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Application of the revised 2005, 2010 and 2017 McDonald criteria for 

Multiple Sclerosis in a Portuguese cohort of patients with Clinically Isolated 

Syndrome 

ABSTRACT  

Background and Purpose: Although the McDonald criteria are widely applied in 

Portugal, data on the sensitivity and specificity of the different revisions in this population 

is still unavailable. Our aim was to evaluate and compare the performances of the 2005, 

2010 and 2017 McDonald criteria in a cohort of Portuguese patients with Clinically 

Isolated Syndrome and their impact in the early diagnosis of Multiple Sclerosis. 

Methods: Retrospective study of Clinically Isolated Syndrome patients followed at 

outpatient clinic in Centro Hospitalar de São João from January 1, 2007 to December 31, 

2017.  

Results: 37 patients were included. Median age at onset was 27.0 years (IQR 24.0-34.0) 

and thirty-one patients (84%) had a monofocal onset. During follow-up, 27 patients (73%) 

developed Clinically Definite Multiple Sclerosis with a median time to conversion of 23.3 

months (IQR 6.3-999.0). At baseline, McDonald 2005 criteria showed a sensitivity of 

7.4% (95% CI 0.9-24.3) and a specificity of 100% (95% CI 69.2- 100); McDonald 2010 

criteria had a sensitivity of 29.6% (95% CI 13.8-50.2) and a specificity of 50% (95% CI 

18.7-81.3); 2017 McDonald criteria showed a sensitivity of 59.3% (95% CI 38.8-77.6) 

and a specificity of 20% (95% CI 2.5-55.6). 

 

Conclusion: Our data suggest that the 2017 revision can lead to an earlier Multiple 

Sclerosis diagnosis in a higher number of patients with Clinically Isolated Syndrome, 

compared to the previous criteria revisions. Nevertheless, the specificity seems to suffer 

a significant reduction.  

Keywords: Clinically isolated syndrome; Multiple sclerosis; Diagnostic criteria; 

McDonald criteria 
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Aplicação das revisões 2005, 2010 e 2017 dos critérios McDonald para 

Esclerose Múltipla numa coorte portuguesa de doentes com Síndrome 

Clinicamente Isolada 

RESUMO  

Introdução e Objetivo: Embora os critérios de McDonald sejam aplicados em Portugal 

de uma forma generalizada, são ainda desconhecidos dados acerca da sensibilidade e 

especificidade das diferentes revisões nesta população. O nosso objetivo foi avaliar e 

comparar o desempenho dos critérios de McDonald 2005, 2010 e 2017 numa coorte 

portuguesa de doentes com Síndrome Clinicamente Isolada, avaliando o impacto dos 

mesmos no diagnóstico precoce de Esclerose Múltipla.  

Métodos: Estudo retrospetivo de doentes com Síndrome Clinicamente Isolada seguidos 

em consulta externa no Centro Hospitalar de São João de 1 Janeiro de 2007 a 31 

Dezembro de 2017.  

Resultados: 37 doentes foram incluídos no estudo. A mediana de idade de início foi 27.0 

anos (IIQ 24.0-34.0) e 31 (84%) apresentaram início monofocal. Durante o seguimento 

27 doentes (73%) desenvolveram Esclerose Múltipla Clinicamente Definitiva com um 

tempo mediano até à conversão de 23.3 meses (IIQ 6.3-999.0). No momento inicial os 

critérios McDonald 2005 demonstraram uma sensibilidade de 7.4% (IC 95% 0.9-24.3) e 

uma especificidade de 100% (IC 95% 69.2-100); Os critérios McDonald 2010 

apresentarem uma sensibilidade de 29.6% (IC 95% 13.8-50.2) e uma especificidade de 

50% (IC 95% 18.7-81.3); Os critérios de McDonald 2017 demonstraram uma 

sensibilidade de 59.3 % (IC 95% 38.8-77.6) e uma especificidade de 20% (IC 95% 2.5-

55.6). 

Conclusão: Estes dados sugerem que a revisão de 2017 poderá levar a um diagnóstico 

precoce de Esclerose Múltipla num maior número de doentes com Síndrome 

Clinicamente Isolada comparativamente com aos critérios de diagnóstico anteriores. 

Porém, a especificidade parece sofrer uma redução significativa.  

Palavras-chave: Síndrome clinicamente isolada; Esclerose múltipla; Critérios de 

diagnóstico; Critérios de McDonald  
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INTRODUCTION 

Multiple sclerosis (MS) is a chronic demyelinating disease of the Central Nervous System 

(CNS), immunologically mediated[1]. In epidemiological terms, worldwide it is estimated 

a total of 2 million people with the disease[2]. In Portugal there are about 5000 people 

affected by MS and in Northern Lisbon it has been calculated an incidence of about 4.48 

cases per 100 000 inhabitants between 1998 and 2007[3, 4]. 

Most patients with MS have as an initial form of presentation a single clinical episode 

suggestive of CNS demyelination, referred to as Clinically Isolated Syndrome (CIS)[5]. 

Patients with CIS face an uncertain future, given that they can either remain with a single 

attack or they can evolve to a relapsing remitting MS form. Along with this uncertainty, 

the existence of an effective treatment capable of delaying the occurrence of a second 

attack and decreasing the disability resulting from such condition, stresses the need for 

an increasingly earlier and more accurate diagnosis[7].  

