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Abstract: Patients with MS manifest a high degree of variability in their disease course and at first glance the disease outcome 

may seem unpredictable. Here we present a framework for clinicians challenged by the management of MS patients and by 

highlighting important aspects of the disease to be taken into account, we review the complex relationship between inflammation 

and neuronal degeneration. Details of illustrative cases are here described with the goal to emphasize the involvement of the 

spinal cord as a key element leading to progressive phases of the disease and to underscore the utility of recent paraclinical tools 

including quantified MRI volumetrics. We provide insights that allow understanding the variability of disease courses of MS, 

assessing the rate by which the disease generates clinical and radiological burdens for individual patients, and how currently 

available treatments have a predictable impact on outcomes. In line with latest views on the therapeutic approach for MS, 

instituting an immune therapy capable of arresting the inflammatory process before the cascade of degenerative phenomena takes 

place is portrayed as a strategy to prevent progressive stages of the disease, increasing the chance to induce a state of permanent 

remission when the treatment could be discontinued. 
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1. Introduction 

A central challenge in the clinical management of multiple 

sclerosis (MS) is the unpredictable nature of the disease. This 

variability has been demonstrated by several natural history 

studies of mostly untreated patients, who experienced a wide 

range of long-term outcomes. These studies revealed clinical 

and demographic characteristics that provided the first 

prognostic insight into long term outcomes [1-6]. With the 

goal to unveil the genetic predisposition to MS, extensive 

investigations led to the understanding that MS is a 

multifactorial disorder due to both genetic and environmental 

factors [7-10]. Consistently, the histocompatibility complex 

and many other immune regulating genes have been 

implicated [11, 12]. Genetic contributions however, are 

neither necessary nor sufficient to cause the disease. This view 

of heterogeneity was explored decades ago at the histological 

level by Lucchinetti et al. and both inflammatory and 

degenerative phenomena appeared to be part of the disease 

processes [13, 14]. 

The misconception that most MS patients with relapsing 

remitting disease manifest a gradually progressive 

accumulation of disability has been revised in a recent 

classification of MS [15]. In line with concepts of 

heterogeneity, many patients may enter a phase of complete 

remission with prolonged clinical and radiological stability. 

This supports consideration to discontinue therapy in certain 

cases [16]. Conversely, other patients experience a relentless 

accumulation of neurological deficits consistent with a 

neurodegeneration that is likely multifactorial. Mitochondrial 

dysfunction and oxidative stress related phenomena are only 

part of the pathophysiology. The discovery of lymphoid-like 

structures in the meninges of some patients with progressive 

forms of MS has brought attention to the possible intrathecal 
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release of soluble inflammatory factors contributing to 

neuronal degeneration [17, 18]. The recurrent theme is that the 

variability among patients is due to different mechanisms in 

different subjects with the common end point of neuronal 

demise in the progressive disease course. 

MRI remains the most useful and widely-validated 

biomarker of MS disease activity. Multiple studies have 

demonstrated that both the number and location of MS 

T2-hyperintense lesions are predictive of long-term outcomes 

of MS [19-22]. The burden of disease in the early stages 

correlates with long term disability. However, the accuracy of 

such prediction is unsatisfactory, especially when faced with 

individualized clinical decision-making. For instance, in one 

twenty year longitudinal study of MS patients, 65% of those 

with more than 10 discrete lesions on MRI brain at the time of 

first presentation, developed greater than mild disability and 

45% accrued moderate-to-severe functional impairment [23]. 

The discrepancy of MRI lesion burden compared to clinical 

disability has been referred to as Clinical-MRI paradox [24]. 

This suggests that for a subset of MS patients, tissue damage 

exists independent of the inflammatory activity [25]. Patients 

with relatively high T2-lesion burden but robust functional 

capacity highlight the challenges posed to clinicians to 

confidently prognosticate and counsel patients. 

