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Abstract

One of the central ethical precepts in medicine is to do no harm. Balancing safety, risks and benefits of

healthcare decisions is an everyday challenge in routine clinical practice. Depending on the medical

problem at hand, refraining from an intervention may be better or safer than risking harm. Further,

diagnostic inaccuracy may lead to a misdiagnosis, which may also lead to harm.

With this work, I am highlighting the knowledge gained through my research of diagnostic and

therapeutic challenges in neurological diseases such as multiple sclerosis, chronic inflammatory

demyelinating polyneuropathy, Moyamoya angiopathy and aseptic meningitis. Findings derived from our

real-world population-based studies filled major knowledge gaps as drugs used to treat multiple sclerosis

are usually only tested in highly regulated trials over 2-3 years before market approval. Multiple sclerosis

drug treatment exposure (versus no exposure) was associated with differences in infection-related

healthcare use. Infection-related hospitalizations and physician visits were lower whereas prescription

fills were higher. Further, with an observational study, we were able to scrutinize the relevance of

misdiagnoses and delay in the diagnoses of patients with Moyamoya angiopathy. In chronic

inflammatory demyelinating polyneuropathy patients (versus healthy controls), optical coherence

tomography examination revealed subtle evidence for retinal degeneration while multifocal visual

evoked potential measurements did not differ between the groups. In aseptic meningitis, findings of our

observational study suggest that enterovirus-positive cases usually present with a more benign disease

course and a shorter hospitalization period, compared to enterovirus-negative cases.

Taken together, state-of-the-art, non-invasive diagnostic tools (e.g. optical coherence tomography and

multifocal visual evoked potentials) and population-based as well as observational studies examining

the safety and benefits of diagnostic/therapeutic interventions may be considered (cost-)effective

approaches to reduce the risk of harm for patients with a neurological disorder.



Zusammenfassung

Eines der zentralen ethischen Gebote in der Medizin lautet, keinen Schaden anzurichten. Das Abwägen

von Sicherheit, Risiken und Nutzen von Entscheidungen ist eine alltägliche Herausforderung in der

klinischen Routinepraxis. Je nach medizinischem Problem kann es besser oder sicherer sein, von einem

Eingriff abzusehen, als einen Schaden zu riskieren.

Mit dieser Arbeit möchte ich die durch meine Forschung gewonnenen Erkenntnisse über diagnostische

und therapeutische Herausforderungen bei neurologischen Erkrankungen wie Multipler Sklerose,

chronisch entzündlicher demyelinisierender Polyneuropathie, Moyamoya-Angiopathie und aseptischer

Meningitis hervorheben. Die Ergebnisse unserer bevölkerungsbasierten Studien schließen relevante

Wissenslücken, da Medikamente zur Behandlung der Multiplen Sklerose in der Regel nur in streng

regulierten Studien über einen Zeitraum von 2-3 Jahren vor der Marktzulassung getestet werden. Die

Behandlung mit Multiple-Sklerose-Medikamenten (im Vergleich zu keiner Behandlung) war mit

Unterschieden in der infektionsbedingten Inanspruchnahme der Gesundheitsversorgung verbunden.

Infektionsbedingte Krankenhausaufenthalte und ambulante Arztbesuche waren seltener, wohingegen

die Zahl der Arzneimittelverordnungen höher war.

Außerdem konnten wir in einer Beobachtungsstudie die Bedeutung von Fehldiagnosen und

Verzögerungen bei der Diagnose von Patient:innen mit Moyamoya-Angiopathie untersuchen. Bei

Patient:innen mit chronisch entzündlicher demyelinisierender Polyneuropathie (im Vergleich zu

gesunden Kontrollpersonen) ergaben sich bei der optischen Kohärenztomographie subtile Hinweise auf

eine Netzhautdegeneration, während die Messungen des multifokalen visuell evozierten Potenzials

keine Unterschiede zwischen den beiden Gruppen zeigten. Bei der aseptischen Meningitis deuten die

Ergebnisse unserer Beobachtungsstudie darauf hin, dass Enterovirus-positive Fälle im Vergleich zu

Enterovirus-negativen Fällen in der Regel einen harmloseren Krankheitsverlauf und eine kürzere

Krankenhausverweildauer aufweisen.