In the absence of a better explanation for the clinical presentation, the diagnosis of MS is 

based on an objective demonstration of inflammatory demyelinating CNS lesions 

disseminated in space (DIS) and in time (DIT) (see Table 1) through clinical findings and 

imaging data by magnetic resonance imaging (MRI)[1, 5]. 

Since 2001, with the implementation of the McDonald criteria, the diagnosis of this 

disease in clinical practice was somehow simplified and made easier[1]. However, the 

increasing acquisition of new scientific data resulting from research and the incorporation 

of technological improvements, namely new neuroradiological findings, in the diagnostic 

approach require the periodical revision of McDonald criteria[7, 8]. These McDonald 

criteria revisions that occurred since its initial publication have simplified its application 

in clinical practice as they have clarified certain definitions, allowing for an earlier 

diagnosis and consequently contributed to a timely and more effective use of drugs in the 

treatment of MS.  

The most recent revision of McDonald criteria, published in 2017, has included the 

presence of cortical lesions as a criterion of DIS, the presence of oligoclonal bands (OCB) 

in cerebrospinal fluid as a substitute for DIT and the existence of symptomatic lesions as 

a criterion of DIT and/or DIS[8]. 
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The application of McDonald criteria has been widespread in clinical practice in Portugal; 

however, and according to our knowledge, the sensitivity and the specificity of the 

different criteria in the Portuguese population with CIS, has not been reported yet. 

The aim of this study is to evaluate, compare the performances and the impact in the early 

MS diagnosis of the last three diagnostic criteria revisions (McDonald 2005[9], 2010[10] 

and 2017[8]) of this disease in a cohort of Portuguese patients with CIS. 
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METHODS 

Study design and participants 

Patients with CIS suggestive of demyelination of CNS were retrospectively selected out 

of those followed up at the outpatient clinic of "Demyelinating Diseases", at the Centro 

Hospitalar de São João (CHSJ) from January 1, 2007 to December 31, 2017. 

The following inclusion criteria were applied: age between 16 and 60 years old; baseline 

brain MRI scan obtained less than 6 months after the clinical onset; follow-up MRI scan 

obtained less than 12 months after the clinical onset and at least 3 years of clinical follow-

up or Clinically Definite Multiple Sclerosis (CDMS) conversion during follow-up.   

Additional diagnostic tests were performed to rule out alternative diagnosis. All patients 

with alternative diagnosis were excluded.           

The Ethics Committee of the Porto Hospital Centre approved the study protocol. 

Definitions 

 

An attack/exacerbation/relapse was defined as a monophasic clinical episode with 

patient-reported new/worsening of preexisting symptoms with a duration of at least 24 

hours, with or without recovery and in the absence of infection or fever, after a period of 

stability or improvement of at least 30 days. Such symptoms were objectively confirmed 

through neurological examination[8]. 

The diagnosis of CDMS was based on the definition described by Poser et al[11], i.e. the 

occurrence of two attacks (DIT) and clinical evidence of two separate lesions (DIS). This 

definition was used as the gold standard for the diagnosis of MS.  

Statistical analysis 

We evaluated the performances of 2005, 2010 and 2017 McDonald criteria based on 

several test characteristics at baseline and after 1, 3 and 5 years of follow-up. Patients’ 

first contact with CHSJ was defined as the baseline moment.  
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For this purpose, patients who fulfilled the diagnostic criteria and developed CDMS 

during follow-up were considered as true positive (TP); as true negative (TN) patients 

who did not meet the diagnostic criteria and without development of CDMS during 

follow-up; as false positives (FP) were those who met the diagnostic criteria but did not 

develop CDMS during follow-up and as false negatives (FN) those patients who did not 

meet the diagnostic criteria but who developed CDMS during follow-up. 

The test characteristics and their respective calculated ratios were as follows: 

Sensitivity = [TP/(TP + FN)] x 100 

Specificity = [TN/(TN + FP)] x 100 

Positive predictive value (PPV) = [TP/(TP + FP)] x 100  

Negative predictive value (NPV) = [TN/(TN + FN)] x 100  

Accuracy = [(TP + TN)/(TP + TN + FP + FN)] x 100  

These above-mentioned parameters were calculated with a 95% confidence interval for 

DIS, DIT and DIS+DIT using the definitions described in the 2005, 2010 and 2017 

revised McDonald criteria (Table 1).  

Statistical analysis was performed using SPSS version 25 and MedCalc version 12.7.7.0.  

Time from CIS to CDMS using the 2005, 2010 and 2017 McDonald criteria were 

analyzed using Kaplan-Meier curves and were compared using log-rank test with 

pairwise comparisons. P values less than 0.05 were considered significant.  
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RESULTS 

CIS patients’ characteristics 

From 194-screened patients, only fifty of them had sufficient information and met the 

inclusion criteria. Out of those fifty, thirteen were diagnosed as having other diseases than 

MS (eight Radiologically Isolated Syndrome [RIS], two neurosarcoidosis, one neuro-

Behçet's disease, one subependymoma and one neuromyelitis optica [NMO]). The final 

cohort included 37 patients (Fig. 1). 

The majority of CIS patients were female (twenty-five [68%]) and median age at onset 

was 27.0 years (IQR 24.0-34.0). 

