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Abstract

Background: Neuromuscular diseases include disorders of motor neurons, peripheral nerves,
neuromuscular transmission, and skeletal muscles. Most neuromuscular diseases are rare
diseases, and that brings up number of difficulties and challenges for patients, for their
caregivers and for conducting the clinical trials. In the last two decades, we have witnessed
remarkable progress in therapy of several neuromuscular disorders, mainly thanks to the
advances in translational research and drug development possibilities. The determination of
the treatment effect is crucial to any clinical trial and the subsequent regulatory approval of a
new drug. There have been many challenges to overcome in finding a valid, reliable, and
responsive outcome capable of measuring fluctuating symptoms of neuromuscular disorders,
such as muscle weakness in myasthenia gravis and myotonia in myotonic dystrophy and to
detect any improvement or worsening in very slowly progressive muscular dystrophies. Our
goal was to identify the most relevant outcomes based on the statistical parameters of validity,
reliability, and responsiveness, and also based on their feasibility and employment in clinical
trials so far. We aimed to establish several of them as routinely used outcomes at our centre
and in our national registries to have data on the natural course of the disease in the future.
Methods and Results: The thesis summarizes the outcome measures currently being used in
myasthenia gravis and myotonic dystrophy type 1 and type 2 and discusses the history of their
development, its performance based on statistical parameters, and future perspectives. We
performed the validation and cross-cultural adaptation of the Myasthenia Gravis Composite
Score, Myasthenia Gravis Quality of Life 15 and Myotonia Behaviour Scale. We established
a quantitative assessment of myotonia using a commercially available dynamometer and
employed this method in assessing the myotonia severity in myotonic dystrophy type 1 and
type 2 and in a case-report demonstrating myotonia cessation after methylprednisolone. We
also used the outcomes from the national myasthenia gravis registry to determine the
predictive factors for a severe course of COVID-19 infection in myasthenia gravis.
Conclusion: The outcomes in myasthenia gravis are well established and all relevant
outcomes are now validated for use in the Czech Republic. The outcomes in myotonic
dystrophy have not been well established yet. The myotonia assessment developed by our
group is valid, reliable, responsive and easy to use in routine clinical practice and one of the

disease-specific questionnaires is now validated for Czech.

Keywords: outcome measures, rare diseases, myasthenia gravis, myotonic dystrophy,

validity, reliability, responsiveness



Abstrakt

Uvod: Mezi neuromuskularni onemocnéni se fadi poruchy motoneuronti, nervi,
nervosvalového pienosu a kosternich svali. VétSina neuromuskuldrnich onemocnéni spada
pod vzacna onemocnéni, coz pfinasi fadu problémul pacientiim, jejich pe¢ovatelim, ale také to
vyznamné ztézuje organizaci klinickych studii. V poslednich desetiletich jsme byli svédky
vyrazného pokroku v terapii nékolika nervosvalovych chorob, a to zejména diky pokroku v
translaénim vyzkumu a novym moznostem vyvoje 1é¢iv. Pro klinické studie a nasledné
schvaleni nového 1éku je naprosto zasadni umét kvantifikovat terapeutickou odpovéd’. Pro
symptomy, které kolisaji (svalova slabost u myastenie, nebo myotonie u myotonické
dystrofie) je velmi tézké najit parametr, ktery je validni, spolehlivy, a navic citlivy ke zméné
stavu. Soucasné je obtizné sledovat terapeutickou odpovéd u velmi pomalu progredujicich
onemocnéni, jako jsou napiiklad svalové dystrofie. NaSim cilem bylo identifikovat
nejrelevantnéjsi parametry na zaklad¢ jejich validity, spolehlivosti a citlivosti na zménu a také
na zéklad¢ jejich praktické pouZitelnosti a dosavadniho uplatnéni v klinickych studiich a tyto
implementovat do rutinn¢ pouzivanych §kal v naSem centru a narodnich registrech, abychom
méli v budoucnu data o pfirozeném prabéhu onemocnéni.

Metodika a vysledky: Prace shrnuje aktualné pouzivané skdly a jiné parametry u myastenie a
myotonické dystrofie, jejich historii vzniku a statistické ukazatele. Provedli jsme validaci a
jazykovou adaptaci kompozitniho skoére myastenie (Myasthenia Gravis Composite),
dotazniku kvality zivota (Myasthenia Gravis Quality of Life 15) a dotazniku na tizi myotonie
(Myotonia Behavior Scale). Dale jsme zavedli kvantitativni hodnoceni myotonie pomoci
komer¢né dostupného dynamometru a tuto metodu jsme pouzili pfi hodnoceni zavaznosti
myotonie u myotonické dystrofie 1. a 2. typu a v kazuistice prokazujici vymizeni myotonie po
methylprednisolonu. Data z narodniho registru myastenie jsme vyuzili ke stanoveni
prediktivnich faktorti pro zavazny prubéh infekce COVID-19 u myastenie.

Zavér: Skaly vyuzivané k hodnoceni tize myastenie jsou jiz velmi dobfe ustéleny a viechny
relevantni Skaly jsou nyni k dispozici v ¢eském jazyce. Méfeni ptiznakd myotonické dystrofie
bohuzel dosud neni jednotné, ale nasi skupinou bylo vyvinuto velmi spolehlivé a jednoduché
kvantitativni testovani myotonie a dale byl validovan jeden ze specifickych dotazniki

k subjektivnimu hodnoceni tize myotonie.

Klic¢ova slova: parametry, Skaly, vzicnd onemocnéni, myastenie, myotonicka dystrofie,

validita, spolehlivost
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1 Background

1.1 Neuromuscular diseases

The term neuromuscular disease includes disorders of motor neurons, peripheral nerves,
neuromuscular transmission, and skeletal muscles. Neuromuscular diseases usually manifest
with muscle weakness, muscle pain, cramps, fatiguability, muscular atrophy or hypertrophy,
stiffness, fasciculation, or sensory disorders. Various entities may present with the same
clinical symptoms. In some neuromuscular disorders, the involvement of other organs, such

as cardiomyopathy or skin rashes, may help with the correct diagnosis.

Many neuromuscular diseases are caused by genetic defects, some are acquired, and in some
entities the cause is unknown. The acquired neuromuscular diseases (such as autoimmune
myasthenia gravis or chronic inflammatory demyelinating polyneuropathy) were until
recently the only ones with sufficient therapeutic modalities, yet in last few years there has
been a remarkable progress in therapy of several genetic disorders. The advances in
translational research and drug development capabilities enabled development of therapy
based on modification the gene transcription and translation, such as ataluren (approved in
2014) and eteplirsen (2016) for Duchenne muscular dystrophy and nusinersen (2016),
onasemnogene abeparvovec (2019) and risdiplam (2020) for spinal muscular atrophy.
However, the approval of these drugs was preceded by decades of intensive collaborative

research and developing instruments to measure the therapeutic response.

1.2 Concept of rare diseases

The majority of neuromuscular diseases are among the rare diseases, with the exception of
some mononeuropathies and polyneuropathies. Even though there is no widely accepted
definition of rare disease, the term in Europe and in the United States is well defined. In
Europe, the rare disease is defined as a disease with low prevalence that affects less than 1 in
2 000 people (that equals less than 50 in 100 000 people, a ratio more used in Czech
Republic) [European Commission regulation # 141/2000]. In the United States, the Rare
Diseases Act of 2002 defines it as a disease affecting fewer than 200,000 people in the United
States. The term “rare diseases” should not be confused with “orphan diseases”. Orphan
disease provides a larger concept that includes all rare diseases but also diseases, either for

which the cost of developing the drug will not be recovered from sales (as defined by Orphan
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Drug Act in United States) or some neglected diseases that mainly affect patients living in

developing countries (as defined in Europe!).

Rare diseases bring up number of difficulties and challenges for patients, for their caregivers
but also for investigators developing drugs. Patients’ diagnosis might be misdiagnosed or
completely unrecognized and they might be harmed by the long duration of the disease
without adequate treatment. There are only few guidelines for managing the rare diseases and
the clinicians’ expertise is usually proportional to the number of the treated patients®. This
problem is partly solved by establishing few specialized centres to concentrate the patients’

carc.

There are also several difficult aspects of performing a clinical trial in rare disease. First
problem is identification of enough patients which requires multi-centre collaboration.
Another problem is poor understanding of natural history that is essential in planning the trial
and finding the right outcome measures, thus stressing the need of patient registries. A
problem was also the practical aspect of developing drugs and that was the poor motivation
for pharmaceutical companies to develop a drug with so few potentially treated patients.
Hence, in 1983, the Orphan Drug Act was passed in the United States to encourage
development of drugs for orphan diseases®. An orphan drug was defined as a drug against a
condition affecting fewer than 200 000 people in the United States or a drug that is expected
to be no profitable for seven years after Food and Drug Administration approval. Generally,
that law makes it easier to gain approval for an orphan drug as the number of participants in
Phase III trial might be lower and it further extends the period of exclusivity for marketing the
drug. The similar legislation was implemented in European Union in 2000 [European

Commission regulation # 141/2000].

In 2017, the first European Reference Networks were launched including the network EURO-
NMD for rare neuromuscular diseases*. Two neuromuscular centres in Czech Republic
(Motol University Hospital and University Hospital Brno) became part of it. The purpose of
creating this network was the development and application of care guidelines, facilitating
translational and clinical research, harmonising data and samples for research reuse, and

sharing of high-quality data.
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1.3 Patient registries

Patient registry is a database providing data for defined populations. Registries can be patient-
reported, professional-reported or combination of both. Registries are very important in
designing the clinical trial and in patient recruitment. The data collected over time are also
essential for the healthcare planning, natural course studies, and overall improvement of

patient care.

Registries in rare diseases have some specifics>®. Because of the rarity of the disease, usually
no single hospital provides enough patients, thus stressing the need of national or global
registries’. Together with patient’s groups they serve as a tool to connect patients or their
caregivers. Patients with rare diseases are especially interested in others sharing the same
condition. The planning of the clinical trial and patient recruitment is also notably difficult in
rare diseases and patient registries are extremely helpful. The knowledge of natural history of
rare diseases is often scarce and sometimes the “textbook description” of the disease no
longer applies when an effective therapy emerges, and the life expectancy extends. The
patient registry provides valid and easily accessible information that responds immediately to
change in therapy and patient’s background. And finally, the choice of treatment usually
varies across different clinicians and centres based on their experience, custom and regulatory
directive. And even in a known nosological entity, such as myasthenia gravis, it may later turn
out, that there are few subtypes of the disease, each responding differently to different
therapy®. Without patient registries and guidelines, clinician must rely solely on his individual

expertise, while the registry gives such information very soon.

1.4 OQOutcome measures

The reliable determination of the treatment effect is crucial to any clinical trial and a
subsequent regulatory approval of a new drug. The value (score) of an outcome suitable for
clinical trial should change when the patient’s health status improves. Outcome measures can
be divided to patient-reported outcomes (PRO) and non-patient-reported outcomes that
include clinical (functional) outcome measures reported by observers and biomarkers, such as

biochemical analysis of blood tests °.
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1.4.1 Patient-reported outcome measures

Patient-reported outcomes (PRO) are defined as information coming directly from patients,
without interpretation of the patient’s responses by anyone else!?. They are located on the

right side of Wilson and Cleary Model (Figure 1)'!.

Characteristics of

the individual

AN

Symptom Personality Value preferences

amplification motivation

| \ \
e General health Overall quality of
physiological Symptom status Functional status ti lif
variables perception ife
\ T / /x
Psychological Social and Social and

supports economic supports psychological

\ supports

Characteristics of

the environment

Nonmedical factors

Health related quality of life (HRQOL) questionnaires are perfect examples of PRO. How

Figure 1: Wilson and Cleary Model (adapted from Wilson and Cleary, 1995'")

patients perceive their health depends not only on severity of the disease but also on their
personality, coping behaviour and social factors such as financial situation or the ability to
perform their job in worsened functional status. HRQOL questionnaires have to be
comprehensible to a total target population and they should be written in a simple language
that anyone over 12 years understands'2. An extensive review proved that the reliability of

HRQOL is comparable to other clinical measures'?.

However, the improvement or deterioration in PRO does not imply improvement or

deterioration in functional status, such as muscle weakness. For example, a quality of life
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questionnaire for neuromuscular diseases (INQoL)!* did improve in myotonic dystrophy type
1 (MD1) patients despite their diseases progression measured by muscle weakness, myotonia
severity, pain and other outcomes in 6 years'>. Authors discussed this findings as a possible
response shift phenomenon that means that patients are able to adjust to their situation and
change their expectations'®. A similar phenomenon might occur when introducing new
treatment that improves the functional status and subsequently leads to rapid improvement of
perceived quality of life; however, after adapting to better functional status, the perceived
quality of life might drop despite no change in functional outcome. Therefore, the correlation

between PROs and functional outcomes does not have to be strong.
1.4.2 Non-patient-reported outcome measures

Non-patient-reported outcomes are located to the left side of Wilson and Cleary model. In the
strict sense, biomarkers are the only objective outcomes, as there is no personal judgement
involved and they are obtained by direct measurement. Many outcomes are labelled as
objective, even though there is a subjective element, for example the imaging methods, that
must be interpreted by an expert. In functional measurement, either the patient being
measured or the clinician performing the test can sway the result. In neuromuscular diseases,
a functional outcome measure usually assesses gross motor function or ability to perform
daily activities. The advantage of a functional outcome measure is quantifying a clinically
meaningful concept. However, functional tests are susceptible to motivation of the patient, to
inter-rater variability and they might be time-consuming. On the other hand, the biomarkers
are usually easily measured and perform high reliability. But the relation of change in

biomarker level to patient’s functional status and quality of life is seldom well established.

Furthermore, regulatory requirements for approval of any treatment in European Union
demand that an observed treatment effect needs to lead to a clear clinical benefit!”. In other
words, only functional improvement is considered to be a relevant primary outcome. In
exceptional cases, a biomarker can be used as a primary outcome measure instead of a
functional outcome (surrogate endpoint). Nevertheless, prior to using a biomarker as a

primary outcome, a clear correlation with functional tests must be confirmed.
1.4.3 Development of new outcome measures

A lot of outcomes are obtained by direct measurement, for example the blood pressure, level

of blood glucose or forced vital capacity. These are also called observable variables.
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However, outcomes can be also non-observable, such as the severity of disease or quality of
life of a patient, and these are difficult to measure. They have to be measured indirectly,
usually using multiple items of observable variables, resulting in scales and scores of
questionnaires and performance tests. Items are not chosen randomly; there is a specific
scientific discipline called “measurement theories” that considers the relation of each item to

the unobservable variable and proposes the appropriate tools in development a new scale.

In most cases, it is not desirable to develop a new outcome measure for a disease if many
already exist. Developing an outcome may take years and if an existing scale can be translated
or adapted to our specific use, it will produce results comparable with existing studies.
Further, the outcome measure, which has been used in registries so far and for which the
natural history is already known, is ideal for the clinical trial. Therefore, it is always better to
use an existing scale. However, sometimes it is not possible. For example, the scales used in
Spinal Muscular Atrophy 1 directs at very young children and as the therapy emerged, these
children, that before therapy would never have walked, now are able to walk and new scales

have to be developed.

Development of new outcome measure requires detailed literature review, review of current

scales and engagement of both experts and patients '%1°,

1.4.4 Automated outcome measurement

Automated measurement is generally more reliable and more time-saving?®. With the
expanding importance of imaging methods in neuromuscular diseases ?!' a great need emerges
for automated measurement of specific muscle volume, fat fraction and other parameters, as
the manual assessment is very time consuming and rater-dependent, thus rendering the multi-
centre studies in rare diseases very difficult. In most cases, as the automated approach is in its

infancy, a semi-automated procedure with partial manual control is the method of choice.

Recently, development of Deep Learning?? methods have achieved and in many cases
surpassed the human-level performance in image classification and image segmentation. Deep
learning is a machine learning method where information is obtained directly from the raw
data by multilayer nonlinear computational models. For example, an image is an array of
pixel values. The first layer detects the presence or absence of edges and their orientation and
location in the image. The second layer then detects basic patterns by specific arrangement of

these edges. The third layer compiles patterns and motifs into combinations and next layers

15



detect known objects as a combination of previous parts??. The layers are obtained directly
form data during the learning process of deep learning model (based on neural networks),
therefore they are not designed by human engineers. The accuracy of deep learning model

depends on the quantity and quality of data used to its general learning process.

The utilization of deep learning methods in neuromuscular disorders lies mainly in imaging,

2324 and muscle ultrasound postprocessing?, but it has also

such as MRI image segmentation
been employed for detection of gait disorders®® and classification of neuromuscular

disorders?’.

1.5 Statistical terms and background

1.5.1 Reliability

Reliability of medical measures is defined as the extent to which repeated measurements
produce the same results for patients who have not changed?®. It can also be viewed from the
point of measurement error; the lower the error, the higher the reliability of the measurement.
Depending on the nature of repeated testing, we distinguish test-retest reliability (over time),
inter-rater reliability (performed by different raters), intra-rater reliability (performed by the
same rater multiple times) and internal consistency (performed with different selection of
items from a multiple-item instrument). A whole range of different terms is used for the same

concept, such as reproducibility, repeatability, variability, consistency or agreement.

To express the reliability, coefficients ranging from 0 (unreliable) to 1 (perfect reliability) are
used. The reliability coefficients are defined as a ratio of “true” variance between patients to
total variance, which equals true variance + variance of measurement errors. Therefore, the
reliability depends not only on the measurement error, but also on “true” variability between
patients in tested population. Thus, if the measurement error is low compared to difference
between patients, the test is able to distinguish the patients despite the measurement error and
the reliability coefficient approaches 1. And vice versa, the more homogenous the tested
population, the lower value of coefficients we get. Therefore, reliability is not a characteristic
of measurement method only, it is a characteristic of an instrument used in specific

population, as is demonstrated in the following example.

The example is based on the methodological article establishing myotonia measurement with

handgrip dynamometer®. The Figure 2 shows the homogeneity of mean relaxation time in
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healthy controls (varying from 0.1 to 0.3 seconds) and the large heterogeneity of patients with
myotonic dystrophy type 1 (MD1) ranging from 0.3 to 9 seconds. As expected, the intraclass
correlation coefficient (ICC) of repeated measurement in MD1 was 0.945 and the ICC in

healthy controls was only 0.437, despite the obvious larger absolute measurement error in

MD1 group.
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Figure 2: Example of reliability calculation. Relaxation time measured by handgrip dynamometer in patients with myotonic
dystrophy type 1 and healthy controls. The assessment consisted of three trials (repeated measurements). Each number on
the x-axis represents one participant, each dot represents one of the three trials.

