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A B S T R A C T

Background: The 2024 revision of the McDonald criteria introduces specific recommendations for diagnosing late- 
onset multiple sclerosis (LOMS). One of the following criteria must be met: spinal cord lesions, positive cere
brospinal fluid (CSF) findings, or fulfilment of the Select-6 criteria (i.e., six or more central vein signs on brain 
magnetic resonance imaging (MRI)).
Objectives: To evaluate the sensitivity of the 2024 McDonald criteria in patients with LOMS and to identify the 
most sensitive diagnostic test.
Methods: This cross-sectional, observational, retrospective study included patients diagnosed with LOMS (onset 
≥50 years of age) who were followed at the Multiple Sclerosis Clinic of Bellvitge University Hospital. Clinical 
records, MRI scans, and CSF analyses were reviewed to assess the presence of spinal cord lesions, central vein 
signs and oligoclonal bands (OCBs). The sensitivity of the 2024 recommended LOMS criteria was analysed.
Results: 115 patients met at least one of the proposed 2024 LOMS diagnostic criteria, resulting in a sensitivity of 
100 %. Of these, 10.4 % fulfilled all three criteria, 52.1 % met two criteria (most commonly OCBs and spinal 
lesions). The remaining 37.4 % met only one: 53.5 % had spinal lesions, 46.5 % were positive for OCBs, and none 
met only the Select-6 criterion. The difference between the proportions meeting the OCB and spinal cord lesion 
criteria was not statistically significant (p = 0.581), but both were significantly more common than meeting the 
Select-6 criterion (p < 0.001).
Conclusions: The 2024 McDonald criteria maintain high sensitivity for diagnosing LOMS. CSF analysis and spinal 
MRI are the most valuable tools, whereas the Select-6 criteria exhibited a lower diagnostic value.

1. Introduction

The diagnostic criteria of multiple sclerosis have been revised over 
the years to improve their sensitivity and to incorporate paraclinical 

studies for earlier diagnosis (McDonald et al., 2001; Polman et al., 2011, 
2005; Thompson et al., 2018). The most recent revision of the criteria 
was presented at the international meeting of the European Committee 
for Treatment and Research in Multiple Sclerosis (ECTRIMS), which was 
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held in 2024 in Copenhagen, Denmark (Montalban, 2024). One of the 
objectives of this most recent revision was to increase the diagnostic 
specificity. This focus on specificity is particularly relevant for pop
ulations with comorbidities that affect the CNS, such as individuals over 
50 years old at the time of disease onset (i.e., late-onset MS (LOMS); 
people with cardiovascular risk factors such as smoking, hypertension, 
dyslipidaemia or diabetes; and patients with established cardiovascular 
disease or headache spectrum diseases.

Improving the specificity of the McDonald criteria for older pop
ulations is important due to recent increases in the age at MS onset 
(Romero-Pinel et al., 2022). In addition to meeting the general diag
nostic criteria, additional features are strongly recommended for iden
tifying MS in late-onset population: the presence of spinal cord lesions, 
positive cerebrospinal fluid (CSF), or six or more lesions with the central 
vein sign (CVS) on brain magnetic resonance imaging (MRI) 
(Montalban, 2024). These recommended additional features stem from 
specific clinical reasoning (Goyne et al., 2024; Knowles et al., 2024; 
Zhang et al., 2023).

Late-onset MS patients tend to have more spinal cord lesions than 
those with earlier disease onset (Kis et al., 2008). The presence of 
intrathecal IgG synthesis identified through oligoclonal bands (OCBs) or 
the presence of the kappa-free light chain assay. OCBs are found in 
85–95 % of MS patients and are considered sensitive and specific bio
markers for MS; however, their specificity decreases when evaluating 
patients with other inflammatory CNS diseases (Deisenhammer et al., 
2019). The kappa-free light chain assay offers comparable sensitivity 
and specificity (Hegen et al., 2023). Moreover, their high negative 
predictive value means that the absence of OCBs or kappa-free light 
chain assays leads to doubt regarding the MS diagnosis. Advanced MRI 
techniques, such as susceptibility weighted imaging (SWI) can be used to 
visualize lesions with the CVS (Afkandeh et al., 2024). The CVS has been 
suggested as a radiological biomarker, as it is frequently observed in MS 
lesions and can differentiate MS from other aetiologies that cause 
nonspecific white matter lesions (Al-Louzi et al., 2022). The identifica
tion of six or more lesions with the CVS has been described in the 
literature as the term Select-6 (Amin et al., 2024; Mistry et al., 2016; 
Ontaneda et al., 2021), which demonstrates a high sensitivity and 
specificity for diagnosing MS (Maggi et al., 2020).