More recently, several companies have introduced 

FDA-approved, HIPAA-compliant software that enables 

clinicians to obtain a quantified volumetric analysis of the 

patients’ brain MRI. The reports often include the 

T2-hyperintense and T1-hypointense lesion volumes, as well 

as the whole brain volume (normalized to a standard template) 

with comparison to age-matched healthy control normograms. 

If more than one MRI is acquired (using the same scanner and 

protocol), the software additionally performs longitudinal 

estimates of how these parameters change. The end product is 

an account that allows for a bedside-quantification of 

age-adjusted brain atrophy as well as brain atrophy rates over 

time, both being indirect but summative measures of the 

neurodegenerative phenomena afflicting many MS patients. 

At a group level, these volumetric atrophy assessments 

have demonstrated clinical relevance in the prognostication of 

MS. Measurements of brain atrophy strongly predict the 

subsequent development of long-term disability or accelerated 

clinical disease, providing complementary information to the 

T2-hyperintense lesion load [26-30]. A recent study 

examining favorable versus unfavorable outcomes in patients 

with disease duration <20 years showed that it was whole 

brain and gray matter atrophy that separated out clinical 

disability trajectories, rather than T2 lesion volumes [31]. 

Moreover, in a notable investigation with 10-year follow-up of 

372 early relapsing MS patients, baseline age-adjusted brain 

volume was a significant predictor of long-term disability 

progression. The number of clinical relapses or new 

T2-hyperintense lesions was less relevant, implying a 

neurodegenerative phenomenon. The authors refer to this 

finding as “silent progression” [32]. 

Finally, T1-hypointense “black holes” also remain 

clinically important, as a reflection of the severity of 

underlying tissue destruction in MS lesions. For example, 

Giorgio et al. observed that baseline T1-hypointense lesion 

volume together with growth of these T1 lesions was the 

strongest factor predicting 10-year disability progression in a 

multivariable model [33]. Another group later reported similar 

findings, that baseline T1-hypointense lesion volume was a 

strong predictor of 12-year disability, adjusting for many other 

factors including age and T2-lesion volume [34]. Slow 

expansion of T1-hypointense lesions was recently validated as 

a reliable measure reflecting chronic, smoldering 

inflammation in MS and disability progression [35]. 

Major caveats nonetheless remain when incorporating these 

metrics into bedside clinical practice. How precise, reliable 

and robust are these measurements? Highlighting this point is 

the lack of large-scale validation for these individual analysis 

pipelines, as well as the many technical variables which can 

introduce substantial noise into the measurement, especially if 

done longitudinally [27]. 

While correlations between cognitive functions and effects 

of the disease on gray matter are increasingly being 

recognized [36, 37], (Case 1 and Case 2), understanding the 

substrate of motor disability has been more straightforward. 

Involvement of the motor pathway causes restrictions of 

mobility and the direct relationship between anatomy and 

motor deficits was established in studies where demyelinating 

lesions affecting the pyramidal pathway were identified with 

the highest degree of correlation [3, 38]. Moreover, it has been 

observed that certain demyelinating lesions are more likely to 

lead to a relentless loss of function suggesting that the 

underlying process varies. Specific areas of the spinal cord are 

more susceptible to neuronal degeneration, emphasizing the 

high prognostic relevance of cord involvement [39]. 

The purpose of this article is to review important clinical 

questions related to heterogeneity in MS, as exemplified 

through a case series incorporating quantified MRI as 

contemporary paraclinical information. We aim to help the 

general neurologist identify “high risk” MS patients who 

would likely be at most urgent need for interventional therapy. 

We highlight high-impact clinical and MRI factors that can be 

used for prognosis. While acknowledging ongoing 

discussions regarding various valid approaches to treatment of 

the MS patient, we underscore a shift in evidence proposing 

beneficial early use of pharmacological agents with immune 

reconstitution properties for preventing long-term disability. 

2. Clinical Cases 

Case 1: Relapsing MS with accelerated brain atrophy 

[Figure 1]. 

