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MS therapeutic class review: Project 1 report 

Executive summary 

Multiple sclerosis (MS) is an incurable autoimmune, chronic inflammatory and degenerative disorder of 
the central nervous system (CNS) affecting more than 2 million people worldwide. It is approximately 
three times more common in women than in men. Onset is typically between the ages of 20 and 40 
years. The Multiple Sclerosis Society of Canada estimates that there are currently 100,000 patients with 
MS in Canada, which is one of the highest prevalence rates in the world. Because onset of MS occurs at 
a relatively early age, it affects individuals during their most productive years, and they face challenges 
in the workforce including underemployment, unemployment and long-term disability. 

MS is classified into four clinical subtypes: relapsing-remitting multiple sclerosis (RRMS); primary-
progressive multiple sclerosis (PPMS), secondary-progressive multiple sclerosis (SPMS) and progressive-
relapsing multiple sclerosis (PRMS). The RRMS subtype comprises 85% to 90% of MS patients at first 
presentation, and is characterized by clearly defined relapses with full recovery or with sequelae and 
residual deficit upon recovery; with lack of progression of disability during the periods between 
relapses. The relapsing forms of MS are associated with better prognosis than progressive forms of 
disease.  

MS is a notoriously variable disease and natural history studies using comparable survival techniques 
report longer time to disability milestones. The natural history of MS evolves over 30 to 40 years. The 
median times to requiring a cane ranged from 15 to 32 years. A secondary progressive phase (SPMS) 
supervenes in more than 80% of relapsing-remitting patients. Although the probability of survival has 
increased in MS, life expectancy remains approximately 10 years shorter than the age matched general 
population. 

As there is currently no cure for MS, the goal of therapy is to decrease the number and severity of 
relapses, reduce MRI burden of disease, limit disability progression, and maintain patient quality of life 
through the use of disease-modifying therapies. 

MS has heterogeneous imaging and clinical manifestations, which differ between patients and change 
within individual patients over time. There is no single pathognomonic clinical feature or diagnostic test. 
Diagnosis of MS relies on the integration of clinical, imaging, and laboratory findings. Currently, no 
laboratory test in isolation confirms the diagnosis of MS. MRI abnormalities associated with other 
diseases and non-specific MRI findings, which are common in the general population, can be mistaken 
for MS. The increasingly strong focus on timely diagnosis to alleviate uncertainty for patients and allow 
initiation of disease-modifying therapy also may increase the risk of misdiagnosis. It will be increasingly 
important to determine which patients with an initial presentation suggestive of demyelination, referred 
to as Clinically Isolated Syndrome (CIS), are unlikely to develop MS or to justify the risks of more 
aggressive disease-modifying therapies. 
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Interpretation and integration of the history, physical examination, and results of imaging and 
laboratory testing by a clinician with expertise in MS remain fundamental in making a reliable diagnosis 
of MS or an alternative diagnosis. To reach a diagnosis of MS a physician must be sure that two criteria 
are met: there is 1) dissemination in space characterized by inflammation in different regions of CNS, 
and 2) dissemination in time characterized by recurring inflammation. Both criteria have to be fulfilled 
either by clinical disease course with relapses and different neurological symptoms or by magnetic 
resonance imaging (MRI) demonstrating inflammatory lesions in different regions and different activity 
stages.  

The Poser criteria established the framework for diagnosing MS in 1983 (definite or probable or 
laboratory supported). It disregarded subclinical disease activity and required at least 2 clinical events to 
diagnose MS. However, since the introduction of McDonald 2001 criteria “asymptomatic attack”, 
defined as new lesion formation but no new symptoms, also qualifies as a precursor to diagnose MS. 
MRI has become a powerful tool to bridge the gap between clinical symptoms and silent demyelinating 
lesions, and has been used for the diagnosis of multiple sclerosis since 2001. Sets of diagnostic criteria 
that establish dissemination in space as well as in time by MRI are included in the McDonald criteria 
2001, which was revised in 2005, 2010 and 2017. Therefore, the new diagnostic criteria have enabled 
diagnosis of MS earlier and in more patients compared to earlier criteria. The original McDonald 2001 
criteria led to a 2-fold to 4-fold increase in diagnosis of definite MS in the first 12 months. The 2001 and 
2005 criteria required 2 MRI time points to meet dissemination in time criteria. However, since 2010 
modification of the criteria, a single MRI may be sufficient to meet both DIT and DIS criteria.  

According to the 2017 McDonald criteria, dissemination in space can be demonstrated by one or more 
T2-hyperintense lesions (no distinction between symptomatic and asymptomatic MRI lesions is 
required) that are characteristic of MS in two or more of four areas of the CNS: periventricular, cortical 
or juxtacortical, and infra-tentorial brain regions, and the spinal cord. Dissemination in time can be 
demonstrated by the simultaneous presence of gadolinium-enhancing and non-enhancing lesions (no 
distinction between symptomatic and asymptomatic MRI lesions is required) at any time or by a new T2-
hyperintense or gadolinium-enhancing lesion on follow-up MRI, with reference to a baseline scan, 
irrespective of the timing of the baseline MRI. 
 
The 2017 McDonald criteria identified a significant number of patients with CIS with MRI evidence of 
dissemination of time and space in the absence of further clinical events, and the numbers have 
increased as the criteria have been revised (Table 9).  The incorporation of CSF-specific oligoclonal bands 
is the major reason explaining improvement of criteria performance.  

The revisions in McDonald criteria have also significantly decreased time to diagnosis as shown by 
Brownlee 2018 in a CIS cohort of 157 patients. The mean time to clinically definite MS using Poser 
criteria was 23.1 months compared with 12.0, 10.5 and 6.2 months using the 2001, 2005 and 2010 
McDonald, respectively. The mean time to diagnosis of MS halved from 12 months with the 2001 criteria 
to 6.2 months with the 2010 criteria, a time gain of 16.9 months compared with mean time to CDMS.  
McNicholas 2019’s retrospective analysis of a cohort of 267 patients with relapsing remitting MS using 
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the 2010 McDonald criteria and with a follow up of 4.6 years, showed the median time to diagnosis with 
2010 criteria was 7.4 months as compared to 2.3 months using the 2017 criteria.   

Several studies have shown that in a cohort of patients with CIS (N = 1065), retrospective diagnosis of 
MS using 2017 McDonald criteria compared to 2010 criteria increased diagnosis of MS by 24% to 44% 
(Table 9). As compared to 2010 criteria, the 2017 McDonald criteria increased sensitivity, decreased 
specificity, had similar accuracy, decreased positive predictive value, and increased negative predictive 
value (Table 10). Significantly lower specificity in various cohorts of CIS patients leads to a higher 
number of MS diagnoses with less active disease course, at least in the first years after onset. As a 
result, immunotherapy options (disease modifying therapies) that are licensed for MS, but not yet 
approved for CIS, could be initiated earlier.  

It is also important to note that the McDonald criteria were not developed for differential diagnostic 
purposes but rather to reliably and sensitively identify MS, or a high likelihood of this disease, in a 
patient with CIS. Discussions need to continue as to whether the benefits of early MS diagnosis 
outweigh the potential harm resulting from more frequent misdiagnoses. The impact of early exposure 
to DMT in patients who will be diagnosed with MS using the 2017 McDonald criteria needs to be 
carefully investigated in prospective studies.  
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MS therapeutic class review: Project 1 report 

1. Request by Pharmaceutical Services Division, Ministry of Health, BC 

Project 1 of MS therapeutic review: Based on available literature, summarize/compare various 
iterations of the McDonald Criteria as well as Poser Criteria for diagnosis of multiple sclerosis and 
initiation of treatment of disease modifying drugs for MS. 

2. Background Information on Multiple Sclerosis 

Multiple Sclerosis (MS) is an autoimmune, chronic inflammatory and degenerative disorder of the 
central nervous system (CNS) affecting more than 2 million people worldwide and is currently incurable. 
It is approximately three times more common in women than in men. Onset is typically between the 
ages of 20 and 40 years. (1) Although the etiology of MS remains unknown, genetic predisposition and 
environmental factors jointly trigger the disease. The prevalence of MS varies geographically, and high-
prevalence areas include Canada, the northern United States, most of northern Europe, New Zealand, 
south-eastern Australia and Israel. (2) Canada has the fifth highest worldwide prevalence at 240 per 
100,000 persons.(2) 

MS is classified into four clinical subtypes: relapsing-remitting multiple sclerosis (RRMS); primary-
progressive multiple sclerosis (PPMS), secondary-progressive multiple sclerosis (SPMS) and progressive-
relapsing multiple sclerosis (PRMS). The relapsing forms of MS are associated with better prognosis than 
progressive forms of disease. As there is currently no cure for MS, the goal of therapy is to decrease the 
number and severity of relapses, reduce MRI burden of disease, limit disability progression, and 
maintain patient quality of life through the use of disease-modifying therapies 

Based on the 2011/2012 Survey of Neurological Conditions in Institutions in Canada, and the 2011 
Survey on Living with Neurological Conditions in Canada, an estimated 93,500 Canadians living in private 
households and 3,800 residents of long-term care institutions were diagnosed with MS. Prevalence 
estimates were 159 and 418 cases per 100,000 population for men and women, respectively; 2.6 
women reported MS for every man with the condition. (3) Among the household population, MS was 
generally diagnosed between the ages of 20 and 49 (82% of patients). For the majority (68%), MS was 
their only neurological condition. (3) 
 
The impact of MS includes pain that prevented activities, impairments in mobility, cognition or sleep, 
and limitations in social functioning. Almost two-thirds (64%) stated that MS affected their lives at least 
moderately. (3) Although MS typically presents between the ages of 20 years and 50 years, 
approximately 0.5% of adults with this disease have symptom onset at the age of 60 years or older. (4, 
5) After typically 10 to 20 years, a progressive clinical course develops in many of the persons affected, 
eventually leading to impaired mobility and cognition. Approximately 15% of patients have a progressive 
course from onset. (1)  
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As many as 85% of patients with MS first present with a relapse onset, which can often be categorized 
as Clinically Isolated Syndrome (CIS), a single demyelinating episode that does not fulfill the diagnostic 
criteria for MS but that can be predictive of progression to MS. (6) CIS, such as optic neuritis, brain stem 
or spinal cord syndromes, are frequently the first clinical presentations of MS. However, not all CIS 
patients develop MS and in those who do, disability is highly variable. The incidence of CIS ranges from 
2.4 to 6.8 per 100,000 person-years. (7)  
 
The majority of patients with MS (around 80-90%) will present with a relapsing-remitting disease course, 
lasting around 2 decades. The prevalence of late-onset MS, usually defined as 50 years old at onset, will 
likely increase as the population ages. (8) Primary-progressive MS (PPMS) predominates in late-onset 
MS, affecting 55 to 80% of individuals, although disease progression appears similar to those with adult-
onset MS, once the disease phenotype is set. (8, 9) PPMS is characterized by progression from the 
clinical onset of MS with occasional plateaus or temporary minor improvements and typically affects 
around 15% of patients, although this has ranged considerably from 6% to 20%. (10) Progressive-
relapsing multiple sclerosis (PRMS) is the least common form of the disease and is characterized by a 
progressive worsening of the condition from onset, similar to PPMS. There are occasional relapse 
episodes of intensified symptoms in PRMS similar to those experienced by RRMS. 