Zusammengefasst können moderne, nicht-invasive Diagnoseinstrumente (z. B. optische

Kohärenztomographie und multifokale visuell evozierte Potenziale) und bevölkerungsbezogene sowie

Beobachtungsstudien, die die Sicherheit und den Nutzen diagnostischer/therapeutischer Maßnahmen

untersuchen, als (kosten-)wirksame Ansätze zur Verringerung des Schadensrisikos für Patienten mit

einer neurologischen Erkrankung angesehen werden.
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ADR Adverse drug reaction
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1. Introduction

Primum non nocere  sometimes referred to as nihil nocere  is a central precept in

medical ethics, which highlights the need for health care professionals to

.1 The origin of this Latin phrase remains uncertain2, however, this maxim

reminds healthcare staff to carefully consider potential harm of medical interventions.

In short, balancing safety, risks and benefits of healthcare decisions is an everyday

challenge in routine clinical practice, and  depending on the medical problem  to

refrain from an intervention may be better or safer than risking harm. Therefore,

recognizing risks and safety challenges is key in medical practice in order to prevent

the two major types of medical errors3

3 errors of the omission occur as a result of the wrong

3. These errors remain a major cause of death just prior to the pandemic

e.g. within the United States, underscoring their relevance in public health.3 On the one

hand, treatment- and intervention-related errors, harms and/or adverse events may be

considered obvious and long-known healthcare challenges.3,4 On the other hand, the

consequences  and burden  of misdiagnoses and diagnostic-related harm/error,

especially in diseases with treatment options, on the other hand should not be

overlooked.5,6 This holds especially true during outbreaks of infectious diseases e.g.

COVID-19 or aseptic meningitis, when the healthcare system needs to function under

particular pressure.

evidence-based medicine. However, evidence-based medical interventions in

neurological diseases  and therefore also their related harms, errors and adverse

events  may also be considered a novelty. This is particularly the case in certain areas
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of contemporary neurology, where therapeutic and also diagnostic advancements in

multiple sclerosis (MS), chronic inflammatory demyelinating polyneuropathy (CIDP)

and Moyamoya angiopathy (MMA) during the past decades may be considered

ground-breaking.

MS is an immune-mediated disease of the central nervous system7 which is often

diagnosed in early adulthood. After trauma, MS is the second most common cause of

sustained physical disability in young adults around the globe.8 In MS, early treatment

is key.9 Thanks to advancements in refining the MS diagnostic criteria10, diagnosing

MS early has become increasingly realistic.

This is important as the economic impact of MS in Europe is remarkable: For example,

in The Netherlands, the annual total direct (non-)medical and indirect costs per patient

per year (2011) may be up to 100,000 EUR.11 Despite the advances in MS treatment,

there is no known cure so far. Today, persons with MS can have several disease-

modifying drug (DMD) treatments to choose from. Especially the development of

different monoclonal antibodies to treat MS (and other immune-mediated diseases)

e.g. by targeting B cells12 is worth mentioning because they are particularly

beneficial.13-15 In Germany, access to these drugs is facilitated by a rather generous

reimbursement scheme, as compared to most other countries.16 This provides patients

access to all licensed DMDs without having to worry about high out-of-pocket drug

expenses.
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The DMDs used to treat MS typically gain regulatory approval after short-term (lasting

2-3 years), highly regulated clinical trials, conducted in select, carefully screened

patients. In contrast, in routine clinical practice, a much broader range of MS patients

may be expected to take these efficacious, but expensive, DMDs for many years. The

the MS disease course, and on the risk of harm such as an adverse drug reaction

burden associated with ADRs, which are a prominent issue within the healthcare

system.17 For example, ADRs are a relevant challenge in German healthcare18: In

general, ADRs may be responsible for approximately 1 in 30 hospitalizations in

Germany every year (2006-07). The average direct medical treatment cost of a single

ADR is nearly 2,250 EUR. Twenty percent of ADR cases are thought to be preventable.

If ADRs could be prevented or better managed, this would result in potential savings

for the German healthcare system equal to 87 million EUR per year.18

Prominent examples of MS DMDs associated with ADRs are natalizumab and

daclizumab13: Natalizumab treatment increases the risk progressive multifocal

leukoencephalopathy (PML), a severe and often fatal viral infection mediated by the

John Cunningham virus (JCV).19 Due to this PML risk, natalizumab was withdrawn

from the market from the US Food and Drug Administration (FDA) in 2005. However,

after carefully reviewing safety, risks and benefits, natalizumab was reintroduced in

2006 under a special prescription program. Daclizumab was granted marketing

authorization in 2016 by the FDA and European Medicines Agency (EMA) to treat MS,

but was later found to increase the risk for a rare but fatal liver toxicity. This prompted

the drug manufacturer to withdraw it from that market in 2018.20 Hence, it is worthwhile
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mentioning that post-marketing safety mechanisms have proven to function

immediately after a series of relevant ADRs.