At 25 years old, a female patient experienced numbness to 

the right extremities and as the disturbances resolved 

spontaneously, no medical testing was pursued. Eight years 

later, the patient experienced new sensory and motor 

symptoms to the left side, most significantly affecting the left 

leg, and MRI scans led to the diagnosis of MS. After about one 

year on therapy with high dose interferon, patient suffered 

from horizontal diplopia that persisted for about two months 
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before resolving completely. A few months later, the patient 

manifested left optic neuritis and the MS therapy was changed 

to ocrelizumab. 

Although the patient has recovered from the motor deficits 

affecting the left leg, at 35 years of age she notices the 

decreased function of that limb and she complains of 

subjective cognitive impairments. Neuropsychology testing 

was not done and at her still young age, the residual brain 

reserve capacity allows employment and normal levels of 

functions (EDSS 2.0). 

MRI scans demonstrate an advanced stage of MS that 

considering the relatively short duration represents an 

aggressive relapsing remitting form of the disease (Figure 1). 

The remarkable loss of brain volume to less than 1% of 

healthy control comparisons, and the overall high burden of 

the demyelinating lesions (32.7 mL) with substantial 

neuroaxonal loss represented by T1 hypointensity (26.0 mL 

volume) are summarized via automated software (Figure 1 F 

and G). Stability is documented in the two-year interval on 

therapy with a B-cell depleting agent. 

 

Figure 1. Magnetic resonance imaging (MRI) sequences demonstrating the distribution of Multiple Sclerosis (MS) lesions seen in this patient. A, Sagittal Fluid 

Attenuated Inversion Recovery (FLAIR) sequence demonstrates the classic radial distribution of white matter lesions perpendicular to the body of the lateral 

ventricles. B, Sagittal FLAIR sequence demonstrates MS lesions along the callosal-septal margin. C, Sagittal T1 series demonstrates corresponding low T1 

signal of many of the white matter lesions which has higher correlate to overall disability than FLAIR hyperintense lesions. D, Sagittal Short Tau Inversion 

Recovery (STIR) demonstrates multiple hyperintense MS lesions involving the cord. E, Axial T2 sequence demonstrates diffuse cerebral atrophy with abnormal 

prominence of the ventricles and sulci. F, Quantitative analysis utilizing ICOMETRIX software shows markedly advanced atrophy of the brain below 1% when 

matched for age, sex, and head size with normal controls at two points in time. G, Quantitative analysis utilizing ICOMETRIX software shows the volume and 

distribution of the MS lesions at the two time points as the brain volume measurements. 

 

Figure 2. Magnetic resonance imaging (MRI) sequences demonstrating the distribution of multiple sclerosis lesions seen in this patient. A, Sagittal Fluid 

Attenuated Inversion Recovery (FLAIR) sequences demonstrate white matter disease of the brain. B, Sagittal T1 series demonstrates low T1 signal of many of the 

white matter lesions. C, Quantitative analysis utilizing ICOMETRIX software shows advanced atrophy of the brain when matched for age and head size with 

normal controls. D, Sagittal Short Tau Inversion Recovery (STIR) sequence demonstrates typical MS lesions scattered throughout the cervical cord. 
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Case 2: Patient with a long-standing stabilized MS course 

[Figure 2]. 

Patient is a 69-year-old woman who manifested MS with 

optic neuritis at 16 years of age. Over the years she 

experienced many clinical relapses of MS from which she had 

partial recoveries and she accumulated disability with 

neurological deficits including leg weakness, gait ataxia with 

spasticity, ophthalmoparesis, cognitive complaints, bladder 

dysfunction. Her ability to walk is restricted but she ambulates 

without assistance. The patient was not on MS therapies until 

56 years of age when she was prescribed mycophenolate; she 

continued this medication for ten years before being changed 

to B-cell depleting agents for three years and finally 

discontinuing therapy at age 69. 

Her ability to function has not changed since the start of the 

immune therapies. She is capable of regular physical exercise 

and she has maintained a stable clinical status. The 

hypothetical preservation of the energy machinery in the 

affected neural tissue could be viewed as the basis for the 

maintained neurological functions. (25 foot walk: 6.5 seconds; 

EDSS 5.0). 