In light of these considerations, the proposed features aim to increase 
the specificity of the criteria compared with the previous revisions of the 
McDonald criteria, which prioritized sensitivity. This shift raises the 
question of whether increasing specificity will lead to a reduction in 
sensitivity or if it is possible to maintain the high sensitivity achieved in 
prior versions while also improving specificity. Therefore, the primary 
objective of this study was to evaluate the sensitivity of the revised 2024 
McDonald criteria among patients with LOMS for whom additional 
features are recommended. The secondary objective of this study was to 
determine which of the necessary tests for the diagnosis of LOMS – 
spinal cord MRI, brain SWI-MRI, or CSF analysis – exhibit the highest 
sensitivity.

2. Methods

2.1. Study participants

This study included patients aged 50 years or older at MS onset and 
who were followed at the Multiple Sclerosis Clinic of Bellvitge Univer
sity Hospital, a reference centre for demyelinating diseases in the 
Gerència Territorial Barcelona Metropolitana Sud region of Catalonia, 
Northeast Spain. The population of this region exceeds 1.3 million 
people. Eligible participants were patients diagnosed with suspected MS 
based on clinical and radiological criteria documented at our clinic. 
Patients with a confirmed MS diagnosis following McDonald criteria 
(Thompson et al., 2018) were classified as having LOMS and included in 
the study. All data available up to January 2024 were included.

2.2. Study design

In this cross-sectional, observational and retrospective study, the age 
at disease onset was defined as the age at which the patients first 
experienced symptoms suggestive of a relapse (neurological symptoms 
lasting at least 24 h in the absence of fever or infection) (Polman et al., 
2011). The 2024 McDonald criteria were applied, with attention to 
LOMS-specific recommendations in patients previously diagnosed with 
MS according to the 2017 McDonald criteria. LOMS diagnosis required 
fulfilling the strongly recommended features, meeting ≥1 of the 
following: one lesion in the spinal cord, the presence of OCBs, or six or 
more lesions in the brain MRI with the CVS. Although kappa free light 
chain analysis could also be considered a marker for CSF positivity, this 
test was not used in the present study, as it has only recently been 
adopted for MS diagnosis and has primarily been used in research set
tings to date.

2.3. Data collection

Patients were registered in the European Database for Multiple 
Sclerosis (EDMUS), a resource used in our unit since 1995. Data were 
collected from clinical records mostly prospectively, for patients whose 
follow-up commenced before 1995, data were collected retrospectively. 
Electronic medical records and paper databases (physical or micro
filmed) were also consulted when necessary. The collected data included 
epidemiological information, clinical details regarding initial symp
toms, comorbidities, the Expanded Disability Status Scale (EDSS) at 
onset, and laboratory results, such as the presence of OCBs. The cohort 
was classified based on the clinical presentation at onset as either 
relapsing-onset MS (ROMS) or progressive-onset MS (POMS). The initial 
clinical presentation was categorized as motor, sensory, sensory‒motor, 
cerebellar‒brainstem, or optic neuritis. We also determined whether the 
clinical presentation was monosymptomatic or polysymptomatic and 
suggestive of myelitis. Brain MR images with susceptibility-based se
quences performed closest to the date of diagnosis, were analysed to 
quantify the number of CVS lesions. Susceptibility-weighted imaging 
(SWI) has recently been validated as tools for identifying CVS (Afkandeh 
et al., 2024). We categorized SWI-MRI into two groups: those performed 
within first year of diagnosis, and those performed later but closest to 
the time of diagnosis. Neuroimaging was first reviewed by a neurologist 
and then re-evaluated by a neuroradiologist with specific training in SWI 
techniques. Lesions exhibiting the CVS were selected on the basis of the 
NAIMS consensus, which was published by Sati et al. (2016).