There are a plethora of safety mechanisms such as pharmacovigilance measures

using 21,22 The vast majority of observational

(MS) studies, however, focus on DMD effectiveness alone.23,24 In addition to

observational studies, both large cohort studies25-28 and mobile health interventions29

will become more and more relevant for healthcare planning, patient safety, identifying

risk factors and treatment decisions in the future in order to provide the optimal quality

of patient care30. With this habilitation treatise, I highlight the scientific insights in

understanding patient safety we have gained within the past decade. Chapters 2 and

3 thoroughly summarize and discuss the results of my research.



5

2. Diagnostic Challenges in Neurological Diseases

2.1 Multiple Sclerosis

This chapter is based on the following Original Research articles:

Graf J, Akmatov MK, Meuth SG, Tremlett H, Holstiege J. Updated Multiple Sclerosis

Incidence, 2015-2022. JAMA Neurol. 2024;81(10):1100-1102.

doi:10.1001/jamaneurol.2024.2876

Graf J, Leussink VI, Dehmel T, Ringelstein M, Goebels N, Adams O, MacKenzie CR,

Warnke C, Feldt T, Lammerskitten A, Klotz L, Meuth S, Wiendl H, Hartung H-P, Aktas

O, Albrecht P. Infectious risk stratification in multiple sclerosis patients receiving

immunotherapy. Ann Clin Transl Neurol. 2017;4(12):909-914.

doi:10.1002/acn3.491

As already mentioned above, diagnosing MS early is key. The most recent, 2017 MS

diagnostic criteria31 aimed to both facilitate diagnosing MS and further shorten the

latency between symptom onset and diagnosis for patients. Another objective was also

to balance and mitigate the risk of a false  diagnosis. Briefly, a physician needs

to prove both a dissemination in time and space in order to establish a diagnosis of MS

in a patient. The 2017 criteria re-introduced oligoclonal bands in the cerebrospinal fluid

(CSF) as an additional marker of dissemination in time, while cortical lesions can

demonstrate dissemination in space. Further, the 2017 criteria permit both

symptomatic and asymptomatic lesions when it comes to dissemination in time and

space.
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With a population-based study (2015-2022),32 we derived current MS incidence trends

by applying a validated algorithm to administrative data from ~60,000,000 persons in

Germany. MS incidence (and sex ratio) remained stable over the eight years of study.

However, the cumulative incidence per 100,000 persons declined slightly over the

study period, which may have been influenced by immigration and/or a growing

population as well as a shortened lag time of diagnosis driven by the higher sensitivity

of the updated diagnostic criteria released in 2017.

After receiving an MS diagnosis, patients are commonly recommended by a physician

to start a DMD treatment. As with all drugs, these DMDs carry risk of ADR, such as an

infection. Fortunately, there are measures to mitigate the risk of an infection, such as

the use of vaccinations before starting a DMD. However, these complex diagnostic

screening measures pose an everyday challenge in MS patient care. Today, screening

for infections in MS patients is considered essential. However, the clinical relevance

and frequency of each individual infection screened for remains uncertain in the real-

world setting. In order to address this knowledge gap, in collaboration with the

University Hospital Münster, we conducted a multicenter study between 2014 and

2016 focusing on these screening measures33: Infectious risk stratification was

performed in patients with immune-mediated neurological diseases (i.e., MS and

neuromyelitis optica spectrum disorders [NMOSD]) before the initiation of a potent

DMD. Of note, 177 patients were tested with an IFN-  release assay (IGRA) in Münster

and Düsseldorf; 7 patients had a reactive result (3.95% [95% confidence interval: 2

8%]) and were therefore diagnosed with a latent tuberculosis infection (LTBI).

Consequently, these patients with LTBI received the required 3 (multi-antibiotic) or 9

months (single antibiotic) treatment regime. This extensive course of antibiotics can be
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highly burdensome on patients, and in our study two of the diagnosed patients

developed a significant ADR after LTBI treatment was administered. Fortunately, none

of the patients who underwent antibiotic treatment developed an active tuberculosis

infection (routine follow-up tuberculosis testing normal). Further, of the 102 patients

screened for Varicella zoster virus (VZV) in Düsseldorf, 3 (2.9% [95% confidence

interval: 0.6 8.4%]) patients presented findings indicating a lack of immunity (VZV IgG

