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Chapter 1.1

GENERAL INTRODUCTION

This thesis focuses on predicting disability progression in patients with multiple 
sclerosis (MS) using clinical and radiological measures. We explored clinical applicable 
(imaging) predictors as well as predictors currently in research setting. This chapter 
provides background information on multiple sclerosis, the outcome measures for 
disability progression and concludes with the aims and the outline of this thesis.

MULTIPLE SCLEROSIS

Multiple sclerosis is a chronic inflammatory, demyelinating, neurodegenerative 
disease of the central nervous system (CNS) affecting both the brain and spinal cord.1 
In the Netherlands approximately 17.000 people (prevalence 1:1000 inhabitants) are 
diagnosed with MS.2 The first symptoms generally start at an age of 20-40 years3 and 
women are more frequently affected than men (ratio 2:1).1

Pathology
The underlying pathophysiology of MS is not yet fully understood but is thought 
to be multifactorial including genetic, environmental and immunological related 
factors.1 Inflammatory demyelination of axons causes a reduction or loss of signal 
transmission which may result in clinical relapses.4 The demyelination leads to white 
and also grey matter lesions (plaques) in the brain and/or spinal cord. Lesions can 
be visualized using MRI that has a high sensitivity on detecting these lesions.5,6 The 
inflammatory demyelination is more pronounced in the early stage of the disease and 
could cause relapses, while neurodegeneration is more prominent in later disease 
phases causing white and grey matter atrophy (tissue loss), which leads to clinical 
disability progression.4,6

Clinical appearance
Physical disability and cognitive symptoms become more apparent over time but can 
be present from onset on. Symptoms of MS vary between patients and episodes, and 
typical but not exclusive symptoms are vision loss, diplopia, sensory disturbances, 
balance problems or loss of strength.7 These symptoms mostly appear in relapses. 
This means that new neurological symptoms appear and persist days to weeks and 
resolve partly or fully over time.8 A progressive disease course starts after gradually 
worsening symptoms that do not evidently recover.8
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Diagnosis
Different diagnostic criteria have been established the last decades to diagnose MS, 
with an increasing prominent role for MRI in addition to the clinical symptoms and 
cerebrospinal fluid analysis.9-13 MRI could be helpful in accelerating the diagnostic 
process after a first clinical symptom14 and could support to distinguish clinical 
symptoms of other diseases.15,16 The last revisions of the diagnostic criteria are 
described in more detail in Box 1.

Box 1 – MS diagnostic criteria
The most recent diagnostic criteria are the 2017 revisions of the McDonald criteria.13 
To set the MS diagnosis, evidence that the combination of symptoms and MRI 
lesions show dissemination in space and dissemination in time is compulsory.13 
An initial relapse, not fulfilling the diagnostic criteria for dissemination in time and 
space is referred to as a clinically isolated syndrome (CIS). A CIS can be a precursor 
of relapsing-remitting MS (RRMS). For patients with a CIS the diagnosis can be set 
if a patient encounters a new relapse, or fulfils the MRI criteria of dissemination in 
time and space. Dissemination in time can also be demonstrated by the presence 
of oligoclonal bands in the cerebrospinal fluid:13

Demonstration of dissemination in space by MRI:
≥ 1 T2 hyperintense lesions in ≥ 2 of 4 CNS areas:
- Periventricular lesions
- Cortical or juxtacortical lesions
- Infratentorial lesions
- Spinal cord lesions

Demonstration of dissemination in time by MRI:
- Simultaneous presence of a T1 gadolinium-enhanced lesion and a T2 
hyperintense lesion
- A new T2 hyperintense or T1 gadolinium-enhanced lesion compared to the 
baseline scan

Disease courses
Different disease courses are identified dependent on the presence of relapses and 
remissions or progressive neurological symptoms (see Figure 1).8 About 85% of the 
patients has a relapsing-remitting disease course, characterised by relapses and full or 
partial remission.13 After a varying disease period, relapses slow down and progression 
gradually takes over continuing in a secondary progressive MS (SPMS) disease course.8 