Thirty-one patients (84%) had a monofocal onset (10 hemispheric syndrome, 7 optic 

neuritis, 7 brainstem/cerebellar syndrome and 7 spinal cord syndrome) and six (16%) had 

a multifocal onset. During follow-up (median follow-up duration 90.4 months [IQR 71.4-

112.4]), twenty-seven patients with CIS (73%) developed CDMS with a median time to 

conversion of 23.3 months (IQR 6.3-999.0). Thirty-six (97%) had their CSF analysed and 

26 from these (72%) had positive oligoclonal bands. Twenty-seven patients (77%), from 

the thirty-five patients who received treatment during follow-up, started a disease-

modifying drug (DMD) even before a second clinical attack (6 patients with glatiramer 

acetate, 20 patients with interferon beta and 1 patient with dimethyl fumarate) and 9 of 

them did not convert to CDMS.  

Median time between clinical onset and baseline brain MRI scan was 0.4 months (IQR 

0.2-1.0). At baseline MRI 20 patients (54%) had at least one gadolinium-enhancing 

lesion, 11 patients (30%) presented only brain lesions, sixteen (43%) had both brain and 

spinal cord lesions and none had only spinal cord lesions. Regarding the follow-up MRI 

scan (median time to follow-up MRI 5.8 months [IQR 3.7-8.5]) it was detected at least 

one new lesion in T2 or a gadolinium-enhancing lesion in twenty-nine patients (78%). 

The baseline characteristics of the analysed patients (demographic, clinical and MRI 

findings) are summarized in Table 2. 

Dissemination in Space (DIS) and Dissemination in Time (DIT)  

The DIS and DIT criteria, when evaluated individually, according to the three McDonald 

revisions, are described below (see also Table 3A). 
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a) Dissemination in Space (2005, 2010 and 2017 McDonald criteria) 

At baseline and according to 2005 criteria, 31 (84%) patients fulfilled DIS and 22 of them 

(71%) developed CDMS during follow-up. Five (83%) of the six patients who did not 

fulfil DIS 2005 converted to CDMS.  At 1, 3 and 5 years of follow-up, 34 (92%), 35 

(95%) and 37 (100%) were DIS 2005 positive, respectively.  

In the DIS 2010 analysis, 30 (81%) patients were DIS positive at baseline and 21 (70%) 

of them had a second relapse during follow-up. Six (86%) of the seven DIS 2010 negative 

patients converted to CDMS during follow-up. Compared  to baseline moment, five more 

patients (35 [95%]) fulfilled DIS 2010 at 1 year of follow up; after 3 and 5 years of follow-

up the number of DIS 2010 positive patients increased to 36 (97%). 

At baseline, thirty-one (84%) patients fulfilled 2017 criteria for DIS and 22 of them (71%) 

developed CDMS during follow-up. Five (83%) of the six DIS 2017 negative patients 

experience a second relapse. After 1 year of follow-up the number of DIS 2007 positive 

patients increased to 35 (95%). As for DIS 2010, at 3 and 5 years of follow-up no 

differences were demonstrated in terms of number of DIS 2017 positive patients (36 

[97%]). 

The baseline sensitivities for DIS 2017 and DIS 2005 (81.5% [95% CI 61.9-93.7]) were 

higher than for DIS 2010 (77.8% [95% CI 57.7-91.4]). Along the follow-up time, this 

parameter suffered an increment according to 2005, 2010 and 2017 revisions. When 

analysing the baseline moment and apart from specificity (10% [95% CI 0.3-44.5]) and 

accuracy (DIS 2005 and DIS 2017 - 62.2% [95% CI 44.8-77.5] vs DIS 2010- 59.4% [95% 

CI 42.1-75.3]), all 3 revisions showed similar values.  

 

b) Dissemination in Time (2005, 2010 and 2017 McDonald criteria) 

At baseline, only two patients fulfilled DIT according to 2005 McDonald criteria (5.4%) 

and both of them converted to CDMS (100%). Twenty-five (71%) of the thirty-five 

patients who did not fulfil DIT 2005 converted to CDMS during follow-up. After 1 year 

of follow-up, 22 (59%) patients were DIT 2005 positive and after 3 and 5 years this 

number increased to 28 (76%) and 31 (84%), respectively.   

When analysing DIT 2010, 13 (35%) patients were DIT positive at baseline and 8 (62%) 

of them had a second relapse during follow-up. Nineteen (79%) of the twenty-four DIT 
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2010 negative patients converted to CDMS during follow-up. Nineteen more patients (32 

[86%]) fulfilled DIT 2010 at 1 year of follow up and after 3 and 5 years of follow-up the 

number of DIT 2010 positive patients was 35 (95%) and 37 (100%), respectively.  

At baseline and according to DIT 2017, twenty-eight (76%) patients fulfilled DIT 

criterion and 19 of them (68%) developed CDMS during follow-up. Eight (89%) of the 

nine DIT 2017 negative patients experience a second relapse. After 1 year of follow-up 

the number of DIT 2017 positive patients increased to 34 (92%) and between 3 and 5 

years of follow-up this number increased from 36 (97%) to 37 (100%).  

The baseline sensitivity and accuracy were the highest for DIT 2017 (Sensitivity=70.4% 

[95% CI 49.8-86.3]; Accuracy=54.1% [95% CI 36.9-70.5]), followed by DIT 2010 

(Sensitivity=29.6% [95% CI 13.8-50.2]; Accuracy=35.1% [95% CI 20.2-52.5]) and 

finally the DIT 2005 sensitivity and accuracy (Sensitivity=7.4%    [95% CI 0.9-24.3]; 

Accuracy=32.4%  [18.0-49.8]) were the lowest ones. When analysing the baseline 

specificity, the inverse relation was observed, i.e., the DIT 2005 showed the highest value 

(100% [95% CI 69.2-100]), followed by DIT 2010 (50% [95% CI 18.7-81.3]) and DIT 

2017 (10% [95% CI 0.3-44.5]) showed the lowest specificity.  