2.4. CSF analysis

Data regarding the presence of OCBs were extracted from the EDMUS 
database, as well as from paper or digitized medical records. The sam
ples were processed at the unit in accordance with a standardized pro
cedure. Patients underwent lumbar puncture and simultaneous plasma 
sample collection for diagnostic purposes. Matched CSF and plasma 
samples were analysed by isoelectric focusing and specific immunofix
ation for G immunoglobulin oligoclonal bands in accordance with the 
technique described originally by Walker et al. (1983). OCB-positive 
patients were defined as those with two or more bands in CSF and 
with no bands in plasma or with more bands in CSF than in plasma. The 
OCB analyses were performed by the Immunology Department of the 
hospital.

2.5. MRI procedures

MRI was performed using either a Philips Achieva 3T scanner 
equipped with a 32-channel head coil or a Philips Achieva 1.5T scanner, 
depending on the time the scan was acquired. The brain imaging pro
tocol included T1-, T2-, and fluid-attenuated inversion recovery (FLAIR) 
sequences acquired in the coronal, sagittal, and axial planes, as well as 
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diffusion-weighted imaging (DWI) and susceptibility-weighted imaging 
(SWI). For spinal cord imaging, the protocol comprised T1- and T2- 
weighted sequences in both the axial and sagittal planes and short tau 
inversion recovery (STIR) sequences in the sagittal plane. Additionally, 
T1-weighted images with gadolinium contrast were acquired in both the 
axial brain and sagittal spinal cord planes. The parameters for the SWI 
sequence were as follows: a dual echo time (TE) of 7.2 ms and 13.4 ms, a 
repetition time (TR) of 31 ms, and a flip angle of 17◦ The slice thickness 
was 1.2 mm, with an in-plane resolution of 0.3 × 0.3 mm². The images 
were reviewed using the Raim Viewer software (version 2.8, Corporació 
Sanitària Parc Taulí). SWI sequences were aligned with axial T2- 
weighted images to assess findings potentially meeting the Select-6 
criterion.

2.6. Statistical analyses

The distribution of continuous variables was assessed for normality 
via the Kolmogorov‒Smirnov test. Nonnormally and normally distrib
uted continuous variables are reported as medians with interquartile 
ranges (IQRs, p25-p75) and means with standard deviations (SDs), 
respectively. The numerical values obtained from the EDSS were 
rounded to the nearest value for clinical consistency. Categorical vari
ables are expressed as absolute numbers and percentages. Univariate 
analyses were performed using Student’s t-test for continuous variables 
and via Pearson’s chi-square test or Fisher’s exact test for categorical 
variables. Contingency tables or Mann-Whitney U test were used to 
examine the distribution of categorical variables and continuous vari
ables as appropriate. Statistical analyses were performed using SPSS 
software, version 25 (IBM Corp., Armonk, NY, USA), Excel (Microsoft 
365 MSO v2504) and Microsoft PowerPoint (Microsoft 365 MSO v2504) 

were used for figures. P values threshold for statistical significance was p 
< 0.05.

2.7. Protocol approvals

The Clinical Research Ethics Committee of Bellvitge University 
Hospital approved this study (PR097/24). All patients provided 
informed consent prior to their data being registered in the European 
Database for Multiple Sclerosis (EDMUS); the requirement for informed 
consent was waived. All the data were anonymized prior to analysis to 
ensure patient confidentiality.

3. Results

3.1. Participant characteristics

Data from 115 patients were included. The initial dataset from 
EDMUS contained 153 LOMS patients, but 6 with alternative diagnoses, 
23 who did not meet old McDonald criteria were excluded. The dataset 
was further refined by excluding nine patients who did not meet at least 
one of the newly recommended criteria for diagnosing LOMS and lacked 
any other tests to assess it (i.e., spinal cord imaging, brain MRI SWI and/ 
or OCB testing) (Fig. 1).

The demographic, clinical and paraclinical characteristics of the final 
cohort (n = 115) are shown in Table 1. With respect to the disease 
course, 77 patients (67 %) presented with ROMS, whereas 38 (33 %) 
presented with POMS. The median EDSS score at disease onset was 2.5 
(IQR 2.0–3.5). Three of the ROMS patients were classified as having 
radiologically isolated syndromes, with a median interval of 3.9 years 
(IQR 1.4–6.4) between MRI detection and first clinical symptoms.