The onset of secondary progression is a pivotal event in the course of RRMS. Patients with SPMS 
experience continuous worsening of symptoms independent of the occurrence of relapses. In the 
subsequent secondary-progressive phase, relapses become less prominent and relentless progression 
ensues, although minor remissions and plateaus can occur. (9) Over 10 different definitions of benign 
MS exist, the most common being EDSS ≤ 3 after 10 years disease duration. In a group of CIS patients, of 
those who later developed definite MS over the subsequent 20 years, 39% (26/67) were considered 
benign (EDSS ≤ 3). (11) Only 52% (88/169) of clinic-based patients with MS who were benign at 10 years 
(EDSS ≤ 3), remained so at 20 years. (12) Malignant MS is defined as EDSS > 6 within 5 years. (13)  
 
Because onset of MS occurs at a relatively early age, it affects individuals during their most productive 
years, and they face challenges in the workforce including underemployment, unemployment and long-
term disability. (14-16) Age may modify findings; relapses had a greater impact on disability progression 
in younger patients (< 25 years at MS onset) than older patients (≥ 35 years). (17) 
 
More than a dozen disease-modifying therapies (DMTs) are available to reduce the frequency of 
transient episodes of neurologic disability and limit the accumulation of focal white-matter lesions seen 
on MRI. No medication fully prevents or reverses the progressive neurologic deterioration, characterized 
most commonly by impaired ambulation, loss of bladder control, and slowed cognitive processing.  
 
As of December 2017, the Food and Drug Administration has approved 15 medications for modifying the 
course of multiple sclerosis: 5 preparations of interferon beta; 2 preparations of glatiramer acetate; the 
monoclonal antibodies natalizumab, alemtuzumab, daclizumab, and ocrelizumab (the first B-cell 
targeted therapy); the chemotherapeutic agent mitoxantrone; and the small-molecule oral agents 
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fingolimod, dimethyl fumarate, and teriflunomide. Dalfampridine has been approved as a symptomatic 
therapy to improve walking speed. 
 

3. Natural history of Multiple Sclerosis 

MS natural history studies typically follow cohorts of patients with MS not treated prophylactically with 
any DMTs over extended periods of time. The natural history of MS evolves over 30 to 40 years. A 
secondary progressive phase (SPMS) supervenes in more than 80% of relapsing-remitting patients. After 
15 to 18 years, 50% of patients need assistance to walk, are confined to wheelchair or bed, or have died, 
but substantial variation occurs. (18)  

The natural history of MS and long-term outcomes was examined in 1044 patients with sporadic and 
familial MS in a population-based cohort in London, Ontario enrolled between 1972 and 1984. The 
diagnostic criteria of Poser and colleagues 1983 were used. . The mean follow up was 25 years in 
duration and by the end of the study most patients had reached the EDSS score of 6, 8 or 10. The onset 
was earlier in familial cases and the male/female ratio was also greater. However, familial cases closely 
resembled those cases remaining sporadic in both demographics and outcome. The time to EDSS score 
of 6, 8, or 10 did not differ significantly between both groups. (19) 
 
Kochs 2010 conducted a long term follow up of a cohort of 5778 patients from a population based MS 
database in British Columbia (from 1980 to 2003) to investigated the influence of gender, onset age and 
onset symptoms on time to and age at SPMS. These patients were not exposed to immunomodulatory 
drugs. Of the 5778 patients, 5207 (90%) patients had a relapsing remitting onset. Median time to SPMS 
was 21.4 years (95% CI 20.6 to 22.2), reached at a median age of 53.7 years (95% CI 53.1 to 54.3). Male 
sex and motor onset symptoms were associated with a shorter time to, and a younger age at SPMS. A 
younger age at disease onset was associated with a longer time to SPMS but also with a younger age at 
secondary progression. Other onset symptoms were not associated with time to, or age at SPMS 
diagnoses. While the 25% of patients with the most rapid disease progression reached secondary 
progression in less than 11.4 years and at a younger age 45.1 years (first quartile estimated from the 
Kaplan Meier analysis), the 25% with the slowest progression reached secondary progression after more 
than 32 years and at an age of more than 63.1 years (last quartile). Patients with a younger age at onset 
took a longer time to SPMS but reached SPMS at a younger age (p < 0.0005). Therefore, a younger age 
at disease onset should not be viewed as indicating a better prognosis. A limitation of this study is the 
fact that an estimated 20% of the MS patients in BC had not been captured by the database. (20)  
 
The North American Research Committee on Multiple Sclerosis (NARCOMS) Registry is a database that 
collected information from patient volunteers on patient-perceived impairment in 11 domains 
commonly affected in MS over the course of the disease from 0 to 30 years from symptom onset. The 11 
domains commonly affected in MS are mobility, hand function, vision, fatigue, cognition, bowel/bladder 
function, sensory, spasticity, pain, depression, and tremor/coordination. Impairment in each domain is 
scored on a six- or seven-grade scale (Performance Scales; PS). The cohort studied by Kister 2013 
consisted of 25,728 patients with self-reported diagnosis of MS from 1996 to June 2011: 74.5% were 
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females; 89.3% were Caucasians; mean age of symptom onset was 31.4 years; age of diagnosis was 37.3 
years and age of enrolment was 45.2 years. The symptom prevalence tables demonstrated that a 
majority of patients perceive at least some degree of impairment in most domains as early as the first 
year of disease. The severity of impairment increases with disease duration across all domains, but the 
patterns of disability accumulation differ. The symptom prevalence tables allow MS patients, as well as 
clinicians, to compare an individual’s own impairment in any of the 11 domains to that of NARCOMS 
participants of the same disease duration. The mobility prevalence table demonstrated that after 30 
years, wheel chair use was not an inevitable outcome in MS. Only about 1 in five NARCOMS participants 
reported the need for wheel chair use or worse and about the same proportion recorded no or minimal 
mobility problems. In domains such as vision, cognition, sensory, pain, and depression, there was little 
change in distribution of performance scale grades after 15 years of disease. In the mobility, hand 
function, bowel/bladder function, and spasticity domains, worsening impairment in the NARCOMS 
cohort was visually apparent on symptom prevalence graphs. A “left-shifting” of segment boundaries 
from top to bottom was observed over the 3 decades of disease. This reflects a continuous decrease of 
the proportion of participants in the milder grades along with increase of the proportion in the more 
severe grades. A potential limitation of this study is the use of a volunteer registry. It is highly probable 
that the most severely affected patients are under-represented in a volunteer registry and therefore the 
registry may not be representative of the MS population at large. The symptom prevalence tables do not 
always capture the dynamic nature and complexity of the disease and it is highly probable that these 
tables provide “lower bound” estimates of prevalence for the “extreme disability” grades (21) 
 
Using Statistics Canada’s Population Health Microsimulation Model (POHEM) framework, people with 
MS from health administrative data sources were identified then incidence and mortality rate 
parameters were derived from a British Columbia population-based cohort for future MS incidence and 
mortality projections. POHEM-Neurological used status quo assumptions related to incidence, relative 
mortality and functional health. The future trend in terms of a cure for MS is assumed to remain 
unchanged over the projection period, although advances in health care could provide alternative ways 
to prevent, diagnose or treat MS. The number of incident MS cases is expected to rise slightly from 4051 
cases in 2011 to 4794 cases per 100 000 population in 2031. Among Canadians aged 20 years and older, 
MS prevalence is projected to rise gradually from 380 per 100,000 population in 2011 to 430 per 
100,000 population in 2031, corresponding to 98,835 Canadians living with MS in 2011 and 133,635 
Canadians living with MS in 2031. The MS prevalence for women aged 20 years and older is 
approximately 3 times higher than that for men. In 2031, the model projected a rate of 620 per 100 000 
population for women compared to 220 per 100 000 for men. Women with MS born between 2010 and 
2019 are estimated to live five fewer years than women without MS, while men with MS born in the 
same decade are expected to live four fewer years than men without MS. The health care costs 
attributed to living with MS remain consistently 5- to 10-fold higher from ages 25 to 64 years, then drop 
to four times higher and remain stable for the rest of the age categories. The disparity between 
populations is greatest for drug costs, which are over 40-fold higher in the MS population aged 20 to 24 
years than in the non-MS population. Most people affected by MS have an informal caregiver. It is 
estimated that 34% of those aged 20 to 24 years with MS have an informal caregiver, rising to 59% for 
those with MS aged 60 to 64 years. The total per capita health care cost (excluding out-of-pocket 
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expenses) for adults aged 20 and older in 2011 was about $16 800 for individuals with MS, and 
approximately $2500 for individuals without a neurological condition. Total annual health sector costs 
for MS are expected to reach $2.0 billion by 2031. (22) 
 
MS is a notoriously variable disease and recent natural history studies using comparable survival 
techniques report longer time to disability milestones. The median times to requiring a cane to walk 
(Expanded Disability Status Scale [EDSS] /Disability Status Scale [DSS] /European Database for Multiple 
Sclerosis impairment scale) ranged from 15 to 32 years. Wide variation in the MS disease trajectory is 
evident within and between natural history studies, reflecting both methodologic considerations related 
to data collection and heterogeneity of disease activity. Use of different definitions to assign time to 
cane (some requiring a confirmed and sustained attainment of DSS/EDSS, others not) and retrospective 
versus prospective assignment of scores compound the already well documented inter rater variability 
of the EDSS/DSS. A younger age at disease onset is no longer indicative of a favourable outcome and 
further evidence supports the dissociation between relapses and long-term disability, although windows 
of opportunity may exist for some patients. (8) A study found the median age at which EDSS 6 (walking 
assistance needed) was reached differed little for men and women, being around 60 years of age for 
both (p=0.082) (23). However, other studies found a 4-year age gap between men and women to reach 
EDSS 6 (24). Men and those older at onset appear to exhibit a shorter time to secondary-progressive MS. 
From onset of secondary-progressive MS, men still appear to progress more rapidly than women in 
some but not all studies although both men and women with SPMS seem to reach EDSS 8 (become 
wheelchair-bound) at around the same age. (25) The absence of CSF oligoclonal immunoglobulins 
(approximately 3% of patients with MS) appears associated with a longer time to DSS 6 compared to 
those with oligoclonal banding (hazard ratio 0.51; 95% confidence interval 0.27-0.94; p=0.03). (26) 
Patients negative for both HLA-DRB1*15 and oligoclonal banding were 10 years younger when reaching 
EDSS 6 compared to those positive for both. (27) 
 