From 1 year to 5 years of follow-up, the specificity showed a tendency to decrease (from 

80% to 50% for DIT 2005; from 20% to 0% for DIT 2010; 0% for DIT 2017) whereas 

the sensitivity and the accuracy suffered an increment (sensitivity from 74.1% to 96.3% 

for DIT 2005, from 88.9% to 100% for DIT 2010 and for DIT 2017; accuracy from 75.7% 

to  83.8% for DIT 2005, from 70.3% to 73% for DIT 2010 and from 64.9% to 73% for 

DIT 2017). Comparing DIT 2010 and DIT 2017 during this period, the initial differences 

at baseline practically disappeared. However, when compared to DIT 2005 it showed 

slight differences (see Table 3A).  

McDonald criteria revisions: 2005 vs 2010 vs 2017  

With the application of 2005 McDonald criteria, two (5%) of the thirty-seven patients 

were diagnosed as having MS at baseline and both converted to CDMS during follow-up. 

However, twenty-five (71%) of the thirty-five DIS+DIT 2005 negative patients had a 

second relapse leading to CDMS.  
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When applying the 2010 McDonald criteria, thirteen (35%) patients were diagnosed with 

MS at baseline and eight of them (62%) developed CDMS during follow-up. From the 

twenty-four DIS+DIT 2010 negative patients nineteen (79%) converted to CDMS.  

From the twenty-four (65%) DIS+DIT 2017 positive patients at baseline, nineteen (79%) 

of them had positive oligoclonal bands (OCB+) in the CSF analysis and sixteen (67%) 

experienced a second relapse during follow-up. Eleven (85%) of the thirteen DIS+DIT 

2017 negative patients developed CDMS.  At baseline, 11 (30%) from the 37 patients met 

exclusively 2017 McDonald criteria.  

These results led to a baseline sensitivity of 7.4% (95% CI 0.9-24.3) according to 

McDonald 2005 vs 29.6% (95% CI 13.8-50.2) according to McDonald 2010 vs 59.3% 

(95% CI 38.8-77.6) according to McDonald 2017. The baseline specificity was 100% 

(95% CI 69.2-100) with 2005 criteria vs 50% (95% CI 18.7-81.3) with 2010 criteria vs 

20% (95% CI 2.5-55.6) with 2017 criteria. Lastly, the baseline accuracy was 32.4% (95% 

CI 18.0-49.8) with 2005, 35.1% (95% CI 20.2-52.5) with 2010 criteria and 48.6% (95% 

CI 31.9-65.6) with 2017 criteria.  

At 1 year of follow-up, 90% of DIS+DIT positive patients developed CDMS according 

to 2005 McDonald, 74% with the application of 2010 McDonald criteria and 72% with 

the 2017 McDonald revision.  At 3 years of follow-up, it was 85%, 76% and 74% 

according to 2005, 2010 and 2017 criteria respectively.  

At 5 years of follow-up, 26 (84%) of the 31 patients with MS diagnosis according 2005 

criteria developed CDMS vs 27 (75%) of the 36 patients positive for McDonald 2010 vs 

27 (75%) of the 36 patients positive for McDonald 2017. This means that 5 of 31 patients 

(16%) with at least 5 years of follow up and with MS diagnosis according McDonald 

2005 had not converted yet to CDMS. For McDonald 2010 and McDonald 2017 this was 

9 of 36 patients (25%).  

The sensitivity of 2005 criteria increased from 70.4% (95% CI 49.8-86.3) at 1 year to 

85.2% (95% CI 66.3-95.8) at 3 years and 96.3% (95% CI 81.0-99.9) at 5 years. The 

specificity was 80% (95% CI 44.4-97.5), 60% (95% CI 26.2-87.8) and 50% (95% CI 

18.7-81.3) at 1, 3 and 5 years of follow-up, respectively.  
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Apart from baseline moment, the sensitivity showed the same values when using 

McDonald 2010 and McDonald 2017 (85.2% [95% CI 66.3-95.8], 96.3% [95% CI 81.0-

99.9] and 100% [95% CI 87.2-100] at 1, 3 and 5 years of follow-up, respectively). 

The McDonald 2010 specificity was the same at 1 and 3 years (20% [95% CI 2.5-55.6]), 

reaching 10% (95% CI 0.3-44.5) at 5 years of follow-up. For McDonald 2017, the 

specificity was consistently lower along the five years (10% [95% CI 0.3-44.5]).  

While McDonald 2010 and McDonald 2017 showed a similar evolution of PPV (61.5% 

vs 66.7% at baseline; 74.2% vs 71.9% at 1 year; 76.5% vs 74.3% at 3 years; 75% vs 75% 

at 5 years), the McDonald 2005 had higher PPV values along the 5 years (100% at 

baseline; 90.5% at 1 year; 85.2% at 3 years; 83.9% at 5 years). 

The test characteristics for DIS+DIT are outlined in Table 3B.  

Fig. 2 shows Kaplan-Meier curves for the time to diagnosis of CDMS according to the 

Poser et al criteria[11], the 2005[9], 2010[10] and 2017[8] McDonald criteria.  