Fig. 1. Flowchart of sample selection process. The figure illustrate the participant selection process, starting from LOMS patients extracted from the EDMUS 
database. The process included excluding patients with alternative diagnoses, those not meeting the old McDonald criteria, and those who failed to meet at least one 
of the proposed recommendations for the diagnosis of LOMS and lacked the necessary diagnostic tests to confirm it.
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Among the 115 patients, 27 (23.5 %) had no comorbidities. Smoking 
was reported in 50 patients (43.5 %), hypertension in 42 (36.5 %), 
hyperlipidemia in 30 (26.1 %), diabetes mellitus in 4 (3.5 %), migraine 
in 6 (5.2 %), and vascular disease in 3 (2.6 %).The initial symptoms of 
LOMS were as follows: 33.9 % had motor onset, 21.7 % had sensory 
onset, 13 % had sensory‒motor onset, 7 % had optic neuritis onset, and 
19.1 % had cerebellar-brainstem onset. Symptom onset data were un
available for 5.2 % of the patients. Overall, 31.3 % of patients presented 
symptoms suggestive of myelitis, and 80 % a monosymptomatic onset.

3.2. Diagnostic criteria fulfilled

All patients met at least one of the newly recommended additional 
features for LOMS diagnostic criteria (presence of spinal lesions, positive 
oligoclonal bands, or meeting the Select-6 criterion on SWI brain MRI). 
Therefore, the estimated sensitivity of the new LOMS diagnostic criteria 
was 100 %. This is to be expected in the POMS subgroup, as by definition 
they must have either positive OCBs or the presence of spinal cord le
sions. To ensure the rigor of these results, we additionally reviewed the 9 
patients who were excluded from the original sample due to not meeting 
at least one positive feature and lacked sufficient data to confirm the 
rest. If the missing tests in these 9 patients were indeed negative, this 
would prompt a re-evaluation of whether their diagnosis truly corre
sponds to MS or rather reflects a misdiagnosis—thus aligning with the 
primary goal of these recommendations, which is to increase diagnostic 
specificity in this age group. If the recommended features were 
considered mandatory for the diagnosis of LOMS, the sensitivity of the 
criteria—based on our sample and assuming the missing tests yield 
negative results—would decrease from 100 % to 92.7 %. Among the 115 
patients who met the 2024 McDonald criteria for LOMS, 12 patients 
(10.4 %) fulfilled all three criteria, whereas 60 patients (52.2 %) met 
two of the three criteria. Among those meeting two criteria, 58 (96.7 %) 
met both the OCB and spinal lesion criteria, and 2 (3.3 %) met both the 
spinal lesion and Select-6 criteria. No patient met only the OCB and 
Select-6 criteria. The remaining 43 patients (37.4 %) fulfilled only one 

criterion for LOMS: 23 (53.5 %) patients only met the spinal lesion 
criterion, 20 (46.5 %) patients only met the OCB criterion, and none of 
the patients only met the Select-6 criterion (Fig. 2).

3.3. Results of paraclinical tests

Table 2 shows the demographic and clinical data across subgroups 
based on test outcomes. Lumbar puncture was performed in 106 (92.2 
%) of the 115 patients and was not performed in 3.5 % of patients due to 
technical difficulties, high procedural risk, or patient refusal, whereas in 
4.3 % of patients, there was no documented explanation for the lack of 
lumbar puncture. Among patients who underwent CSF analysis, 84.9 % 
had OCB positivity (type 2 or type 4, predominantly in CSF). The pro
portion of OCB positivity was higher in the ROMS group (86.3 %) than in 
the POMS group (81.8 %), but this difference was not statistically sig
nificant (p = 0.551).

Spinal MRI was done in 108 (93.9 %), with demyelinating lesions 
detected in 88 %, more common in POMS (94.6 %) than ROMS (84.5 %) 
but not statistically significant (p = 0.126). Brain MRI sequences ob
tained via SWI were available for 67 patients (58.3 %), 15 of whom (22.4 
%) underwent MRI within the first year of diagnosis. All the MR images 
demonstrated at least six demyelinating lesions, making them eligible 
for the Select-6 criterion. Fourteen patients (20.9 %) met the Select-6 
criterion. No significant difference was found between MRIs performed 
within or after the first year of diagnosis (p = 0.533) or between POMS 
and ROMS groups (p = 0.317). Fig. 3 shows the percentage of positive 
and negative results for each diagnostic test.