MRI scans of this patient demonstrate scattered white matter 

lesions in a typical pattern for MS involving the spinal cord, 

brainstem, and periventricular and deep white matter of the 

brain; there has been loss of whole brain volume as assessed via 

the automated quantification software (Figure 2C). 

Case 3: Rapidly progressive MS course, refractory to 

treatment [Figure 3]. 

Patient is a 41-year-old female who was diagnosed with MS 

when she was in her early twenties after recurrent optic neuritis. 

She was on therapy with interferon for approximately four 

years. With two pregnancies the treatment was interrupted and 

not resumed until she was 34-year-old, about a ten-year gap. At 

that point, she manifested leg weakness and gait impairment. 

Despite attempts to treat her with natalizumab followed by 

ocrelizumab and superimposed courses of high doses of 

steroids, she progressively accumulated more motor deficits. 

Within three years, she went from ambulatory to wheelchair 

bound with tetraparesis (EDSS 8.5). 

This case is illustrative of a form of rapidly progressive 

disease correlated to severe spinal cord involvement, 

refractory to treatment. MRI scans demonstrate relatively mild 

disease burden in the brain (Figure 3A-D) and extensive 

involvement of the spinal cord. Images of the spinal cord early 

in her treatment demonstrate multiple cervical cord lesions 

(Figure 3E) that increased and became confluent over a ten 

year interval (Figure 3F). Two years later, repeat imaging of 

the cord shows significant progression of the disease with 

atrophy of the upper cervical cord (Figure 3G) reflective of the 

deteriorating clinical course. 

 

Figure 3. Magnetic resonance imaging (MRI) sequences demonstrating the distribution of multiple sclerosis lesions seen in this patient. A-D, Axial Fluid 

Attenuated Inversion Recovery (FLAIR) sequences demonstrate mild white matter disease of the brain. E-F, Sagittal Short Tau Inversion Recovery (STIR) 

sequence demonstrates scattered MS lesions in the cervical cord, significantly progressed in a ten-year interval. G, Sagittal Short Tau Inversion Recovery (STIR) 

sequence demonstrates cervical cord atrophy intervening in subsequent two years. H, Multiple scattered lesions throughout the thoracic cord. 

Case 4: MS patient with a progressively disabling clinical 

course [Figure 4]. 

Patient is a 46-year-old female who manifested MS with leg 

weakness and spasticity when she was 32-year-old and her 

symptoms continued to progress despite the use of glatiramer 

acetate for about ten years and ocrelizumab for one year. 

Approximately six months after an autologous bone marrow 

transplant at age 44, the patient noticed increased problems 

with balance and worsening spasticity of the legs resulting in 

falls. Patient started to require a cane. Within one year, her 

walking became restricted to a few steps with bilateral support 

(EDSS 7.0). This case is interpreted as manifestations of a 

relentless demise of neurons, likely occurring independent of 

inflammatory activity. 

The MRI scans illustrate the brain-spinal cord 

dissociation. There were no changes of the mild burden of 
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demyelinating lesions over time (Figure 4A-D); the MRI 

of the C-spine demonstrates extensive and confluent areas 

of signal abnormalities (Figure 4E-F), progressed in the 

most recent scan at three years with cord atrophy (Figure 

4G-H). Cervical spondylosis worsened likely secondary to 

falls. 

 

Figure 4. Magnetic resonance imaging (MRI) sequences demonstrating the distribution of Multiple Sclerosis (MS) lesions seen in this patient. A-D, Axial Fluid 

Attenuated Inversion Recovery (FLAIR) sequences demonstrate a small amount of MS disease burden in the brain. E-H, Sagittal Short Tau Inversion Recovery 

(STIR) sequences demonstrate a few scattered lesions in the cervical cord (E-F) with significant progression of the disease on follow-up imaging 3 years later 

(G-H). Cervical spondylosis has progressed at the C5-C6 level likely secondary to falls (H, arrow). 