<100.0 IU/mL) while all 78 patients from Münster showed immunity against VZV. Given

that a VZV infection is considered serious in e.g. fingolimod treated patients34, a

vaccination is warranted when a lack of immunity is present. Of the total of 159 patients

screened for hepatitis B, 3 patients were tested positive for anti-HBc-IgG which

indicates recovery and immunity after a previous hepatitis B infection (1.9% [95%

confidence interval: 0.4 5.4%]). This screening measure is crucial for patients

considering a B cell depleting therapy by anti-CD20 monoclonal antibodies given that

e.g. rituximab (a commonly used [off-label] DMD for MS with a comparable mode of

action as the on-label MS DMDs ocrelizumab, ofatumumab and ublituximab) increases

the risk of a fulminant hepatitis B reactivation in anti-HBc-IgG-positive patients.35

To summarize, screening for infectious diseases, despite being onerous, should be

performed before embarking on DMD in order to mitigate treatment associated risks.

2.2 Chronic Inflammatory Demyelinating Polyneuropathy

This chapter is based on the following Original Research articles:

Ingwersen J*, Graf J*, Kluge J, Weise M, Dietrich M, Lee J-I, Harmel J, Hartung H-P,

Ruck T, Meuth SG, Albrecht P, Aktas O, Ringelstein M. CNS Involvement in Chronic
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Inflammatory Demyelinating Polyneuropathy: Subtle Retinal Changes in Optical

Coherence Tomography. Neurol Neuroimmunol Neuroinflamm. 2022;9(1).

doi:10.1212/NXI.0000000000001099 - *equally-contributing authors

Graf J, Jansen L, Ingwersen J, Ringelstein M, Harmel J, Rybak J, Kolbe R, Rhöse L,

Gemerzki L, Lee J-I, Klistorner A, Guthoff R, Hartung H-P, Aktas O, Albrecht P.

Multifocal visual evoked potentials in chronic inflammatory demyelinating

polyneuropathy. Ann Clin Transl Neurol. 2018;5(8):952-961.

doi:10.1002/acn3.593

In clinical practice, diagnosing rare or orphan diseases remains a challenge. However,

while each rare disease is rare, patients with rare diseases as a collective are

numerous. A recent call for action challenges the medical community to coordinate

efforts in order to define rare and orphan diseases more precisely.36 Use of state-of-

the art, non-invasive diagnostic tools suitable for the diagnosis of patients with rare

diseases would be a major advancement and help address this call to action. CIDP is

a rare immune-mediated disease (e.g., prevalence rate of 2.84 per 100,000 in

England37 and annual incidence of 0.3 per 100,000 in Iceland38) characterized by

symmetrical neuropathic symptoms which progress and/or relapse over a course of at

least 2 months.39,40 Given that

diagnosing this rare disease in a timely manner is particularly challenging.41 We have

conducted two cross-sectional, prospective studies at the University Hospital of

Düsseldorf applying the state-of-the art, non-invasive tools optical coherence

tomography (OCT)42 and multifocal visual evoked potentials (mfVEP)43 for use in CIDP
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patients in order to define this disease more precisely. Applying these diagnostic tools

of the visual pathway is of particular interest given that previous studies suggest an

involvement of the central nervous system in CIDP patients.44,45 In both Düsseldorf

studies, CIDP patients were compared with age- and sex-matched healthy controls

(OCT: 22 CIDP patients versus 22 healthy controls; mfVEP: 18 CIDP patients versus

18 healthy controls). Briefly, while the OCT examination revealed subtle evidence for

retinal degeneration in CIDP patients versus healthy controls, mfVEP measurements

did not differ between the groups. These findings warrant corroboration in larger,

independent CIDP patient cohorts in future studies.

2.3 Moyamoya Angiopathy

This chapter is based on the following Original Research article:

Graf J*, Schwitalla JC*, Albrecht P, Veltkamp R, Berlit P, Hartung H-P, Aktas O,

Kraemer M. Misdiagnoses and delay of diagnoses in Moyamoya angiopathy-a large

Caucasian case series. J Neurol. 2019;266(5):1153-1159.

doi:10.1007/s00415-019-09245-9 - *equally-contributing authors

The relevance of misdiagnoses and delay in the diagnoses in rare diseases have been

highlighted in a retrospective analysis we have conducted in collaboration with the

Alfried Krupp Hospital Essen using a large Caucasian case series of patients with

MMA.46 The rare arteriopathy MMA is characterized by non-inflammatory occlusion or

stenosis of intracranial arteries, leading to manifest or transient ischemic events of the

brain.47 This analysis was based on a monocentric chart review of the Alfried Krupp