The probability of survival has increased in MS, although remains approximately 10 years shorter than 
expected from the age matched general population, based on findings from the Danish Registry. A 3-fold 
increased risk of death in the MS population during the study period compared to the general 
population has been reported in 3 recent cohorts from Denmark MS onset 1949–1996, followed until 
2000, n=9,881); South Glamorgan, Wales, UK (prevalent patients in 1985, followed until 2006, n=369); 
and Hordaland County, Western Norway (MS onset 1953–2003, n=878), although variability exists. (28-
30) 
 
Interpretation of findings from cohorts used to study the natural history of MS is complex as SPMS is 
reached at differing levels of disability (EDSS) after different durations of the relapsing-remitting phase 
and in most studies, represents only a fraction of the total relapsing-remitting cohort destined to reach 
SPMS. Thus, increased recognition of MS, new diagnostic techniques, availability of immunomodulatory 
drugs to treat MS (which could influence the desire to diagnose), and increased survival (related to 
better health care and management of chronic diseases) are factors that might contribute to the 
differences between older and newer natural history studies. (8) 
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4. Diagnosis of Multiple Sclerosis 

MS has heterogeneous clinical and imaging manifestations, which differ between patients and change 
within individual patients over time. There is no single pathognomonic clinical feature or diagnostic test. 
Diagnosis of MS relies on the integration of clinical, imaging, and laboratory findings. Currently, no 
laboratory test in isolation confirms the diagnosis of MS.  MRI abnormalities associated with other 
diseases and non-specific MRI findings, which are common in the general population, can be mistaken 
for MS.   

MS is characterized by inflammation in different regions of the CNS, which is called dissemination in 
space (DIS). Furthermore, inflammation of the CNS has to be recurring which is called dissemination in 
time (DIT). Both criteria DIS and DIT have to be fulfilled either by clinical disease course with relapses 
and different neurological symptoms or by MRI findings demonstrating inflammatory lesions in different 
regions and different activity stages to diagnose multiple sclerosis. Interpretation and integration of the 
history, physical examination, and results of imaging and laboratory testing by a clinician with expertise 
in MS remain fundamental in making a reliable diagnosis of MS or an alternative diagnosis.  

MRI has become a powerful tool to bridge the gap between visible clinical symptoms and silent 
demyelinating lesions. Since 2001 MRI has been used for the diagnosis of multiple sclerosis and 
incorporated into diagnostic criteria. Sets of diagnostic criteria that establish DIS and DIT by MRI include 
the McDonald criteria (2001, revised in 2005, 2010, and 2017) and the 2016 Magnetic Resonance 
Imaging in Multiple Sclerosis (MAGNIMS) criteria. (31-33) 

The increasingly strong focus on timely diagnosis to alleviate uncertainty for patients and allow initiation 
of DMT also may increase the risk of misdiagnosis. It will be increasingly important to determine which 
patients with an initial presentation suggestive of demyelination are unlikely to develop MS or to justify 
the risks of more aggressive DMTs. 

5. Diagnostic criteria 

Diagnostic criteria for MS have evolved over time. Early diagnostic criteria for MS were based primarily 
on clinical evidence. Subsequent criteria incorporated imaging, other para clinical markers in response 
to technological advances (brain and spinal cord MRI) and laboratory tests (CSF examination - 
oligoclonal bands and IgG index). The increasing inclusion of para clinical assessments, especially 
imaging, to supplement clinical findings has allowed earlier, more sensitive and more specific diagnosis. 
The specificity of oligoclonal bands for MS is poor, and infections can cause the same pattern. Currently, 
no externally validated blood immune marker has adequate sensitivity and specificity to be used for the 
diagnosis of MS, which probably reflects the genetic and environmental heterogeneity of the disease. (1)  

Misdiagnosis of MS remains an issue in clinical practice. Misapplication of MS diagnostic criteria in 
patients with abnormal radiographic findings and clinical presentations that are atypical for MS is a 
frequent cause of misdiagnosis. (34) Disorders most commonly misdiagnosed as MS include migraine, 
fibromyalgia, psychiatric disorders, and neuromyelitis optica spectrum disorders. (35) Historical 
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estimates indicate that 5-10% of all patients who are initially diagnosed with MS are misdiagnosed. (36) 
Despite well validated diagnostic criteria, misdiagnosis remains a problem that has significant 
implications for patients, their providers, and health care systems.  
 
 

i. Poser criteria 1983  

In 1983, a team led by Dr Charles Poser published diagnostic criteria that were proposed for use in 
clinical trials. (37-39) The Poser criteria established the framework for diagnosing MS until they were 
replaced by the currently used McDonald criteria that reflect the breakthrough use of MRI in the 
diagnosis of MS. 

Like the current McDonald criteria, the main requirement for diagnosing MS using the Poser criteria was 
finding evidence of damage to the CNS (the brain and spinal cord), which had occurred at different times 
(DIT) and in different areas (DIT). The Poser criteria were developed before MRI scans had become an 
established part of the diagnosis of MS. However, they did make use of new laboratory tests such as 
evoked potential tests to look at the speed of nerve messages and lumbar punctures to collect and 
analyse CSF. Poser defined different levels of certainty in the diagnosis of MS, either definite or 
probable. Some older clinical trials refer to these criteria and people who have been living with MS for 
many years may have been diagnosed using them. 

• Clinical attack was defined as the occurrence of a symptom or symptoms of neurological 
dysfunction, with or without objective information, lasting more than 24 hours.  

• Clinical evidence of a lesion was defined as signs of neurological dysfunction demonstrated by 
neurological examination (even if the sign was no longer present, but was recorded in the past 
by a competent examiner).  

• Para clinical evidence of a lesion included various tests and procedures that demonstrate the 
existence of a CNS lesion (hot bath test, evoked response studies, tissue imaging procedure and 
reliable urological assessment).   

• Laboratory supported diagnosis was applied only to examination of CSF for oligoclonal bands 
and increased production of immunoglobulin IgG. All other laboratory procedures, including 
evoked responses or tissue imaging techniques, are considered extensions of the clinical 
examination. Poser et al had originally incorporated oligoclonal bands into MS diagnostic criteria 
to stress para clinical evidence of inflammatory damage in the CNS. 

 
a. Clinically defined MS (CDMS) 

1. CDMS A1 - 2 clinical attacks and 2 clinical evidence of MS required (NO para clinical 
evidence or presence of CSF oligoclonal band/increase in IgG required)  

2. CDMS A2 - 2 clinical attacks and 1 clinical evidence of MS and 1 para clinical evidence of MS 
required (presence of CSF oligoclonal band/increase in IgG NOT required) 

 

https://www.mstrust.org.uk/a-z/mcdonald-criteria
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b. Laboratory-supported defined MS (LSDMS)  
1. LSDMS B1 - 2 clinical attacks; 1 clinical evidence of MS or 1 para clinical evidence of MS and 

positive lab tests (CSF oligoclonal bands; increase in IgG) 
2. LSDMS B2 - 1 clinical attack and 2 clinical evidence of MS and positive lab tests (CSF 

oligoclonal bands; increase in IgG) 
3. LSDMS B3 - 1 clinical attack and 1 clinical evidence of MS and 1 para clinical evidence and 

positive lab tests (CSF oligoclonal bands; increase in IgG) 
 
c. Clinically Probable MS (CPMS)  

1. CPMS C1 - 2 clinical attacks; 1 clinical evidence of MS (no para clinical evidence or presence 
of CSF oligoclonal band/increase in IgG required)  

2. CPMS C2 - 1 clinical attack and 2 clinical evidence of MS (no para clinical evidence or 
presence of CSF oligoclonal band/increase in IgG is required) 

3. CPMS C3 - 1 clinical attack; 1 clinical evidence of MS and 1 para clinical evidence of MS 
required (presence of CSF oligoclonal band/increase in IgG is not required) 

 
d.  Laboratory-Supported Probable MS (LSPMS) 

1. LSPMS - 2 clinical attacks and presence of CSF oligoclonal band/increase in IgG is required 
(NO clinical evidence or para clinical evidence of MS is required). 

 
ii. McDonald criteria 

An international panel headed by McDonald and colleagues created a set of revised diagnostic criteria in 
2001. Development of the McDonald Criteria was largely based on data from adult Caucasian European 
and North American populations with typical CIS and age less than 50 years. McDonald criteria of 2001 
replaced the Poser criteria and established the use of MRI as a central tool in the diagnosis of MS. It 
included MRI evidence of dissemination in time and space.  It also recognized the role of CSF diagnostics. 
This addition has the potential to enable earlier diagnosis of MS. McDonald Criteria should only be 
applied in patients with a typical CIS, that is, patients who already have a high likelihood of having MS. 
(40) 

A set of diagnostic criteria that establish DIS (defined as development of lesions in distinct anatomical 
locations within the CNS indicating a multifocal process) and DIT (defined as development or 
appearance of new CNS lesions over time) by MRI are included in the McDonald criteria 2001, which has 
been revised multiple times in 2005, 2010 and recently in 2017.  
 
The McDonald criteria were not developed to differentiate MS from other conditions but to identify MS 
or a high likelihood of the disease in patients with a typical CIS once other diagnoses had been deemed 
unlikely. 
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McDonald 2001 criteria (40): 

The 2001 McDonald criteria demanded evidence of dissemination of lesions in both space and time 
which could be demonstrated clinically or by MRI supported by other para clinical diagnostic methods 
like cerebrospinal fluid examination to enable the diagnosis of MS in patients with different clinical 
presentations. (40)  

Disseminated in space (DIS): 3 out of 4 of the following according Barkhof–Tintoré MRI criteria: 
• One gadolinium-enhancing lesion or 9 T2 hyperintense brain and/or cord lesions 
• One or more infratentorial lesions 
• One or more juxtacortical lesions 
• Three or more periventricular lesions 

Disseminated in time (DIT):  
• 1 or more new gadolinium-enhancing lesions on a scan performed at least 3 months after 

onset of initial symptoms and at a new site OR 
• 1 or more new hyper-intense T2 lesions compared to a scan performed at least 30 days after 

onset of symptoms. 

These imaging criteria are combined with clinical signs and symptoms, CSF oligoclonal bands, and 
positive visual evoked potentials. 

According to the McDonald criteria of 2001, MS could be diagnosed in an earlier stage in patients with 
CIS and showed high specificity (83%), sensitivity (83%), positive predictive value (75%), negative 
predictive value (89%), and accuracy (83%) for the risk of developing MS after CIS. 