 

Figure 5. Magnetic resonance imaging (MRI) sequences demonstrating the 

distribution of multiple sclerosis (MS) lesions seen in this patient. A-B, Axial 

Fluid Attenuated Inversion Recovery (FLAIR) sequences demonstrate a small 

amount of MS disease burden in the brain. C, Sagittal Proton Density (PD) 

sequence demonstrates an MS plaque at the C3-C4 level. D, Sagittal T2 

sequence demonstrates cervical spondylosis adjacent to the MS plaque. 

Case 5: Patient with the challenging overlap between MS 

and cervical spondylosis, leading to progressive disability 

[Figure 5]. 

A 56-year-old male manifested MS at 30 years of age with 

optic neuritis. After a recurrent episode of optic neuritis one 

year later, the patient remained clinically asymptomatic until 

around age 50, when his right hemiparesis started to become 

noticeable; this weakness continued to unremittingly progress 

with features of lower extremity spasticity and lower motor 

neuron deficits to the right upper extremity (EDSS 6.5). Based 

on his initial presentation, one could have suspected this 

patient to be poised for a benign form of MS; the disability 

relates to the unfortunate affliction of the cervical cord for 

which a surgical intervention was not a considered an option. 

The MRI brain, stable for over ten years, detects minimal 

areas of signal abnormalities (Figure 5A-B). MRI C-spine 

demonstrated cord signal abnormalities particularly at the 

C3-C4 level in correspondence with cervical spondylosis but 

without significant central spinal canal stenosis (Figure 

5C-D). 

Case 6: Patient with typical, stable relapsing remitting MS, 

acquiring disability from toxic/metabolic causes [Figure 6]. 

Patient is a 43-year-old female who manifested MS with 
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right optic neuritis at 19 years of age and she was treated with 

interferon for about four years before remaining off therapies 

for the following fourteen years during which she experienced 

clinical relapses of MS with good recovery from the events. 

She initiated B-cell depleting treatment at the age of 39 and 

the MRI scans documented stability of the burden of 

demyelinating lesions. However, in association with the 

initiation of high daily alcohol consumption, the patient’s 

disability progressed, specifically for gait and cognitive 

impairments. 

 

Figure 6. Magnetic resonance imaging (MRI) sequences demonstrating the distribution of multiple sclerosis (MS) lesions seen in this patient. A, Sagittal 

T1-weighted and B, Fluid Attenuated Inversion Recovery (FLAIR) sequences demonstrate classic “Dawson’s fingers” periventricular lesions. C, Sagittal Short 

Tau Inversion Recovery (STIR) and D, Axial T2-weighted sequences demonstrate an MS plaque at the C3-C4 level. E-F, Quantified MRI reports demonstrating 

rapid loss of brain volume of approximating 1.7% annually (E) and unchanged lesion burden (F) in the interval between the two time points. 

Table 1. Disease modifying therapies for MS divided by effect on immune system. 

 Drug Name Primary mechanism of action Administration Frequency 

Continuously-administered 

therapies 

Teriflunomide (Aubagio®) 
Dihydroororate dehydrogenase 

inhibition 
Oral tablet Daily 

Dymethyl fumarate 

(Tecfidera®) 

Nuclear factor erythroid-derived 2 

(Nrf2) pathway activation 

Oral capsule Twice daily 

Diroximel fumarate 

(Vumerity®) 
Oral capsule Twice daily 

Monomethyl fumarate 

(Bafiertam®) 
Oral capsule Twice daily 

Fingolimod (Gilenya®) 

Sphingosine 1-phosphate (S1P) 

receptor modulation 

Oral capsule Daily 

Siponimod (Mayzent®) Oral tablet Daily 

Ozanimod (Zeposia®) Oral capsule Daily 

Ponesimod (Ponvory®) Oral tablet Daily 

Interferon beta-1b (Betaseron®) 