From this survival analysis resulted that mean time to CDMS was 46.7 compared with 

34.5, 12.3 and 9.3 months using the 2005, 2010 and 2017 McDonald criteria, respectively. 

MS diagnosis is made earlier using the 2017 and 2010 criteria (p<0.0001 for comparisons 

with time to CDMS). 
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DISCUSSION  

Regarding to the baseline patients’ characteristics, our results have evidenced a female 

predominance, a median age at onset between 25-35 years, a higher frequency of patients 

with CSF analysis and from those the majority had positive oligoclonal bands, which are 

in accordance with other studies[5, 6, 10, 13-17] (Diaz J et al, poster session; Lamas Pérez R et 

al, poster session). Optic neuritis was the most frequent monofocal presentation in other 

series pertaining this issue, which is in contrast with our cohort where hemispheric 

syndrome was the most common initial MS presentation[5, 6, 10, 15]. Additional contrasting 

findings, in comparison with other works, were identified in our study: time from clinical 

onset to the baseline MRI was shorter[5, 6, 10, 14, 15] and median follow-up time was longer[6, 

11, 16, 18]. As demonstrated in the literature, more than 50% of the patients converted to 

CDMS during follow up[10, 11, 18] (Brownlee W et al, oral communication). However, some 

studies have shown a shorter median time to conversion in comparison to ours[6, 10, 15, 16, 

18]. An exception to this fact is the MS median time to conversion reported by Van der 

Vuurst de Vries RM et al[5] which is similar to our findings (~23 months).  

Our study revealed that the criteria for DIS at baseline had higher sensitivity (81.5%) 

according to McDonald 2005 and 2017 when compared to DIS 2010 (77.8%). Although 

the opposite relationships had also been described[14, 15], similar results were found in 

other studies[6] (Lamas Pérez R et al, poster session). In this regard, it is important to 

notice that the definition used for DIS according to McDonald 2005 included both 

Barkhof-Tintoré criteria and CSF analysis. Thus, one possible explanation for the higher 

DIS 2005 sensitivity when compared to 2010 criteria is that the inclusion of CSF 

examination in the 2005 McDonald criteria increases the sensitivity[19, 20]. For the higher 

sensitivity of DIS 2017 vs DIS 2010 one verisimilar reason should be emphasized: the 

contribution of the symptomatic lesions as evidence for DIS. Unlike 2010 revision, the 

2017 McDonald criteria introduced cortical lesions and symptomatic lesions as an MRI 

evidence of dissemination in space. Considering that in our study the number of patients 

with juxtacortical lesions at baseline MRI was the same with juxtacortical/cortical lesions, 

the differences in the DIS 2017 sensitivity only could possible derive from the inclusion 

of symptomatic lesions in the criteria[21, 22] (Lamas Pérez R et al, poster session). 

Nevertheless, one must be careful using such assumption, given that current MRI 

protocols are limited in the detection of cortical lesions.  

In terms of DIS, the specificity remained low and the accuracy has increased along the 
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five years of follow-up, showing similar values between the three revisions. However, 

our values were lower in comparison with other studies, especially the specificity [6, 14, 15, 

19-22]. 

For DIT criteria, the relations described in terms of sensitivity (DIT 2017>DIT2010> DIT 

2005) and specificity (DIT 2005>DIT 2010>DIT2017) were also demonstrated in other 

studies[14-16]. Furthermore, when comparing the number of DIT positive patients at 

baseline, DIT 2017 showed a higher number (n=28, 76%) compared to other revisions 

but different from the findings reported by Arrambide G et al (oral communication). As 

mentioned above for DIS criteria, the inclusion of symptomatic lesions could lead to a 

higher sensitivity with no or little change in the specificity[10, 21, 22]. The CSF analysis also 

contributes to the increment in sensitivity but reduces significantly specificity[5, 16], which 

is suggested by our results. Although the role of these above-mentioned parameters 

weren´t analysed per se in this study, our data emphasized the beneficial impact of the 

modifications for DIT (and for DIS) according 2017 McDonald criteria.  

In terms of DIS+DIT criteria, the 2017 McDonald revision showed the highest sensitivity 

and accuracy at baseline among the three revisions, but at the expense of a significant 

specificity reduction[5]. The lower specificity of McDonald 2017 vs McDonald 2010 was 

also reported in other studies, notwithstanding that their specificity values were higher 

than ours[5, 16]. As showed in the literature[5] (Arrambide G et al, oral communication) but 

is even more evident in this study, the 2017 criteria increased in 40% and 60% the 

proportion of patients diagnosed with MS at baseline in comparison with McDonald 2010 

and 2005, respectively. Moreover, the majority of patients (59% with 2017 criteria vs 

42% with 2010 criteria vs 8% with 2005 criteria) who converted to CDMS during follow-

up met the 2017 criteria at baseline. Even though the differences between 2010 and 2017 

criteria tend to disappear with the follow-up, the 2017 revision stands out by the shorter 

period between CIS and MS diagnosis (only 9 months) and by the high number of patients 

(30%) who met exclusively these criteria at baseline. This better performance could arise 

from the already highlighted contributors:  the inclusion of symptomatic lesions as 

evidence of DIS or DIT 2017; and positive oligoclonal bands as a substitute for DIT 2017, 

which in our hospital are part of the clinical workup when MS is suspected.  