3.4. Comparisons of test sensitivities

We analysed a subgroup of 63 patients (54.8 %) who underwent all 
three paraclinical tests. Among them, 92 % exhibited positivity for 
OCBs, 87.4 % had spinal cord lesions, and 20.6 % met the Select-6 cri
terion, with statistically significant differences among the tests (p <
0.001). A post hoc analysis revealed no statistically significant differ
ence between OCBs and spinal cord lesions (p = 0.581), but both differed 
significantly from the Select-6 criterion (p < 0.001). Table 3 presents the 
results for the patients obtained in the remaining tests carried out within 
each group. In Fig. 4 comparisons of positive rates are shown.

4. Discussion

The 2024 revision of the McDonald criteria introduces, for the first 
time, specific diagnostic guidelines recommended for LOMS. In our 
study, these updated criteria preserved the sensitivity of previous ver
sions, as 100 % of our sample met at least one of the new diagnostic 
recommendations. This sensitivity could decrease to as low as 92.7 % 
when accounting for patients who could not be included in the sample 
due to missing ancillary tests, still representing a high level of 
sensitivity.

The goal of these additions in patients over 50 years of age, was to 
enhance specificity and reduce misdiagnosis. This age group is more 
susceptible to other white matter pathologies, not only due to age but 
also because of the accumulation of comorbidities. In our sample, more 
than half of the patients (76.5 %) presented at least one additional co
morbidity. In the brain, MS must be differentiated from small vessel 
disease, which often presents with subcortical white matter lesions that 
can mimic MS (Zhang et al., 2023). Vascular and demyelinating lesions 
can coexist in this age group, increasing the risk of false-positives 
(Eikermann-Haerter and Huang, 2021). Incorporating OCBs, spinal 
cord lesions, or the presence of the CVS may improve specificity. 
Although our study did not assess the specificity of the new criteria, our 
findings suggest that the inclusion of these additional recommendations 
does not compromise their sensitivity.

Demographically, our results align with the literature on LOMS 
populations: a predominantly female cohort (60.9 %) (Romero-Pinel 

Table 1 
Demographic,clinical and paraclinical characteristics of the LOMS cohort and 
comparisons between relapsing- and progressive-onset MS.

All Patients Relapsing- 
Onset MS

Progressive- 
Onset MS

p value

Number of patients, 
n (%)

115 77 (67 %) 38 (33 %) ​

Female, n (%) 70 (60.9 %) 53 (68.8 %) 17 (44.7 %) 0.013
*,a

Age at MS onset, 
years [median 
(IQR)]

54 
(52.0–58.0)

54 
(52.0–57.5)

55.5 
(52.8–6.0)

0.429b

Age at MS 
diagnosis, years 
[median (IQR)]

57 
(53.0–62.0)

56 
(53.0–60.0)

61.5 
(56.0–67.0)

0.008
*,b

Time from MS onset 
to diagnosis, 
years [median 
(IQR)]

1 (0–4.0) 0 (0–2.0) 4 (2.0–6.0) <0.001
*,b

EDSS at MS onset 
[median (IQR)]

2.5 
(2.0–3.5)

2.0 (1.0–3.5) 3.5 (2.5–4.5) <0.001
*,b

Oligoclonal bands 
[N (%)]

90 (78,3 %) 63 (81,8 %) 27 
(71,1 %)

0.394c

Spinal Cord Lesions 
[N (%)]

95 
(82,6 %)

60 
(77,9 %)

35 
(92,1 %)

0.338 c

Select-6 [N (%)] 14 
(12,2 %)

9 
(11,7 %)

5 
(13,2 %)

0.317a

MS, multiple sclerosis; IQR, interquartile range; EDSS, Expanded Disability 
Status Scale.