1.5.1.1 Internal consistency

Internal consistency is a special type of reliability. It is defined as the relatedness among the
items?®. It measures the extent to which the items of a multi-item scale measure the same, for
example the burden of the disease. The most used parameter for assessing the internal
consistency of a scale is Cronbach’s alpha. It assumes that items measuring the same thing
should have positive correlations between each other. It generally compares the sum of
variances of each item to the variance of the total score and ranges from 0 (no internal
consistency) to 1 (absolute internal consistency). The lower the variances in each item
compared to the variance of the total score, the higher the Cronbach’s alpha. If the items are
not measuring the same construct, different subjects can score the same total score, yet have
completely different answers in each item. In this case, the variance of items would be high,
the variance of total score low and the Cronbach’s alpha low. If the items do measure roughly

the same, subjects with same total scores would generally score the items very similarly, thus
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the variance of the items would be low and Cronbach’s alpha high. A recommended value for
Cronbach’s alpha is around 0.8-0.9. Values higher than 0.95 indicate that the items measure

exactly the same and thus some of them are redundant.
1.5.2 Validity

Validity is defined as the extent to which an instrument truly measures the real value®.
Despite the simplicity of this definition, it is difficult to determine what a real value is, as it is
the case with patient-reported outcomes, that almost always lack a gold standard. PROs are
usually developed through several iterative phases. There is no single statistical parameter for
validity of such questionnaires. Validity is evaluated by experts in the field based on
correlation with other existing scales, consistency of previously defined hypothesis,

differences in groups etc.

In situations in which there is a gold standard (such as histological diagnosis of tumour or
scale that is well established), validity is expressed as agreement with this gold standard. The
statistical parameters used depend on the variable of measurement. ICC*® and Bland and
Altman plots®! are used for continuous variable with the same unit. For other continuous
variables the correlation coefficients are used. For dichotomous outcome, for example
diagnosis of tumour with options “yes” or “no”, validity is expressed in sensitivity and
specificity. If the gold standard is dichotomous and the new variable is ordinal or continuous,

receiver operating characteristic curves can be used.

It is important to notice, that validity is associated with reliability. If the reliability is low (i.e.
two measurement performed with the same instrument provide different results), the level of
agreement between two different instruments cannot be expected to be higher. In statistical

terms, the maximum of expected correlation between gold standard and new instrument is

Jrel(A) x rel(B)
where rel(A) is reliability of gold standard, and rel(B) is reliability of new instrument 32,
1.5.2.1 Cross-cultural validity

Cross-cultural validation of scales and questionnaires starts with forward translation by two
translators having the target language as their mother tongue. One translator should be an

expert in the field of the translated scale, the second one should be a language expert. Then, a
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combined version of the translation is made by consensus. The agreed version is then
translated back into original language, this time by two other translators, both language
experts, having the original language as their mother tongue. All discrepancies have to be
reviewed and a consensus has to be reached upon a pre-final version. This version is then
tested by small sample of patients (target population) for interpreting the items and
comprehensibility®. Further, it should be checked if the scores of the translated scale in one
population correspond to the scores of original scale in a different population with the same
severity of disease, because some items of the questionnaire can be irrelevant in other
cultures. This is seldom done, as it is quite difficult to gain data of a different population with
the same severity of disease. Instead, the strength of correlations with other related scales and
the ability to distinguish between specific groups are checked. Further, advanced methods of
statistical analysis, such as factor analysis and item response theory techniques might be
employed, but all these methods require data from two population, yet this time the same

disease severity is not a prerequisite.
1.5.3 Responsiveness

Responsiveness is defined as the ability of an outcome measure to detect a change?.
Responsiveness is closely related to validity, as validity refers to a single score and the
responsiveness refers to a change of scores (difference between two repeated measurements).
It is a crucial aspect of all outcomes used in clinical trials. The methods to assess

responsiveness are similar to methods assessing validity.
1.5.4 Minimal detectable change

Minimal detectable change is an important statistical term closely related to reliability and
measurement error. Observed changes in repeated measurement might represent a true change
or might appear only due to measurement error. Therefore, the measurement error of repeated
measurements in a stable population should be determined and the minimal detectable change

is than defined as a change beyond the measurement error.

In more detail, a minimal detectable change is a change larger then + 1.96 X SDg;¢ference-
In other words, it is a change that falls outside the limits of agreement in the Bland and
Altman graph. An example is shown in Figure 3** and Figure 4%. Figure 3 shows the
differences between two measurements (in this case performed by two independent raters

within an hour) in relation to the mean of patients’ two scores. Similarly, Figure 4 shows the
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same parameters in two consecutive completions of MG-QOL15 questionnaire by myasthenia

gravis patients in 2-4 days.
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Figure 3: Bland-Altman graph of repeated measurements of MGC score performed by two independent raters.
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Figure 4: Bland-Altman graph of repeated completions of MG-QOL15 questionnaire

Based on these results, the minimal detectable change should be established as 3 points in

MGC scale and 4 points in MG-QOL15 questionnaire.
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The measurement error can be reduced by repeated measurement and calculated average
scores by Vn, where n is the number of measurements. Similarly, considering the groups of
patients instead of individual patients, as is the case in clinical trials, the minimal detectable
change is also reduced by Vn, in this time the n representing the number of patients.
Therefore, in individual clinical practice, a greater change in an outcome is required than that

of clinical trials®3.
1.5.5 Minimal clinically important difference

Minimal clinically important difference (MID) is defined as the smallest change in score that
is perceived as important by patients, clinicians or others®3. In large clinical trials, even the
small change in scores gets statistically significant (in terms of minimal detectable change, as
mentioned above), but those changes don’t have to be relevant for patients and clinicians. And
on the contrary, the scale is not able to detect the important change perceived by the patient, if
the measurement error is too high, so these two terms must not be confused. There are several
statistical approaches to determine MID. Generally, in patient-reported outcomes, the
perspective of patients must be considered, while in non-patient-reported outcomes usually
the experts’ opinion is considered to divide the patients into groups with important
improvement, important deterioration and without important change. Then the advance
statistical methods (ROC analysis, visual anchor-based distribution method, effect size) can

be applied.
1.5.6 Floor and ceiling effect

A floor and ceiling effects describes the inability of a scale to detect the change in subjects on
lower or upper end of the scale, respectively. It is characterized by very low variance of the
score results because the “floor” is too high, or the “ceiling” is too low. Those effects pose
problems mostly in longitudinal studies. During the development stage of a scale, those
effects can be remedied by simply adding more items at the lower or upper end of the scale.
So it usually occurs, if an existing scale is used in a different population, who is less or more
severely affected, in which most of the subject score at either end of the scale at the baseline

and even if their health improves or worsens, the scale cannot detect it.
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2 Myasthenia Gravis

2.1 Summary

Myasthenia gravis is a chronic autoimmune neuromuscular disorder manifesting with
fluctuating fatigable weakness caused by antibodies targeting the structures at neuromuscular
junction. The neuromuscular junction is a specialized synapse that is particularly vulnerable
to circulating factors (auto-antibodies, neurotoxins, nerve agents), as it has no blood-brain

barrier.

Physiologically, the nerve action potential opens voltage-gated calcium channels (VGCC) at
the presynaptic terminal which leads to influx of calcium and exocytosis of packets of
acetylcholine (see Figure 5). About 65 % reaches the acetylcholine receptors (AChR) located
at the top of the deep folds of the postsynaptic muscle membrane®¢. AChR is a Na®, K" and
Ca?" ion channel and binding of two molecules of acetylcholine leads to opening of the
channel and generating the endplate potential. If the depolarisation reaches a critical
threshold, the voltage gated sodium channels located at the bottom of the deep folds of muscle
membrane propagates the action potential along the muscle fibre leading to contraction. The
AChRs close spontaneously, as does the VGCC on the presynaptic membrane. Acetylcholine
diffuses or is hydrolysed by acetylcholinesterase. Repolarization is completed with opening of

voltage-gated potassium channels (VGKC) at the presynaptic membrane.

MuSK
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Figure 5: Neuromuscular junction (adapted from Meriggioli and Sanders, 2009%7)
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Several types of antibodies against structures of neuromuscular junction have been
described®®. In most cases (85-90%), the autoimmune response is mediated by AChR
antibodies. The AChR antibodies are usually IgG; or IgGs, and they cause the complement-
mediated destruction of postsynaptic membrane. Few AChR antibodies directly block the
function or causes the cross-linking of AChR. Interestingly, AChR antibodies are present
also in up to 40% patients with thymoma without myasthenia gravis, however, it serves as a
predictive factor of developing myasthenia in the future’®. In some patients, the AChR
antibodies cannot be detected by radioimmunoprecipitation methods because of their low
affinity, yet a “cell-based” method was developed with AChRs expressed in a cell line
clustered with rapsyn and the authors were able to detect these low-affinity antibodies in 60%
of previously seronegative patients*’. Up to 70% of patients without AChR antibodies have
antibodies against the muscle-specific tyrosin kinase (anti-MuSK)*. The role of MuSK in
adult muscle is not clear but it is well established in development of neuromuscular junction
42 First, agrin, a large proteoglycan, is released from motoneurons termination and binds on
low-density lipoprotein receptor-related protein 4 (LRP4), that serves as a co-receptor of
agrin. LRP4 than interacts with MuSK that starts the signalling cascade leading to rapsyn
mediated AChR clustering on muscle cell. Anti-MuSK are IgG4 subclass, which is not a
complement activator, and that has consequences in the treatment choice*. There are few
other structures of the neuromuscular junction targeted by immune response, namely the

LRP-4 and agrin, but the occurrence of these antibodies is very rare**.

The clinical manifestation of myasthenia gravis is very heterogenous and varies from pure
ocular forms to generalised severe life-threatening course. At the onset of the disease, the
ocular symptoms are the only symptoms present in more than 50% of patients*, yet only
15%-25% of patients have pure ocular form all along the disease®*°. The motor unit sizes are
very small in extraocular muscles and multiple neuromuscular junctions are located on one
muscle fiber, directly responsible for contraction instead of generating action potential®¢.
Therefore, any reduction in endplate potential has a direct effect on the muscle contraction
and that might be the cause of ocular symptoms being very frequently the first symptoms of
myasthenia. Approximately 85% of the patients have generalized form manifesting as a
fluctuating muscle weakness, deteriorating after exercise and during repetitive movements.
Involvement of respiratory muscles can be life-threatening. Based on the type of antibody,
age of onset and the presence of thymic pathology, few classification of myasthenia subtypes

have been proposed with consequences in therapeutic strategy 33643,
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2.2 Therapy

A review?*® from 1937 stated, that “the treatment of myasthenia gravis until very recently has
been a source of discouragement to the patient and a cause of nightmare for the physician.”
Until 1930, there was no effective treatment and roughly one third of the patients died from
respiratory failure, the average duration of the illness up to time to death being four years and
six months*. Strychnine and thyroid extract were used most frequently, operations of the
thyroid gland and application of roentgen therapy to the region of thyroid and thymus gland
were recommended. In 1930, Harriet Edgeworth announced promising results in one case
treated with ephedrine sulphate*’. The real breakthrough came in 1934, when the British
physician Mary Walker noticed the similarity of symptoms with curare poisoning and
administered the patient with myasthenia subcutaneously injection of physostigmine. The
significant, yet temporary, improvement was published in Lancet*. The first attempts of
treatment potentially affecting immunity came in 1949, when patients were given
adrenocorticotropic hormone (ACTH). However, ACTH was given as an attempt to reduce
the volume of thymus and increase the synthesis of acetylcholine that was thought to be
insufficient®. The first report of thymectomy to treat myasthenia is from 1941°°. At this time,
the autoimmune nature of the disease has not been clarified yet. It was not until 1960 that the
autoantibodies in the serum of patients with myasthenia were detected® and the key
hypothesis that myasthenia is an autoimmune disorder was proposed®. Subsequently,
corticosteroids and immunosuppressants originally used in different indications (organ

transplants, lymphomas, leukaemia) were administered.

Since 1966, 6-mercaptopurine and azathioprine (a precursor of 6-mercaptopurine) were tested

in different countries®->%,

Unfortunately, one of the four patients treated with 6-
mercaptopurine in USA developed severe bone marrow suppression and subsequently died™,
which had generally delayed the use of immunosuppressants in myasthenia therapy in the
USA. Cyclosporin was first used in therapy myasthenia in 1986, just three years after

approval use for organ transplants™.

Interestingly, in international consensus guidance for management of myasthenia gravis
published in Neurology in 2016°°, azathioprine remained as first line immunosuppressant
agent in myasthenia. Cyclosporine was also recommended, but not as a first line due to its
potential severe side effects (nephrotoxicity). Even though mycophenolate mofetil,

methotrexate and tacrolimus were widely used at that time, it was not supported by evidence
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form clinical trials’’®, Severe exacerbations are treated with intravenous immunoglobulins
(IVIG) or plasmapheresis. Also in 2016, the first randomized trial proving the efficacy of
thymectomy in nonthymomatous myasthenia gravis was published®. The update of
international consensus guidance in 20202 emphasised the early use of rituximab in patients
with anti-MuSK antibodies and introduced eculizumab to be considered as a treatment for

refractory anti-AChR positive myasthenia®*4,

The last few years have seen a great upswing of phase 3 clinical trials with directed
therapeutic agents, such as terminal complement C5 inhibitors (eculizumab, ravalizumab —
trial NCT03920293, zilucoplan — trial NCT04225871), neonatal Fc receptor inhibitors
(rozanolixizumab®, efgartigimod®, nipocalimab - trial NCT04951622), B cell depleting
agents (inebilizumab, anti-CD19 agent, trial NCT04524273), and cytokine-based therapies
(satralizumab, anti-IL6, trial NCT04963270). Therapeutic options for the treatment of

myasthenia are thus likely to be expanded in the coming years.

2.3 Outcome measures

Assessment of myasthenia severity evolved from individual clinical description to disease-
specific, validated, and reliable scales. The clinical description of a patient in the case report
of physostigmine efficacy in 1934* looked as follows: “Her jaw then began to droop, she
had to hold it up with her hand, and the left eyelid began to droop. Speech became indistinct
when she was excited, swallowing was difficult, and fluid sometimes regurgitated through her
nose.” And after injection of physostigmine salicylate the description changed: “In from half
an hour to an hour after the injection the left eyelid ‘goes up’, arm movements are much
stronger, the jaw drops rather less, swallowing is improved, and the patient feels ‘less heavy’.

The effect wears off gradually in from 2-4 hours.”

In the 1960s, the widespread use of corticosteroids and immunosuppressants dramatically
improved the quality of life and survival rates of myasthenia patients and the need of
quantifying the disease severity and measuring the treatment response emerged. However,
measuring myasthenia severity provides specific challenges due to the fluctuating nature of
the disease. Therefore, symptoms may not be present during the single-point clinical
assessment, they may appear after exercise only, and further, the severity of symptoms is

affected by the time since the last dose of cholinesterase inhibitors. Many myasthenia specific
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outcome measures thus include the patient’s perspective and clinical trials often requires 10 to

12 hours interval without cholinesterase inhibitors prior to objective outcome measure testing.

The first myasthenia specific scales were introduced in 1980s. Myasthenia Muscle Scale was
used in the clinical trial of plasma exchange in 19837 but the scale is now frequently used
only in France®®. In the same year, the Myasthenia Gravis Score® was introduced and after
two modifications’®’! it led to Quantitative Myasthenia Gravis Score (QMG) that is
currently in use. Another measure, developed for the clinical trial of azathioprine in 1988 in
Italy is called The Besta Neurologic Institute Rating Scale for Myasthenia Gravis’?, but it
has not been used in any clinical trial since then. The current version has 11 items, all based
on physical examination and history. In 1999, Myasthenia Gravis Activities of Daily Living
(MG-ADL) was developed for the purpose of a trial of IVIG>. MG-ADL was the first
patient-reported outcome and it has become one of the most used primary outcome in clinical
trials since 202074, In 2003, the Manual Muscle Test (MMT) was developed’, as an
assessment with no need of any equipment. It measures strength in 30 muscle groups usually
affected by myasthenia in a single muscle contraction. In 2008, selected items from MMT,
QMG and MG-ADL were combined into one scale called Myasthenia Gravis Composite
Score (MGC)". The items were chosen based on their performance in two large clinical trials
of mycophenolate®®>° by a large group of myasthenia experts. In the same year, the first
myasthenia-specific HRQoL, Myasthenia Gravis Quality of Life 60 (MG-QOL) was

developed and tested in the same mycophenolate trial®®

. The original measure, consisting of
60 items, was later reduced to 15 items’®, mainly based on the item’s responsiveness in the
mycophenolate trial. Another patient-reported outcome, Myasthenia Gravis Disability Scale
(MG-DIS) based on the International Classification of Functioning, Disability and Health
with focus on patient disability was developed in 201477. And two years later, a composite
measure Myasthenia Gravis Impairment Index (MGII) consisting of 22 patient-reported
items and 6 examination items was developed’®. Neither MG-DIS nor MGII has been used in
a clinical trial yet. Further, since 2018, QMG, MG-ADL, MGC, MG-QOL and steroid sparing

effect are the only myasthenia-specific outcome measures used in randomized clinical trials’.
2.3.1 Quantitative Myasthenia Gravis Score (QMG)

As mentioned above, the QMG evolved from the MG Score developed in 1983. It originally
had 8 items®, but it was later modified to 13 items for the purpose of a clinical trial proving

the efficacy of cyclosporine’. Later, in 1998!, it was modified again to its current version of
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13 items all based on examination. The QMG considers the fluctuation of myasthenia by
measuring the fatigability and endurance. It requires spirometer and dynamometer and is quite

time-consuming, as it can take up to 20-25 minutes to complete. All items are scored from 0

to 3 and total score ranges from 0 to 39, see Table 1.

Test items weakness None Mild Moderate Severe
Grade 0 1 2 3
Double vision 60 11-59 1-10 Spontaneous
(lateral gaze) Sec.
Ptosis (upward gaze) Sec. 60 11-59 1-10 Spontaneous
Facial Muscles Normal lid closure | Complete, weak, Complete, Incomplete
some resistance without
resistance
Swallowing 4 oz. Water Normal Minimal coughing | Severe coughing, Cannot swallow
(1/2 cup) or throat clearing choking or nasal (test not
regurgitation attempted)
Speech following counting None at #50 Dysarthria at #30- | Dysarthria at #10- Dysarthria at #9
aloud from 1-50 49 29
(onset of dysarthria)
Right arm outstretched 240 90-239 10-89 0-9
(90°, sitting) Sec.
Left arm outstretched 240 90-239 10-89 0-9
(90°, sitting) Sec.
Forced vital capacity >80% 65-79% 50-64% <50%
Rt hand grip: male >45 15-44 5-14 0-4
(Kg) : female >30 10-29 5-9 0-4
Left hand grip: male >35 15-34 5-14 0-4
(Kg) : female >25 10-24 5-9 0-4
Head, lifted 120 30-119 1-29 0
(45%, supine) Sec.
Right leg outstretched 100 31-99 1-30 0
(45-50%,supine) Sec.
Left leg outstretched 100 31-99 1-30 0
(45-50%,supine) Sec.