Concerning the number of false positives at 5 years of follow-up, with the application of 

2010 and 2017 McDonald criteria (n=9; 35%), this number was higher than for 2005 
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revision (n=5; 16%). These patients with MS diagnosis but without conversion to CDMS 

may be explained by the prompt initiation of a DMD, which prevented a second attack or 

the appearance of new lesions in MRI[5]. However, PPV suffered an increment according 

to 2010 and 2017, whereas with 2005 criteria PPV decreased along the follow-up. This 

reflects the decrement tendency of false positives as the follow-up time increases 

according to 2005 and 2017 criteria[6]. Thus, with a longer follow-up time we expect to 

observe a lower number of false positives, in other words more patients will convert to 

CDMS[6,15].  

Given the high risk of conversion to MS in CIS patients[19], the early diagnosis along with 

low false positives play a major role in the diagnostic approach of these patients. 

Consequently, allowing for an earlier treatment in CIS patients and giving them a little 

more of certainty about their diagnosis as well as the possibility of a better disease 

outcome. In conclusion, our findings showed, as already validated but in other 

populations[5, 16, 17] (Arrambide G et al, oral communication; Brownlee W et al, oral 

communication; Diaz J et al, poster session; Lamas Pérez R et al, poster session) that the 

2017 McDonald criteria had a better performance compared to previous revisions when 

applied in a CIS Portuguese cohort. 

Limitations 

This study has some limitations. Firstly, owing to the low frequency of alternative 

diagnosis, the specificity does not play such an important role in the differentiation 

between MS and other diseases. In this sense, when McDonald criteria are applied in 

populations not as restricted as our cohort, their validation may be doubtful[6]. Thus, it is 

essential to rule out other possible conditions for the presenting symptoms before 

stablishing a MS diagnosis[6, 17].  

Secondly, we did not exclude CIS patients who started a DMD before the second attack 

neither the patients who did not undergo spinal cord MRI. In fact, their inclusion could 

have an impact in the number of patients that developed CDMS during follow-up. In order 

to overcome a potential bias, two separate sub analysis should have been performed 

without these patients[5].  

Thirdly, as the standard MRI has limited capacity in distinguishing cortical lesions, our 

study could not analyse with certainty the role of this parameter in MS diagnosis, this also 

applies to the role of OCB.  
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Finally, the reduced dimension of our sample population may have affected statistical 

results.   
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CONCLUSIONS  

For all above mentioned reasons, our study revealed that an earlier diagnosis is made in 

a higher number of CIS Portuguese patients with the application of 2017 McDonald 

criteria compared to the previous revisions. As possible contributors for this conclusion 

are the role of symptomatic lesions as well as the CSF analysis in the diagnostic workup. 

Nevertheless, the specificity seems to suffer a significant reduction and the differences in 

the performances along the follow-up tend to disappear.   

Since an earlier MS diagnosis is made with the most recent McDonald revision this can 

give CIS patients a little more of certainty about their diagnosis. It may also allow an 

earlier start of more efficacious therapies which are only approved in CDMS cases. 

We strongly believe that the validation of these criteria in the Portuguese population 

would greatly benefit from a multicentre study. 
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CIS, Clinically isolated syndrome; CNS, Central nervous system; CSF, Cerebrospinal fluid; MRI, Magnetic 

resonance imaging; MS, Multiple sclerosis; OCBs, oligoclonal bands 

 

Table 1. 2005, 2010 and 2017 revisions of McDonald criteria  

 McDonald 2005[9] McDonald 2010[10] McDonald 2017[8] 

Dissemination 

in Space (DIS) 

▪ Objective clinical evidence of 

≥2 lesions, or objective clinical 

evidence of 1 lesion with 

reasonable historical evidence 

of a prior attack involving a 

different CNS site  

▪ ≥3 of the 4 Barkhof-Tintoré 

criteria fulfilled: 

- ≥9 T2 hyperintense lesions or 

1 gadolinium-enhancing lesion 

- ≥3 periventricular lesions 

- ≥1 juxtacortical lesion 

- ≥1 infratentorial lesion 

(1 spinal cord lesion can 

substitute for 1 brain lesion and 

spinal cord lesions can be 

included in the total T2 lesion 

count) 

▪ ≥2 T2 lesions plus positive 

CSF (isoelectric focusing 

evidence of oligoclonal bands 

and/or elevated IgG index) 

▪ Objective clinical evidence of 

≥2 lesions, or objective clinical 

evidence of 1 lesion with 

reasonable historical evidence 

of a prior attack involving a 

different CNS site 

▪  ≥1 T2 lesion in at least 2 of 4 

MS-typical regions of the CNS: 

- Periventricular 

- Juxtacortical 

- Infratentorial 

- Spinal cord 

(Symptomatic lesions in 

patients with brainstem or 

spinal cord syndrome are 

excluded) 

 

▪ Objective clinical evidence ≥2 

lesions, or objective clinical 

evidence of 1 lesion with 

reasonable historical evidence 

of a prior attack involving a 

different CNS site 

▪ ≥1 T2 lesion in at least 2 of 4 

MS-typical regions of the 

CNS: 

- Periventricular 

- Juxtacortical or cortical 

- Infratentorial 

- Spinal cord 

(No distinction between 

symptomatic and asymptomatic 

MRI lesions is required) 

Dissemination 

in Time (DIT) 