* Statistically significant (p < 0.05).
a Pearson’s chi-square test.
b Mann‒Whitney U test.
c Fisher’s exact test.
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et al., 2022), with a slightly more balanced sex distribution than 
adult-onset MS (AOMS) (Naseri et al., 2021; Sıvacı et al., 2024; Stei
negger et al., 2025). The proportion of ROMS in our LOMS sample was 
67 %, which was slightly lower than that typically observed in AOMS 
cohorts (Naseri et al., 2021). Notably, time from symptom onset to 
diagnosis was significantly longer in POMS (4 years) than in ROMS 
(<1year, p < 0.001), aligning with previous findings (Steinegger et al., 
2025). Consistent with prior reports (Naseri et al., 2021; Tremlett and 
Devonshire, 2006), motor symptoms were the most common initial 
presentation in our LOMS cohort.

Lumbar punctures were performed in 92.2 % of patients, OCB posi
tivity was 84.9 %, in line with prior estimates (85–95 %) (Palathinkara 
et al., 2023). Studies vary on OCB rates in LOMS vs. AOMS (Konen et al., 
2022; Sıvacı et al., 2024; Steinegger et al., 2025). A systematic review 
(Naseri et al., 2021) estimated that OCB positivity rates in LOMS pa
tients ranged from 46 % to 98 %. In our study, the OCB positivity rate 
was higher in the ROMS group than in the POMS group, although the 
differences were not statistically significant, which is consistent with 
previous findings (Konen et al., 2022). Notably, the OCB positivity 
declined with increasing age in our sample, significantly so in patients 

Fig. 2. Diagnostic criteria for LOMS in our sample. Venn diagram illustrating the proportion of diagnostic criteria for LOMS across the entire sample. The upper right 
circle represents the proportion of spinal MRIs showing the presence of lesions, the upper left circle represents the proportion of positive oligoclonal bands, and the 
bottom circle represents the proportion of patients with a positive Select-6. The intersections between circles indicate how many patients met two criteria or all 
three criteria.

Table 2 
Demographic and clinical data of the study participants based on the test results.

Positive 
OCBs

Negative 
OCBs

p value Presence of 
SCl

Abcense of 
SCl

p value Positive 
Select-6

Negative 
Select-6

p value

Participants, n (%) 90 (84.9 %) 16 (15.1 %) ​ 95 (88 %) 13 (12 %) ​ 14 (20.9 %) 53 (79.1 %) ​
Female, n (%) 57 (63.3 %) 10 (62.5 %) 0.949a 55 (57.9 %) 10 (76.9 %) 0.189a 5 (35.7 %) 38 (71.7 %) 0.130a

Age at MS onset, years [median 
(IQR)]

54 
(52.0–58.0)

53 
(51.3–57.8)

0.568b 55 
(52.0–59.0)

54 
(52.5–60.0)

0.733b 55.5 
(51.8–56.3)

54 
(52.0–58.0)

0.988b

Age at MS diagnosis, years [median 
(IQR)]

56 
(53.0–61.0)

57 
(53.3–63.5)

0.556b 57 
(54.0–63.0)

55 
(53.0–59.0)

0.318c 56 
(53.8–60.3)

56 
(53.0–60.0)

0.942b

EDSS onset [median (IQR)] 2.5 (2.0–3.5) 2.0 (2.0–3.5) 0.939b 2.5 (2.0–3.5) 2.5 (1.5–3.5) 0.678c 2.5 (2.0–3.5) 2.5 (2.0–3.5) 0.311b

Median time from MS onset to 
diagnosis, years [median (IQR)]

1.0 (00–3.0) 2.5 (0.3–7.3) 0.048
*,b

2.0 (0–4.0) 0 (0–4.0) 0.471c 1.0 (0–4.3) 1.0 (0–3.0) 0.589b

ROMS, n (%) 63 (70 %) 6 (37.5 %) 0.551a 60 (63.2 %) 11 (84.6 %) 0.126a 9 (64.3 %) 41(77.4 %) 0.317a

POMS, n (%) 27 (30 %) 10 (62.5 %) 0.551a 35 (36.8 %) 2 (15.4 %) 0.126a 5 (35.7 %) 12 (22.6 %) 0.317a

Monosymptomatic onset, n (%) 71 (78.9 %) 13 (81.3 %) 0.091a 77 (81.1 %) 10 (76.9 %) 0.000*a 13 (92.9 %) 41 (77.4 %) 0.274a

Spinal symptom at onset, n (%) 28 (31.1 %) 5 (31.3 %) 0.976a 33 (34.7 %) 2 (15.4 %) 0.000*a 3 (21.4 %) 16 (30.2 %) 0.000*,a

MS, multiple sclerosis; IQR, interquartile range; EDSS, Expanded Disability Status Scale; ROMS, Relapsing-Onset Multiple Sclerosis; POMS, Progressive-Onset Multiple 
Sclerosis.