Table 1: Quantitative Myasthenia Gravis Score (OMG)

The construct validity was established by correlation between QMG and MMT’>, MMS”, and
by comparing the scores of subgroups of patients across different MGFA classes®®. Based on
the reliability study’!, and the assessment of responsiveness in cyclosporine trial’® and IVIG
trial3!, the minimal detectable change greater than 3 is considered as significant. The MID cut

offs are below the change of 3 points as well®.
2.3.2 Myasthenia Gravis Activities of Daily Living (MG-ADL)

MG-ADL is an 8-items, patient-reported outcome, with each item scored in the range of 0 to 3
and total scored between 0 and 24 (Table 2). It is very easy to use, without the need of special
equipment. There is no specific recall time frame in the scale, as the interval is left for the

clinician to decide based on the current situation (e.g., stable patient for weeks, severe
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deterioration in two days), but in clinical trials the time frame is usually specified as 7 days or

since the last visit.

Grade 0 1 2 3
Talking Normal Intermittent slurring or Constant slurring or Spontaneous
nasal speech nasal speech, but can
be understood
Chewing Normal Fatigue with Fatigue with Gastric tube
solid food soft food
Swallowing Normal Complete, weak, some Complete, without Incomplete
resistance resistance
Breathing Normal Shortness of breath Shortness of breath Ventilator
with exertion at rest dependence
Impairment of ability None Extra effort, but no Rest periods Cannot do one of
to brush teeth or rest periods needed needed these functions
comb hair
Impairment of ability None Mild, sometimes Moderate, Severe, requires
to arise from a chair uses arms always uses arms assistance
Double vision None Occurs, Daily, Constant
but not daily but not constant
Eyelid droop None Occurs, Daily, Constant
but not daily but not constant

Table 2: Myasthenia Gravis Activities of Daily Living (MG-ADL)

Reliability was determined by test-retest scoring within a week in 20 subjects. The reliability
coefficient was very high (ICC of 0.937)% and the scores were within 2 points in 85% and
never differed more than 3 points. Construct validity was assessed by correlations with QMG,
MGC!Y and MG-QOLI15. The correlation was only moderate with QMG with Pearson
correlation coefficient of 0.583%4, while there was a strong correlation with MG-QOLI15
(0.763-0.775)%. The strongest correlation was between MG-ADL and MGC (0.846 — 0.869),
as expected due to the fact, that MGC combines items from MG-ADL. The responsiveness
was also assessed in 76 patients with variable time between two visits and variable
interventions. The improvement was defined as an improvement in MG-QOLI1S5 plus the
improvement in physician impression and MID was calculated using the effect size approach
and 2-points change was determined to be both clinically important and reliable enough. The

MG-ADL is prone to floor effect’®.
2.3.3 Myasthenia Gravis Composite (MGC)

MGC is a hybrid of patient-reported and clinician-reported items'. It was developed in 2008
by combining items form three existing scales. First three items are slight modification of first
items in QMG, items 3-6 are based on items form MG-ADL and the last three items are based
on MMT (see Table 3)%. The items were selected by committee of myasthenia experts based
on the item performance (responsiveness, concordance, score distributions, and correlations

58,59

with MG-QOLI15) in two large mycophenolate trials Further, the responses were
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weighted according to the opinions of the experts. In 2012, MGC was recommended by the

MGFA scientific board to be used as an outcome in clinical trials®®.

Ptosis, upward gaze
(physician
examination)

>45 seconds = 0

11-45seconds =1

1-10 seconds = 2

Immediate = 3

Double vision on

>45 seconds =0

11-45seconds =1

1-10 seconds = 2

Immediate = 3

lateral gaze,
left or right
(physician
examination)
Eye closure Normal =0 Mild weakness (can | Moderate weakness Severe weakness
(physician be forced open with | (can be forced open (unable to keep
examination) effort) =0 easily) =1 eyes closed) = 2
Talking (patient Normal =0 Intermittent slurring | Constant slurring or Difficult to
history) or nasal speech =2 nasal but can be understand

understood =4 speech =6
Chewing (patient Normal =0 Fatigue with solid Fatigue with soft Gastric tube =6
history food =2 food=4
Swallowing (patient Normal =0 Rare episode of Frequent trouble Gastric tube =6
history) choking or trouble swallowing, e.g.

swallowing =2 necessitating
changes in diet =5

Breathing (thought Normal =0 Shortness of breath | Shortness of breath Ventilator
to be caused by with exertion =2 atrest=4 dependence =9
MG)
Neck flexion or Normal =0 Mild weakness = 1 Moderate weakness | Severe weakness =
extension (weakest) (i.e., ~50% weak, 4
(physician +15%) =3
examination)
Shoulder abduction Normal =0 Mild weakness = 2 Moderate weakness | Severe weakness =
(physician (i.e., ~50% weak, 5
examination) +15%) =4
Hip flexion Normal =0 Mild weakness = 2 Moderate weakness | Severe weakness =
(physician (i.e., ~50% weak, 5

examination)

+15%) = 4

Moderate weakness for neck and limb items should be construed as weakness that equals roughly 50% +15% of
expected normal strength. Any weakness milder than that would be mild and any weakness more severe than that
would be classified as severe.

Table 3: Myasthenia Gravis Composite (MGC)

Reliability assessment was performed in 38 patients, with excellent results (the ICC of 0.98).
Construct validity was based on correlations with other measures: MMT (r = 0.80), MG-ADL
(r = 0.85), and MG-QOLI15 (r = 0.68)'. Responsiveness was assessed also by comparing the
change in MGC to change in other scores. The MID was determined as > 3 points. Just as it is

in MG-ADL, there is no specific time frame for patient history items.

The MGC was validated to Czech language in 2016** and the authors also performed test-
retest analysis of the reliability of the Czech version on 40 subjects. The ICC was 0.989 and

95% of patients had a score within the 2-points difference, see Figure 6.
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Figure 6: The MGC assessment by two raters (MCH and SV)

2.3.4 Myasthenia Gravis Quality of Life

Task force of the MGFA recommended development of HRQoL measure specific for
myasthenia gravis in 2000. The first version, MG-QOL with 60 items was developed in
2008.The items were formulated based on interviews with myasthenia patients, questions
from similar multiple sclerosis quality of life measure®” and experience of the authors. Test-
retest reliability was not assessed, construct validity was determined by correlations between
Short-Form 36 (SF-36) questionnaire (r = -0.80), MG-ADL (r = 0.72), QMG (r = 0.53) and
MMT (r = 0.46)%. The MG-QOL was quickly simplified to 15-item MG-QOL15 (Figure 7).
Factor analysis of each of the 60 items was performed, based on the changes in other scales,
specifically looking at how often the item was scored as improved when the patient improved.
The MG-QOLI15 proved to be reliable (ICC of 0.986)% and responsive in a randomized
controlled trial of IVIG and plasmapheresis®. The construct validity was assessed, similarly
to other MG scales, with correlation among each other, as well as correlation with SF-36

subscales’®.
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Not at all

A little bit

Somewhat

Quite a bit

Very much

Grade

4

| am frustrated by my condition

| have trouble using my eyes

| have trouble eating

I have limited my social activity
because of my condition

My condition limits my ability to
enjoy hobbies and fun activities

| have trouble meeting the needs
of my family

I have to make plans around my
condition

My occupational skills and job
status have been negatively
affected

| have difficulty speaking

| have trouble driving

| am depressed about my
condition

| have trouble walking

| have trouble getting around
public places

| feel overwhelmed by my
condition

| have trouble performing my
personal grooming needs

Figure 7: Myasthenia Gravis Quality of Life 15 (MG-QOL15)

Since 2008, the MG-QOL15 has been translated to many languages (Japanese, French,
Persian, etc.)’!™. It can be assumed that it was translated into many other languages, even
though not published. As the patients fill the questionnaire themselves, the translation must be
clear and understandable. The Czech version was validated in 2016°° and the authors

confirmed excellent test-retest reliability.

In 2016, revised form, MG-QOL15r was published!?’. Rasch analysis was performed on more
than 1300 completed MG-QOL15 questionnaires and consequently, three items were revised
and the 5-options scale (scoring each item as 0-4) was changed to 3-options scale (scoring

each item as 0-2). Yet, the revised form has not substituted the previous version in clinical

trials so far’4.
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2.3.5 Steroid sparing effect

Another frequently used outcome in clinical trial is a steroid sparing effect. Long-term steroid
treatment brings many side effects and several open-label studies reported lower dose
requirement or even discontinuation of corticosteroids after starting the treatment with
immunosuppressant. Reduction of corticosteroid dose thanks to introduction of
immunosuppressant may result in better life quality while maintaining the stability of
myasthenia course. The steroid sparing effect can be measured as area under curve of the dose
over time. The steroid sparing effect was primary outcome in several recently conducted trials
of methotrexate®®, thymectomy®!, IVIG (trial NCT02473965) and rituximab (trials
NCT02110706, NCT02950155), as well as the previous studies of azathioprine!®' and

cyclosporine!®,

2.4 National registry of myasthenia gravis MyReg

As mentioned in the introduction, registries of rare diseases are of an extreme importance to

patients, healthcare providers and for planning the clinical trial.

The Czech national myasthenia gravis registry (MyReg) was established in 2015 and since
then, records of more than 1300 patients with myasthenia gravis have been enrolled including
follow-up visits every year. According to raw data from all Neuromuscular centres in Czech
Republic, the estimated total number of patients with myasthenia gravis come up to 2000—

2500, thus the prevalence in Czech Republic might be higher than expected!®.

The project data are stored in an electronic database based on the CLADE-IS system. The
online registry application is available to users through any internet browser. The records are
stored under unique identification codes, which do not allow any retrospective identification
of the patient. The patient's identity is thus known only to the attending physician or
authorized healthcare professional. The guarantees of the registry cooperate with the Czech
patient organization (MYGRA-CZ) and every enrolled subject is allowed to view his own

data after logging into his user account, thus helping to ensure the data accuracy.

The structure of the registry was based on the model for international European Database for
Myasthenia Gravis!® and the common data elements recommendations of National Institute

of Neurological Disorders and Stroke (version 0.0). The whole database is designed in
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English to allow future integration into international database. The basic data summaries are

available on myreg.registry.cz in real time (see Figure 8).
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Figure 8: Basic data summaries from MyReg [available on myreg.registry.cz, accessed on 04/08/2021]

Among the outcome measures chosen to be followed in the registry are Forced Vital Capacity
(FVC), MGFA classification and MGC as mandatory entries and MG-QOL15, QMG and
MG-ADL as optional entries. Recently, the data from registry have been used to assess the

predictive factors for severe course of COVID-19 infection in myasthenia gravis'®.

In addition to group analyses and summaries, registry can be used also as a quick overview
for the patient’s physician. The Figure 9 shows an example of the visualization of information
gathered in registry for an individual patient, who participated in the IVIG trial. In the middle
of 2016, corticosteroids were discontinued per protocol, however, a severe exacerbation

requiring high dose of IVIG and switch to cyclosporine occurred.
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Figure 9: Visualization of the relation between therapy and scores of MG scales from MyReg
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3 Myotonic dystrophy
3.1 Summary

Myotonic dystrophy type 1 (MD1) and type 2 (MD2) are hereditary multi-systemic disorders
in which muscle weakness and myotonia are the most prominent symptoms. MD1 arises out
of expansion of CTG trinucelotide repeats in the DMPK (dystrophia myotonica protein
kinase) genel06107. MD2 results from expansion of the CCTG tetranucleotide repeats in the
CNBP (cellular nucleic acid-binding protein) gene!®. Mutant DMPK (CUG) and CNBP
(CCUG) RNA transcripts fold into double stranded stem-loop structures with U-U
mischmatches and bind to muscleblind-like (MBNL) nuclear regulatory proteins'®’, thus

causing alternative splicing (splicopathy) that affects hundreds of genes in different tissues!!’.

Even though the disease was first described in 1909!!!, the existence of more than one genetic
cause was not recognized until the unstable expansion of CTG trinucleotides was found in
1992197, Few years later, the distinct phenotype of myotonic dystrophy without the CTG
expansion and with accentuated proximal muscle weakness was described and labelled as

112,113

proximal myotonic myopathy . Later, the term MD?2 instead of proximal myotonic

myopathy was established and the CCTG expansion causing MD2 was found in 200198,

Myotonia and muscle weakness are common symptoms of both types, yet in MD1, another
characteristic features are muscle atrophy, facial weakness, ptosis, frontal baldness, and
weakness of distal muscle groups. The allele length of CTG repeat correlates with the disease
severity!'*!15. CTG expansions over 1,000 repeats are associated with the severe congenital
form, sometimes stated as a distinct entity. MD2 is generally milder and more variable, with
proximal weakness, calf muscles hypertrophy and muscle pain being very frequent. Both
types are associated with cataract, cardiac conduction defects, cognitive and execution
dysfunction, and digestive problems. Therefore, multidisciplinary approach is important for

the patient care.

The prevalence estimates wary widely in different populations. The highest known prevalence
of MD1 has been reported in Saguenay region in Quebec (1/475), which is attributed to the
founder effect and based on genealogy study, the number of founders in these region could
have been less than 57!'°. Even though MD1 is considered to be the most frequent muscular
dystrophy in adults!!?, the prevalence of MDI1 in Czech Republic based on the records in
Czech national registry of muscle dystrophies (REaDY) is 3.1/100 000, while the prevalence
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of MD2 is higher, roughly 4.1/100 000'!8. This is in agreement with several other
studies'17119 suggesting that MD2 might be underdiagnosed, as the symptoms frequently

occur in the elderly population.

Common symptoms of most patients, both MD1 and MD2, are myotonia and myopathy.
Myotonia is an abnormal delay in muscle relaxation after contraction. It is caused by
increased excitability of the muscle fibres, leading to repetitive action potentials in response
to stimulation. The most typical symptom of myotonia is difficulty in releasing a forceful
handgrip, problems with talking, chewing, and swallowing. Myotonia can vary from mild to
severe and might cause a substantial disability. It significantly deteriorates the quality of
life120. The myotonia is caused by aberrant splicing of chloride channel pre-mRNA, leading
to loss of chloride channel protein from the surface membranel?l. Reduced transmembrane
chloride conductance leads to hyperexcitability and myotonia. Another study has described
slower inactivation of sodium channels in myotonic dystrophy myocytes that results in
sodium ion accumulation and prolonged depolarization'?2. Myopathy is manifested with
muscle weakness, muscle atrophy or hypertrophy, muscle cramps and pain. It is also caused
by aberrant splicing of several genes, namely the bridging integrator-1 (BIN1)!23, TNNT3,
LDB3'?*, myomesin 1 gene (MYOMI)'?, non-muscle myosin heavy-chain gene

(MYH14)!2,

3.2 Therapy

So far, there is no treatment to slow down the progression of the disease and to alleviate the
muscle weakness. However, number of other symptoms are treatable, and their recognition
and treatment significantly increase the quality of life and, to a lesser extent, also the life

expectancy.

Cardiac conduction abnormalities affect roughly 30-75% MDI patients'?” and ECG Holter
examination is recommended annually to prevent malign arrhythmias and to assign patients
for cardiac pacemaker implant. Similarly, the respiratory function and routine
polysomnography for signs of sleep apnea should be performed!?®, as sleep apnea may cause
an increase in morbidity and mortality and can be solved with CPAP (Continuous positive
airway pressure). Fatigue and daytime sleepiness can be treated with modafinil'®® and

methylphenidate!*® and a trials with pitolisant (NCT04886518) and caffeine and theobromine
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(NCT04634682) have started recently. Some patients also require dietary adjustments due to

difficulties with swallowing and risk of aspiration.

The first published attempts to treat myotonia are dated to 1930s!3:132, Since then, many trials
have been conducted with different type of drugs, such as procainamide, phenytoin,
clomipramine, imipramine, quinine, benzodiazepines, calcium antagonists, taurine, etc.
Considering the fact that the molecular basis of MD1 was not discovered until 1992, the
tested cohorts were mixture of different types of diseases prior that date. Further, a Cochrane
review and its latest amendment in 2009 pointed out the poor quality of majority of trials
conducted prior to 2009'33. Since then, several new trials have been conducted. In 2010, a

study of mexiletine demonstrated reduction of myotonia in MD1!34

, yet more recent study
from 2021 doubted its effect, because even though there was significant reduction of
myotonia measured with handgrip myotonia, it was not reflected in participants' perceptions
of their myotonia. Further, mexiletine is a lidocaine analogue and can potentially increase
QRS duration, shorten the QT interval and may compromise hemodynamic function in

patients with heart failure!'*>. In 2017, studies of lamotrigine '*¢ and ranolazine '3’

proved their
partial anti-myotonic effect on non-dystrophic myotonias. The effect of ranolazine was
recently confirmed on small subset of MD1 patients'®8, while the results from lamotrigine trial
in MD1 have not been published yet (NCT01939561). Interestingly, one case report described

complete cessation of myotonia after methylprednisolone!°.

Because of the detailed knowledge of the molecular underlying mechanisms of myotonic
dystrophy, existing cell and mouse models, advances in translational research and drug
development capabilities, it is not foolish to believe, that even the pathogenetically oriented
therapy would seek the market approval in next few years!#’. There are many small molecule
drugs, oligonucleotide-based drugs and genetic therapeutic approaches in the preclinical stage
of development. Further, there are several drugs currently in phase 2 or 3 of clinical trials,

(tideglusib, IONIS-DMPKRX, erythromycin, metformin), and phase 1 (ERX-963).

3.3 Outcome measures

As the myotonic dystrophy is a multisystemic disorder, outcomes assessed in myotonic
dystrophy includes variety of disease symptoms. Further, as the severe form of MD1 affects
children and might cause cognitive impairment and mental retardation, sometimes, the

caregiver’s opinion of potential improvement must be considered instead of the patient. The
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Table 4 summarizes the outcome measures used in interventional clinical trials, phase 2 and 3,
since 2000 [available on clinicaltrials.gov, accessed on 05 Aug 2021]. The table shows very
little overlap of used scales and even the most frequently used tests, such as relaxation time
(RT), MMT and quantitative muscle assessment (QMA) employ different methodology,
different muscle groups and different number of tested muscles. Similarly, functional tests,
such as time to raise from the chair and time to climb up stairs vary across the trials, thus
rendering the meta-analyses impossible. It resembles the situation in clinical trials of
myasthenia roughly 20 years ago before the myasthenia specific scales had been developed. It
can be assumed that it will take some time to establish myotonic dystrophy-specific scales to

be routinely used in clinical trials as well.

In 2011, the Outcome Measure in Myotonic Dystrophy (OMMYD) working group was
assembled and several international workshops of outcome measures in myotonic dystrophy
type 1 have already taken place'*!. On the last report of such meeting, the first outcome
mentioned was the Myotonic Dystrophy Health Index (MDHI), which has been recommended
also by the NIH’s Common Data Elements group. Otherwise, there was not much consensus
between the recommendations of OMMYD group and NIH’s Common Data Elements group.
For example, the OMMYD group strongly arguments against the usage of Manual Muscle
Test (MMT) in favour on the use of Quantitative Muscle Assessment (QMA). Further, the
report emphasised the muscle endurance, muscle strength of the long finger flexors, and

myotonia as significant biomarkers!!.