Hospital Essen, a European Reference Network center known for its longstanding
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expertise in diagnosing and treating patients with MMA.48-50 Delay of MMA diagnosis

has been assessed in 187 patients: The diagnosis was delayed 1 year in 106/187

patients (56.7%). Of note, the mean delay in diagnosis from symptom onset was 5.28

(standard deviation 5.11) years. Misdiagnosis has been assessed in 192 patients: Only

38% of patients instantly received a correct diagnosis at the first clinic visit. Our

systematic analysis of a large case series underscores both the high frequency of

misdiagnosis and the delay of diagnosis in patients affected by MMA. This

circumstance may impede a timely, adequate treatment.49,50

2.4 Aseptic Meningitis Epidemic

This chapter is based on the following Original Research article:

Graf J*, Hartmann CJ*, Lehmann HC, Otto C, Adams O, Karenfort M, Schneider C,

Ruprecht K, Bosse HM, Diedrich S, Böttcher S, Schnitzler A, Hartung H-P, Aktas O,

Albrecht P. Meningitis gone viral: description of the echovirus wave 2013 in Germany.

BMC Infect Dis. 2019;19(1):1010.

doi:10.1186/s12879-019-4635-6 - *equally-contributing authors

The diagnostic workup of a patient suspicious for meningitis presenting with headache,

fever and neck stiffness at an emergency department poses an everyday challenge: a

timely, accurate diagnosis is warranted given that a misdiagnosis may lead to serious

consequences.51 However, when a causative agent for meningitis cannot be

determined by cerebrospinal fluid culture, the patient most likely suffers from an aseptic

meningitis.52 The most common cause of aseptic meningitis is a viral infection.53,54

Evidence suggests that the causative agent remains unknown in ~20% of patients with
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meningitis or encephalitis.53 This uncertainty complicates patient care, especially

during seasonal aseptic meningitis surges. We have conducted a retrospective,

multicenter study at the University Hospitals of Düsseldorf, Cologne and Berlin,

Germany, which described the enterovirus epidemic in Germany in 2013.55 In this

study, 72 enterovirus-positive cases (median age of 15 [interquartile range 3.25; 32.75]

years, 31 females [43.1%]) and 45 enterovirus-negative (median age of 36

[interquartile range 28; 48.5] years, 16 females [35.6%]) cases were identified and

compared. In 2013, enterovirus-positive cases peaked in this study cohort in July

(n=20) and August (n=28). Of note, patients with enterovirus-positive meningitis spent

relatively few nights in hospital compared to enterovirus-negative patients (3

[interquartile range 1; 5] versus 6 [interquartile range 3; 13] nights, adjusted p < 0.01,

Mann-Whitney U test). There were no fatal cases in any group. Nevertheless, aseptic

meningitis epidemics regardless of the cause are associated with considerable costs

for society given the high case numbers, the loss of work due to sick leave and the

necessary resources for medical treatment. The study suggests that enterovirus-

positive cases usually present with a more benign disease course and a shorter

hospitalization period, compared to enterovirus-negative cases.
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3. Therapeutic Challenges in Neurological Diseases

3.1 Multiple Sclerosis

This chapter is based on the following Original Research articles:

Graf J*, Leussink VI*, Soncin G*, Lepka K, Meinl I, Kümpfel T, Meuth SG, Hartung H-

P, Havla J, Aktas O, Albrecht P. Relapse-independent multiple sclerosis progression

under natalizumab. Brain Commun. 2021;3(4):fcab229.

doi:10.1093/braincomms/fcab229 - *equally-contributing authors

The following three population-based studies performed during a 1.5-year postdoctoral

research fellowship at the University of British Columbia, Vancouver, Canada were

funded by the German Research Foundation (DFG). This research was made possible

by a personal DFG grant (applicant: Dr. med. Jonas Graf; project number: 438899010).

Ng HS*, Graf J*, Zhu F, Kingwell E, Aktas O, Albrecht P, Hartung H-P, Meuth SG,

Evans C, Fisk JD, Marrie RA, Zhao Y, Tremlett H. Disease-Modifying Drug Uptake and

Health Service Use in the Ageing MS Population. Front Immunol. 2021;12:794075.

doi:10.3389/fimmu.2021.794075 - *equally-contributing authors

Graf J, Ng HS, Zhu F, Zhao Y, Wijnands JM, Evans C, Fisk JD, Marrie RA, Tremlett H.