Table 1: McDonald 2001 criteria (40) 
Initial Presentation Additional data required for MS diagnosis 
≥ 2 attacks;  
Objective clinical evidence of ≥ 2 lesions  

None  

≥ 2 attacks;  
Objective clinical evidence of 1 lesion  

DIS, demonstrated by MRI  
OR 
Two or more MRI-detected lesions consistent with MS 
plus positive CSF

 
(defined by the presence of oligoclonal 

IgG bands different from any such bands in serum and/or 
the presence of an elevated IgG index. Lymphocytic 
pleocytosis should be less than 50/mm3 ) 
OR 
Await further clinical attack implicating a different site 

1 attack; 
Objective clinical evidence of ≥ 2 lesions 

DIT, demonstrated by MRI  
OR 
Second clinical attack  

1 attack;  Dissemination in space, demonstrated by MRI  
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Objective clinical evidence of 1 lesion 
(mono symptomatic presentation; CIS)  
 

OR 
≥ 2 MRI-detected lesions consistent with MS plus positive 
CSF (defined by the presence of oligoclonal IgG bands 
different from any such bands in serum and/or the 
presence of an elevated IgG index. Lymphocytic 
pleocytosis should < 50/mm3) 
AND 
DIT, demonstrated by MRI  
OR 
Second clinical attack  

Insidious neurological progression 
suggestive of MS  

Positive CSF (defined by the presence of oligoclonal IgG 
bands different from any such bands in serum and/or the 
presence of an elevated IgG index. Lymphocytic 
pleocytosis should be less than 50/mm3) 
AND  
DIS, demonstrated by ≥ 9 T2 lesions in brain  
OR 
≥ 2 lesions in spinal cord  
OR 
4-8 brain + 1 spinal cord lesion  
OR 
Abnormal visual evoked potential (VEP) associated with 4-
8 brain lesions, or with < 4 brain lesions + 1 spinal cord 
lesion demonstrated by MRI  
AND 
DIT, demonstrated by MRI  
OR 
Continued progression for 1 year  

 

Two systematic reviews have examined the accuracy and validity of the McDonald criteria in diagnosing 
MS as compared to Poser criteria. (41, 42)  
1. McCrory 2004 review claim that the validity of the McDonald criteria is well supported by two 

studies (Dalton 2002 and Tintore 2003) and showed that between 73-94% of patients presenting 
with first neurological event who go on to develop clinically definite MS over 1-4 years of follow up 
could be diagnosed with MS according to the McDonald criteria (but would have been undiagnosed 
under previous Poser criteria). (41) The accuracy of McDonald criteria in predicting clinically defined 
MS at 3 months was 82% and at 1 year was 80-88%. (43, 44)  
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Table 2: Dalton 2002 (43) comparing Poser criteria (3 years) vs McDonald 2001 criteria at 3 months 

 
Positive for MS  
(Poser criteria)  
At 3 years 

Negative for MS  
(Poser criteria)  
At 3 years 

 

Positive for McDonald  
criteria at 3 months  

12  2  14  

Negative for McDonald  
criteria at 3 months  

7  29  36  

 19  31  Total patients = 50  
Sensitivity 65%;  
Specificity 93%;  
Positive predictive value 86%;  
Negative predictive value 92% and  
Accuracy 82% 
 
Table 3: Dalton 2002 (43) comparing Poser criteria (3 years) vs McDonald 2001 criteria at 12 months 

 
Positive for MS  
(Poser criteria) at 3 
years 

Negative for MS  
(Poser criteria) at 3 
years 

 

Positive for McDonald 
criteria at 12 months  

18  5  23  

Negative for McDonald 
criteria at 12 months  

1  26  27  

 19  31  Total patients = 50  
Sensitivity 94%;  
Specificity 83%;  
Positive predictive value 78%;  
Negative predictive value 96% and  
Accuracy 88 
 
Table 4: Tintore 2002 (44) comparing Poser criteria (3 years) vs McDonald 2001 criteria at 12 months 

 
Positive for MS  
(Poser criteria)  

At 3 years  

Negative for MS  
(Poser criteria)  

At 3 years  
 

Positive for McDonald 
criteria  

At 12 months  
28  7  35  

Negative for McDonald 
criteria  

At 12 months  
10  41  51  

 38  48  Total patients = 86  
Sensitivity 74%;  
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Specificity 86%;  
Positive predictive value 80%;  
Negative predictive value 80% and  
Accuracy 80% 
 
The Whiting 2006 systematic review examined the accuracy of MRI for the diagnosis of MS. (42) The 
effect of duration of follow-up on estimates of diagnostic accuracy, due to possible prolonged duration 
between patient’s first presentation and final diagnosis of MS were examined. A total of 29 studies (18 
cohort studies, 11 other designs) were included, published from 1986-2003.  The trials were 
heterogeneous in many aspects, including inclusion criteria, different MRI technology, and duration of 
follow-up (range 7 months to 14.1 years). The authors concluded that McDonald 2001 criteria have 
more potential for predicting the development of MS within 3 years than any of the criteria based on 
MRI alone. However, they were found to be of limited utility for ruling out the development of MS 
within 3 years.  

In summary two 3-year duration studies measured the accuracy of McDonald criteria compared to Poser 
criteria. (43, 44) They found a sensitivity of 68-93%, specificity of 68-93% and accuracy of 75-88%. 
However, the accuracy estimate is likely inflated by the short duration of the studies relative to the 
natural history of the disease. That is, McDonald criteria are considered accurate if they lead to Poser 
criteria. Poser criteria may or may not reflect the actual development of MS, in the long term. The 
authors concluded that use of MRI to confirm MS on the basis of a single attack of neurological 
dysfunction may lead to over-diagnosis and over-treatment. 

McDonald 2005 criteria (45) 
The 2005 revision of the McDonald Criteria simplified the MRI evidence required for DIT, basing it on the 
appearance of a new T2 lesion on a scan compared to a reference or baseline scan performed at least 30 
days after the onset of the initial clinical event.  
The following several revisions were proposed: 

• Multiple spinal lesions may be a substitute for brain and infra-tentorial lesion criteria, as long 
as they are greater than 3 mm in size, the length less than 2 vertebral body heights, and the 
lesion occupies only a portion of the cord cross-section. 

• An enhancing spinal cord lesion may be substituted for an enhancing brain lesion. 
• For dissemination in time, a new T2 lesion discovery interval may be reduced from 3 months 

to 1 month. 

The detection of oligoclonal bands remained an additional parameter to demonstrate DIS together with 
at least 2 MS typical MRI lesions in RRMS.  In the 2001 and 2005 McDonald Criteria, a positive CSF 
finding could be used to reduce the MRI requirements for reaching DIS criteria (requiring only 2 or more 
MRI-detected lesions consistent with MS if the CSF was positive.  

The 2005 revision resulted in higher sensitivity (77%) and accuracy (86%) in the diagnosis of MS after CIS 
with maintaining the high specificity (90%) of the original 2001 McDonald criteria. (45) 
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In 2005, the Panel recommended revising the McDonald Criteria for diagnosis of PPMS to require, in 
addition to 1 year of disease progression, 2 of the following 3 findings: positive brain MRI (9 T2 lesions or 
4 or more T2 lesions with positive VEP); positive spinal cord MRI (2 focal T2 lesions); or positive CSF. (32) 
 
McDonald 2010 criteria (32, 33): 
In May 2010 in Dublin, Ireland, the International Panel on Diagnosis of MS (the Panel) met for a third 
time to examine requirements for demonstrating DIS and DIT and to focus on application of the 
McDonald Criteria in pediatric, Asian, and Latin American populations. (32) 

In the 2010 revisions of the McDonald criteria of 2005, MS can be diagnosed with only a single baseline 
MRI at the time of first clinical manifestation. DIT could be demonstrated when on an MRI scan at any 
time asymptomatic gadolinium enhancing and non-enhancing lesions were simultaneously present or 
when any T2 or gadolinium enhancing lesion(s) were found on follow up scan any time after the baseline 
scan. Furthermore, DIS was easier to achieve by demonstration of at least one T2 lesion in at least two 
of four CNS locations: juxta-cortical (> 1 lesion), periventricular (> 3 lesions), infra-tentorial (> 1 lesion), 
and spinal cord (> 1 lesion). However, symptomatic brainstem and spinal cord lesions could neither be 
used for DIT nor DIS.  

In addition to the above criteria, the diagnosis of PPMS was revised. The diagnosis required ≥ 1 year of 
disease progression (this could be determined either prospectively or retrospectively) and the general 
criteria of DIS needed to be fulfilled. 

The revision of the McDonald criteria of 2010 was intended to make diagnostic work-ups easier and 
more efficient by reducing the number of MRI scans. However, it contained pitfalls for neuro-
radiologists who had to differentiate between symptomatic and asymptomatic lesions. It has also led to 
earlier definite diagnosis of MS. 

Table 5: McDonald 2010 criteria 
Initial Presentation Additional data required for MS diagnosis 
≥ 2 attacks;  
≥ 2 objective clinical lesions  

None; Clinical evidence will suffice (additional evidence 
desirable but must be consistent with MS)  

≥ 2 attacks;  
1 objective clinical evidence of lesion  

DIS, demonstrated by presence of ≥ 1 T2 lesion in ≥ 2 of 4 
of the following areas of the CNS: Periventricular, Juxta-
cortical, Infra-tentorial, or Spinal Cord. 
OR 
Further clinical attack involving different site 

1 attack;  
≥ 2 objective clinical evidence of lesions  

DIT, demonstrated by MRI or second clinical attack. 
New criteria: No longer a need to have separate MRIs 
run;  
DIT demonstrated by simultaneous presence of 
asymptomatic gadolinium-enhancing and non-enhancing 
lesions at any time;  
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OR 
A new T2 and/or gadolinium-enhancing lesion(s) on 
follow-up MRI, irrespective of its timing with reference to 
a baseline scan;  
OR 
Await a second clinical attack.  

1 attack;  
1 objective clinical evidence of lesion 
(CIS)  
 

DIS, demonstrated by MRI  
OR 
≥ 2 MRI-detected lesions consistent with MS plus positive 
CSF (defined by the presence of oligoclonal IgG bands 
different from any such bands in serum and/or the 
presence of an elevated IgG index. Lymphocytic 
pleocytosis should be < 50/mm3 ) 
AND 
DIT, demonstrated by MRI  
OR 
Second clinical attack  

Insidious neurological progression 
suggestive of MS (PPMS) 

New criteria: 1 year of disease progression 
(retrospectively or prospectively determined)  
AND  
2 or 3 of the following: 

1. Evidence for DIS in the brain based on ≥ 1 T2 
lesion in the MS-characteristic (periventricular, 
juxta-cortical, or infra-tentorial) regions. 