Year MD Phase Drug intervention Primary endpoint Secondary Results
Type endpoint

2004 MD1 2 dehydroepiandrosteron MMT ESS 142
FVC
RT

2007 MD1 2 rhIGF-1/rhIGFBP-3 Safety emWT 143
DEXA
functional tests
FvC

MMT

PPT

QMA

RT

SIP

2008 MD1 2,3 methylphenidate DSS MSLT 130
ESS POMS
SF-36

2011 MD1 2 mexiletine 6mwWT BPI 144
DEXA

ESS

functional tests
FvVC

GSRS
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IBSIS
INQoL
MDHI
MMT
M-VAS
PPT
QVIA
RT
SF-36

2013 MD1 3 lamotrigine MBS RT NCT01939561
SF-36

2016 MD1 2 tideglusib Safety 9HPT 145
10mWT
ASRS

cal

DEXA

FVC

M-VAS

PPVT

QMA

RT

Top 3 CCVAS

2021 MD1 3 tideglusib CDM1-RS CC-CDM1-RS NCT03692312
cal
Top 3 CCVAS

2021 MD1 3 mexiletine RT 10mWT NCT04700046
and DM1-Activ scale
MD2 EQ-5D
functional tests
INQoL

MBS

M-VAS

2021 2 pitolisant Maintenance of CaGl NCT04886518
Wakefulness Test Cogstate Tests
ESS

FSS

MDHI,

PGI

SART

Table 4: The Phase 2 and phase 3 clinical trials registered at clinicaltrials.gov as trials for Myotonic Dystrophy, with the
study start date since 2000 [available on clinicaltrials.gov, accessed on 05 Aug 2021]

6mWT = 6-Minute Walking Test

9HPT = Nine-Hole Peg Test

10mWT = 10-Meters Walking Test

ASRS = Autism Spectrum Rating Scales

BPI = Brief Pain Inventory Score

CC-CDMI-RS = Caregiver Completed Congenital DM1 Rating Scale
CDM1-RS = Clinician-Completed Congenital DM1 Rating Scale

CGI = Clinical Global Impressions Scales

DEXA = Dual Energy X-ray Absorptionmetry

DSS = Daytime Sleepiness Scale

ESS = Epworth Sleepiness Scale

EQ-5D = EuroQol- 5 Dimension

FSS = Fatigue severity scale

functional tests = time to get up from chair, time to climb 10 stairs, etc., no unity in these tests.
FVC = Forced Vital Capacity

GSRS = Gastrointestinal Symptom Rating Scale

IBSIS = Irritable Bowel Syndrome Impact Scale

INQoL = Individualized Neuromuscular Quality of Life Questionnaire
MBS = Myotonia Behaviour Scale

MDHI = Myotonic Dystrophy Health Index scores
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MMT = Manual Muscle Test

MSLT = Mean Sleep Latency Test

M-VAS = Myotonia Visual Analog Scale

PGI = Patient Global Impression Scales

POMS = Profile of Mood States questionnaire
PPT = Purdue Pegboard test

PPVT = Peabody Picture Vocabulary Test
QMA = Quantitative Muscle Assessment

RT = Relaxation time (myotonia evaluation)
SART = Sustained Attention to Response Task
SF-36 = Short Form 36

SIP = Sickness Impact Profile

Top 3 CC VAS= Top 3 Caregiver Concerns visual analog scale
VAS = Visual Analog Scale

3.3.1 Myotonic Dystrophy Health Index (MDHI)

MDHI is a patient-reported outcome measure that was designed specifically for use in MD1
clinical trials!#6. It consists of 18 subscales: short form, mobility, upper extremity function,
the ability to perform activities, fatigue, pain, gastrointestinal issues, vision, communication,
sleep, emotional issues, cognitive impairment, social satisfaction, social performance,
myotonia, breathing, swallowing, and hearing. Participants provide responses to symptomatic
questions using a 6-point Likert scale. The validity was determined by correlations with other
tests and scales'?’, test-retest reliability of the total score was excellent (ICC = 0.951)!48:14°
and all subscales except pain (with ICC = 0.678) had ICC>0.750. It was already translated
and validated into Italian'#’, Japanese!*® and French!*°. The responsiveness of the scale has

not been determined yet.
3.3.2 Myotonia assessment

Measuring of myotonia severity evolved from basic presence of percussion myotonia to
computerized methods measuring the relaxation time (RT). Myotonia can be also assessed by
functional tests, such as time to open a fist 10 times and time to climb up 10 stairs. Finally, it
can be self-evaluated by patients on a grading scale. Probably the most accurate and specific
is measuring the RT of muscles. It can be measured either by electromyography, clinically

using the stopwatch or using a computerized approach.

In the review from 2006!3, the lack of a validated method for the quantitation of myotonia
was considered one of the main shortcomings of previous studies for the treatment of
myotonia. The degree of myotonia is extremely variable between patients, between seasons of
the year and even within the same patient on the same day. It is affected by factors such as

outside temperature, prior exercise or rest, pregnancy, or menses. Because repeated
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contraction and relaxation may temporarily improve myotonia (the “warm-up
phenomenon”!>!), it may influence results, depending on the duration and frequency of

muscle contractions.
3.3.2.1 Relaxation time

In 2007, a computerized approach to the quantitation of myotonia in patients with myotonic
dystrophy type 1 (MDI1) employing a handgrip dynamometer was published!>? and
subsequently employed in several trials144145153154  The forearm was stabilized on a
pegboard. Each measurement was taken over 6 voluntary contractions, each lasting 3 seconds,
with a 10-second rest period between each contraction. Three sets of measurements took place
with 10-minute intervals of rest between trials. The dynamometer produced an analogue
signal that was sent to computer via an analogue-to-digital transducer and subsequently
analysed by customized software that identified the peaks of the force curves. RT was then
calculated as time from 90%—5% of maximal force. The inter-trial variation was expressed as
coefficient of variation and the mean was 33.2% in MDI1. This method is very hard to
reproduce, possibly explaining the fact, that many other clinical trials used a different
approach. A later study (with lamotrigine) employed the Myotonic Behaviour Scale
(MBS)15>, which consists of six statements from which the patient has to choose, ranging
from asymptomatic (score 0) to severe myotonia (score 5). This study used a stopwatch to
measure the duration of myotonial36. Similarly, the authors of an open-label trial with
ranolazine in 2017 chose stopwatch and subjective grading of stiffness severity by

participants!37.

In 2020, a quantitative myotonia assessment using a commercially-available dynamometer
without any other special need of equipment was published'*. The protocol was quite similar
to the previous approach (3 trials with 10-minute interval rest) but to reduce the inter-trial
variability, the target forces were established prior to RT measurement. Patients were
encouraged to perform a maximal voluntary contraction in real-time mode, and the actual
force after 3 s was recorded. The target force was then defined as 75% of the previously
recorded maximal force. In the course of all attempts, patients were asked to exceed the target
force for 3 s in visual response to an arrow on the display of dynamometer. Relaxation time
was then automatically measured (by using a built-in feature of the dynamometer), from
target force to 10% of target force. The intraclass correlation coefficients were excellent,

0.945 for MD1 and 0.931 for MD2. The coefficient of variation (for comparison to previous
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method) was reduced to 22% in MDI1. The validity of the method was determined by
correlations with MBS questionnaire (0.627 for MD1 and 0.581 for MD2).

3.3.2.2 Myotonia Behaviour Scale (MBS)

The MBS questionnaire is a very simple scale, consisting of six statements, from which the
patient selects the one with whom he most identifies (Table 5). The scale was created for
patients with congenital myotonia in 2005!% by modifying the scale originally intended for

pain assessment'®’. The range is from 0 (= no myotonia) to 5 points (= very severe myotonia).

Grade

0 No stiffness

1 Some stiffness exists, which can be ignored

2 Some stiffness exists, which can be ignored at times, but doesn’t impair
daily activities

3 Stiffness exists, which demands a higher level of mental awareness when
performing some duties and activities

4 Severe stiffness exists, which impairs every duty and activity

5 Incapacitating stiffness exists, which demands constant moving not to be
totally locked up, with regard to movement

Table 5: Myotonia Behaviour Scale (MBS)

The Czech version was validated in 201833, The test-retest reliability was excellent (0.965 for
MD1 and 0.991 for MD2). The Figure 10 illustrates the relation between MBS and RT. The
MD1 patients generally scored lower scores than MD2. It can be explained by the fact, that
myotonia in MD1 presents a relatively mild symptom compared to the other symptoms they
suffer, thus causing different perception of myotonia severity. Similar bias was described in
the perception of muscle pain, as the muscle pain is a frequent complaint in MD2 only, even
though the targeted exploration and comparison showed that the frequency, intensity and
nature of pain did not differ substantially between those two forms of MD'°. This finding
implies that MBS cannot be compared across different diseases. However, while the RT was
above the upper normal limit in all MDI patients, 6 MD2 patients subjectively reporting
myotonia were below this limit. Therefore, the MBS scale can be advantageously used in

patients with mild myotonia as a more sensitive marker.
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Figure 10: Relation of MBS and handgrip relaxation time

3.3.3 Myopathy assessment
3.3.3.1 Motor function evaluation

Among the outcomes assessing the motor function are tests quantifying the muscle strength
(MMT, QMA) and functional tests (6-minute walking test, 10-meter walking test, time to
climb 10 stairs, time to raise up from chair, etc.). There is no consensus in selecting muscle
and muscle groups in testing muscle strength in clinical trials. MMT of 34 muscle groups
scored by a modified Medical Research Council's scale (MRC)'®® was till 2001 the only
validate outcome measure for Duchenne muscular dystrophy trials'®!. MMT is performed by a
clinician who scores each of the muscle groups on a scale from 0 to 5 in relation to the
maximum expected for that muscle. The assessment is thus subjective, and to measure MMT
reliably requires extensive experience and training. As mentioned previously, the OMMYD
group strongly arguments against the usage of Manual Muscle Test (MMT) in favour on the
use of Quantitative Muscle Assessment (QMA)!4!. However, QMA measures the force using
a strain gauge and requires special equipment!®>!63, Such condition limits its use to clinical
trials only and renders the comparison to MMT used in patient registries to follow the natural

history quite difficult.

The 6-minute walking test was originally designed to assess the adults with cardiopulmonary
conditions!®*. Since then, it has been extensively used in both adults and children’s
neuromuscular disorders. It measures the distance a person can walk quickly in 6 minutes!®’.
The nature of the test limits its use in clinical practice as there is hardly enough space to let

the patient walk for six-minutes. Therefore, the 10-meter walking test, measuring the time
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required to walk/run 10 meters, might be an alternative. The disadvantage of all the functional
tests, and to a lesser extent event of the force measurement, is the dependence on patient-
cooperation and motivation. Further, it is restricted to patients with substantial residual

muscle function.
3.3.3.2 Magnetic resonance imaging of muscles

In a slowly progressing neuromuscular disorder, conventional functional tests, such as
10mWT and 6mWT, are not able to detect change in a few-years trial duration. Quantitative
assessment of muscle fat fraction has been proposed as an imaging biomarker in

neuromuscular diseases by several experts in the field'®6-168,

Several studies have described changes in the muscle fat in upper'®® and lower extremities!’*~

173, Interestingly, in muscular dystrophies (Duchenne, limb-girdle muscle dystrophies,
myotonic dystrophy, etc.) specific patterns of muscle involvement can be recognised and in
some cases the diagnosis can be made by imaging only!’*. In myotonic dystrophy, the MRI of
lower limbs shows the affliction of the anterior compartment of the thigh, with the rectus
femoris muscle spared (see Figure 11, Figure 12). The gastrocnemius medialis and soleus are
most severely affected on the calf, followed by the tibialis anterior'’>!73, And on the upper
limbs, high-intensity areas were found in the flexor digitorum profundus, flexor pollicis
longus, and extensor pollicis, followed by affliction of abductor pollicis longus, short head of

biceps brachii, medial head of triceps brachii, and deltoid muscles in more severe stage of the

disease!®’.
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Figure 11: MRI of muscles in MDI1 and MD?2 [available on neuromuscular.wustl.edu/pathol/diagrams/musclemri.htm,
accessed on 07/08/2021]

Figure 12: Advanced symmetrical muscle atrophy of thigh muscles in patient with MD2. Almost all muscles are affected, with
the rectus femoris spared and relatively preserved adductor muscles (source: archive of University Hospital Brno).

The reason for selective involvement of different muscles in different disorders is unknown.
The role of metabolic and developmental properties of each muscle and the proportion of

muscle fiber types is being speculated!’®. Conventional MRI can be used for diagnosis,
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however quantitative approach is needed for monitoring over time, as is the case in clinical

trials.

Manual quantitative approach to score each muscle, typically limited to a scale of 46 grades,
is very time-consuming and subjective. The Figure 13 shows an example of Muscle scoring

protocol that was used in Institute de Myologie in Paris, France.
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Figure 13: Muscle Scoring Protocol, Institute de Myologie, Paris, France (source: Training School - MYO-MRI, 2017)

Using the advanced MRI techniques (Dixon!'’?, phosphorus magnetic resonance

spectroscopy!”?) and automated segmentation of the muscles*!7

might lead to establishing of
a feasible, reliable and most of all, responsive outcome to be used in clinical trials in the

future.
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3.4 National registry REaDY

The Czech national registry REaDY (Registry of muscular dystrophies) was established in
20118, Tt has 5 main domains: Duchenne/Becker muscular dystrophy (DMD/BMD), spinal
muscular atrophy (SMA), myotonic dystrophy (MD), facioscapulohumeral muscular
dystrophy (FSHD) and limb-girdle muscular dystrophy (LGMD). Till now, it gathered
records of almost 800 MD1 and MD2 patients. The structure of the registry was compiled
according to the structure of international registers kept within the TREAT-NMD project and
in 2021 it received a TREAT-NMD Global Data systems Oversight Committee membership
certificate. Its data were already presented in large international study!”’. Every enrolled
subject is allowed to view his own data after logging into his user account and can even
directly fill the quality-of-life questionnaires. Among the outcomes followed in registry are
MMT (quantified by MRC scale), ESS, BPI, SF-36, Short-form McGill Pain Questionnaire,
Beck Depression Inventory (BDI), International Consultation on Incontinence Questionnaire
Female Lower Urinary Tract Symptoms Modules (ICIQ-FLUTS), International Consultation
on Incontinence Questionnaire Anal Incontinence Symptoms and Quality of Life Module

(ICIQ-B) and International Prostate Symptom Score (I-PSS).

The basic data summaries are available on ready.registry.cz in real time (see Figure 14).

%0 796 iba

REQDY

Total number of patients

Patients by sex Patients by diagnosis

All diagnoses

DM DMD/BMD FSHD LGMD SMA

Date range

485 (1% 6.6.2011 19.7.2021

\
O .
€ resetfilters
Sex @remie @ve 796
Number of patients in current filter
Patients by age at enrollment Number of patients by date of enroliment
~ 73 165
158

£ 150 150
g
3 100 102
“5 100 100
pu
]
Qo
E 51
. . I I ; 53

0 — — - P o

0-5 6-10 11-20 21-30 31-40 41-50 51-60 61-70 71-80 >80 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021
Age group Date of enrollment

Figure 14: Basic data summaries from REaDY [available on ready.registry.cz, accessed on 06/08/2021].
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4 Commented Studies

4.1 Horakova M, Vohaika S, Bednarik J. Myasthenia Gravis Composite —

Validation of the Czech Version.

Cesk Slov Neurol N 2016; 79/112(5): 585-590.

The aim of this paper was to translate and validate the Myasthenia Gravis Composite (MGC)
score developed in 2008 and test in on a small sample of myasthenia patients from Czech
Republic. Standard procedure of forward-backward was employed and the final version was
reached by consensus. Special focus was given to the time frame of the items based on the
patient’s history. The main author of the original MGC score, prof. Ted Burns, was contacted
with this query, yet he confirmed that the specific time frame is left for the clinician to decide
depending on the current situation (e.g., stable patient for weeks, severe deterioration in two

days), using the “common-sense” approach.

The test-retest reliability tested on sample of 40 patients was excellent with ICC of 0.989. We
also investigated the variability of each item, and the most variable item was surprisingly the
neck flexion or extension, while the breathing item (which we intuitively expected to be the

most variable one) was most reliable.

MGC score is now a crucial, and mandatory outcome measure in Czech national registry of
myasthenia gravis (MyReg) and all Neuromuscular centres in Czech Republic have

implemented this outcome to routine examination.
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SHORT COMMUNICATION

KRATKE SDELEN]

Myasthenia Gravis Composite —
validace ¢eské verze

Myasthenia Gravis Composite — Validation of the Czech Version

Souhrn

Cil: V roce 2008 byla z vybranych polozek stavajicich $kal myastenie (QMG, MG-MMT, MG-ADL)
vytvorena nova skéla s ndzvem MG Composite (MGC). Cilem prace bylo validovat ¢eskou verzi
této skdly a ovéfit spolehlivost na skupiné pacientd Neuromuskuldrniho centra FN Brno trpicich
myastenif. Metodika: Cesky preklad byl validovan metodou zpétného prekladu. Shoda mezi
hodnotiteli byla ovéfena na vzorku 40 pacientt v rdmci akutni hospitalizace nebo rutinni kontroly.
Pacienti byli hodnoceni dvéma neurology (SV a MCH) nezavisle na sobé v ¢asovém rozmezf
10-60 min. Vysledky: Pro analyzu shody hodnotitell byl pouzit koeficient ICC (Intraclass Correlation
Coefficient) s vysledkem 0,989 a intervalem spolehlivosti Cl = (0,98-0,994). Regresni analyzou
jsme v nasich datech neprokézali vétsi odchylku s rostoucim MGC (p = 0,616). Spearman(v
korela¢ni koeficient mezi absolutni velikosti rozdilu v hodnoceni a prmérnou hodnotou
MGC jednotlivych pacientd byl 0,561. Zdvér: Skala MGC je efektivni néstroj k spolehlivému
sledovéni stavu pacientd, Ucinku terapie a porovnavani vysledkl pouzitelny v bézné klinické
praxi.