Immune modulation through control 

of cytokine release and cell 

activation 

Subcutaneous injection Every other day 

Interferon beta-1b (Extavia®) Subcutaneous injection Every other day 

Interferon beta-1a (Avonex®) Intramuscular injection Weekly 

Interferon beta-1a (Rebif®) Subcutaneous injection Three times a week 

Peginterferon beta-1a 

(Plegridy®) 

Subcutaneous or 

intramuscular injection 
Every two weeks 

Glatiramer acetate 

(Copaxone®) 

Multiple, including T-cell 

modulation 
Subcutaneous injection 

Daily or three times a 

week 

Natalizumab (Tysabri®) 
Monoclonal antibody, non-cytolytic 

alpha4-integrin receptor binding 
IV infusion Monthly 

Immune Reconstitution 

therapies 

Alemtuzumab (Lemtrada®) 
Monoclonal antibody, cytolytic 

anti-CD52 binding 
IV infusion 

Course 1: daily x 5 days 

Course 2: daily x 3 days 

Ocrelizumab (Ocrevus®) Monoclonal antibody, cytolytic 

anti-CD20 binding 

IV infusion Every six months 

Ofatumumab (Kesimpta®) Subcutaneous injection Monthly 

Cladribine (Mavenclad®) Purine antimetabolite Oral tablet 
Course 1: daily x 5 days 

Course 2: daily x 5 days 

Autologous bone marrow 

transplant 

Reconstitution of mononuclear 

immune cells 
IV infusions 

Single treatment with 

multiple steps 
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The most recent MRI scans demonstrate the unchanged 

pattern and burden of demyelinating lesions in the brain 

parenchyma and spinal cord in the three-year interval between 

scans (Figure 6A-F). At the two time points, the dramatic loss 

of whole brain and grey matter volumes are assessed via the 

computerized measurements (Figure 6E-F). The impact of 

metabolic factors afflicting the overall health of brain as an 

organ is illustrated here [40]. 

3. Discussion 

MS presents as a continuum of disease severity often 

punctuated with seemingly stochastic events of worsening or 

breakthrough disease. Based on those concepts of 

heterogeneity expressed above, the disease may seem to have 

an unpredictable course of illness and one would not expect 

that a single therapeutic agent would work for every patient. 

This notion is likely to apply unless (or until) an improbable 

underlying, unified pathogenesis for MS is discovered. The 

clinician and patient are meanwhile faced with the challenging 

task of selecting an immune-modifying therapy that offers the 

highest benefit-risk ratio for a given specific presentation. 

The chronic nature of MS requires variable degrees of 

commitment to be kept under control depending on its severity, 

and treatments could be divided in two categories. One strategy 

requires the medication to be administered continuously in order 

to maintain its effects and that carries the two-fold drawback of 

possible difficulties with compliance and the chance of 

reactivation if the treatment is interrupted [41-43]. The other, 

conceived under the incentive of finding options for those more 

aggressive forms of the disease, relies on therapeutics that induce 

a dramatic and long-lasting modification of the immune system, 

thus requiring more infrequent administrations, simultaneously 

minimizing issues of compliance. 

The early clinical trials with injection medications 

(interferons and glatiramer acetate) demonstrated that on 

average the occurrences of relapses could be reduced [44] but 

the total number of partial or complete non-responders was 

high. Secondary to the better understanding of the disease 

mechanisms of MS, more effective therapies have become 

available and the ever-growing armamentarium has attained 

higher rates of success at controlling the disease [45]. Newer 

medications have brought on improvements in the quality of 

life for patients. Contrary to the idea that more than one agent 

would be needed to treat most patients, B-cell depletion and 

other monoclonal antibody therapeutics demonstrated 

extraordinary levels of efficacy across the spectrum of MS 

patients, with the exception of non-inflammatory progressive 

forms of MS, discussed below. 

Untreated, the disease decreases the life expectancy of the 

average MS patient [46, 47]; but not being considered deadly 

per se, the safety of the MS treatments is a priority. 