2. Evidence for DIS in the spinal cord based on ≥ 2 
T2 lesions in the cord  

3. Positive CSF (isoelectric focusing evidence of 
oligoclonal bands and/or elevated IgG index)  

 
The applicability of the 2010 McDonald criteria has been reported in patients from Canada, Italy, the 
Netherlands, Spain, and Russia. Additional studies evaluating the applicability of the 2010 McDonald 
criteria in Asian, Middle Eastern, and Latin American populations have been published since 2010, 
although these studies tended to be small. These data provide no evidence that the 2010 McDonald 
criteria cannot be used in these populations. (33) 
 
McDonald criteria 2017 (33) 
The International Panel on Diagnosis of Multiple Sclerosis met twice in November 2-5, 2016 in 
Philadelphia, PA, USA and in May 20-21, 2017, in Berlin, Germany under the auspices of the 
International Advisory Committee on Clinical Trials in MS, sponsored by the National MS Society and the 
European Committee for Treatment and Research in Multiple Sclerosis. The panel was co-chaired by 
Jeffrey Cohen, MD (Cleveland Clinic) and Alan Thompson, MD (University College London). The panel 
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reviewed prior diagnostic criteria and evidence published since the 2010 McDonald Diagnostic Criteria 
were established, to help inform evidence-based recommendations likely to speed the diagnostic 
process and reduce the incidence of misdiagnosis. 

DIS can be demonstrated by one or more T2-hyperintense lesions (no distinction between symptomatic 
and asymptomatic MRI lesions is required) that are characteristic of MS in two or more of four areas of 
the CNS: periventricular, cortical or juxtacortical, and infra-tentorial brain regions, and the spinal cord. 
(For some patients, e.g., individuals older than 50 years or those with vascular risk factors, it might be 
prudent for the clinician to seek a higher number of periventricular lesions). 

DIT can be demonstrated by the simultaneous presence of gadolinium-enhancing and non-enhancing 
lesions (no distinction between symptomatic and asymptomatic MRI lesions is required) at any time or 
by a new T2-hyperintense or gadolinium-enhancing lesion on follow-up MRI, with reference to a 
baseline scan, irrespective of the timing of the baseline MRI. 
 
Table 6: McDonald 2017 criteria for diagnosis of MS in patients with an attack at onset (33) 
 

 Number of lesions with 
objective clinical 
evidence 

Additional data for a diagnosis of MS 

≥ 2 clinical attacks  ≥ 2 None^  
≥ 2 clinical attacks 
 

1 (as well as clear cut 
historical evidence of a 
previous attack involving 
a lesion in a distinct 
anatomical location*  

None^ 

≥ 2 clinical attacks 1 DIS demonstrated by an additional clinical 
attack implicating a different CNS site  
OR 
by MRI 

1 Clinical attack ≥ 2 DIT demonstrated by an additional clinical 
attack or by MRI  
OR  
Demonstration of CSF specific oligoclonal 
bands  

1 Clinical attack 1 DIS demonstrated by an additional clinical 
attack implicating a different CNS site or by 
MRI 
AND 
DIT demonstrated by an additional clinical 
attack  
OR  
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By MRI  
OR 
Demonstration of CSF specific oligoclonal 
bands 

 

2017 revision includes three changes: (51) 
1. The presence of oligoclonal bands can be used as an alternative to DIT to establish MS in 

patients with a CIS and MRI or clinical evidence of DIS. 
2. The 2010 McDonald criteria did not allow symptomatic brainstem or spinal cord lesions to 

demonstrate DIT or DIS to avoid so-called double counting. However, the 2017 McDonald 
criteria, both symptomatic and asymptomatic lesions can be used to demonstrate DIS or DIT in 
patients with supra-tentorial, infra-tentorial, or spinal cord syndromes (but not optic neuritis) 

3. Cortical lesions have been added to juxta cortical lesions for use in determining MRI criteria to 
demonstrate DIS.  

The 2017 criteria are easier to apply than the 2010 McDonald criteria, since it is no longer necessary to 
differentiate between cortical and juxta-cortical MRI lesions and between symptomatic and 
asymptomatic contrast enhanced MRI lesions to fulfill the criterion for DIS. Cortical lesions and 
symptomatic brainstem and spinal lesions can be used to demonstrate DIS. However, cortical lesions 
have to be considered carefully, since standard MRI (without the use of a contrast agent) has limited 
ability to detect and distinguish cortical lesions from other causes and artifacts. DIT can be 
demonstrated by contrast enhanced lesions independently whether they are asymptomatic or 
symptomatic. The presence of oligoclonal bands in cerebrospinal fluid can also be used to substitute for 
DIT.  
  
The diagnostic criteria for PPMS remain the same in the 2017 McDonald criteria as those outlined in the 
2010 McDonald criteria, aside from removal of the distinction between symptomatic and asymptomatic 
MRI lesions and the use of cortical lesions. (32) 
 
Table 7: McDonald 2017 criteria for primary progressive multiple sclerosis (PPMS) 

PPMS can be diagnosed in patients with:  

1 year of disease progression (retrospectively or prospectively determined) independent of clinical 
relapse 
Plus 2 of the following criteria: 

• 1 or more T2- hyperintense lesions* characteristic of MS in one or more of the following brain 
regions (periventricular, juxta-cortical, or infra-tentorial) 

• 2 or more T2-hyperintense lesions* in the spinal cord 
• Presence of CSF-specific oligoclonal bands 
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*Unlike 2010 McDonald criteria, no distinction between symptomatic and asymptomatic MRI 
lesions is required. 
 

 
Points to note: 

1. None of these changes in 2017 criteria invalidate the diagnosis of MS according to previous 
versions of the McDonald Criteria (any patient diagnosed with prior criteria should also fulfill the 
2017 Criteria).   

2. The 2017 revisions also include a warning about the risk of misdiagnosis.   
3. Applying the 2017 McDonald criteria, MS can be diagnosed more frequently at the time of first 

clinical event as compared to the 2010 McDonald criteria. The main effect was due to the 
implementation of oligoclonal bands as a substitute for DIT.  

4. The panel recommended that the 2017 McDonald Criteria be validated in a variety of studies 
and populations. 

5. Research should continue on biomarkers, imaging and other advances that may help refine the 
diagnostic process in the future. 

 
Thompson 2017 authors state that the 2017 McDonald criteria are not treatment guidelines. The goal is 
to make a rapid and accurate diagnosis of MS to allow appropriate management (initiation of treatment 
or observation), keeping fully in mind the potential dangers of misdiagnosis in an era with increasing 
numbers of treatment options for MS, which carry varying degrees of risk. The importance of correct 
diagnosis is further heightened by the observation that certain DMTs for MS are contraindicated in some 
of the more common differential diagnoses (e.g., neuromyelitis optica spectrum disorder. 
 

6. Correlation of MRI lesions with expanded disability scale 
 
Several studies have examined correlation between EDSS and the number as well as volume of MRI 
lesions.  Brex 2002 reported that EDSS score at 14 years correlated moderately with lesion volume in 
MRI at 5 years (rs = 0.60) and with increase of lesion volume over the first 5 years (rs = 0.61). (46) 
Minneboo 2004 reported that in 42 CIS patients followed for 8.7 years, two or more infra-tentorial 
lesions best predicted long-term disability (47).  Tintore 2006 followed 156 patients with CIS for a mean 
duration of 7 years and found that baseline brain MRI findings helped to differentiate patients with low, 
medium and high risk for conversion to MS. The number of brain lesions best-predicted 5-year disability. 
(48) Another long-term follow-up study by Rudick 2006, of 30 patients with RRMS reported that T2 
lesion volume correlated strongly with brain tissue loss and clinical disease severity 13 years later (49).  

Fisniku 2008 recruited CIS cohort of 107 patients between 1984 and 1987 and followed them 
prospectively for 20 years.  Clinically definite multiple sclerosis (CDMS) developed in 67/107 (63%) 
overall: 60/73 (82%) had abnormal baseline MRI and 7/34 (21%) had normal baseline MRI. MS was still 
relapsing-remitting in 39 (58%) patients including 26 (39%) with a ‘benign’ course (EDSS ≤ 3) while 28 
(42%) patients had developed secondary progression. T2 lesion volume at all time-points correlated 
moderately with 20-year EDSS (rs values 0.48 to 0.67; P < 0.001) and Multiple Sclerosis Functional Score 
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(MSFC) z-score (rs values -0.50 to -0.61; P < 0.001). In those developing MS, a concurrent correlation of 
change in T2 lesion volume with change in EDSS was most evident in years 0-5 (rs=0.69, P < 0.001). The 
estimated rate of lesion growth over 20 years was 0.80 cm3/year in those who retained a RRMS course, 
and 2.89 cm3/year in those who developed SPMS, a difference of 2.09 cm3/year (95% CI: 0.77, 2.96; 
p<0.001). The authors concluded that baseline MRI findings are predictive for development of CDMS. 
Lesion volume and its change at earlier time points are correlated with disability after 20 years. Lesion 
volume increases for at least 20 years in relapse-onset MS and the rate of lesion growth is three times 
higher in those who develop SPMS than in those who remain RRMS. (50) 
 

7. Time to MS diagnosis using McDonald 2001, 2005 and 2010 criteria in CIS patients  

Brownlee 2015 investigated how much sooner and how much more often MS could be diagnosed in 
patients with CIS using McDonald criteria. 178 patients with CIS were recruited between 1995 and 2004. 
Patients were seen at baseline, then for follow-up after 3 months, 1 year, 3 years and 6 years. During 
follow up CDMS was defined according to Poser criteria. McDonald criteria were applied retrospectively 
and MS was diagnosed when MRI criteria for DIS and DIT were met or at the time of a second clinical 
attack, whichever occurred first. Only patients with at least one follow-up MRI and at least 36 months of 
clinical follow-up were included in the analysis. (51) 157/178 (89.2%) patients (mean age 32.4 years, 
64% female) had sufficient clinical and MRI follow-up to be included in this analysis. CIS locations were 
optic neuritis in 128 (81.5%), brainstem 18 (11.5%), spinal cord 10 (6.4%) and hemispheric 1 (0.6%). 
Mean follow up was 5.8 years range (range from 3 to 11.9 years). Only one patient was treated with 
DMT prior to developing CDMS. 80% of patients with optic neuritis in this cohort had baseline MRI 
abnormality indicating a group at high risk of developing MS. Of 50/157 (32%) did not have MS using the 
2010 McDonald criteria after 6 years. 

71/157 (45%) had CDMS (a second clinical attack using Poser criteria). 36/157 (23%) had MRI-only MS. 
2/71 patients with CDMS developed SPMS. Mean time to CDMS was 23.1 months compared with 12.0, 
10.5 and 6.2 months using the 2001, 2005 and 2010 McDonald criteria, respectively (p<0.0001 for 
comparisons with time to CDMS). The mean time to diagnosis of MS halved from 12 months with the 
2001 criteria to 6.2 months with the 2010 criteria, a time gain of 16.9 months compared with mean time 
to CDMS. 