Disease-modifying drugs, multiple sclerosis and infection-related healthcare use in

British Columbia, Canada: a population-based study. Lancet Reg Health Am.

2024;29:100667.

doi:10.1016/j.lana.2023.100667
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Graf J, Ng HS, Zhu F, Zhao Y, Wijnands JM, Evans C, Fisk JD, Marrie RA, Tremlett H.

Emergency department use by persons with MS: A population-based descriptive study

with a focus on infection-related visits. Mult Scler. 2022;28(11):1825-1828.

doi:10.1177/13524585221078497

MS is a chronic, immune-mediated disease of the brain and spinal cord which may

present with a relapsing and/or progressive clinical phenotype. Some MS patients with

a relapsing disease course develop a secondary progressive course over time.56

However, more and more evidence suggests that the clinical course of MS is perhaps

best described as a continuum.57 Treating patients with secondary disease progression

remains challenging despite available treatment options.58 We have conducted a

retrospective chart review study in collaboration with the Institute of Clinical

Neuroimmunology, Ludwig-Maximilians University Hospital, Munich, Germany, which

assessed the relevance of the development of a secondary progressive disease

course in MS patients treated with the monoclonal antibody natalizumab.59

Natalizumab may very effectively reduce relapse rates, however, its effect on the

transition to a secondary progressive diseases course remains uncertain.60,61 As a

proxy for the onset of secondary progressive disease the recently developed concept

of confirmed progression independent of relapse activity (cPIRA) in combination with

the Expanded Disability Status Scale (EDSS) reference score was applied. The EDSS

is a clinical assessment of quantifying disability in MS patients. For inclusion, a

natalizumab treatment duration of at least 24 months was required (detailed

inclusion/exclusion criteria may be found elsewhere59).

The study outcome of

progression independent of a clinical relapse. This outcome was evaluated in all
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patients including those who discontinued natalizumab therapy in the follow-up.

Disability progression was defined as an EDSS worsening (increase) of 1 point in

a half point increase in patients with a baseline

62 Of all 184

natalizumab-exposed patients included, 140 patients (median age at natalizumab

onset 33.5 years; 92 [65.7%] female) presented as relapsing (76%), while 44 (median

age at natalizumab onset 38.5 years; 26 [59.1%] female) developed cPIRA as an

indicator for secondary progressive multiple sclerosis (24%). cPIRA occurred after a

mean time of receiving natalizumab of 10 (standard deviation 1) years. MS patients

who developed cPIRA with and without superimposed relapses as well as relapsing

remitting multiple sclerosis patients with relapse-associated worsening presented with

a mean deterioration of 1.5 (standard deviation 0.9) EDSS points. This study, which

was limited by its retrospective design, highlights the challenge of managing MS

patients receiving long-term treatments: close monitoring of clinical disability is

warranted. A major strength of this study was the long observational period (median

natalizumab therapy duration ~5 years), which would be challenging in a phase 3 trial.

Our findings suggest that preventing relapses does not automatically prevent the onset

of a secondary diseases course.

Other therapeutic challenges in MS are the treatment of the ageing population as well

as balancing the risk of DMD-associated infection. The effectiveness of the DMDs in

and the relevance of infections in long-term

DMD treatment remains uncertain. A recent multicenter, randomized non-inferiority

clinical

that discontinuation may be a reasonable option for patients with a stable disease.63

However, this clinical trial also suggests that DMD discontinuation may increase the

risk of new magnetic resonance imaging activity in brain and spinal cord.63 We have
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assessed the effectiveness of DMDs in the ageing population in a population-based

study in British Columbia (BC), Canada.64 In order to tackle this challenging question,

the linked health administrative data from BC, Canada, which has been prospectively

captured from 1996 to 2017, has been accessed.

A validated algorithm was used in order to identify persons with MS requiring at least

three International Classification of Diseases (ICD) codes for MS (ICD 9/10: 340/G35)

from the hospital or physician claims datasets, or at least one prescription filled for an

MS DMD.65 The date of the first MS-specific or demyelinating disease-related ICD

code, or DMD prescription filled was the index date, and persons with MS were eligible

for inclusion if they were 18 years or older and resident in BC for at least 1 year before

the index date. Detailed methods and cohort characteristics can be found elsewhere.64

At the index date, 78.7% (15,235/19,360) of persons with MS were aged <55 years

and 21.3% (4,125/19,3

29.7% (4,526/15,235) filled a DMD prescription during follow-up, whereas 5.0%

Our analysis of

prospectively collected health administrative data revealed beneficial effects of the MS

DMDs on hospitalizations for those MS cases aged <55 at the time of exposure.

