; CDMS, clinically definite multiple sclerosis, DIS,
dissemination in space; DIT, dissemination in time; MRI, magnetic resonance imaging; DMT, disease modifying therapy.

conversion to CDMS (p=1), MRI activity (p=0.250) and
conversion to CDMS or MRI activity (p=0.250).

Discussion

Inclusion of ON involvement assessed by VEP on DIS
criteria in our sample, led to accurate identification of 3
more MS patients sooner than McDonald 2017 criteria,
but it did not allow for statistically significant increase
in sensitivity for MS diagnosis. The small sample size,
short mean follow-up time and the high percentage of

patients that begun DMT before conversion to CDMS

might have influenced these results.

In the 2017 revision of the McDonald criteria the Panel
considered that there was insufficient evidence to sup-
port the inclusion of ON as the 5" location of DIS. In fact,
at the time there was scant and contradictory evidence in
this field. A multicenter study carried out by MAGNIMS
(N=241),"* had demonstrated that the inclusion of ON
involvement (determined by MRI or VEP) in DIS, led to
a very slight improvement in the sensitivity of predic-
tion of CDMS (92% vs 91% at 36 months; 90% vs 87%

at 60 months), but to a decrease in specificity (26% vs
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33% at 36 and 60 months), when compared with Mc-
Donald 2010 DIS criteria. On the other hand, a study by
Brownlee et al (N=160)'> with a |5-year follow-up, had
demonstrated that the inclusion of symptomatic ON in-
volvement (determined by clinical evaluation or VEP) in
DIS criteria in patients with optic neuritis improved the
overall performance of MS diagnostic criteria (sensitivity
modified DIS + DIT 83% vs McDonald 2017 74%; speci-
ficity modified DIS + DIT 77% vs McDonald 2017 77%);
but that the inclusion of asymptomatic ON involvement
did not bring additional value.

Since then, two more recent studies were consistent
with a better performance of diagnostic criteria including
ON as a 5% location of DIS. Vidal-Jordana et al'¢ demon-
strated that the addition of ON (assessed by VEP) in DIS,
both in symptomatic and asymptomatic patients, con-
ferred a higher risk for developing a second attack dur-
ing follow-up and slightly improved the diagnostic criteria
performance by increasing sensitivity (82.3% vs 79.2%)
without losing specificity (52.4% vs 52.4%), when com-
pared with McDonald 2017 DIS criteria, in a subset of pa-
tients (N=151) with at least 10 years of follow-up. Finally,
Bsteh et al'” showed that the diagnostic accuracy of a set
of modified DIS criteria including ON (accessed by OCT)
was significantly higher (AUC 81.2 vs 65.6, p=0.021)
than McDonald 2017 DIS criteria, for prediction of a sec-
ond clinical attack. They provided improved sensitivity
(84.2% vs 77.9%) without lowering specificity (52.2% vs
52.2%), in a group of patients (N=118) with a follow-up
of at least 5 years.

Our study supports the potential utility of VEP in
the evaluation of ON involvement in CIS. In fact, in our
sample, 25% of patients presented with an optic neu-
ritis, but asymptomatic ON involvement on VEP was
found in 12.3% of non-ON CIS. In line with this, some
studies'®? found a higher sensitivity of VEP in identify-
ing clinical and/or subclinical ON involvement, when
compared with OCT. Besides the potential use in de-
tecting clinical and subclinical ON involvement and its
utility for diagnosis, both multimodal evoked potentials
(including VEP) and OCT might have a role in the as-
sessment of risk of disability progression in MS patients
at onset and over time.?""?® Indeed, a recently proposed
tool for individual prognostication of MS patients in-
cluded both OCT and VEP data in the model.? On the
other hand, when compared to VEP, OCT and MRI can
provide more information in the acute phase of symp-

tomatic ON involvement in relation to the classification
of optic neuritis and related etiological diagnosis.”’ The
determination of the ideal method of evaluation of ON
involvement in patients with CIS (VER MRI, OCT, or a
conjunction of all methods), requires further investiga-
tion in larger prospective multicentre studies with com-

plete evaluation of ON at CIS onset.

Conclusion

To conclude, despite its limitations and in line with
other recent studies, our work supports the need for
discussion of the inclusion of ON involvement at CIS
onset in DIS criteria, in the expected near future revi-
sion of MS diagnostic criteria, since it can improve the
sensitivity of diagnosis without compromising specificity,
thus contributing to an earlier diagnosis and treatment
of MS patients. B
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