 1.1
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A primary progressive onset of MS (PPMS), mostly starts without any relapses or 
remissions and is seen in about 15% of the patients.17

Figure 1. MS disease courses

Figure 1 visualizes three different clinical disease courses with on the Y-axis the disability and 
on the X-axis the time. On the left relapsing-remitting MS (RRMS), in the middle secondary 
progressive MS (SPMS) and on the right primary progressive MS (PPMS).

Treatment
Treatment options for RRMS have been developing the last decades with a growing 
number of approved disease modifying treatments (DMT), however, a curative 
treatment is not yet available. Although, DMTs were only available for RRMS, 
recently, the first DMT for patients with PPMS was approved.18 Treatment for RRMS is 
classified as first line treatment, which includes different types of injectable and oral 
treatments with a moderate effectiveness,19-22 and second line treatment with higher 
effectiveness23-26 but also higher risk of potentially harmful side-effects.27,28 The current 
main target of disease modifying treatment is to reduce the inflammatory component 
of the disease which results in lowering the number of relapses and indirectly slowing 
down the neurodegenerative component.4,29

The effect of treatment can be measured using MRI outcome measures of inflammatory 
activity such as new/enlarging lesions or neurodegeneration by measuring the effects 
on for example brain atrophy.30 Further, the MRI plays an important role in treatment 
monitoring and pharmacovigilance.31

A comprehensive overview about MRI in MS is provided in chapter 1.2.
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PREDICTING DISEASE OUTCOME IN MS PATIENTS

Questions and aim of the study
The prediction of future disability and cognitive decline remains a topic in MS research. 
Different predictors have been established in the past, predominantly in studies with 
a short follow-up. Longitudinal studies on the prediction of disability progression can 
contribute to reach a better individual prognosis and advice on personal treatment 
options.

Clinical symptoms and radiological information on the number of lesions and lesion 
topography are used in clinical setting for treatment advice and are thought to 
have predictive value in disability progression.32 Lesions located in the spinal cord, 
brainstem or cerebellum are frequently reported in MS patients and have an increased 
risk of disability and definite MS diagnosis.33-37 However, it is not only important to 
know if a patient develops disability, but also when this will occur. Moreover, it would 
be informative to know if lesions on these clinical eloquent locations are cumulative 
predictors of disability progression. However, radiological activity and clinical activity 
don’t seem to always appear simultaneously,38 and the relation to future disability 
progression of this so-called “clinic-radiological paradox” remains unclear.

In the light of the increasing efficacy of new DMTs, even ‘no evidence of disease activity’ 
(NEDA)39 and ‘no evidence of progression and active disease’ (NEPAD)40 are upcoming 
outcome measures (see box 2). These outcome measures do not merely include clinical 
measures but inflammatory activity on MRI as well. Predictors of favourable outcomes 
after DMT such as NEDA, NEPAD or even disability improvement in the daily clinical 
setting have barely been explored, and mostly in short-term follow-up studies.41-44

Besides the typically inflammatory predictors, degenerative measures such as 
regional or whole brain atrophy could contribute to improve the ability of predicting 
disease progression, even though, the implementation in the clinical setting is still 
challenging.45

Atrophy is a promising predictor for disability progression and cognitive decline, 
however, longitudinal studies remain limited and provided varying results.46-48 Also 
the predictive value of regional grey matter atrophy, such as cerebellar atrophy, deep 
grey matter atrophy and cortical atrophy and its relation to disability and cognition 
could provide possible prognostic value in future.49-51

 1.1
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To investigate the order in which different disease milestones occur, models providing 
a possible sequence in which different pathological processes happen have afforded 
insights in disease staging using regional atrophy measures,52 adding other pathologic 
modalities in MS could possibly in future aid in disease staging.