▪ ≥2 attacks separated by a 

period of at least 1 month 

▪ 1 gadolinium-enhancing 

lesion ≥3 months after CIS if 

not at the site corresponding to 

CIS 

▪ A new T2 lesion compared 

with a previous scan obtained 

≥30 days after the initial clinical 

event  

▪ ≥2 attacks separated by a 

period of at least 1 month 

▪ Simultaneous presence of 

asymptomatic gadolinium-

enhancing and non-enhancing 

lesions at any time 

▪ A new T2 and/or gadolinium-

enhancing lesion on follow-up 

MRI, irrespective of its timing 

with reference to a baseline 

scan 

▪ ≥2 attacks separated by a 

period of at least 1 month 

▪ Simultaneous presence of 

gadolinium-enhancing and non-

enhancing lesions at any time 

(No distinction between 

symptomatic and asymptomatic 

MRI lesions is required) 

▪ A new T2 and/or gadolinium-

enhancing lesion on follow-up 

MRI, irrespective of its timing 

with reference to a baseline 

scan 

▪Demonstration of CSF-

specific OCBs (as substitute for 

demonstration of DIT) 
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Table 2. Patients’ baseline characteristics  

Demographic                                                                             Patients with CIS (n=37) 

 Gender (%) 
           Male 
           Female 

 

12 (32) 
25 (68) 

 Age at onset (years) 
           Median (IQR) 

 

 27.0 (24.0-34.0) 
 Race (%) 
           Caucasian  
           Others 

 

 37 (100) 
0 (0) 

Clinical  

EDSS at baseline  

           Median (IQR) 

 

1.0 (0.0-2-0) 

Clinical presenting symptom(s) (%) 
           Monofocal 

              Optic neuritis  

              Spinal cord syndrome 

              Hemispheric syndrome 

              Brainstem/cerebellar syndrome  

             Multifocal 

 

                      

31 (84) 

7 (23) 

7 (23) 

10 (31) 

7 (23) 

6 (16) 

Patients with CSF analysis (%) 
             Patients with +OCB 

36 (97) 

26 (72) 

Patients receiving treatment at follow up (%) 35 (95) 

Patients receiving treatment at CIS (%) (n=35) 

             Glatiramer acetate 

               Interferon beta-1a 

               Interferon beta-1b 

               Dimethyl fumarate 

27 (77) 
6 (22) 

12 (44) 

8 (30) 

1 (4) 

CDMS at follow-up (%) 27 (73) 

Time to CDMS (months) (n=27) 
            Mean (SD) 

            Median (IQR) 

                  

321.4 (28.2) 

23.3 (6.3-999.0) 

Follow up duration (months) 
            Median (IQR) 

 

90.4 (71.4-112.4) 
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MRI findings  

Patients with lesions at baseline (%) 
              only brain lesions 
              only spinal cord lesions 
              brain and spinal cord lesions 
              Others 

 

11 (30) 
0 (0) 

16 (43) 
10 (27) 

Patients with ≥1 periventricular lesion (%) 37 (100) 

Patients with ≥3 periventricular lesions (%) 26 (70) 

Patients with ≥1 juxtacortical lesion (%) 24 (65) 

Patients with ≥1 juxtacortical or cortical lesion (%) 24 (65) 

Patients with ≥1 posterior fossa lesion (%) 17 (46) 

Patients with ≥1 spinal cord lesion (%) 17 (46) 

Patients with ≥1 gadolinium-enhancing lesion at 

baseline (%) 

 

20 (54) 

Patients with ≥1 new T2 lesion or gadolinium-

enhancing lesion at follow-up (%) 

 

29 (78) 

Time to baseline CE MRI (months)  
           Median (IQR) 

 

0.4 (0.2-1.0) 

Time to follow up MRI (months) 
           Median (IQR) 

 

5.8 (3.7-8.5) 

 

CDMS, Clinically definite multiple sclerosis; CE,  Cranioencephalic; CIS, Clinically isolated syndrome; CSF, 

Cerebrospinal fluid; EDSS, Expanded disability status scale; IQR, Interquartile range; MRI, Magnetic resonance 

imaging; OCB+, positive oligoclonal bands; SD, Standard deviation
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Table 3A. Test characteristics for DIS and DIT 2005, 2010 and 2017 McDonald criteria  

CI, Confidence interval; DIS, Dissemination in space; DIT, Dissemination in time; PPV, Positive predictive value 

 

 DIS 2005 DIS 2010 DIS 2017 DIT 2005 DIT 2010 DIT 2017 

Sensitivity (95% CI) 
At baseline 

1 year 

3 years 

5 years 

 

81.5%   (61.9-93.7) 

92.6%   (75.7-99.1) 

92.6%   (75.7-99.1) 

100%    (87.2-100) 

 

77.8%   (57.7-91.4) 

96.3%   (81.0-99.9) 

100%    (87.2-100) 

100%    (87.2-100) 

 

81.5%   (61.9-93.7) 

96.3%   (81.0-99.9) 

100%    (87.2-100) 

100%    (87.2-100) 

 

7.4%    (0.9-24.3) 

74.1%  (53.7-88.9) 

88.9%  (70.8-97.7) 

96.3%  (81.0-99.9) 

 

29.6%   (13.8-50.2) 

88.9%   (70.8-97.7) 

96.3%   (81.0-99.9) 

100%    (87.2-100) 

 

70.4%   (49.8-86.3) 

88.9%   (70.8-97.7) 

96.3%   (81.0-99.9) 

100%    (87.2-100) 

Specificity (95% CI) 

At baseline 

1 year 

3 years 

5 years 

 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

0%    (0.0-30.9) 

0%    (0.0-30.9) 

 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

 

100% (69.2-100) 

80%   (44.4-97.5) 