Nonetheless, there is an appeal to treatments that have a 

lasting impact, and the strong rationale of employing more 

effective therapies to achieve a full remission before 

irreversible neuronal damage takes place, has been proposed. 

This is supported by data collected from large repositories 

[48-50]. Patients who received medications classified as 

higher efficacy drugs early on, had lower risk of transitioning 

to progressive stages of the disease [49]. The prime time for 

autologous bone marrow stem cell transplant has been ushered 

in by refined protocols with drastically reduced complication 

rates [51]. In this regard, the quicker identification of patients 

with aggressive and/or subclinical disease activity is 

emphasized and we see a role for quantitative MRI in decision 

making (see Case 1 and Case 2). 

However, even with a theoretical rebooting of the immune 

system, the problem of neurodegeneration remains foremost in 

the contemporary treatment of MS. A cure for MS will remain 

elusive until the pathophysiology of progressive MS (and the 

related concept of accelerated brain and spinal cord tissue loss) 

is defined and ameliorated (see Case 3 and 4). As illustrated in 

the clinical examples described here, it is not likely that one 

mechanism of neuronal degeneration takes place in every 

patient with progressive forms of MS. One could envision that 

the dynamic nature of the immune system could lead after years 

of inflammatory activity to a state of remission, either 

spontaneous or by virtue of the immunomodulatory therapies. 

In those clinical scenarios, as long as the reserve capacity of the 

nervous system has not been compromised, patients will 

experience lifelong stability of their condition (see Case 2) [16]. 

In the topographical model conceived by Krieger et al., the 

reserve capacity could be consequence of the severity of the 

inflammatory attack and the intrinsic resilience of the affected 

tissue, and conceptually the immune therapy could prevent 

progressive, degenerative phases of the disease [52]. On the 

contrary, a destructive inflammatory and/or metabolic process 

damaging the energy machinery of neurons could initiate the 

cascade of events causing the gradual demise of neurons as we 

suspect occurred in Cases 3, 4 and 6 [18]. Growing evidence 

has been accumulated on the role played by comorbidities such 

as cerebrovascular disease on the MS course [53-55]. Moreover, 

as we recognize the significance of spinal cord involvement on 

long term motor disability, concerns are raised for the possible 

effect of certain degrees of cervical spondylosis. The 

anatomical changes related to neck movements are not captured 

by routine static MRI scans and those could cause vascular 

congestion and microtrauma to the blood brain barrier, driving 

inflammation into the spinal cord. The possibility of 

spondylosis resulting in extrinsic compression of the spinal 

cord and contributing to the cascade of neurodegeneration is 

theorized (see Case 5) [56-58]. 

Such broader views of the disease mechanisms lend support 

to the understanding that different scenarios are contributed by 

different factors and consequently the solution must take those 

into account (see Case 6). Resolving the inflammatory activity, 

addressing comorbidities and eluding traumatic damage are of 

paramount importance. Promoting preservation of neuronal 

functions through stimulation and rehabilitation are all 

germane to prevent disability. 

Endeavors aimed at neuroprotection and remyelination 

have encountered major challenges and those therapies have 
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not reached clinical practice [59]. On the other hand, the 

attention drawn by the role of microglia in regulating 

inflammation as well as recovery and maintenance after tissue 

injury has led to a new targeted therapeutic. The discovery that 

the activity of microglial cells with reparative properties could 

be modulated by specific inhibition of the Bruton tyrosine 

kinase, a molecule capable of penetrating the central nervous 

system was created and there is hope for improving 

progressive forms of MS [60]. Several clinical studies are in 

progress to address the ongoing quest for remyelination and 

stem cell therapies remains a prospect for a not-too distant 

future. 

4. Conclusion 

This review aims at bringing to the attention of clinicians an 

updated view mainly on three aspects of MS, 1) recognition 

and management of spinal cord involvement as substrate for 

motor disability, 2) utility and practical implications of MRI 

volumetric assessments via automated/computerized 

measurements, 3) effects on long term outcomes of 

interventions that radically impact the immune system. 
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