Box 2 – outcome measures
Disability progression / improvement
To measure clinical disability, the Expanded Disability Status Scale (EDSS)53 is the 
most commonly used measure. The EDSS ranges from zero (no symptoms) to ten 
(death due to complications of MS), with different levels of disability due to MS 
in-between. Although the EDSS is criticized for putting more weight on lower limb 
(dis)function than upper limb (dis)function, and not being a linear scale, this widely 
used measure gives the best comparison to other studies at the moment.54 Two 
other measurements could be helpful; the timed 25-feet walk test (25-FWT) to 
test lower limb function and the 9-hole peg test (9-HPT) for upper limb function.

Progression of disability over time can be measured using different definitions. 
Reaching an EDSS milestone, for example an EDSS of 3 (minimal disability), EDSS of 
4 (significant disability, but no use of walking aid) or reaching an EDSS of 6 (using 
a cane or crunch) could be indicators of reaching a certain threshold of disability. 
Other measures are EDSS progression or improvement after a demarcated 
period, defined as an increase or decrease in the EDSS of 1.5, 1 or 0.5 compared 
to a reference EDSS of respectively 0, 1 – 5 and ≥ 6).54 The EDSS-plus is a more 
comprehensive measure defined as EDSS progression or an increase of 20% in the 
time on the 25-FWT or 9-HPT.55

NEDA and NEPAD
NEDA is defined as no clinical disease activity (no relapses), no radiological disease 
activity (no new or enlarging lesions on MRI) and no EDSS progression.39 NEPAD 
adds the progression on EDSS-plus to describe no evidence of progression.40

Cognitive functioning
Cognitive functioning was measured using the expanded BRB-N, an extensive 
neuropsychological test battery. Comparing the results of patients to healthy 
controls, the patients were classified as cognitively preserved (CP), mild cognitively 
impaired (MCI) or cognitively impaired (CI).56
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AIM OF THESIS

The aim of this thesis is to better understand the role of both clinical and radiological 
measures in predicting disability progression and cognitive decline in MS patients.

We aim to:

1. Understand the role of lesion location, especially infratentorial and (asymptomatic) 
spinal cord lesions, in predicting MS disability progression.

2. Determine disability progression and disease activity in MS patients on treatment.
3. To assess the role of (regional) atrophy on disability progression and cognitive 

decline in MS.

4. To explore the sequence in which pathological events occur in MS, related to 
disability progression and cognitive decline.

THESIS OUTLINE
Chapter 1.2 explains the role of the MRI in multiple sclerosis. Different MRI techniques 
are discussed and the differential diagnoses of MS is described. The MRI is used to 
assist in diagnosing and monitoring of disease activity, disease progression and 
treatment efficacy and pharmacovigilance. We divided this thesis into two sections, 
the first section is chapter 2 and describes the role of clinical and radiological disease 
activity on disability progression. The first two chapters focus on lesion locations 
where chapter 2.1 considers the predictive value of a combination of infratentorial 
(brainstem and cerebellum) and spinal cord lesions on disability progression and 
chapter 2.2 investigates the role of asymptomatic spinal cord lesions on the time to 
certain disability milestones. Radiological disease activity is not always corresponding 
to clinical disease activity, chapter 2.3 describes the prevalence of such a dissociation 
of disease activity and its relation to disability progression. Chapter 2.4 explores the 
disease activity and disability progression in natalizumab-treated MS patients.

Chapter 3 focusses mainly on the role of atrophy on future disability progression and 
cognitive decline. Chapter 3.1 provides insight in early whole brain atrophy where 
chapter 3.2 and chapter 3.3 concentrate mainly on regional atrophy. In chapter 3.4 
we created a model to explore the ordering in which pathological events in MS occur.

Chapter 4 summarizes and discusses the results of the previous chapters and provides 
recommendations for future research.

 1.1
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