60%   (26.2-87.8) 

50%   (18.7-81.3) 

 

50%  (18.7-81.3) 

20%  (2.5-55.6) 

10%  (0.3-44.5) 

0%    (0.0-30.9) 

 

10%  (0.3-44.5) 

0%    (0.0-30.9) 

0%    (0.0-30.9) 

0%    (0.0-30.9) 

PPV (95% CI) 
At baseline 

1 year 

3 years 

5 years 

 

71%     (65.0-76.3) 

73.5%  (68.8-77.8) 

71.4%  (69.2-73.6) 

73%     (73.0-73.0) 

 

70%     (63.6-75.7) 

74.3%  (69.9-78.3) 

75%     (70.9-78.7) 

75%     (70.9-78.7) 

 

71%     (65.0-76.3) 

74.3%  (69.9-78.3) 

75%     (70.9-78.7) 

75%     (70.9-78.7) 

 

100% 

90.9%  (73.9-97.2) 

85.7%  (73.5-92.8) 

83.9%  (73.6-90.7) 

 

61.5%  (40.6-78.9) 

75%     (68.2-80.8) 

74.3%  (69.9-78.3) 

73%     (73.0-73.0) 

 

67.9%  (60.5-74.4) 

70.6%  (67.8-73.3) 

72.2%  (55.9-86.2) 

73%     (73.0-73.0) 

Accuracy (95% CI) 
At baseline 

1 year 

3 years 

5 years 

 

62.2%  (44.8-77.5) 

70.3%  (53.0-84.1) 

67.6%  (50.2-82.0) 

73%     (55.9-86.2) 

 

59.5%  (42.1-75.3) 

73%     (55.9-86.2) 

75.7%  (58.8-88.2) 

75.7%  (58.8-88.2) 

 

62.2%  (44.8-77.5) 

73%     (55.9-86.2) 

75.7%  (58.8-88.2) 

75.7%  (58.8-88.2) 

 

32.4%  (18.0-49.8) 

75.7%  (58.8-88.2) 

81.1%  (64.8-92.0) 

83.8%  (68.0-93.8) 

 

35.1%  (20.2-52.5) 

70.3%  (53.0-84.1) 

73%  (55.9-86.2) 

73%  (55.9-86.2) 

 

54.1%  (36.9-70.5) 

64.9%  (47.5-79.8) 

70.3%  (53.0-84.1) 

73%     (55.9-86.2) 
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Table 3B. Test characteristics for DIS+DIT 2005, 2010 and 2017 McDonald criteria  

 

CI, Confidence interval; DIS, Dissemination in space; DIT, Dissemination in time; PPV, Positive predictive value

 DIS+DIT 2005 DIS+DIT 2010 DIS+DIT 2017 

Sensitivity (95% CI) 

At baseline 

1 year 

3 years 

5 years 

 

7.4%    (0.9-24.3) 

70.4%  (49.8-86.3) 

85.2%  (66.3-95.8) 

96.3%  (81.0-99.9) 

 

29.6%   (13.8-50.2) 

85.2%   (66.3-95.8) 

96.3%   (81.0-99.9) 

100%    (87.2-100) 

 

59.3%   (38.8-77.6) 

85.2%   (66.3-95.8) 

96.3%   (81.0-99.9) 

100%    (87.2-100) 

Specificity (95% CI) 
At baseline 

1 year 

3 years 

5 years 

 

100% (69.2-100) 

80%   (44.4-97.5) 

60%   (26.2-87.8) 

50%   (18.7-81.3) 

 

50%  (18.7-81.3) 

20%  (2.5-55.6) 

20%  (2.5-55.6) 

10%  (0.3-44.5) 

 

20%  (2.5-55.6) 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

10%  (0.3-44.5) 

PPV (95% CI) 
At baseline 

1 year 

3 years 

5 years 

 

100% 

90.5%  (72.9-97.1) 

85.2%  (72.6-92.6) 

83.9%  (73.6-90.7) 

 

61.5%  (40.6-78.9) 

74.2%  (67.0-80.3) 

76.5%  (70.3-81.7) 

75%     (70.9-78.7) 

 

66.7%  (56.3-75.7) 

71.9%  (66.3-76.8) 

74.3%  (69.9-78.3) 

75%     (70.9-78.7) 

Accuracy (95% CI) 
At baseline 

1 year 

3 years 

5 years 

 

32.4%  (18.0-49.8) 

73%     (55.9-86.2) 

78.4%  (61.8-90.2) 

83.8%  (68.0-93.8) 

 

35.1%  (20.2-52.5) 

67.6%  (50.2-82.0) 

75.7%  (58.8-88.2) 

75.7%  (58.8-88.2) 

 

48.6%  (31.9-65.6) 

64.9%  (47.5-79.8) 

73%     (55.9-86.2) 

75.7%  (58.8-88.2) 



25 
 

 Figure 1. Flowchart of the initial cohort  
CDMS, Clinically definite multiple sclerosis; CIS, Clinically isolated syndrome; CNS, Central nervous system; MRI, 

Magnetic resonance imaging; NMO, Neuromyelitis optica 
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Figure 2. Time From Clinically Isolated Syndrome to Clinically Definite Multiple 

Sclerosis  

CDMS, Clinically definite multiple sclerosis; MS, Multiple sclerosis  
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ANEXOS 

 

1 – Parecer da Comissão de Ética para a Saúde 

2 – Normas de Publicação na Acta Médica Portuguesa 
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