However, for DMD exposed persons with MS hospitalization

hazard was not significantly lowered. This population-based study enhances the

overall comprehension of the potential advantages and risks associated with DMD use

in the ageing MS population.

Further, infection-related healthcare use in DMD exposed versus unexposed persons

with MS has been assessed in another population-based study we have conducted

using the same cohort from BC, Canada, as already described above.66
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Briefly, 19,360 persons with MS living in BC, Canada (1996 to 2017) were identified,

of whom 13,940 (72.0%) were women. The mean follow-up time (MS index date until

study end) was similar between those who did and those who did not fill a DMD

prescription, with the mean being 11.7 (standard deviation 7.3) years for the entire

group. The mean age at index date was 44.5 (standard deviation 13.3) years. Overall,

4,732 (24.4%) persons filled at least one MS DMD prescription. Persons never (versus

ever) filling a DMD prescription were, on average, older at the index date (46.9

[standard deviation 13.7] versus 37.1 [standard deviation 9.8] years), and had a higher

comorbidity burden, while the distribution of socioeconomic status quintiles was similar

between the two groups.

Relative to no DMD, any DMD exposure was associated with a 12% lower adjusted

rate ratio (aRR) of infection-related physician claims (aRR=0.88; 95% confidence

interval: 0.85-0.92). a 36% lower adjusted hazard ratio (aHR) of infection-related

hospitalizations (aHR=0.64; 95% confidence interval: 0.56-0.73) and a 14% higher rate

ratio of infection-related prescription fills (aRR=1.14; 95% confidence interval: 1.08-

1.20).

Little is known about emergency department visits by persons with MS. Interestingly,

a descriptive, population-based study (BC, Canada) which we have conducted

focusing on infection-related emergency department visits did not reveal a difference

in proportion of persons with MS ever versus never using a DMD to treat MS.67 The

above-mentioned population-based studies were limited by the inability to examine the

more recently approved DMDs. Further, clinical data, such as the MS disease

course/severity/activity, or lifestyle-related information like alcohol consumption or

smoking could not be assessed.
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All in all, the above-mentioned real-world population-based studies filled major

knowledge gaps as DMDs are usually only tested in highly regulated trials over 2-3

years before market approval. MS DMD exposure was associated with differences in

infection-related healthcare use. Infection-related hospitalizations and physician visits

were lower. However, prescription fills were higher. These differences in infection-

related healthcare use warrants consideration.

3.2 Diseases treated with Intravenous Immunoglobulin

This chapter is based on the following Original Research article:

Graf J, Ingwersen J, Lepka K, Albrecht P, Hartung H-P, Ringelstein M, Aktas O.

Factors associated with headache in intravenous immunoglobulin treatment for

neurological diseases. Acta Neurol Scand. 2019;140(4):290-295.

doi:10.1111/ane.13144

Intravenous immunoglobulin treatment (IVIg) is an established, generally well-tolerated

treatment68 in e.g. CIDP patients. However, patients receiving IVIg may develop

cephalgia, or even present with an aseptic meningitis.69 The factors associated with

cephalgia in IVIg treatment remain poorly understood. Therefore, we have conducted

a retrospective chart review study which analyzed the occurrence of cephalgia in 91

IVIg infusions in 67 patients (20 females [29.9%]; 19 patients received more than one

IVIg infusion).70 Cephalgia was documented after 24.2% (22/91) of infusions (in 15 of

67 (7 female, 8 male) individual patients (22.4%). The mean age of all 67 patients was

64.6 [standard deviation 11.7] years; descriptively, the 15 patients developing

cephalgia were younger (mean age 59.0 [standard deviation 11.1] years), compared
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to 57 patients without cephalgia (mean age 65.4 [standard deviation 11.8] years). A

stepwise forward binary logistic regression analysis including baseline systolic as well

as diastolic blood pressure, baseline heart rate, baseline body temperature, infusion

duration, infusion rate, dosage, age, and sex was performed in order to assess factors

that may influence the occurrence of cephalgia post IVIg infusion. Here, higher

baseline systolic blood pressure (p = 0.017) influenced headache the most, followed

by age (p = 0.029). This study was limited by its retrospective design. However, given

that body temperature was not associated with cephalgia, a systematic immune

response after IVIg infusion may not be a major influence in developing cephalgia.