Of 86/157 (55%) who did not have a second attack, 24 (28%), 26 (30%) and 36 (42%) satisfied 2001, 
2005 and 2010 McDonald criteria, respectively, with MRI evidence of DIT and DIS (MRI-only MS). Most 
patients with MRI-only MS satisfied the MRI criteria in the first year after CIS; 18/24 (75%), 18/26 (69%) 
and 26/36 (75%) patients using the 2001, 2005 and 2010 criteria, respectively. Significantly more 
patients with CIS had MRI-only MS when applying the 2010 criteria, compared with the 2001 criteria 
(p=0.0002) and 2005 criteria (p=0.001).  
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Figure 1:  Kaplan-Meier survival curve showing time to diagnosis of MS using Poser and McDonald 
criteria among patients with CIS who developed CDMS. 
 

 
The McDonald criteria identified a significant number of patients with CIS with MRI evidence of DIT and 
DIS in the absence of further clinical events, and the number has increased as the criteria have been 
revised. Given the relatively high frequency of MRI-only MS (almost a third of those diagnosed using the 
2010 criteria), the possibility arises that the new diagnostic criteria are identifying a milder form of MS 
than in the past when the diagnosis was based on clinical course alone.  

8. Comparing diagnosis with various updated versions of McDonald criteria 2005, 2010 
and 2017 in patients with CIS 
 

Table 9:  Comparing diagnosis with various updated versions of McDonald criteria 
 

Study (reference 
number) 

N (Cohort)  
Country 

2005 
criteria 

2010  
criteria 

2017  
criteria 

Oligoclonal 
bands 

Symptomatic 
MRI lesions 

Schwenkenbecher 
2018 (52) 
 

325 CIS 
Germany 

70 (22%) 136 (42%) 214 (66%) 76/78 (97%) 
newly 
diagnosed 
patients 

16/78 (21%) 

Hyun 2018 (53) 
 

163 CIS 
Korea 

Not used 72 (44%) 124 (76%) Not reported Not reported 

Habek 2018 (54) 113 CIS 
Croatia 

Not used 39 (35%) 83 (74%) 43/44 (98%) 15/44 (34%) 

Van der Vuurst de 
Vries 2018 (55) 

229 CIS 
Netherland 

Not used 46/180 (26%) 97/180 (54%) 32/51 (63%) 19/51 (37%) 

Lee 2018 (56) 290 CIS 
Germany 

Not used 152 (52%) 273 (94%) 121/121 
(100%) 

10/121 (8%) 

Gobbin 2019(57) 55 CIS 
Italy 

Not used 49 (89.1%) 54 (98.2%) 50 (90.9%) 1/5 (20%) 

Beesely 2018 (58) 102 CIS 
Germany 

Not used 83 (81%) 88(86%) 75 (74%) Not reported 
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Lamas-Perez 2018 
(59) 

188 CIS 
Spain 

Not used 113 (60.1%) 123 (65.4%) Not reported Not reported 

Diaz J 2018* (601) 73 CIS 
Spain 

Not used 
 

37% 83% Not reported Not reported 

Hsueh 2013 (61) 80 CIS 
Taiwan 

20 (25%) 30 (37.5%) Not 
applicable 

Not reported Not reported 

 
Gaetani 2017 (62) 
Gaetani 2018 (63) 

137  
(CIS + DIS) 
Italy 

Not used 0% at time of 
CIS 

82.5% 79% Not reported 

McNicholas 2019 
(64) 

250  RRMS 
Ireland 

Not used 40 (16%) 110 (44%) 176/200 
(88%) 

26/125 
(20.8%) 

*Using MAGNIMS 2016 criteria = 38% which is similar to McDonald 2010 criteria  
 
Figure 2:  Distribution of patients diagnosed with CIS and MS according to McDonald criteria of 2010 and 
2017. Distribution was created with pooled data from Schwenkenbecher 2018 (52); Hyun 2018 (53), 
Habek 2018 (54), van der Vuurst de Vries 2017 (55), Lee 2018 (56), and McNicholas 2018 (57). 
 

 

Schwenkenbecher 2018 (52): Conducted a retrospective evaluation of 325 patients with CIS treated in a 
hospital in Germany.  The mean age was 34.2 years; and F/M ratio: 1.8. 70 (22%) patients were 
diagnosed with MS using McDonald 2005 criteria; 136 (42%) patients using McDonald 2010 criteria and 
214 (66%) using 2017 criteria. The 2010 criteria allowed 20% more patients to be designated as having 
MS compared to 2005 criteria and the 2017 criteria allowed 24% more patients to be diagnosed with MS 
compared to 2010 criteria. The prevalence of oligoclonal band was marginally affected in MS patients 
with 96% for the criteria of 2010 and 98.5% for the criteria of 2005. Thus 2017 criteria on the same 
cohort allowed the diagnosis of definite MS in 78 additional patients. 16 of the 78 patients with newly 
diagnosed MS had symptomatic MRI lesions at presentation (15 in the spinal cord, one in the brainstem) 
that could be used to fulfill MRI criteria for dissemination in time under the 2017 criteria. Fourteen of 
these 16 patients showed oligoclonal bands, and thus, further fulfilled the new CSF-based criterion for 
dissemination in time. Seventy-six of the 78 people newly diagnosed with MS had positive tests for 
oligoclonal bands. The new diagnosis was mainly on the basis of positivity for oligoclonal bands. 

Hyun 2018 (53): Hyun and colleagues applied McDonald 2010 and 2017 criteria to a cohort of 163 
patients with CIS from 7 referral hospitals in Korea. The mean age at onset was 31 (15-57) years; F:M 
ratio: 2:1. Initial clinical presentation was brainstem syndrome in 36% patients; spinal cord syndrome in 
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33%; unilateral optic neuritis in 18%; cerebral syndrome in 8%; and multiregional syndrome in 5%.  
82/163 (50%) patients took DMT before a second attack interferon beta (n=73), glatiramer acetate 
(n=6), teriflunomide (n=1), fingolimod (n=1) and laquinimod (n=1).  
After a mean follow-up of 63 months, 60% converted to CDMS. More CIS patients could be diagnosed 
with MS by using the new 2017 McDonald criteria 140 (76%) as compared to 2010 criteria 72 (44%).  
 
Habek 2018 (54): Habek and colleagues conducted a retrospective analysis of 113 Croatian patients with 
CIS. The mean age at onset was 32.1 years; 71% were males and 29% were females; type of CIS - optic 
neuritis (30.1%), incomplete transverse myelitis (32%), brain stem/cerebellar (24%) and hemispheric 
(11%). The mean follow-up of patients was 2 years. None of the patients received DMT until the 
occurrence of the second relapse. During the two-year follow up, 73 (65%) developed ≥1 new T2 lesion 
on one of the follow-up MRIs, while 40 (35%) developed a new relapse. Conversion to MS occurred in 86 
(76%) and in Poser CDMS in 40 (35%) patients. 39 (35%) patients could be diagnosed with MS using 2010 
criteria compared to 83 (74%) patients using McDonald 2017 criteria. Using the 2017 criteria, 44 more 
patients had MS diagnoses at baseline.  43/44 (98%) fulfilled the 2017 revision because of the presence 
of CSF-specific oligoclonal IgG bands; 6/44 (14%) because of the presence of symptomatic brainstem 
lesions and 9/44 (20%) because of the presence of symptomatic cervical spinal cord lesions (one patient 
could fulfill the 2017 revision of the McDonald's criteria due to more than 1 criteria). Patients who did 
not meet the 2017 McDonald criteria had a higher chance of conversion-free survival for Poser CDMS 
than those who met the 2017 McDonald criteria (p=0.037). Results of the multivariate regression 
analysis revealed that patients who at baseline fulfilled 2017 revisions of the McDonald criteria have an 
increased likelihood of conversion to MS (p< 0.00001). 

Van der Vuurst de Vries 2018 (55): Conducted a retrospective analysis in a cohort of 229 patients with 
CIS from Netherland (March 2006 to August 2016) who underwent baseline MRI scan within 3 months 
after onset of symptoms and a lumbar puncture if clinically required. 167 patients were women (73%), 
and the mean (SD) age at onset was 33.5 (8.2) years. 113 (49%) were diagnosed as having CDMS during 
a mean (SD) follow-up time of 65.3 (30.9) months. 97/180 patients (54%) fulfilled the McDonald criteria 
of 2017 in contrast to only 46/180 patients (26%) fulfilled McDonald criteria of 2010. Using the 2017 
criteria, 51 more patients had MS diagnoses at baseline (n=97 [54%]; 95%CI, 47%-61% vs n=46 [26%]; 
95%CI, 20%-32%; p<0.001). 63% of the extra MS diagnoses using the new diagnostic 2017 criteria were 
made based on CSF specific oligoclonal bands; 47% of these patients did not experience a second 
attack. The other 37% of new MS diagnoses could be made based on demonstrating DIS or DIT with 
asymptomatic enhancing lesions on MRI; 31% of these did not experience a second attack. Inclusion of 
OCB in the 2017 criteria especially seems to contribute to the lower specificity. In the group with at least 
5 years of follow-up, 33% of patients who were diagnosed as having MS using the 2017 criteria did not 
experience a second attack during follow-up vs 23% when using the 2010 criteria. 

Lee 2018 (56): Lee and colleagues conducted a retrospective analysis in a cohort of 290 CIS patients with 
a mean age at onset 36.4 years and female/male ratio: 2.1. Type of CIS - optic neuritis (36.2%); 
infratentorial (7.2%); spinal cord (38.3%) and other (33.1%). The mean (SD) follow up of patients was 2.2 
+ 1.3 years. 160 (55.2%) used DMT. They identified 152 (52%) patients with the diagnosis of RRMS and 
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138 (44%) with diagnosis of CIS according to the McDonald criteria of 2010. The application of the 
McDonald criteria of 2017 increased the number of RRMS patients to 273 (94%) and 17 (6%) of patients 
with the diagnosis of CIS. The reason for this shift was the presence of CSF specific oligoclonal bands, 
which was found in 92.7% of the total population and in all patients with 2017 McDonald RRMS. Over 
a mean follow-up of 1.5 years, 50% of patients formerly diagnosed with CIS who are now RRMS also 
fulfilled the 2010 McDonald criteria. They concluded that use of 2017 criteria was more sensitive but 
less specific compared to 2010 criteria. 