Abstract

Objective: In 2008, the new MG Composite score was constructed from selected items of existing
scales of myasthenia (QMG, MMT-MG, MG-ADL). The aim of this study was to validate the Czech
version of MGCand to checkreliability of the new scale in a group of patients from the Neuromuscular
Centre of the University Hospital in Brno. Methods: The Czech translation of MGC was validated by
forward-backward translation. Inter-rater reliability was assessed with 40 patients (during a routine
outpatient visit or hospitalization). Patients were assessed independently by two neurologists
on the same day within 10-60 min (SV and MCH). Results: Intra-class correlation coefficient was
0.989 (Cl = 0.98-0.994). Regression analysis of our data did not prove any systemic bias of difference
according to MGC score (p = 0.616). Spearman correlation coefficient for the absolute difference
in MGC value and the mean MGC of individual patients was 0.561. Conclusion: MG Composite is an
effective tool for long-term monitoring of patients, evaluation of treatment effect and comparing
data suitable for use in routine clinical practice.
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Uvod

Myastenie je autoimunitni onemocnéni cha-
rakterizované postsynaptickou poruchou
nervosvalového pfenosu. Autoprotildtky
namifené proti acetylcholinovému recep-
toru nebo jinym strukturdm nervosvalové
ploténky blokujf jejich funkci. Vysledkem je

oslabenf kosternich svall. Pro onemocnéni
je typické kolisani tize pfiznakd. Zpravidla se
pacienti citi nejhdre po ndmaze a k veceru.
Dllezitym pozadavkem pro dlouhodobé
sledovani pacienta, hodnoceni efektu 1écby
a pro vétsinu klinickych studif je moznost
kvantifikovat tizi postizeni. K posouzeni od-

povédi na lécbu je nezbytné zachytit i malou
zménu ve smyslu zlepSeni nebo naopak zhor-
Seni. Pro kazdodenni praxi by hodnocenf
mélo byt rychlé, nezatézujici persondl ani
pacienta a predevsim by mélo byt porovna-
telné mezi jednotlivymi vysetfujicimi. Pokud
vsechny tyto podminky budeme chtit spinit
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MG COMPOSITE SCALE

Jméno pacienta:

Priloha 1. Jazykové validovana ¢eskd verze MGC.

Datum vysetfenf:

1. Ptéza pti pohledu nahoru

2. Dvojité vidéni pfi pohledu la-
teralné (doleva nebo doprava)

3. Zavfeni oci

5. Zvykani'

6. Polykani'

7. Dychani
(zpUsobené MG)

8. Flexe nebo extenze krku
(nejslabsi)

9. Abdukce ramene?

10. Flexe kycle?

Celkem bod

a jakékoliv téZ3i oslabenf jako tézké.

Jméno vysetfujictho:

Cas vysetient:
>455 11-45s 1-10s
= =1 =2
>45¢ 11-45s 1-10s
lehké oslabent stredni oslabenti
norma (Ize pasivné otevfit (Ize pasivné otevfit
= s Usilim) snadno)
= 0 =1
intermitentni setfela fe¢  trvale setfela fe¢ nebo
norma nebo mluveni pfes nos  mluveni pfes nos (nazo-
= (nazolalie) lalie), ale Ize porozumét
=2 =4
norma Unava tuhou stravou Unava mekkou stravou
= =2 =4
vzacné epizody zaska- Casté obtize pfi
norma kovani potravy ¢iztize-  polykdni, nutnd zména
= ného polykani diety
=2 =5
norma dusnost po ndmaze klidové dusnost
= =2 =4
norma lehké oslabenf stredné tézké oslabenf
norma lehké oslabent stredné tézké oslabent
= =2 =4
norma lehké oslabent stredné tézké oslabenti
= =2 =4

okamzité
=3
okamzité
=4
tézké oslabeni
(neschopen udrzet oci

zaviené)
=2

je obtizné reci
porozumeét
=6

sonda do zaludku
=6

sonda do zaludku
=6

nutnost umelé plicni
ventilace

=9

tézké oslabenti
=4

tézké oslabenti
=5

tézké oslabent
=5

"Hodnoti se potize za poslednich 24 hod, pokud se jednalo o bézny den. Lze se zeptat i na delsi casovy Usek, pokud je to vhodné.
?Stredné tézké oslabeni odpovidd zhruba 50 + 15 % ocekdvané normalnf sfly. Jakékoliv mirnéjsi oslabent je klasifikovano jako mirné

u onemocnéni, jehoz pfiznaky navic kolfsaji
v ¢ase, jednd se témér o nemozny Ukol. Svédci
pro to i pomeérné pestra nabidka mnoha rdz-
nych 3kal, které byly pro hodnoceni stavu
pacienta s myastenif vytvoreny.

Prvni bodova skala (multiple-item ordi-
nal scales) s ndzvem MG-Score byla pro hod-
noceni myastenie vytvofena v 80. letech
20. stoleti [1]. Po nékolika Upravach se z nf
postupné stala dnes Siroce pouzivana skala
QMG (Quantitative Myasthenia Gravis) [2].
MéFf se vydrz nékolika svalovych skupin,
sfla stisku a sfla sevfenti vicek, doba do rozvi-
nutf dvojitého vidéni nebo ptdzy, vitdIni ka-
pacita plic, hodnotf se fe¢ a polykani. Zlep-
seni v hodnoceni QMG je dnes primdrnim
cflem mnoha klinickych studif. Tato skdla ale

nenf standardné vyuzivana v bézné klinické
praxi a to hned z nékolika dlvodd. VyZaduje
nékolikaminutové upazeni, zvednuti dolnich
koncetin a hlavy, a je tak fyzicky naro¢na pro
pacienta, ale predevsim casové velmi na-
ro¢na pro personadl. Kompletni vysetfenf za-
bere asi 20 min. Navic vyzaduje specidln{ pfi-
stroje (spirometr, dynamometr).

V roce 2003 byl vytvoren jednoduchy sva-
lovy test s ndzvem MG-MMT (Manual Muscle
Test for Myasthenia Gravis). Hodnoti se sila
30 svalovych skupin proti odporu vysetfuji-
cfho. Autory bylo navrzeno ji pouzivat jako al-
ternativu QMG pro jejf jednoduchost a mensf
¢asovou naro¢nost [3]. Tento test ale nenfscho-
pen zachytit inavu svalll po ndmaze a dalsf
charakteristické potize (bulbérni priznaky).

Ani jedna z téchto $kal ale nezohled-
nuje fakt, ze symptomy nemusi byt pfi ob-
jektivnim vysetfeni pfitomny a zpravidla
jsou zfetelnéji vnimany pacientem nez vy-
Setfujicim Iékafem. V roce 1999 bylo vytvo-
feno skore s ndazvem MG-ADL (MG Activi-
ties of Daily Living) [4]. Dotaznik se sklada
z osmi otazek, na néz odpovida pacient.
Otdzky jsou zaméfeny na zvladdani béznych
kazdodennich ¢innosti (fe¢, Zvykani, poly-
kani, cesanf atd.). Ukdzalo se, Ze ve srovnanf
s QMG je citlivéjsi ke zméneé stavu [5]. Skére
ADL spolecné se specifickym dotaznikem
kvality Zivota (Myasthenia Gravis Quality of
Life; MG-Qol) je standardni soucésti sub-
jektivniho hodnocenf ve vétsiné klinickych
studiich.
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Kazda z vyse uvedenych $kal ma své li-
mitace. Mezi hlavni patfi ¢asovéd naro¢nost
a nutnost specidlniho vybaveni u QMG
a cisté subjektivni hodnocenf pomoci ADL.
V roce 2008 byla z vybranych polozek vyse
zminénych skal (QMG, MG-MMT, MG-ADL)
vytvofena nova skéla s ndzvem MG Com-
posite (MGC) [6]. Jednotlivé skaly se pro né-
které polozky (napf. ptdza, diplopie, fec) pre-
kryvaji, ackoliv kazda testuje funkci odlisnym
zplsobem. V konstrukci nové skaly byl vy-
bran test s nejlepsimi vlastnostmi. Podkla-
dem pro vybér polozek byly dvé studie hod-
notici Ucinek terapie mykofenolat mofetilem
u pacientl se seropozitivni generalizovanou
myastenif [7,8]. Polozky byly vybrany na za-
kladé cetnosti abnormélniho vysledku, kore-
lace s MG-Qol a shody s celkovym posouze-
nim stavu ze strany pacienta i Iékare.

Vysledkem je 10 polozek s jasnym klinic-
kym vyznamem pro |ékafe i pacienta. Prvni
thi vychazeji z QMG a soustfedi se na vyset-
feni ocf, 4.-7. polozka vychazi z ADL a je sub-
jektivné referovand pacientem a posledni tfi
polozky jsou prevzaty z MG-MMT a zaméfily
se na axidlni a kofenové svaly nejc¢astéji za-
sazené myastenif. Na zékladé zkusenosti, ze
u méné nez 1 % subjektl doslo ke zhorsenf
oc¢nich pfiznakd mezi 46. a 60. s, byly zkra-
ceny intervaly pro vysetfeni o¢nich pfiznakd
oproti QMG [9].

Daldf dlleZitou zménou je nerovnocenné
nebolivazené skorovani polozek. Napriklad pfi
hodnoceni dychacich obtiZi mdze pacient do-
sahnout az 9 bod(, zatimco nejtézsi oslabenf
oc¢nich vicek je hodnoceno pouze 2 body.
Vahy byly stanoveny na zékladé expertniho
posouzeni 36 specialisty z 10 zemi [6] a oveé-
feny Raschovym modelem [10].

Validace origindlni verze byla provedena
v letech 2008-2009 v 11 neuromuskularnich
centrech (z toho dvé v Evropé — Glasgow
a Milan) [9]. Pouzivani této skaly je dale pod-
pofeno faktem, Ze v roce 2012 Task Force of
the Medical Scientific Advisory Board (MSAB)
of the Myasthenia Gravis Foundation of Ame-
rica (MGFA) doporucila uzivani MGC jako
kvantitativni Skaly pro hodnocenf stavu ne-
mocnych s generalizovanou myastenii [11].

Cilem préce je validovat Ceskou verzi
této Skaly a ovéfit spolehlivost na sku-
piné pacientl Neuromuskuldrniho centra
FN Brno trpicich myastenif.

Soubor a metodika

Pfiloha 2. Pokyny k vyplnéni MGC.

Formulai k vyplnéni Ize nalézt v piloze 1. Skala MGC mé celkem 10 poloZek. Minimalni pocet bod(i
je 0, maximalni mozny pocet bod je 50. Protoze polozky jsou vybrané z réiznych $kal, ¢ast vychazf
z klinického vysetfenf (1-3, 8-10) a ¢&st zanamnézy (4-7). V origindini $kale neni nijak stanoveno,
za jaké obdobi by mél pacient své symptomy u polozek 4-7 hodnotit. Je to ponechano na ,zdra-
vém rozumu” vysetiujictho. Pfesto v rdmci ziednoduseni povazujeme za vhodné ptat se na posled-
nich 24 hod a pouze v piipadé, Ze byl predchozi den zcela vyjimecny, Ize se zeptat i na delsi ¢asové
obdobi, napf. tyden. Jednotlivé polozky by mély byt vysetfovény v pofadi tak, jak jsou uvedeny.

1. Ptéza pfi pohledu nahoru

Pacient pohodIné sedici se vyzve ke sledovani prstu vysetfujiciho tak, aby se pacient dival
vzhUru. Sledujeme, zda do 45 s nedojde k poklesu vicka.

2. Dvojité vidéni pfi pohledu lateralné

Pacient se znovu vyzve ke sledovani prstu vysetfujictho nejprve na jednu stranu po dobu
45 s a poté na druhou stranu také po dobu 45 s. Pacient ndm musi sdm nahlasit jakmile prst
zacne byt rozmazany nebo pfimo dvojity. Zaznamendava se horsf vysledek. Prst by mél byt asi
50-80cm od oka, v Uhlu kolem 45 stupna.

3. Zavieni o¢i

Pacient se vyzve k usilovnému sevreni oci, které se snazfime proti odporu rozevrit.

4. Ret

Ptame se na subjektivni pocit feci. Pokud je objektivné pfitomna lehka dysartrie, ale pacient
referuje, ze se mu mluvi normalné, hodnoti se jako 0.

5. Zvykani

Ptdme se na potize se zvykanim. Pacient, ktery ma zavedenou sondu do zaludku automaticky
skoruje 6 bodU, bez ohledu na to, zda je schopen pfijimat potravu i peroralné.

6. Polykani

Ptdme se na obtize pfi polykani, vaznuti soust v krku, zaskakovani soust. DlleZitd je otdzka, zda
doslo k zméné stravovacich navykl nebo slozenf stravy. Pokud napf. pacient sdéli, Ze mu za-

skakovala ryZe a proto uz ji neji, skéruje 5 bodd.

7. Dychéni

Ptame se na dychaci obtize, zadychavani pi ndmaze nebo i v klidu. Hodnotf se pouze obtize,
u kterych predpokladédme, Ze jsou myastenického plvodu.

8. Flexe nebo extenze krku

Viysetfuje se sfla flexe a extenze krku proti odporu. Stfedné tézké oslabeni odpovida pfiblizné
50 % ocekavané normaini sily (£ 15 %). Jakékoliv leh¢i oslabenf se hodnoti jako lehké a jakéko-
liv téZsi oslabenti jako tézké. Zaznamenava se horsi vysledek.

9. Abdukce ramene

Pacient vsedé zveda paze nad horizontélu proti odporu. Pokud je slabost asymetricka, tak se
hodnoti slabsi strana.

10. Flexe kyc¢le

Pacient vsedé zvedd nohu pokréenou v kycli a v koleni proti odporu (pfi asymetrii plati stejné
pravidlo, jako v bodu 9).

Prvni fazi validace byl cesky preklad a ové-
fenf spravnosti a jednoznacnosti prekladu
metodou zpétného prekladu do angli¢-

tiny [12]. K zhodnoceni jednozna¢nosti pre-
kladu byl original i zpétny preklad zkontrolo-
van rodilym mluveim.

Dalsi fazi bylo stanoveni spolehlivosti hod-
noceni mezi rdznymi hodnotiteli. Zafazeno
bylo celkem 40 pacientl bud v rdmci akutnf

Cesk Slov Neurol N 2016; 79/112(5): 585-590 587




MYASTHENIA GRAVIS COMPOSITE - VALIDACE CESKE VERZE

2009 ¢
B DEEEE SR § MeH @ v
; S :
150 f f Do SR f
004 L L e ()
: f f R )
(] . : - :
504 1 i i@ i f S0 N IR f
SETEEE N IR B I S ¢
SRR -, .§.§9‘z'zzz;§z.§.§.zz
0100 040 S S ¢ 00 0 0 0
T T T T T 1T 1T™ T 1T " T 1T T/ T " "T T T T T T T T T T/ "T T T T T T T T T T T T "7T7°°7T
1 2 3 45 6 7 8 9 101 1213141516 1718 19 20 21 22 23 24 2526 27 28 29 30 31 32 33 34 35 36 37 38 39 40

Graf 1. Hodnoceni MGC dvéma hodnotiteli (MCH a SV).
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Graf 2. Bland(v-Altman(v graf — zavislost velikosti rozdilu v hodnoceni na tizi myastenie

(pramér MGC mezi hodnotiteli).

PInd pfimka odpovida praméru, ¢arkované piimky odpovidaji 95% limitlm shody.

hospitalizace na lGzkovém oddéleni neu-
rologické kliniky nebo v rdmci rutinni kont-
roly v.ambulanci v casovém rozmezi kvéten
2014-unor 2016.

Ze 40 pacientl bylo 21 Zen (52,5 %)
a 19 muzd (47,5 %). Vékové rozmezi pacient(
bylo 30-84 let a vékovy pramér 61 let.
Zatazenibyli pacientis Casnym i pozdnim na-

stupem myastenie (13-77 let, primér 53 let).
Protilatky proti acetylcholinovym recepto-
rdm byly pozitivni u 35 pacientl (87,5 %).
Ciste okularni formu mélo pét pacient
(12,5 %), 35 pacientl (87,5 %) mélo formu ge-
neralizovanou. Thymom v anamnéze mélo
osm pacientl (20 %).

Pacienti byli hodnoceni dvéma neurology
(SV a MCH) nezavisle na sobé ve stejny den.
Pofadi hodnotitel( bylo ndhodné, ale zpra-
vidla byli ambulantni pacienti nejprve hod-
noceni SV a hospitalizovani pacienti nejprve
MCH. Interval mezi méfenimi byl stanoven
umeéle na 10-60 min. Byl zvolen tak, aby
pacient nebyl unaveny z pfedchoziho vy-
Setfenf a soucasné se snizila pravdépodob-
nost bézného zakolisani pfiznakd béhem
dne.

Data byla zpracovéna v softwaru SPSS
23. Pro analyzu shody hodnotitell (inter-ra-
ter reliability) byl pouzit koeficient ICC (In-
traclass Correlation Coefficient), varianta
two-way random, absolute, average-mea-
sures [13]. K vylouceni systémového zkres-
lenf byl pouzit Blandlv-Altmandv graf, li-
nearni regresni model a Spearmandv
koeficient.

Jazykové validovana ceska verze MGC je
pfilohou 1. Pfiloha 2 je ndvod na hodno-
cenfi jednotlivych polozek a vychazi z prace
Burnse et al, osobnf komunikace s autorem
(Ted Burns) a vlastnich zkusenosti pfi validaci
Ceske verze [6,9,14].
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Vysledky

Hodnoceni viech 40 pacient( je zobra-
zeno na grafu 1. Prdmérné hodnoceni MGC
bylo 3,9. Primérna hodnota diference (ab-
solutniho rozdilu) mezi vysetiujicimi byla
0,5 bodu. MGC skére se u zddného pacienta
nelisilo o vice neZ 3 body a 95 % pacientd
mélo skore v rdmci odchylky 2 bod.

Pro statistickou analyzu shody hodnoti-
tell byl pouzit koeficient ICC. Vysledné hod-
nota, ICC = 0,989 s intervalem spolehlivosti
Cl = (0,98-0,994), svédc¢i pro vybornou spo-
lehlivost nové skaly.

K vylouceni systémového zkresleni byl
vykreslen Bland@v-AltmanCv graf s 95% li-
mity shody (graf 2). Graf zobrazuje vztah
mezi rozdilem v hodnoceni a prmérnym
MGC pro kazdého pacienta [15]. Regresni
analyzou jsme v nasich datech neprokézali
zavislost rozdilu v MGC hodnoceni a pri-
mérem MGC hodnoceni (koeficient -0,017;
p = 0,616). Spearman(v korela¢ni koeficient
zavislosti absolutni hodnoty rozdflu hodno-
ceni MGC a primeérem hodnoceni MGC byl
0,561 (graf 3).

Variabilita jednotlivych poloZek je zob-
razena na grafu 4. Pro kazdou polozku jsou
vykresleny dva sloupce. Na osy vy je celkovy
soucet odchylek v hodnoceni pro viech
40 pacientl. Prvni sloupec odpovida sou-
¢tu bodd, zatimco druhy sloupec odpovida
pouze souctu kategorif (0, 1, 2, 3), a nenf tak
zohlednéno vazené skérovani (kromé po-
lozky zavienf o&i tak nabyva nizsich hodnot).

Diskuze

Z vlastni zkusenosti mizeme potvrdit, Ze
skore MGC je jednoduché a ¢asové nena-
ro¢né. Nezbytné dveé a Ctvrt minuty trva vy-
Setfeni o¢nich pfiznakd, které je z testu Ca-
sové nejnarocnéjsi. Celkové vysetfeni trva
max. 4-5 min a neni na néj potreba zadné
specidlnf vybaveni. Postaci pouze stopky
(dnes bézné v kazdém mobilnim telefonu).

Spolehlivost nové skaly je vyborna. Dile-
zitym vysledkem je i nezavislost velikosti od-
chylky na tizi myastenie. Rozdil mezi hodno-
titeli je ndhodny, bez systémového zkreslenf
a nezvétsujici se s velikosti MGC.