3.3 Moyamoya Angiopathy

This chapter is based on the following Original Research articles:

Kraemer M, Karakaya R, Matsushige T, Graf J, Albrecht P, Hartung H-P, Berlit P,

Laumer R, Diesner F. Efficacy of STA-MCA bypass surgery in moyamoya angiopathy:

long-term follow-up of the Caucasian Krupp Hospital cohort with 81 procedures. J

Neurol. 2018;265(10):2425-2433.

doi:10.1007/s00415-018-9031-4

Kraemer M, Sassen J, Karakaya R, Schwitalla JC, Graf J, Albrecht P, Hartung H-P,

Diehl RR, Berlit P, Laumer R, Diesner F. Moyamoya angiopathy: early postoperative

course within 3 months after STA-MCA-bypass surgery in Europe-a retrospective

analysis of 64 procedures. J Neurol. 2018;265(10):2370-2378.

doi:10.1007/s00415-018-8997-2
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Performing randomized-controlled trials in rare disease patients constitutes a

significant challenge. Retrospective, real-world analyses may be considered an

adequate tool to inform treatment planning for patients with a rare disease, such as

MMA. Two retrospective chart review studies performed in collaboration between the

University Hospital Düsseldorf and the European Reference Network center Alfried

Krupp Hospital Essen, Germany, assessed the clinical outcome of bypass surgery

between the superficial temporal artery and the middle cerebral artery (STA-MCA) in

Caucasian patients with MMA over the short-term (64 direct bypass procedures in 45

patients; 34 [75.6%] females; mean age at time of first surgery 41.8 [standard deviation

13.68] years)50 and long-term (81 STA-MCA bypass procedures in 54 patients; 39

[72.2%] females; mean age at the time of first surgery 39.1 [standard deviation 12.8]

years)49. Regarding hemodynamic compromised stages of MMA in patients with Asian

ethnicity, there is a consensus that STA-MCA may be beneficial.71,72 However,

evidence in Caucasian patients is scarce.

Over the short-term50, after 15% (10/64) of STA-MCA procedures MMA patients

complained of clinical symptoms excluding postoperative pain and headaches.

Radiological imaging revealed subdural hematoma in 70% (7/10) of MMA patients.

After 3 months, no persisting clinical symptoms were reported in 98.4 % (62/63) of

procedures (due to living abroad, one patient was lost to follow-up). After one

procedure (1.6%), a persisting worsening of aphasia most likely influenced by a

generalized seizure was reported. No new magnetic resonance imaging lesion has

been detected in this case in comparison with the preoperative magnetic resonance

imaging.

Over the long-term49, none of the MMA patients receiving STA-MCA experienced new

symptoms related to stroke or haemorrhage nor any new pathologic features were
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evident on magnetic resonance imaging for 38.2 months. Further, after 37.2 months,

magnetic resonance angiography revealed a reduction of MMA collaterals in 83.3%

(65/79) hemispheres. These chart reviews are limited by their retrospective design.

All in all, evidence from these retrospective chart reviews suggests that STA-MCA is

both a safe and an effective procedure in Caucasian MMA patients.
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4. Conclusion

The diagnostic and treatment landscape in neurology is becoming progressively

complex. Today in clinical neurology, for example, screening for a potential risk factor

before starting a treatment (e.g. LTBI screening in MS patients) may lead to long-term

antibiotic treatment, which is again associated with a therapeutic risk. Our work

focusing on infectious risk stratification underscores the relevance of this complexity in

everyday routine practice. Further, in the future, state-of-the-art, non-invasive

diagnostic tools (e.g. optical coherence tomography and multifocal visual evoked

potentials) may be able to help to further differentiate diseases of the peripheral

nervous system. The findings derived from the above-mentioned real-world and

population-based studies filled major knowledge gaps as drugs used to treat multiple

sclerosis are usually only tested in highly regulated trials over 2-3 years before market

approval. Further, these studies narrowed down the relevance of misdiagnoses (MMA)

and disease severity (aseptic meningitis) in rare diseases which cannot be feasibly

investigated with randomized-controlled trials.

All in all, major health care challenges of the 21st century need to be addressed with

observational, cohort and/or population-based studies, which can neither ethically nor

feasibly be solved with short-term or costly randomized-controlled clinical trials. For

example, diagnostic procedures and/or population-based analyses may one day

foresee the development of certain diseases in persons at risk. Earlier diagnosis and

treatment may set the path for a prevention of progression in chronic diseases. This

way, doing no harm in medicine may become less of a challenge when balancing

safety, risk and benefits of clinical decisions will be enabled and informed by

population-based research and state-of-the-art diagnostic tools.
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