Gobbin 2019 (57): Gobbin and colleagues conducted a retrospective analysis in a cohort of 55 Italian 
patients with a first demyelinating event. Brain, spinal cord MRI with gandolinium and CSF analysis for 
oligoclonal bands was performed within 9 months from onset. Follow up MRI was performed less than 
24 months from onset. 33 (60%) were female; with median age at onset was 30 years; and median 
follow up time of 51 months (38-81 months). Onset location was the spinal cord in 28 patients (50.9%), 
cerebrum in 14 (25.5%), brainstem/cerebellum in 11 (21.8%), and optic nerve in 2 (3.6%). 37 (67.3%) 
patients fulfilled DIS requirements at baseline MRI according to both 2010 and 2017 criteria. 50 (90.9%) 
patients had CSF-specific oligoclonal bands. 26 (47.3%) patients converted to CDMS after a median 
interval from onset of 25 months (2–73). 49/55 (89%) patients had a diagnosis of MS according to 2010 
McDonald criteria after 7 months (0–73) and 54/55 (98.2%) patients according to 2017 McDonald 
criteria after 1 month (0–64). Additional diagnoses made with 2017 McDonald criteria were due to 
demonstration of DIT using CSF OBs in four cases and counting a spinal symptomatic lesion in one case. 
 
Beesely 2018 (58): Conducted a retrospective analysis of 232 patients from Germany who had 
experienced a CIS between August 2010 and January 2015 and had at least 2 years of prospectively 
collected longitudinal data. 102 patients were identified who had MRI within 18 months of symptom 
onset, a follow-up MRI within a further 18 months and CSF examination as part of their diagnostic 
workup. The 2010 and 2017 revisions of the McDonald diagnostic criteria for MS were applied 
retrospectively. 71 (70%) were female and mean age at symptom onset was 36 years. The CIS 
presentation was mono-symptomatic in 38 cases (15 optic neuritis, 14 pure sensory, 7 brainstem and 2 
pure motor) and poly-symptomatic in 64 cases. Overall, 75 (74%) individuals had positive OCBs. No 
patients received DMT before fulfilling 2010 diagnostic criteria for MS. During a mean follow-up period 
of 4.3 years (range = 2.0–7.3), 88 (86%) individuals fulfilled 2017 criteria and 83 (81%) fulfilled 2010 
criteria for the diagnosis of MS. Mean time to diagnosis was 6.8 months and 9.3 months, respectively 
(p=0.046). Sixteen of 24 (67%) patients who fulfilled 2017 diagnostic criteria on the basis of CSF went 
on to develop CDMS (mean follow-up 4.2 years, mean interval from CSF examination to CDMS 11 
months). In contrast, only 3 of 16 (19%) individuals who fulfilled 2017 criteria on the basis of radiological 
evidence of dissemination-in-time went on to develop CDMS (mean follow-up 4.0 years). The authors 
concluded that the use of CSF examination to confirm the diagnosis of MS according to 2017 McDonald 
revisions appears to accelerate diagnosis in a real-world setting with CIS, without compromising existing 
standards of diagnostic accuracy. 
 
Lamas-Perez 2018 (59): conducted a retrospective analysis in a cohort of 188 Spanish patients with CIS 
suggestive of CNS demyelination.  Clinical assessment and baseline MRI was assessed within 3 months of 
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CIS onset; a spinal cord MRI was available if patients presented with spinal cord syndrome; and patients 
were followed for at least 24 months. The mean age at onset was 34.4 years and 129 (68.6%) were 
women. After a mean follow-up of 59.6 months, 123 (65.4%) patients were diagnosed as having MS 
according to the McDonald 2017 criteria. The overall conversion rate to CDMS was 47.3%. Fifty-two 
(42.2%) patients initiated a DMT before the second clinical event. The 2010 McDonald DIS criteria were 
met in 113 (60.1%) patients with CIS. When symptomatic infratentorial/spinal cord lesions were 
included, ten more patients met the 2017 DIS criteria than the 2010 DIS criteria. 
 
Diaz P 2018 (60): Conducted retrospective evaluation of 73 patients diagnosed with RRMS from 2009 to 
2018 in a secondary hospital in Spain. Female to male ratio was 2.33 and the mean age of onset was 34 
years. 89% has positive cerebrospinal fluid specific oligoclonal bands (CSF-OCBs). The most frequent CIS 
were: sensory symptoms (40%), optic neuritis (25%) and brainstem syndrome (21%). The diagnosis was 
made performing only one MRI in 32% of patients using McDonald 2010 criteria, 33% MAGNIMS 2016 
and 90% using McDonald 2017 (47% of these patients had DIS demonstrated by MRI and CSF-OCBs but 
not DIT). Using different criteria the number of MRIs needed was: McDonald 2010: 1 MRI in 32%, 2 MRI 
in 36%, 3 MRI in 18%; MAGNIMS 2016: One MRI in 33%, two MRI in 33%, and three MRI in 16% patients. 
90% of patients needed only 1 MRI for diagnosis of MS with McDonald 2017 criteria. The time between 
CIS and the diagnosis of MS was also bigger using McDonald 2010 and MAGNIMS 2016 criteria than 
McDonald 2017. Only 37% of patients were diagnosed during the first 6 months after the onset of the 
CIS using McDonald 2010, 38% with MAGNIMS 2016, and 83% with McDonald 2017. 

Hsueh 2013 (61): Hsieh recruited 80 CIS patients and followed them for 2 years: 28 men and 52 women 
(mean age, 33.4 years; range 15–50 years). Over time 44 (55%) patients converted to CDMS with a mean 
interval of 9.6 months after the onset of initial clinical events (range, 2–24 months) and 36 patients did 
not convert. The diagnosis of CDMS in 44 patients was made by experienced neurologists on clinical 
grounds (two or more clinical attacks of CNS demyelinating events and objective clinical evidence of two 
or more lesions as defined in McDonald criteria). The mean clinical follow-up duration of the whole 
cohort was 66.4 months (range, 24–130 months). Clinical features at first presentation among the 80 
patients included: unilateral optic neuritis (n=24 [30.0%]), brainstem symptoms (n=18 [22.5%]), 
multifocal symptoms (n=23 [28.8%]), and spinal cord symptoms (n=22 [27.5%]). Baseline brain MRI 
studies were performed within three months after initial symptom onset. Twenty-seven patients had 
more than one follow-up brain MRI scan (range, 1–4 scans). The mean interval between the baseline 
and follow-up MRI scans was 6.7 months (range, 3–28 months). The 2010 version had higher sensitivity 
(68.2% vs. 45.5%), slightly lower specificity (80.6% vs 83.3%), and higher accuracy (73.8% vs 62.5%) than 
the 2005 version, but the differences were without statistical significance. The new criteria are more 
sensitive and accurate and specific just as the old criteria. They allow the diagnosis of definite MS in 
34.1% patients at first presentation of CIS. Overall, 30 (37.5%) patients fulfilled the 2010 version of the 
McDonald criteria for MRI DIT and 20 (25%) patients fulfilled the 2005 version of these criteria. 

Gateani 2017 (62, 63): Retrospective analysis of a cohort of 137 CIS patients from two Italian MS Centers 
with MRI evidence of DIS at baseline according to 2010 criteria and a follow up of at least 1 year. The 
presence of CSF-specific oligoclonal band was assessed and patients were considered oligoclonal band 
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positive if having ≥ 2 CSF-specific oligoclonal bands, which was observed in 105 (79%) patients.  After 
the onset of CIS, 18 patients (13.1%) started an early treatment with immunomodulatory drugs (13 
patients with interferon-beta and five patients with glatiramer acetate). Mean age was 31.4 years; 
female/male ratio was 2.9; and mean EDSS was 1.6. After a mean follow up time of 3.8±2.9 years, 116 
(84.7%) patients converted to McDonald 2017 criteria MS with a mean time to conversion of 0.9±1.6 
years. A large majority (78.4%) of converters developed MS within 1 year. Conversion occurred clinically 
in 57/116 patients (49.1%) and radiologically in 59/116 patients (50.9%).  

Among baseline clinical features, clinical onset with brainstem/cerebellar CIS was associated with a 
higher risk of early conversion to MS (HR 1.86 95% CI 1.24 – 2.80. p=0.003). The clinical severity of the 
CIS, as measured with the EDSS correlated with a slightly increased risk of early conversion to MS (HR 
1.08 95% CI 1.00–1.17, p=0.038). Patients who satisfied the ≥1 brainstem and/or cerebellar and/or 
spinal cord lesion were at high risk for an early conversion to MS (HR 1.71 95% CI 1.18–2.50, p=0.005). 
This was consistent with the presence of lesions in the infra-tentorial area according to McDonald DIS 
criteria (defined by the presence of ≥ 1 lesion in the brainstem and/or cerebellum); (HR 1.63 95% CI 
1.12-2.37, p=0.011). The presence of spinal cord lesions did not confer an increased risk of early 
conversion to MS (HR 0.80 95% CI 0.55–1.15, p=0.230). In this cohort, treatment with DMTs did not have 
a significant impact on conversion from CIS to MS (HR 1.18 95% CI 0.71–1.98, p=0.520). In multivariate 
analysis, baseline predictors of an earlier conversion were a cerebellar/brainstem CIS (HR 2.00, 95% CI: 
1.3-3.0, p=0.001) and the presence of all the Barkhof-Tintore MRI criteria (HR 1.67, 95% CI: 1.1-2.6, 
p=0.028).  

The application of the 2017 revisions of the McDonald criteria, led to a diagnosis of MS after the first 
demyelinating event in a large percentage of patients (82.5%) who could not have been diagnosed with 
MS according to the previous 2010 McDonald criteria. In this cohort of patients with CIS and DIS the 
presence of CSF-specific oligoclonal band criterion alone allowed a diagnosis of MS in an additional 
40.2% of patients with respect to the McDonald 2010 criteria. The inclusion of s-Gd+ lesions as for DIT 
demonstration and/or CSF oligoclonal bands as substitute for DIT was associated with a gain of about 10 
months on average in the diagnosis of MS. The authors concluded that patients with CIS and DIS are at 
very high risk for an early conversion to MS (67% of them converted to MS after one year and 84% after 
2 years). 

McNicholas 2019 (64): McNicholas and colleagues conducted a retrospective analysis in a cohort of 267 
patients (mean age 33 years, female/male ratio of 2.6), diagnosed with RRMS according to the 
McDonald criteria of 2010. Neither progressive MS patients nor CIS cases were included in the analysis.  
250 had sufficient information regarding clinical, MRI or cerebrospinal fluid results available to be 
included in the analysis. 180 (70%) patients were women; the average age at time of presentation with a 
CIS was 33 (range 15–59) years. CIS locations were optic neuritis (96), transverse myelitis (72), brainstem 
(50), cerebellar (7), cerebral hemisphere (21) and four patients with an atypical presentation (headache 
or transient amnesia in this cohort). Diagnosis of MS using 2010 criteria was in 40/250 (16%) patients 
compared to 110/250 (44%) using the 2017 criteria. The median time to diagnosis according to 
McDonald 2010 was 7.4 months (IQR 13 months) compared to 2.3 months according to McDonald 2017 
criteria (interquartile range 6.6 months) (p < 0.01). Mean (SD) follow-up period was 4.6 (2) years. 
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142/250 (56.8%) patients would have received an earlier diagnosis by applying 2017 criteria to the 
diagnostic workup. 