V naSem souboru byla nejvariabilngjsi po-
lozka flexe nebo extenze krku. Navzdory
nasemu ocekavani a ponékud volné for-
mulaci u sedmé polozky — dychanfi (zpU-
sobené MG) - byla tato polozka nejméné
variabilnt.

Autofi MGC doporucuji za klinicky vy-
zZnamnou zmeénu stavu povazovat zménu
skére o 3 body a vice [9]. Nade vysledky po-

3,0 °

N
o
1

l)
|

rozdil MCG hodnoceni (absolutni)

prameér MCG hodnocentf

10,0 15,0 20,0

Graf 3. Zavislost absolutni velikosti rozdilu mezi hodnotiteli na tizi myastenie (priimér
MGC mezi hodnotiteli) s linedrni regresni pfimkou a 95% intervalem spolehlivosti.

1. ptéza
2. diplopie
5. zvykani

3. zavieni oci -

M suma diferenci v bodech

6. polykanf
7.dychani

8. krk

10. flexe kycle

suma diferenci v kategoriich

Graf 4. Suma rozdild mezi hodnotiteli rozdélena podle jednotlivych polozek MGC.
Prvni sloupec odpovida celkovému souctu rozdild bodd, druhy sloupec odpovida souctu

rozdil( v kategoriich.

tvrzuji, ze u 95 % pacientt bylo skore v rdmci
odchylky 2 bodd. Tribodovy rozdil tak s 95%
pravdépodobnosti musi odpovidat sku-
te¢né zméné zdravotniho stavu.

Jednotné a spolehlivé hodnocenf stavu
umoznuje porovnani velkych soubord dat

a sledovani pacienta v ¢ase. Doposud ne-
bylo k dispozici Zzadné dostatecné jednodu-
ché a rychlé hodnoceni, které by bylo pou-
Zitelné v bézné klinické praxi. Nasim cflem je
kromé validace této perspektivni a mezina-
rodné uznavané skaly také jeji rozsffeni do
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center a pracovist zabyvajicich se myasteni.
Jde o efektivni ndstroj k spolehlivému sledo-
vani stavu pacient(, Uc¢inku terapie a porov-
navani vysledkd.

Seznam pouzitych zkratek
ADL - Activities of Daily Living

QMG - Quantitative Myasthenia Gravis
MGC - Myasthenia Gravis Composite
ICC - Intraclass Correlation Coeficient

Cl - Confidence Interval

SV - Stanislav Vohérka

MCH - Magda Chmelikova
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4.2 Horakova M, Vohaika S, Bednarik J. Validation of Myasthenia Gravis
Quality of Life Questionnaire — Czech Version of MG-QOL15.

Cesk Slov Neurol N 2017; 80/113(1): 66-69.

In this paper, we also aimed to translate and validate the Myasthenia Gravis Quality of Life
15 questionnaire. Again, standard procedure of forward-backward was employed. We placed
great emphasis on clarity of the translation, as we considered it even more important than in
MGC score. Patients at our centre receive a MG-QOL15 form on each visit and fill it by

themselves while sitting in the waiting room.

Test-retest reliability was tested on sample of 40 patients, with the correlation coefficient of
0.993. We also performed simple linear regression to test the hypothesis, whether the
difference is dependent on the absolute total score but there was no systematic bias.
Cronbach’s alpha of internal consistency was 0.947, perhaps even too high, suggesting that
some of the items might be redundant. The most correlating items were “I have limited my
social activity because of my condition” and “My condition limits my ability to enjoy hobbies
and fun activities” with correlation coefficient of 0.877 and then items “I have to make plans
around my condition” and “My occupational skills and job status have been negatively
affected” with correlation coefficient of 0.864. The MG-QOL15 was later revised to MG-

QOLI15r, yet we have not implemented the new version yet.
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PUVODNI PRACE

ORIGINAL PAPER

Validace dotazniku kvality zivota pro pacienty
s myastenii — ¢eska verze MG-QOLI15

Validation of Myasthenia Gravis Quality of Life Questionnaire —

Czech Version of MG-QOL15

Souhrn

Uvod:V roce 2000 Task Force MGFA (Myasthenia Gravis Foundation of America) doporucila vytvorenf
MG-specifického QOL dotazniku. V roce 2008 byl vytvoren 15bodovy dotaznik s ndzvem Myasthenia
Gravis Quality of Life 15 (MG-QOL15). Dotaznik prokéazal vybornou spolehlivost a velmi dobrou korelaci
s ostatnimi skalami (QMG, MG-ADL, MMT) a rychle se stal soucasti hodnoceni pacientt v klinickych
studiich. Cilem nasi prace bylo vytvorit oficidlni ¢esky preklad, provést jeho validaci a predevsim rozsitit
MG-QOL15 do bézné klinické praxe. Metodika: Cesky preklad byl schvélen profesionalnim piekladatelem
a validovan metodou zpétného prekladu. Opakovatelnost a reprodukovatelnost byla ovérena na
vzorku 40 pacientt. Prvni dotaznik pacienti vyplnili v rdmci rutinni kontroly, druhy vyplnili s 2-4den-
nim odstupem. Vysledky: Pro analyzu opakovatelnosti byl pouzit Pearsondv koeficient s vysledkem
0,993. U 95 % pacientl bylo skére v rdmci odchylky 2 bodd. Regresni analyzou jsme v nasich datech
neprokazali vétsi odchylku s rostoucim celkovym skoére. Hodnota Cronbachova alfa 0,947 prokazuje
vysokou vnitini konzistenci dotazniku. Zdvér: Dotaznik MG-QOL15 je efektivni ndstroj k monitorovani
kvality Zivota u pacient( s myastenit. Oficidlni ¢esky preklad umozni vyuziti dotazniku v klinické praxi.

Abstract

Background: In 2000, the Myasthenia Gravis Foundation of America task force recommended
development of an MG-specific QOL measure. A 15-item Myasthenia Gravis Quality of Life 15 (MG-
-QOL15) scale was constructed in 2008. The questionnaire proved to be reliable and well correlated
with other MG-scales (QMG, MG-ADL, MMT) and it quickly became a part of the evaluation of
patients in clinical trials. The aim of our study was to establish an official Czech version, perform
validation and enable the MG-QOL15 use in routine clinical practice. Methods: Czech translation was
approved by a professional translator and then validated through forward-backward translation.
Repeatability and reproducibility were tested on a sample of 40 patients. Patients completed the
MG-QOL15 during a neuromuscular clinic visit and were asked to complete the second MG- QOL15
2-4 days later. Results: The Pearson correlation coefficient between the first and second completion
was 0.993. For 95% of patients, the score did not differ by more than 2 points. Regression analysis
of our data did not prove systematic bias with higher MG-QOL15 score. Cronbach alpha of
0.947 corresponds to high internal consistency of the questionnaire. Conclusion: The MG-QOL15 is
an effective tool for monitoring the quality of life in patients with myasthenia. The official Czech
translation allows the use of the questionnaire in routine clinical practice.
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Uvod

Jiz od 80. let 20. stoletf se v mediciné klade
ddraz na skaly, které hodnoti vliv onemoc-
néni na kvalitu Zivota pacienta a jeho bézné

denni aktivity. Zejména jsou takové skaly dd-
lezité u chronického, vycerpavajiciho a v case
kolisajictho onemocnéni, kterym myastenie
bezpochyby je. Tyto skély zachycuji odlisné

aspekty nemoci, nez je sfla a vydrz mérend
objektivnimi metodami. Souhrnné oznacenf
pro skély hodnotici kvalitu Zivota v souvis-
losti se zdravim je HRQOL (Health-Related

66

Cesk Slov Neurol N 2017; 80/113(1);: 66-69




VALIDACE DOTAZNIKU KVALITY ZIVOTA PRO PACIENTY S MYASTENII = CESKA VERZE MG-QOL15

60

50

40+

30+

MG-QOLI5 (1)

201 [) [
°

0 10 20

MG-QOLI5 (1)

T
30 40 50 60

Graf 1. Korelace mezi celkovym skore MG-QOL15.

Na ose x je skore prvniho vyplnéni v rdmci rutinni kontroly a na ose y je skére s odstupem

2-4dni.

Quality Of Life scales). Kvalita Zivota je ovliv-
néna mnoha rlznymi vlivy, napf. fyzickou
zdatnosti, psychickou pohodou, spolec¢en-
skou aktivitou nebo profesnim postavenim,
a spravny HRQOL dotaznik by mél tyto do-
mény zahrnovat. Vybér otdzek v dotazniku
hodnotici kvalitu Zivota by mél byt usity na
miru onemocnent. Pfi konstrukci dotaznfku
se vychazf z toho, co uz je o nemoci a po-
pulaci pacientd znamo, otdzky by mély byt
relevantni dané nemoci a nemély by se pfe-
kryvat [1]. Nazor pacienta je rozhoduijici, pro-
toZe néktefi dobre toleruji i tézké postizeni,
zatimco jini hire snasiilehci projevy nemoci.
Tato skute¢nost nemusi byt dana jen pre-
morbidnim nastavenim pacienta, ale i okol-
nostmi, jako je pacientova profesni role a na-
kolik ji onemocnéni omezuje [2].
Nejrozsitengjsim HRQOL dotaznikem je
Short-Form Survey (SF-36) — obecny dotaz-
nik vyuzivany u mnoha rlznych onemoc-
néni [3]. Ve studifch ale bylo prokazano, ze
SF-36 neni dobfe vyuzitelny u myastenie,
protoZe pouze otazky na fyzickou zdatnost
byly signifikantné rozdilné mezi pacienty
a zdravymi kontrolami. Opakované bylo do-
kazano, ze myastenie nema vliv na bolest
a mentdlni zdravi, a tyto otazky jsou tak nad-
bytecné [4,5]. V roce 2000 proto Task Force

MGFA (Myasthenia Gravis Foundation of
America) doporucila vytvoreni MG-specific-
kého QOL dotazniku [2].V roce 2002 byl v Ita-
lii vytvoren prvni MG-specificky dotaznik —
Myasthenia Gravis Questionnaire (MGQ).
Klinickymi experty i pacienty samotnymi
bylo navrzeno 56 poloZek, které byly pomocf
statistickych nastrojl redukovany do konec-
ného ¢isla 25 [6]. Dotaznik dobfe obséhl
otazky na fyzickou zdatnost a zvladani béz-
nych dennich aktivit (ndkupy, Cisténf zubl
atd.), ale nezahrnoval psychické aspekty
nemoci. O 6 let pozdéji byl vytvoren novy,
60bodovy dotaznik s ndzvem Myasthenia
Gravis Quality of Life (MG-QOL), ktery zahr-
noval i otazky na socidlni a psychickou po-
hodu [7]. Konstrukce byla obdobna - nej-
prve bylo experty vytvofeno 100 otazek, a to
i na zakladé rozhovort s pacienty, a nasledné
byl pocet otdzek redukovan. Vysledny dotaz-
nik prokdzal vybornou spolehlivost a velmi
dobrou korelaci s ostatnimi $kalami (QMG,
MG-ADL, MMT) [7]. Pfesto téhoz roku vznikla
nové, 15bodova skala MG-QOL15 odvozend
z pavodniho MG-QOL. Dlvodem byla pfi-
li$ velkd ¢asova narocnost pro vyplnénf i vy-
hodnoceni 60bodového dotazniku. Patnact
otdzek bylo vybrano na zakladé metaana-
lyzy studie s vyuzitim MG-QOL a nasledné

validovdno multicentrickou studif 11 center.
Korelace s objektivnimi skdlami byla velmi
podobna [89].

Od roku 2008 je tak MG-QOL15 hojné
rozsitenym HRQOL dotaznikem vyuZiva-
nym téméf ve viech klinickych studiich jako
jeden ze sekundarnich cild. Kazda z 15 oté-
zek mlze byt ohodnocena 0-4 body. Cim
vyssi je celkovy soucet, tim vyraznéjsi nega-
tivni vliv ma myastenie na kvalitu Zivota. Dle
dostupné literatury byl prelozen do néko-
lika jazyk( (japonskd, perska, tureckd a bra-
zilské verze) [10-13]. Lze predpokladat, ze byl
preloZzen i do mnoha dalsich jazykd, ackoliv
toto nebylo publikovano. | v Ceské republice
je MG-QOL15 uzZ nyni vyuzivédn v nékolika
klinickych studiich. ProtoZe pacienti dotaz-
nik vyplAuji sami, je ziejmé, Zze musi byt v je-
jich rodném jazyce a preklad musf byt jedno-
znacny a srozumitelny. Ve své podstaté jsou
na néj kladeny mnohem vyssi ndroky nez na
preklady objektivnich skal, které jsou vyplho-
vany vysetfujicim. Preklady vyuzivané v kli-
nickych studiich nejsou oficidinf a bohuzel
nejsou ani validované. Cilem nasi prace bylo
vytvofit oficidIni ¢esky preklad, provést jeho
validaci a predevsim rozsifit MG-QOL15 do
bézné klinické praxe.

Soubor a metodika

Prvnf fazf validace byl cesky preklad a ove-
fenf spravnosti a jednoznac¢nosti prekladu
metodou zpétného prekladu do anglic¢-
tiny [14]. Cesky preklad byl schvélen profe-
sionalnim prekladatelem. K zhodnocenf jed-
noznacnosti prekladu byl origindl i zpétny
preklad zkontrolovan rodilym mluveim.

K vyhodnocenf opakovatelnosti a repro-
dukovatelnosti MG-QOL15 v ¢eském jazyce
bylo pouzito opakované testovani (test-re-
test). Pacienti z Neuromuskularnfho cen-
tra FN Brno vyplnili dotaznik pfi bézné kon-
trole a byli pozadani, aby vyplnili druhou
kopii s 2-4dennim odstupem. Casovy od-
stup byl zvolen ve shodé s validacf originalnf
verze MG-QOLI15 [15] tak, aby pacienti za-
pomnéli na své predchozi odpovédi a sou-
¢asné se eliminovalo riziko zmény zdra-
votniho stavu. Ze stejného dlvodu nebyli
zafazeni pacienti, u kterych byla pfi rutinnf
kontrole navy$ena nebo snizena chronicka
medikace. Do vyhodnoceni bylo zahrnuto
celkem 40 pacient(, kteff vyplnili oba dotaz-
niky v obdobf Unor az srpen 2016.

Ze 40 pacientt bylo 16 Zen (40 %) a 24 muz{
(60 %). Vékové rozmezi pacientd bylo
34-91 let s vékovym primérem 63 let. Vék
v dobé prvnich pfiznakd myastenie u na-
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seho souboru byl 13-77 let s prGmérem
54 let. Protilatky proti acetylcholinovym re-
ceptordm byly pozitivni u 38 pacient (95 %).
Cisté okularni formu mélo devét pacientd
(22,5 %). Pozitivni anamnéza thymomu byla
u Ctyf pacientd (10 %).

Data byla zpracovana v softwaru SPSS 23.
Jako koeficient opakovatelnosti (test-re-
test coefficient) byl pouzit Pearsondv kore-
la¢ni koeficient. K posouzeni systémového
zkresleni byl pouzit linedrnf regresni model
a Blanddv-Altmanlv graf [16]. K analyze
vnitfni konzistence dotazniku bylo pouZzito
Cronbachovo alfa [17].

Vysledky

Na grafu 1 je zobrazeno vyhodnoceni do-
taznikd a korelace mezi prvnim a druhym
vyplnénim. Priimérné celkové skoére bylo
12,8 (min. 0, max. 56). Primérna hodnota ab-
solutniho rozdilu v hodnoceni ¢inila 1 bod
(min. 0, max. 5 bod0). U 95 % pacient( bylo
skére v rdmci odchylky 2 bod(. Pouze u dvou
pacientl byla odchylka vyssi — pfi druhém
vyplnénfo4 a5 bodl méné.

Pearsonlv korela¢ni koeficient s vysled-
kem 0,993 (p < 0,001) svéd¢i pro vybornou
opakovatelnost (repeatability) dotazniku.

Kvylouceni systémového zkreslenf byl vy-
kreslen Blandlv-Altman(yv graf s 95% limity
shody (graf 2). Graf zobrazuje vztah mezi roz-
dilem v MG-QOLI15 skore a primérem MG-
-QOLI15 skére. Z grafu je patrna vyrazna od-
chylka dvou jiz dfive zmirovanych subjektd.
Regresni analyzou jsme v nasich datech ne-
prokazali zavislost rozdilu na prdmeérném
skére MG-QOLI15 (intercept -0,12 s p = 0,741,
koeficient 0,001 s p = 0,978).

Cronbachovo alfa 0,947 dokazuje, ze jed-
notlivé polozky vykazuji vysokou vnitfni
konzistenci.

Maximalnirozdil v hodnoceniv rdmcijedné
polozky byly 2 body. Nej¢astéji se pacienti lisili
svymi odpovédmi na otazku 1 (,jsem frustro-
van myastenii”). Rozdilné na ni odpoveédélo
celkem 12 pacient(. Druhou problematickou
polozkou byla otdzka 4 (,omezil jsem své spo-
lecenské aktivity”), na kterou celkem odpoveé-
délo rozdilné devét pacient(, z toho tfi s roz-
dilem 2 bodu.

Diskuze

Dotaznik MG-QOL15 predstavuje jednodu-
chy a efektivni nastroj ke zhodnocenf fyzic-
kého, socialnfho a psychického vlivu myaste-
nie z pacientské perspektivy. Je také vhodny
pro dlouhodobé sledovani pacientd v ramci
studif, ale i v bézné klinické praxi [15]. Vyho-
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Graf 2. Blanddv-Altmandv graf — zavislost velikosti rozdilu v celkovém skére na tizi myas-

tenie (pramér MG-QOL15).

PIna pfimka odpovida prdméru, ¢arkované piimky odpovidaji 95% limitlm shody.

dou je ¢asova nenaro¢nost pro persondl.
Pacienti dotaznik vyplruji sami a bez po-
moci. Z vlastni zkusenosti mizeme potvr-
dit, Ze i pacienti pfistupovali k vyplnéni do-
tazniku pozitivné.

PYi prvnim vypInéni méli pacienti moznost
zeptat se na nejasné otazky. Dvakrat byla po-
loZena otazka, co pfesné znamend byt fru-
strovan. Soucasné i vysledky naseho vyhod-
noceni potvrzuji, ze v této otazce nejcastéji
dochdzelo ke zméné odpovédi. Po konzul-
taci s psychology, dle kterych ale neexis-
tuje jiny cesky ekvivalent a pojem frustrace
je v psychologii bézné pouzivan, jsme ji po-
nechali v pivodnim stavu.