* Statistically significant (p < 0.05).
a Pearson’s chi-square test.
b Mann‒Whitney U test.
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over 70 (p = 0.014), possibly due to inmunosenescence (Graves et al., 
2023), or the reduced likelihood of prior intrathecal IgG synthesis in 
later-onset cases.

Spinal cord lesions were assessed in 108 patients (93.9 %) and found 
in 88 % of cases, consistent with previous LOMS studies (Nasiri et al., 
2023; Sıvacı et al., 2024) and exceeding rates reported in AOMS (Kis 
et al., 2008). Two POMS patients had no spinal lesions, possibly due to 
lower MRI quality at diagnosis. In the POMS group, we observed a 
greater proportion of spinal cord lesions than in the ROMS group, which 
is consistent with studies comparing RRMS and PPMS (Dastagir et al., 
2018); however, our findings did not reach statistical significance.

The Select-6 criterion (Amin et al., 2024; Mistry et al., 2016; Onta
neda et al., 2021) has demonstrated a sensitivity of 89 % and specificity 
of 92 % for distinguishing MS from mimics (Maggi et al., 2020). 
Therefore, the Select-6 criterion was chosen for inclusion in the 2024 
McDonald criteria to achieve an optimal balance of specificity and 
sensitivity (Daboul et al., 2024). Previous studies have indicated that the 
proportion of lesions with the CVS decreases with age (Guisset et al., 
2021); nonetheless, the Select-6 criterion maintains robust performance 
in >90 % of cases (Guisset et al., 2021; Lapucci et al., 2023). Conse
quently, identifying six or more lesions with the CVS in individuals over 
50 years may enhance diagnostic specificity.

In our cohort, SWI sequences were available for 68 patients, 15 were 

within a year of diagnosis. Among these, 20.9 % met the Select-6 crite
rion, which is lower than the proportion reported in the literature. This 
discrepancy may stem from the reduced prevalence of CVS-positive le
sions in patients with cardiovascular risk factors—such as hypertension, 
obesity, or diabetes—and in older individuals (Guisset et al., 2021). One 
hypothesis is that confluent lesions, which are more typical of 
hypoxic-ischaemic damage in older patients or those with vascular risk 
factors, are excluded from CVS assessment (Sati et al., 2016). Addi
tionally, hypoxic-ischaemic lesions tend to form around arterioles rather 
than veins, as observed in MS (Guisset et al., 2021). The performance of 
SWI-MRIs is particularly relevant in the POMS group, as by definition 
they should have either positive OCBs or the presence of spinal cord 
lesions. Among the 38 POMS patients in our sample, only 5 (13,2 %) had 
a positive Select-6 feature. Therefore, given that by definition the addi
tional features are not expected to reduce sensitivity in this group, 
identifying a positive Select-6 feature may be especially relevant in this 
population to improve diagnostic specificity.

Patients with spinal lesions had higher rates of monosymptomatic 
onset and spinal symptom presentation (both p < 0.001), likely 
reflecting the clinical impact of such lesions. Furthermore, patients who 
did not meet the Select-6 criterion had a significantly higher prevalence 
of spinal symptom onset than patients who met the Select-6 criterion (p <
0.001). A plausible explanation for this finding is that patients 

Fig. 3. Proportion of positive and negative results for each diagnostic test across the entire sample. Each vertex represents a diagnostic test: the top vertex corre
sponds to lumbar punctures with positive oligoclonal bands, the bottom right corresponds to the presence of spinal cord lesions on spinal MRI, and the bottom left 
corresponds to Select-6 positivity on brain MRI-SWI. The large triangle with a solid outline indicates the proportion of positive results, whereas the smaller triangle 
with a dashed outline represents the proportion of negative results for each test.