Figure 3: Kaplan-Meier curve illustrating difference in time to diagnosis of MS using 2010 (blue) vs 2017 
McDonald criteria (green) 

 

Oligoclonal bands were positive in 176/200 (88%) patients. Use of cerebrospinal fluid results most 
frequently resulted in a reduction in time to diagnosis. Symptomatic gadolinium-enhancing lesions led to 
earliest diagnostic times. 

9. Comparing sensitivity, specificity, accuracy, positive and negative predictive value of 
McDonald 2017 and 2010 criteria 

Table 10:  Comparing McDonald 2017 vs 2010 criteria 

  
Study; N; 
Country 

Sensitivity  
 
McDonald  
2017 vs. 2010 
criteria 

Specificity 
 
McDonald 
2017 vs. 2010 
criteria 

Accuracy* 
 
McDonald  
2017 vs. 2010 
criteria 

Positive 
Predictive Value 
(PPV) 
McDonald  
2017 vs. 2010 
criteria 

Negative  
Predictive value 
(NPV) 
McDonald  
2017 vs. 2010 
criteria 

Hyun 2018 (53) 

163 CIS patients 
from Korea 

 

88.8% vs 53.1% 

 

43.1% vs 69.2% 

 

70.6% vs 59.5% 

 

70.2% vs 72.2% 

 

71.8% vs 49.5% 

Habek 2018 (54) 

113 CIS patients 
from Croatia 

85% vs 30% 33% vs 63% 51% vs 51% 41% vs 31% 80% vs 62% 
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Van der Vuurst 
de Vries 2018 
(55) 

229 CIS patients 
from Netherland 

68% vs 36% 61% vs 85% 64% vs 61% 64% vs 72% 65% vs 57% 

Gobbin 2019 
(58) 

55 CIS patients 
from Italy 

 

100% vs 80.8% 

 

13.8% vs 44.8% 

 

54.5% vs 62% 

 

50.9% vs 56.8% 

 

100% vs 72.2% 

Lamas-Perez 
2018 (60) 

188 CIS patients 

from Spain 

 

 

 87.6% vs 
80.9% 

54.5% vs 58.6% Not reported 63.4% vs 63.7% 83.1 vs 77.3% 

TP: True Positive; TN: True Negative; FP: False Positive; FN: False Negative 
Sensitivity= TP / (TP+FN); Specificity= TN / (TN+FP); PPV (positive predictive value) = TP / (TP+FP) 
NPV (negative predictive value) = TN / (TN+FN); Accuracy = (TP+TN) / (TP+FP+TN+FN) 

 
Hyun 2018 (53): [McDonald 2017 criteria: TP = 87; FP = 37; FN = 11; and TN =28 and McDonald 2010 
criteria: TP = 52; FP = 20; FN = 46; and TN =45] 
In a cohort of 163 Korean patients with CIS more patients could be diagnosed with MS by using the new 
criteria (76%) as compared to 2010 criteria (44%). The 2017 McDonald criteria had higher sensitivity 
(88.8%) and accuracy (70.6%) but lower specificity (43.1%) compared with the 2010 McDonald criteria 
(sensitivity: 53.1%, accuracy 59.5%, specificity 69.2%) for prediction of conversion. After excluding 82 
patients who were treated with DMT before a second attack, the specificity increased to 85.0% and 
95.0%, and the sensitivity decreased to 83.6% and 47.5% for the 2017 and 2010 criteria, respectively. 
The authors concluded that McDonald 2017 revised criteria exhibited higher sensitivity and accuracy but 
lower specificity compared to 2010 criteria. 

 
Habek 2018 (54): [McDonald 2017 criteria: TP = 34; FP = 49; TN =24; FN = 6; and McDonald 2010 
criteria: TP = 12; FP = 27; TN =46; FN = 28] 
Habek conducted a retrospective analysis in a cohort of 113 Croatian patients who had typical CIS with 
follow up of 2 years. They reported that 83/113(74%) patients could be diagnosed with MS by applying 
the McDonald criteria of 2017 compared to 39/113(35%) using 2010 criteria. For conversion to Poser 
CDMS the 2017 revision as compared to 2010 criteria had higher sensitivity (85 vs. 30%); lower 
specificity (33 vs 63%); higher positive predictive value (41% vs 31%); higher negative predictive value 
(80% vs 62%) and similar accuracy (51% vs 51%).  
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Van der Vuurst de Vries 2018 (55): [Publication did not provide data on TP; FP; TN; and FN for both 
McDonald 2017 and 2010 criteria] 
Van der Vuurst de Vries conducted a retrospective analysis in a cohort of 229 patients with CIS from the 
Netherlands. 139(49%) patients were diagnosed with CDMS during a mean follow up of 65 months. 46 
(20%) diagnosed with MS using 2010 criteria vs 97 (54%) using 2017 criteria. Comparing McDonald 2017 
criteria vs 2010 criteria - sensitivity was higher [68%; vs 36% P < .001]; specificity was lower (61% vs 85% 
P < .001); positive predictive value was lower (64% vs 72%); negative predictive value was higher (65% vs 
57%) and accuracy was higher (64 % vs 61%) but did not differ significantly. In the group with at least 5 
years of follow-up, 33% of patients who were diagnosed as having MS using the 2017 criteria did not 
experience a second attack during follow-up vs 23% when using the 2010 criteria. 

Gobbin 2019 (58): [McDonald 2017 criteria: TP = 26; FP = 25; TN =04; FN = 6; and McDonald 2010 
criteria: TP = 21; FP = 16; TN =13 FN = 5] 
Gobbin conducted a retrospective analysis in a cohort of 55 Italian patients with a first demyelinating 
event. 49/ 55 (89%) diagnosed according to McDonald 2010 after a follow-up of 7 months (range from 0 
to 73 months) and 54/55 (98%) were diagnosed with MS after 1 month (range from 0 to 64 months) 
when the 2017 McDonald criteria were applied. Comparing McDonald 2010 vs 2017 criteria - sensitivity 
increased from 80.8% to 100%; specificity decreased from 44.8% to 13.8%; positive predictive value 
decreased from 56.8% to 50.9%; negative predictive value increased from 72.2% to 100%; accuracy 
decreased (62% vs 54.5%). The authors concluded that 2017 McDonald criteria have a particularly 
reduced specificity for a second attack after an initial demyelinating event, compared to both 2010 
criteria and to the findings of other studies [Van der Vuurst de Vries 2018 (55); Hyun 2018 (53); Beesley 
2018 (59)]. 
 
Lamas-Perez 2018 (60): [Abstract did not provide data on TP; FP; TN; and FN for both McDonald 2017 
and 2010 criteria] 
Lamas-Perez conducted a retrospective analysis in a cohort of 188 Spanish patients with CIS suggestive 
of CNS demyelination. Clinical assessment was done at baseline, MRI within 3 months of CIS onset; a 
spinal cord MRI (if patients presented with spinal cord syndrome). Patients were followed-up of at least 
24 months. The mean age at onset was 34.4 years and 129 (68.6%) were women. After a mean follow-
up of 59.6 months, 113 (60.1%) met McDonald 2010 criteria and 123 (65.4%) patients were diagnosed as 
having MS according to the McDonald 2017 criteria. The overall conversion rate to CDMS was 47.3%. 
Sensitivity, specificity, positive and negative predictive values of 2010 McDonald DIS criteria were 80.9%, 
58.6%, 63.7% and 77.3%, and those for 2017 criteria were 87.6%, 54.5%, 63.4% and 83.1% respectively. 
Both DIS criteria identified a subset of patients with CIS who were at high early risk of developing CDMS 
(hazard ratio: 3.77 and 5.33, respectively; p< 0.001). In this cohort, 2017 McDonald MRI criteria for DIS 
shows higher sensitivity with similar specificity than 2010 McDonald DIS criteria in predicting conversion 
to CDMS, related with the inclusion of symptomatic lesions. Because DMT can delay or prevent the 
conversion to CDMS, the high number of patients that initiate these therapies before the second 
relapse, would explain the intermediate specificity values obtained with both MRI criteria. 
 
 



MS Therapeutic Review. Report 1: Poser criteria and McDonald criteria 2001, 2005, 2010 and 2017 

© UBC Therapeutics Initiative  Page 33 of 37 

10. Implications of applying McDonald 2017 criteria 

Giovannoni 2018 (65) contacted 118 UK MS specialists by email to complete a short online 
questionnaire in relation to the implementation of the new 2017 McDonald MS diagnostic criteria in 
clinical practice. 60/118 (51%) responded.  They reported that  

• MS specialists were more likely to perform diagnostic lumbar punctures in subjects presenting 
with focal signs other than optic neuritis.  

• 51% of respondents would offer patients diagnosed as CIS in the past the option of having a 
lumbar puncture and CSF analysis to potentially change the diagnosis of CIS to that of MS. 
However, only 29% of respondents would recall patients previously diagnosed as having CIS to 
tell them that they now had MS (retrospective diagnosis) on the basis of a positive CSF analysis. 

• Only 40% of respondents felt ethically obliged to apply the new McDonald criteria 
retrospectively and only 32% acknowledged that the retrospective application of the criteria had 
potential medicolegal implications. In comparison, 70% of respondents felt the retrospective 
application of the new diagnostic criteria had socioeconomic implications for subjects previously 
diagnosed with CIS who would now have MS. 
 

Giovannoni concluded that the routine application of CSF analysis in the diagnosis of MS not only has 
practical implications for routine neurological practice, but also ethical, legal and potential 
socioeconomic implications for people previously diagnosed as having CIS, but who now have, or 
potentially have, MS using the new McDonald diagnostic criteria. Wider discussion and international 
guidance is needed to address these controversial issues.  

Gassama 2018 (66) evaluated the impact of the 2017 McDonald criteria on MS diagnosis delay by 
analyzing the last 100 patients included in the European Database for multiple sclerosis (EDMUS). They 
reported a mean decrease of MS diagnosis delay of about 7 months in 12 patients (28.6 weeks (95% CI; 
16.1 to 40.3 weeks). All patients had received a lumbar puncture and had positive oligoclonal bands on  
CSF testing. Two had symptomatic lesions and 2 had cortical lesions on the MRI. The mean EDSS score 
was 1.38 (95% CI 0 to 5).  In comparison, among the patients whom MS diagnosis was not shortened by 
the 2017 McDonald criteria, 30 patients had a lumbar puncture, among which 16 (53%) had positive 
oligoclonal bands; 23 of these patients had symptomatic lesions and 2 had cortical lesions on the MRI. 
(66) 
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