NasSe data prokazuji vybornou opako-
vatelnost. S vyjimkou dvou subjektd bylo
skére pfi druhém vyplnéni v ramci odchylky
2 bod(, coz je na 60bodové $kale vyborny
vysledek. U obou pacientl s vyraznéjsf zmé-
nou v odpovédich se ztejmé jednd o néhod-
nou chybu. V zadné polozce se nelidili o vice
nez o bod a zmény v odpovédich si ne-
byli védomi. | s ohledem na tuto ndhodnou
chybu ale mdzeme uzavrit, ze rozdil v cel-
kovém MG-QOLI15 skére o 3 a vice bodu je
statisticky vyznamny a s 95% pravdépodob-
nosti odpovidd zméné v pacientové vnimani
nemoci. Odchylka v hodnocenf je nahodna,

bez systémového zkresleni a nezvétsujici se
s hodnotou celkového skére. V nasich da-
tech jsem také potvrdili vysokou vnitfni kon-
zistenci MG-QOL15. Dokonce hodnota Cron-
bachova alfa 0,947 je pro potfeby takového
dotazniku az pfili$ vysokd a naznacuje, ze
nékteré polozky mohou byt nadbytecné.
Nejvice korelujici byly polozky 4 a 5 (,ome-
zil jsem své spolecenské aktivity” a ,myas-
tenie omezuje moji schopnost uzivat si ko-
nickd”) s hodnotou korela¢niho koeficientu
0,877. Déle se jednalo o polozky 6 a 7 s hod-
notou korelacniho koeficientu 0,864 (,mam
potize s uspokojenim potfeb své rodiny”
a ,musim své plany pfizpUsobit myastenii”).
To je ale spfSe otdzka pro autory originalnf
verze dotaznfku.

V souhrnu, ¢eskd verze MG-QOL15 je sub-
jektivni dotaznik kvality Zivota pro pacienty
s MG, ktery je velmi dobfe vyuZitelny
v bézné praxi. Pro dlouhodobou monito-
raci je vhodna kombinace s objektivni nebo
kompozitni skdlou. V Uvahu pfipada pouziti
QMG, které se ale v praxi pfilis neosvédcilo
pro ¢asovou i pfistrojovou naro¢nost (spi-
rometr, dynamometr). V naSem centru vyu-
zfvdme kompozitni skalu MGC (Myasthenia
Gravis Composite) [18], kterd je sloZzena z po-
lozek QMG, MG-ADL a jednoduchého svalo-

68

Cesk Slov Neurol N 2017; 80/113(1);: 66-69




VALIDACE DOTAZNIKU KVALITY ZIVOTA PRO PACIENTY S MYASTENII = CESKA VERZE MG-QOL15

Ptiloha 1. Ceska verze MG-QOL15.

Jméno pacienta:

Datum vyplnéni dotazniku:

Uvedte prosim, do jaké miry je kazdy vyrok pravdivy

(v poslednich nékolika tydnech)

Vibec
ne=0

Trochu

Ponékud
ano =2

Docela Velmi

=1 dost=3 mnoho=4

1. Jsem frustrovan myastenif
2. Mam potize s o¢ima

3. Mam potize jist kvali myastenii

7.Musim své plany pfizpUsobit myastenii
9. Mam potize s mluvenim kvali myastenii
10. Mé@m potize s fizenim kvali myastenii
11. Jsem v depresi kvli myastenii

12. Médm potize s chlzi kvali myastenii

14. Citim se zdrcen myastenif

Celkem bodu

4. Omezil/a jsem své spolecenské aktivity kvali myastenii
5. Myastenie omezuje moji schopnost uzivat si konickd a zadbavnych ¢innostf

6. Mam potize s uspokojenim potieb mé rodiny kvili myastenii

8. Mé profesni dovednosti a pracovni postaveni byly negativné ovlivnény myastenit

13. Mdm problémy navstévovat vefejnd mista kvili myastenii

15. M&dm problém s vykonavanim svych osobnich dennich potreb

vého testu, je ¢asoveé nendro¢nd a byla vali-
dovéna pro ¢esky jazyk [19]. Kombinace MGC
a MG-QOL15 umoziiuje srovnani pacientt
jak v Case, tak i mezi skupinami, a to s ohle-
dem na fyzickou zdatnost, zvladani béznych
dennich ¢innosti i vlivu na kvalitu Zivota ne-
mocného. Ceska verze MG-QOLIS je v pfi-
loze 1.

Seznam pouzitych zkratek

ADL - Activities of Daily Living

HRQOL - Health-Related Quality Of Life scales

MG - Myasthenia Gravis

MGC - Myasthenia Gravis Composite

MGFA - Myasthenia Gravis Foundation of America
MGQ - Myasthenia Gravis Questionnaire
MG-QOL - Myasthenia Gravis Quality Of Life

QMG - Quantitative Myasthenia Gravis

SF-36 - 36-item Short-Form Survey
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This paper investigated the heterogeneity of the Czech and Slovak myasthenia patients. The
data of the Czech patients were gathered from the MyReg registry in 2016, only a year after
its founding when it was not established as national registry yet. We observed marked
differences between the two populations (age of onset, sex, positivity of AChR antibodies,
presence of thymus pathology), yet after matching data by age and sex, both groups showed
very similar clinical and laboratory characteristics. In particular, even the MGC score and

MGFA classification were not significantly different.

Interestingly, there was a difference in therapy approach that was not reflected in MGC score,
thus suggesting that particular drug choice is probably based on local practice or insurance

coverage and does not affect the therapeutic response.

In conclusion the study suggests that some of the heterogeneity between different populations
with myasthenia might be explained by different age and sex distributions, therefore those

parameters should be always taken into the account.
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A comparative study of myasthenic patients in

the Czech and Slovak Republics

Srovnavaci studie pacientl s myastenii
Ceské a Slovenské republiky

Abstract

Aim: Existing epidemiological studies of myasthenia feature differences in incidence, prevalence,
age- and gender-specific incidences, mortality rate, and even the prevalence of myasthenia
subtypes. The aim of this study was to compare the overall management of patients with
myasthenia, the severity of the disease, and a number of clinical and laboratory characteristics
and therapy approaches amongst patients in the Czech Republic and the Slovak Republic. Patients
and methods: Data were retrospectively collected from two registries in the Czech Republic (Brno)
and the Slovak Republic (Bratislava). Data were randomly matched by age of onset of myasthenia
and gender. The resulting groups consisted of 152 patients each. Results: There was almost no
significant difference between the matched groups. The clinical form, positivity of antibodies to
acetylcholine receptor, Myasthenia Gravis Composite Score, time to diagnosis, and percentage of
thymomas and thymectomy were not significantly different. There were significant differences
only in the occurrence of limb weakness at the onset of disease and in the choice of treatment
modality. Conclusions: Our data suggest that at least part of previously observed heterogeneity
between populations might be based on different age and gender distribution.

Souhrn

Cil: Stavajici epidemiologické studie vykazuji rozdily v incidenci, prevalenci, incidenci specifické dle
veku a pohlavi pacientd, mortalité, a dokonce i v prevalenci jednotlivych subtyp myastenie. Cilem
této studie bylo porovnat celkovou pécio pacienty s myastenif, zdvaznost onemocnéni, celou fadu
klinickych a laboratornich charakteristik a terapeuticky pfistup mezi pacienty v Ceské a Slovenské
republice. Soubor a metody: Data byla hodnocena retrospektivné ze dvou registrd v Ceské republice
(Brno) a Slovenské republice (Bratislava). Pacienti byly ndhodné sparovani dle pohlavi a véku
v dobé prvnich priznakd myastenie. Vysledné skupiny sestavaly ze 152 pacientC. Vysledky: Mezi
sparovanymi skupinami nebyl témér zadny signifikantni rozdil. Klinickéd forma, pozitivita protildtek
proti acetylcholinovym receptoréim, Myasthenia Gravis Composite skére, doba do stanovenf
diagnozy, procentudlnf zastoupenf tymomu a tymektomie se vyznamné nelisily. Vyznamny rozdil
byl ale ve zvolené terapii a také v zastoupeni oslabenf koncetin v Uvodu onemocnéni. Zdvér: Nase
vysledky svédci pro fakt, ze alespor ¢ast dfive pozorované heterogenity mezi skupinami pacientl
s myastenif mdze byt vysvétlena rozdilnym zastoupenim muzd a Zzen a réznou vékovou distribuci.
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Introduction

Myasthenia gravis (MG) is a typical autoim-
mune disorder, since the pathogenic role
of auto-reactive antibodies is evident. De-
tection of muscle-binding antibodies in pa-
tients' sera [1] led to the autoimmune theory
of MG in the early 1960s [2]. Further studies
described antibodies to several compounds
derived from muscle membrane [3] that
led to symptoms typical of MG if passively
transferred to mice, notably acetylcholine
receptor (AChR) and muscle specific kinase
(MuSK). [4,5]. Thus, the pathogenesis of MG
is clear.

Nevertheless, the triggering factors and
the natural course of the disease remain to
be elucidated. As the monozygotic twin
concordance rate in MG is 35.5% [6], it is
certain that genetics plays at least a par-
tial role. Nevertheless, the remaining per-
centage leaves options open for other fac-
tors, such as the environment. According to
one systematic review, the incidence and
prevalence rates vary greatly depending on
where the study took place. The incidence
rate ranges from 1.7 to 21.3 cases per mil
person-years and the prevalence rate ranges
from 15 to 179 per mil [7]. The reason for this
marked heterogeneity remains unclear. As
different populations have variable access to
neurological healthcare, the numbers may
by slightly biased by under-diagnosis. How-
ever, genetic and environmental factors are
very likely to play key roles.

Epidemiological studies revealed still
more differences. In European countries, the
disease affects mainly adults, while child-
onset MG (at under 14 years old) accounts
for almost 45% of the MG population in
China [8]. Even in European countries, age-
and gender-specific incidences are signifi-
cantly different between populations [7]. Al-
though detailed population-based data on
serological subtypes of MG are lacking, the
prevalence of MG subtypes does not cor-
relate with overall prevalence. According to
unpublished data from Prof. Vincent of Ox-
ford University in the United Kingdom, the
reported number of MuSK-MG patients in-
dicates a north-south decline in Europe [9].
Published data on therapy approach and se-
verity expressed by specific outcome mea-
sures across different populations are scarce,
but the mortality rates (defined as MG-re-
lated deaths) range from 0.06 to 0.89 per mil
person-years [7].

The aim of this study was to compare the
overall management of patients with MG,
the severity of the disease, and a number
of clinical and laboratory characteristics and
therapy approaches in the Czech and Slo-
vak Republics. The Czech and Slovak Repub-
lics are neighbouring countries in central Eu-
rope that once constituted a single federal
republic, known as Czechoslovakia, until
1993. Even though each country has a sepa-
rate healthcare system now, they share sim-
ilar systems of compulsory general health-

Tab. 1. Basic characteristics of Czech and Slovak groups (unmatched data).

Czech group

Slovak group

(unmatched (unmatched SiStf“t:ct;c:cle
n =189) n =508) 9
mean 58.8 542
age of onset 95% Cl for mean (56.4,61.2) (52.6,55.7) P =0.001
median 58
female 77 (40.7%) 265 (52.2%)
gender P =0.008
male 112 (59.3%) 243 (47.8%)
positive 166 (89.7%) 414 (82.3%)
AChR antibodies P =0.021
negative 19 (10.3%) 89 (17.7%)
ocular 51 (27.0%) 120 (23.6%)
clinical form P =0.206
generalized 138 (73.0%) 388 (76.4%)
thymoma 21 (11.8%) 45 (10.5%)
pathology ) 0 0 _
of thymus hyperplasia 8 (4.5%) 10 (2.3%) P =0.001
none 149 (83.7%) 373 (87.2%)

AChR - acetylcholine receptor; Cl - confidence interval;, n — number

care insurance, largely accessible to the
general population.

Patients and methods

Data were retrospectively collected from
two registries in the Czech Republic (Brno,
aregional capital city) and the Slovak Repub-
lic (Bratislava, the national capital city). The
Slovak registry is nationwide (from a state
with 54 mil inhabitants [10]), and data have
been collected since 1977 [11]. The registry in
Brno is more local, gathering data from the
south-eastern part of the Czech Republic
(@ region with 1.2 mil inhabitants [12]) since
2001. The following characteristics were re-
trieved from visits during the January-De-
cember 2016 period: age of onset, gender,
clinical form, Myasthenia Gravis Compos-
ite (MGC) score at the last visit, Myasthenia
Gravis Foundation of America (MGFA) clas-
sification at the maximum severity of the
disease, first symptoms referred to neurolo-
gist, time to diagnosis, AChR antibody pos-
itivity, history of thymoma, thymectomy,
thyreopathy, and modality of treatment at
the last visit. The drugs were grouped into
cholinesterase inhibitors (ChEl), cortico-
steroids, azathioprin, ciclosporin, and other
immunosuppressants (cyclophosphamide,
mycophenolate mofetil). The term “early-
-onset MG" was defined as that occurring at
the age under 50 years at first manifestation.
All patients who had visited in the period of
January-December 2016 were included. The
criteria were fulfilled by 189 patients from
Brno and 508 from Bratislava.

Patients from each group differed sig-
nificantly both in age of onset and gender.
Therefore, the data were randomly matched
by age of onset and gender to enable com-
parison of all characteristics. The resulting
groups consisted of 152 patients each. In con-
sideration of the lack of data normality, the
Mann-Whitney U test was employed to com-
pare differences in continuous variables. Fish-
er's exact test or Pearson chi-squared test (x2)
was used to compare categorical variables.
Statistically significance was set at P < 0.05.
Bonferroni correction for multiple testing
was used as required. Data analysis was per-
formed using IBM-SPSS software (Version 22,
SPSS Inc,, Chicago, IL, USA) and Statistica (Ver-
sion 12, StatSoft Inc., Tulsa, OK, USA).

Results

The basic characteristics of the two groups
appear in Tab. 1. There was a statistically
significant difference between groups in

172

Cesk Slov Neurol N 2019; 82/115(2): 171-175




A COMPARATIVE STUDY OF MYASTHENIC PATIENTS IN THE CZECH AND SLOVAK REPUBLICS

A Age of onset (Czech Republic)
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Fig. 1. Distribution of age of onset (in years) in the Czech Republic (A) and the Slovak Republic (B).
Obr. 1. Rozdéleni podle véku v dobé nastupu onemocnéni (v letech) v Ceské republice (A) a ve Slovenské republice (B).

both age of onset (P = 0.001) and gen-
der (P = 0.008), as appears in Fig. 1 A, B. As
above, data were then matched by age of
onset and gender to enable comparison of
all characteristics. Both groups consisted of
152 patients, of whom 44.7% were female.

The average age of onset was 57 years in clinical form
both groups.
Clinical characteristics
There was almost no significant difference
MGC score

in clinical characteristics between the two
groups (Tab. 2), apart from initial occurrence
of limb weakness, the proportion of which
was higher in the Slovak group. The most
common initial symptoms in both groups
were diplopia and ptosis (ocular). Further-
more, the ocular symptoms were the only MGFA
ones present in more than half the patients
at the onset of disease; however, only about
a quarter of patients sustained with pure oc-
ular form. Half the patients with initially pure
ocular symptoms, therefore, developed gen-
eralized MG. Even though the average MGC
score was higher in the Slovak group, the initial

classification

proportion of patients without symptoms symptoms
(MGC zero) was also higher in the Slovak

group.

Time to diagnosis thyreopathy

In 88.8% of patients from the Czech group
and 84.8% of patients from the Slovak group,
the diagnosis was made within one year of
initial manifestation. The mean and median

Tab. 2. Clinical characteristics.

Czech group Slovak group statistical
(matched: (matched: sianificance
n=152) n=152) 9
generalized 113 (74.3%) 115 (75.7%)
P=0447
pure ocular 39 (25.7%) 37 (24.3%)
mean 1.89 245
95% Cl for mean (1.32,2.46) (1.68, 3.23)
median 0 0 P—0678
maximum 26 35
patients with 0 0
MGC=0 79 (52.0%) 94 (61.8%)
| 39 (25.7%) 37 (24.3%)
lla 16 (10.5%) 21 (13.8%)
llb 63 (41.4%) 75 (49.3%)
P=0.210
Il 24 (15.8%) 14 (9.2%)
IV 5(3.3%) 1 (0.7%)
\% 5(3.3%) 4 (2.6%)
ocular 120 (78.9%) 110 (72.4%) P=0114
only ocular 83 (54.6%) 78 (51.3%) P=0323
bulbar 51 (33.6%) 51 (33.6%) P=0.548
neck 10 (6.6%) 17 (11.2%) P=0113
extremities 15 (9.9%) 37 (24.3%) P =0.001
yes 27 (17.8%) 35 (23.0%)
P=0.319
no 125 (82.2%) 117 (77.0%)

Cl - confidence interval; MGC — Myasthenia Gravis Composite; MGFA — Myasthenia Gravis
Foundation of America; n — number
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Tab. 3. Time to diagnosis.
Czech group Slovak group sisgtzitilﬁsggc:cle
mean 75
time to diagno- median 30 P = 0391
sis (months) minimum 0.25 '
maximum 120.0 72.0
Tab. 4. Thymoma and thymectomy.
Czech group Slovak group sizciit;isggc:cle
yes 18 (11.8%) 19 (12.5%)
thymoma hyperplasia 8 (5.3%) 3 (2.0%) P=0362
no 126 (82.9%) 130 (85.5%)
yes 30 (19.7%) 40 (26.3%)
thymectomy P=0.110
no 122 (80.3%) 112 (73.7%)
Tab. 5. Therapy.
Czech group Slovak group sisg;zittgsct;c:cle
ChEl 113 (74.30%) 130 (85.50%)
corticosteroids 93 (61.20%) 57 (37.50%)
therapy azathioprin 77 (50.70%) 118 (77.60%) P <0.001
ciclosporin 31 (20.40%) 10 (6.60%)
other 2(1.3%) 3 (1.90%)
ChEl - cholinesterase inhibitors

were similar (Tab. 3) and the difference was
not statistically significant.

AChR antibodies

Serology of AChR-antibodies is a routine ex-
amination supporting the diagnosis of MG
in both countries. Seronegative results ap-
peared in 10.5 and 14.5% of patients in the
Czech and Slovak groups respectively, and
the difference was not statistically signifi-
cant. Positivity of AChR-antibodies in both
groups increased with age. Whereas 37% of
patients in the early-onset group were se-
ronegative, the proportion decreased to 7%
in the late-onset group.

Thymoma and thymectomy
Imaging of the mediastinum represents also
a routine procedure in both countries. Thy-

moma was diagnosed in approximately 12%
of patients in both groups (Tab. 4). Occur-
rence of thymoma did not differ with age in
the Slovak group (11.6% in early-onset and
12.8% in late-onset), while in the Czech group
thymoma was diagnosed in 27.9 and 5.5% of
early- and late-onset MG, respectively.

Therapy

Therapy approaches differed (Tab. 5). Pa-
tients in the Czech group received cortico-
steroids more often compared to ChEl and
immunosuppressants.

Discussion

Our data suggest that at least part of the
observed heterogeneity between different
populations [7] may be based on different
gender and age distributions. As the basic

characteristics of both unmatched groups
reveal in Tab. 1, some differences (particu-
larly in age of onset, gender, and seropositiv-
ity of AChR) are obvious. Nevertheless, after
correction for differences in age and gender,
both groups showed very similar clinical and
laboratory characteristics. In particular, MGC
score and MGFA classification were not sig-
nificantly different.