Table 3 
Results of LOMS tests in the subgroup in which all three paraclinical tests were performed (n = 63).

Positive OCBs n 
= 58

Negative OCBs n 
= 5

p 
value

Presence of SCl n 
= 55

Absence of SCl n 
= 8

p value Positive Select-6 n 
= 13

Negative Select-6 n 
= 50

p 
value

Positive OCBs, n 
(%)

– – – 50 (90.9 %) 8 (100 %) 0.495a 12 (92.3 %) 46 (92 %) 0.139a

Presence of SCl, n 
(%)

50 (86.2 %) 5 (100 %) 0.495a – – – 13 (100 %) 42 (84 %) 0.727a

Positive Select-6, 
n (%)

12 (20.7 %) 1 (20 %) 0.727a 13 (23.6 %) 0 0.139 
a

– – –

OCBs, Oligoclonal bands; SCl, Spinal cord lesions.
*Statistically significant (p < 0.05).

a Fisher’s exact test.
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presenting without spinal symptoms may have had a greater cerebral 
lesion burden, thereby increasing the likelihood of fulfilling Select-6 
positivity.

Implementing LOMS recommended diagnostic criteria requires ac
cess to specific tests not always available across hospitals worldwide. To 
evaluate the diagnostic yield of each test, we analysed the subgroup of 
patients who underwent all three assessments. Diagnoses were primarily 
established on the basis of the presence of OCBs and spinal cord lesions, 
with no statistically significant differences between these two criteria. 
However, both differed significantly from the Select-6 criterion, which 
was present in a smaller proportion. These findings suggest that 
requiring OCB positivity and/or spinal cord lesions does not diminish 
the sensitivity of the McDonald criteria, whereas reliance on the Select-6 
criterion alone may lead to lower sensitivity. Therefore, in clinical set
tings, both OCB testing and spinal cord MRI are equally valuable for a 
strong diagnosis of LOMS, and these tests may be more widely available 
than susceptibility-weighted imaging, serving as a secondary option.

To our knowledge, this is the first study to assess the sensitivity of the 
revised 2024 McDonald criteria recommended in LOMS. Conducted in a 
real-world, single-centre setting with prospectively collected data over a 
prolonged period, the study has notable strengths, though limitations 
exist. In particular, the data were analysed retrospectively. Several pa
tients were excluded due to missing or incomplete diagnostic data, 
especially older cases with limited diagnostic access. Ideally, comple
mentary tests would be performed in the subgroup of patients who 
lacked some paraclinical tests to confirm results in the sensitivity anal
ysis; however, due to retrospective nature of this study, this is not 
feasible. Specificity could not be assessed, as most patients had MS and 
few had alternative diagnoses. Furthermore, as mentioned previously, 
kappa-free light chain testing, a potential alternative to OCB (Hegen 
et al., 2023), was largely unavailable due to its recent adoption.

Additionally, SWI-MRIs were less frequent than other paraclinical 
tests as this technology has only become widely accessible in recent 
years. Furthermore, the detectability of CVS varies depending on im
aging technique parameters of either segEPI or SWI techniques 
(Castellaro et al., 2020), specifically the technique used in our study is a 

standard vendor-provided SWI with somewhat T1-weighting 
(Naval-Baudin et al., 2025, 2024) which may not yield the highest 
sensitivity for CVS detection.

Finally, although the McDonald 2024 criteria have been presented 
and discussed repeatedly at meetings and conferences, they are not yet 
published, future changes could affect the relevance of the study. Future 
studies should evaluate the real-world impact of the 2024 McDonald 
criteria on diagnostic specificity, the role of kappa free light chains in 
LOMS workups, and the broader implementation of SWI-MRI in older 
patients to enable balanced comparisons across diagnostic tools.

5. Conclusion

Compared with the previous criteria, the 2024 McDonald additional 
recommended criteria for the diagnosis of LOMS do not reduce sensi
tivity. These updated criteria were specifically designed to enhance 
diagnostic specificity in this age group. Both spinal MRI and OCB testing 
were found to be equally valuable tools for assessing the new recom
mended criteria, whereas the diagnostic yield of the CVS rule was lower.
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