The fact that the MGC score was used
uniformly in both groups lends weight to
this study. It describes the actual sever-
ity of symptoms and thus reflects the pa-
tient care and enables more comprehensive
comparisons.

As there were only few differences even
in matched groups, they should be men-
tioned. Patients from the Slovak group pre-
sented more often with limb weakness
among the first symptoms. The reason for
this distinction is unclear. As limb weakness
in elderly patients might be caused by other
comorbidities (spinal and intervertebral disc
diseases, polyneuropathy, ischemia, obesity,
etc), such weakness could have been attri-
buted to other causes in the Czech group
and not recorded as an MG symptom. An-
other possible explanation, later diagnosis
in the Slovak group with more pronounced
symptoms, is not supported by the almost
identical time to diagnosis. While there was
no difference in the total number of patients
with histories of thymoma, there was a clearly
higher percentage of thymoma in early-on-
set myasthenia in the Czech group. This
finding is not in agreement with published
studies [13,14]. In general, MRI was used as
a mediastinal imaging modality in the Czech
group, while contrast CT was used in the Slo-
vak group. As the sensitivity of MRl and con-
trast CT is similar for detecting thymoma, the
difference in early-onset thymoma is not ex-
plained and the reason for it remains unclear.
Nevertheless, the imaging method used
might partly explain the higher percentage
of hyperplasia in the Czech group, for which
MRI'is more accurate [15].

Even though there was a clear difference
in the choice of treatment modality (Tab. 5),
the MGC score in both groups was simi-
lar. Therefore, it seems that particular drug
choice is probably based on local practice
or insurance coverage and does not affect
therapeutic response. As more than half the
patients were without symptoms at the last
visit and the median time to diagnosis was
under three months, patient care in both
countries appears to be excellent.
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Our study has a number of limitations.
First, the registry in the Czech Republic is
not nationwide, since it covers only a part of
the country that is not strictly defined (ap-
proximately 1.2 mil of 10.6 mil out inhabi-
tants [12]). Further, as only patients who had
visited in the defined period were included,
the entire MG population in the Slovak Re-
public was not covered. This rendered it
impossible to calculate and compare preva-
lence in the two countries. Also, a partial ex-
planation of the observed differences in age
and gender may be found in the fact that
some patients in a given area were referred
to other Czech neuromuscular centres, and
diagnosed and treated in them.

Conclusion

We report a comparative study of two MG
groups from central Europe. Both groups
differed significantly both in age of onset
and gender. Nevertheless, the groups were
very similar after correction for these factors.
The heterogeneity among MG populations
is certainly largely due to genetic and envi-

ronmental factors, but our study suggests
that some of this heterogeneity might be
explained by different age and gender dis-
tributions. This should be taken to account
when comparing MG populations.
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with an overall impact on myasthenic outcome status and survival.

Eur J Neurol. Published online June 3, 2021. doi:10.1111/ene.14951

The present outbreak of coronavirus (COVID-19) brought many questions about the
predictive factors for a severe course of the infection. As myasthenia gravis is an autoimmune
neuromuscular disorder, in some cases causing the weakness of respiratory muscles, we

aimed to investigate the course of the infection in myasthenia gravis patients.

We informed all patients in the national myasthenia registry (MyReg) about our study by
means of text messages and all patients with the history of COVID-19 were then contacted.
We identified 93 patients, 35 (38%) of which were diagnosed with severe pneumonia and in
10 (11%) the disease eventually led to death. However, these values do not have to represent
the whole myasthenia population in Czech Republic, as we generally did not contact the
patients who have not replied to the initial test message. Instead, we investigated the

predictive factor for severe course of COVID-19 in these 93 patients.

Pre-infection data were obtained directly from the registry and from the medical
documentation for each patient, the post-infection data were obtained directly from the

patients by telephone (including the MG-ADL scale).

There were several important findings in this study. 14 patients (15%) had an exacerbation of
myasthenia during COVID-19. Further, higher FVC and better preinfectional status of
myasthenia (measured with MGFA, QMG, MGC) was associated with a lower risk of severe
course of the infection (defined as the requirement of hospitalization). For example, the odds
ratio (OR) for every 10% increase of FVC was 0.644 and the OR for every increase of ten
points was 3.580 in QMG and 3.247 in MGC.

On the contrary, there was no significant increase in the OR for severe course of infection for
azathioprine, cyclosporine, and mycophenolate mofetil. Only 4 patients received biologic
therapy rituximab, 3 of which had exacerbation of myasthenia during the infection and
eventually died. Therefore, rituximab proved to be the most important predictive factor for
death due to COVID-19 (OR = 35.143), yet this finding should be interpreted with great

caution, as the rituximab is not a first-choice treatment in myasthenia gravis and thus, patients
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treated with rituximab have generally more severe course of myasthenia as well. Similarly,
we found that a higher dosage of corticosteroids increased the odds of severe pneumonia (OR
= 1.774 for 10 mg increase of prednisone equivalent). However, patients with worse
myasthenia symptoms usually take higher dosage of corticosteroids. We were not able to
perform multivariate logistic models due to small number of patients, therefore we were not

able to determine the real impact of corticosteroid dose.
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Abstract

Background and purpose: Myasthenia gravis (MG) patients could be a vulnerable group
in the pandemic era of coronavirus 2019 (COVID-19) mainly due to respiratory muscle
weakness, older age and long-term immunosuppressive treatment. We aimed to define
factors predicting the severity of COVID-19 in MG patients and risk of MG exacerbation
during COVID-19.

Methods: We evaluated clinical features and outcomes after COVID-19 in 93 MG patients.
Results: Thirty-five patients (38%) had severe pneumonia and we recorded 10 deaths
(11%) due to COVID-19. Higher forced vital capacity (FVC) values tested before COVID-19
were shown to be protective against severe infection (95% Cl 0.934-0.98) as well as good
control of MG measured by the quantified myasthenia gravis score (95% Cl 1.047-1.232).
Long-term chronic corticosteroid treatment worsened the course of COVID-19 in MG
patients (95% Cl 1.784-111.43) and this impact was positively associated with dosage
(p = 0.005). Treatment using azathioprine (95% Cl 0.448-2.935), mycophenolate mofetil
(95% Cl 0.91-12.515) and ciclosporin (95% Cl 0.029-2.212) did not influence the course
of COVID-19. MG patients treated with rituximab had a high risk of death caused by
COVID-19 (95% Cl 3.216-383.971). Exacerbation of MG during infection was relatively
rare (15%) and was not caused by remdesivir, convalescent plasma or favipiravir (95% Cl
0.885-10.87).

Conclusions: As the most important predictors of severe COVID-19 in MG patients we
identified unsatisfied condition of MG with lower FVC, previous long-term corticosteroid
treatment especially in higher doses, older age, the presence of cancer, and recent rituxi-

mab treatment.
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INTRODUCTION

Coronavirus disease 2019 (COVID-19) is caused by the novel coro-
navirus, severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2), in which the host reaction can include antibody-mediated
inflammation and a cytokine storm that is thought to have a major
impact on the outcome [1]. Chen et al. [2] found that the risk of se-
vere disease course increases with age and with certain types of
comorbidities.

Myasthenia gravis (MG) is an autoimmune neuromuscular dis-
ease that carries the risk of respiratory muscle weakness, the treat-
ment for which, for more than half the patients older than 60 years
of age, is immunosuppressive therapy. These three main factors
could play an important role in COVID-19 infection increasing the
likelihood of SARS CoV-2 complications in MG patients [3].

Among various trigger factors for MG exacerbation and crisis,
infections are the most common cause [4,5]. Some drugs, which are
being tested for COVID-19 treatment such as inosine pranobex [6],
hydroxychloroquine and some antibiotics (azithromycin) [7,8], may
also adversely affect MG patients, especially those with bulbar
symptoms and/or with severe muscle weakness who are at greater
risk for another destabilization of myasthenic symptoms due to such
risk medication. Treatment considerations in MG with COVID-19
are even more complex. MG is treatable with corticosteroids (CS),
long-term immunosuppressive drugs, intravenous immunoglobu-
lins (IVIG) and plasmapheresis, or biologic treatment in refractory
forms. CS normally used in MG are very controversial in COVID-19
cases. In the early stages, CS can prolong viremia [9], as they inhibit
immune reactions by acting on migration and chemokine produc-
tion, but in contrast they can be beneficial during acute respira-
tory distress syndrome. However, there is still scant evidence on
the positive effect of CS treatment for this critical condition [10].
Immunosuppressive treatment can affect the risk of infections and
some therapies are associated with an increased risk from particular
types of pathogens. The use of biologic agents in generalized MG is
generally limited to therapy-refractory cases [11] and long-term use
of rituximab is also associated with an increased risk of severe infec-
tion [12]. Furthermore, there may be a reduction in the production
of COVID-19 antibodies and the risk of a more severe disease course
in patients who have developed this infection recently after admin-
istration of rituximab [13].

In contrast, IVIG therapy has the potential to be beneficial in
conjunction with COVID-19 infection and acute myasthenic exac-
erbation [3,14,15] through its immunomodulatory effect, thereby
suppressing cytokine storm syndrome [16]. However, we have to be
aware of the risk of thromboembolic complications associated with
IVIG treatment, which may accentuate the hypercoagulable state
during COVID-19 [17].

In this second phase of severe COVID-19, some immunothera-
pies might have the potential to attenuate or even prevent critical
illness [18]. A very promising cure also seems to be tocilizumab (in-
terleukin 6 [IL-6] inhibitor), which is currently in clinical trials for the
treatment of severe cases of COVID-19 [19] and offers the possibility

of this therapy being used in myasthenic patients with a more severe
course of COVID-19 in addition to IVIG therapy. This is because IL-6,
which is also involved in the immunopathogenesis of MG [20] and
COVID-19 and levels of IL-6 also correlated with increased mortality
due to COVID-19 infection [21].

Our primary goal was to determine the important predictive fac-
tors of the severity of COVID-19 in 93 patients with MG including
treatment modalities, comorbidities and degree of MG control, and
identify which therapies should be modified in those patients with
confirmed SARS-CoV-2 infection if possible. Secondly, we wanted to
identify the impact of a severe course of COVID-19 and its therapy
on MG patients and risk of MG exacerbation.

METHODS

All patients fulfilling diagnostic criteria for MG (based on positive
antibodies against acetylcholine receptor (AChR) or muscle-specific
tyrosine kinase (MuSK), or at least 10% decrement on repetitive
stimulation studies) were followed up in two specialized centers for
MG in the Czech Republic (in Prague and Brno). We informed all pa-
tients in the national myasthenia registry about our study by means
of text messages. COVID-19 infection was confirmed by a positive
throat/nose smear real-time polymerase chain reaction (RT-PCR)
assay on SARS-CoV-2 viral RNA. Pre-infection data were obtained
from the medical documentation for each patient, and patients or
attending physicians were consulted by telephone about the post-
infection course. The informed consent of all subjects was obtained
according to the procedures of the Ethics Committee of the General
University Hospital in Prague and University Hospital in Brno.

We were interested in risk factors for severe COVID-19 in pa-
tients suffering from MG. The severity of COVID-19 was classified on
a seven-point scale (1 = asymptomatic COVID-19, 2 = isolated symp-
toms such as anosmia, headache, etc., 3 = mild infection such as fa-
tigue, cold and cough, 4 = influenza-like infection without admission
to hospital, 5 = hospitalized patients with proven COVID-19 pneu-
monia requiring oxygen therapy, 6 = severe COVID-19 pneumonia
with artificial lung ventilation and 7 = death due to COVID-19). We
defined severe COVID-19 as a value on the scale 25. Exacerbation
of MG was measured as a deterioration of one category in the
Myasthenia Gravis Foundation of America (MGFA) classification
or as a deterioration on the Activity of Daily Living (ADL) scale of
at least 2 points. All the statistics were processed using MATLAB
R2018b statistic tools (MathWorks).

We applied the Shapiro-Wilk normality test for all parame-
ters. With the exception of weight, height and forced vital capac-
ity (FVC), the test values were below the level of significance (p =
0.05). Therefore, we used the median and interquartile range for the
descriptive characteristics (see Table 1). An odds ratio (OR) with a
95% confidence interval (95% Cl) was calculated to estimate the dif-
ference between defined subgroups for binominal variables. Values
for p were calculated using Fisher's exact test. The OR for continu-
ous/ordinal variable was identified by univariate logistic regression
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TABLE 1 Descriptive characteristics of the cohort of 93 patients suffering from myasthenia gravis and COVID-19 infection

Parameter Median Q1 Q3 Parameter n %

Age (years) 65.33 48.63 75.46 Women 46 49

Height (cm) 172 164 180 Men 47 51

Weight (kg) 82 70 96.5 Anti-AChR positivity 73 78

MG duration (months) 72 36 163.25 Anti-MuSK positivity 2 2

CS dosage (mg) 5 5 10 Thymoma 9 10

FVC (%) 75 65.95 86.05 Thymectomy 34 37

MGFA scale before COVID-19 lla lla I1b Azathioprine 25 27
infection

MGFA scale during COVID-19 Ilb lla Illa Mycophenolate mofetil 11 12

MGFA scale after COVID-19 lla lla I1b Ciclosporin 6 6
infection

ADL scale before COVID-19 2 0 4 Tacrolimus 2 2
infection

ADL scale during COVID-19 3 1 6 Change in medication due to 12 13
infection COVID-19 infection

QMG score before COVID infection 5 2.75 9 Number of patients admitted to 34 37

hospital

MGC scale before COVID-19 5 2 9 Non-myasthenic complications 23 25
infection during COVID-19 infection

Duration of symptomatic COVID-19 14 7 21 Remdesivir therapy 11 12
infection (days)

Days with fever (n) 2 0 5 Acetylcholine inhibitors 72 77

Severity of COVID-19 infection scale 4 3 5 Rituximab 4 4

IVIG
Exacerbation of MG 14 15

Parameter n % Parameter n %

Cardiac/vascular comorbidity 14 15 Bronchial asthma 11 12

Arterial hypertension 50 54 Cancer 13 14

Smoking 7 8 Diabetes mellitus 18 19

Abbreviations: AChR, acetylcholine receptor; ADL, Activity of Daily Living scale; CS, corticosteroid; FVC, forced vital capacity: IVIG, intravenous
immunoglobins; MG, myasthenia gravis; MGC, Myasthenia Gravis Composite scale; MGFA, Myasthenia Gravis Foundation of America; MuSK,
muscle-specific tyrosine kinase; Q1, quarter 1; Q3, quarter 3; QMG, Quantitative Myasthenia Gravis score.

with the ordinal model of COVID-19 severity scale. We used the
Benjamini-Yekutieli procedure to compensate for multiple compari-
sons problem (critical p value > 0.005). The Wilcoxon rank-sum test
was used to study the effect of immunosuppression on the sever-
ity of COVID-19. The dependence of the severity of COVID-19 on a
dosage of CS was also calculated by univariate logistic regression for
binary classification (severe COVID-19 vs. mild COVID-19) without

respect to the exact value on the severity scale.

RESULTS

Descriptive characteristics

We identified 93 MG patients with confirmed COVID-19. Some 35

patients (38%) were diagnosed with severe pneumonia and we re-
corded 10 deaths (11%) due to COVID-19. The majority of patients

(72 subjects, 77%) were treated with acetylcholinesterase inhibitors
and with CS (75 subjects, 80%). Forty-four patients (47%) had an-
other type of immunosuppressive therapy, namely azathioprine, my-
cophenolate mofetil, cyclosporine or tacrolimus. Six patients were
treated with biologic therapy (four with rituximab, one with the
study drug anti-neonatal Fc receptor immunoglobulin and one with
glatiramer acetate). Seven patients were also treated with IVIG due
to worsening myasthenic symptoms during COVID-19. The results
are summarized in Table 1.

Older patients had a higher chance of suffering from severe
COVID-19 pneumonia (OR 1.062, 95% CI 1.037-1.088, p < 0.001).
Conversely, higher FVC (%) was associated with lower odds of se-
vere pneumonia (OR 0.957, 95% Cl 0.934- 0.98), p < 0.001). For a
decrease of 1% in FVC, the odds of severe pneumonia was 4.5%
higher (Figure 1).

CS medication increased the odds of contracting severe pneumo-
nia (OR 14.098, 95% Cl 1.784-111.43, p = 0.002) and higher dosage of
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CS increased the odds of severe pneumonia (OR 1.059, 95% ClI 1.014- dosage of CS, we calculated the logistic regression for two categories,
1.107, p = 0.01), but the p value exceeded the level of significance. To namely severe COVID-19 pneumonia and a mild course of COVID-19
clarify the dependence of the severity of COVID-19 infection on a infection (OR 1.093, 95% Cl 1.027-1.1164, p = 0.005).
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We tested whether any type of immunosuppressive treatment
(azathioprine, mycophenolate mofetil, ciclosporin) caused more se-
vere COVID-19. For every immunosuppressive drug, the median of
the COVID-19 severity scale was 4 for treated as well for non-treated
patients (p = 0.24). We observed similar results for individual types of
immunosuppressives, namely azathioprine (OR 1.147, 95% Cl 0.448-
2.935, p = 0.8), mycophenolate mofetil (OR 3.375,95% CI10.91-12.515,
p = 0.1) and ciclosporin (OR 0.255, 95% Cl 0.029-2.212, p = 0.3).

The corresponding values in patients treated with rituximab for
death caused by COVID-19 were OR 35.143, 95% Cl 3.216-383.971
and p = 0.004.

Patients with an unsatisfied condition of MG status described
using MGFA, Myasthenia Gravis Composite (MGC) and Quantitative
Myasthenia Gravis (QMG) scales were at higher risk of severe pneu-
monia: OR MGFA status 1.936, 95% ClI 1.217-3.081, p = 0.005; OR
QMG 1.136, 95% Cl 1.047-1.232, p = 0.002 and OR MGC 1.125,
95% Cl 1.053-1.202, p < 0.001.

Finally, we tested the association of COVID-19 pneumonia with
six different categories of comorbidities (cardiovascular diseases,
arterial hypertension, diabetes mellitus type 2, cancer, bronchial
asthma, and smoking). The majority of comorbidities increased the
odds of severe pneumonia: (1) cardiovascular diseases: OR 3.669,
95% ClI 1.117-12.057, p = 0.04, which exceeds the level of signifi-
cance for multiple comparisons; (2) arterial hypertension: OR 5.136,
95% Cl 1.99-13.257, p < 0.001; (3) diabetes mellitus type 2: OR
6.264, 95% Cl 1.993-19.682, p = 0.001 and (4) cancer: OR 7.333,
95% Cl 1.856-28.978, p = 0.004. Conversely, in asthma/COPD (OR
0.586, 95% C1 0.145-2.374, p = 0.5) as well as in smoking (OR 0.255,
95% C10.029-2.212, p = 0.3) we did not demonstrate any effect. The
OR results are plotted in Figure 2.

The specific treatment of COVID-19 pneumonia did not pose
a risk in MG (11 patients were treated using remdesivir, one with
favipiravir, one with inosine pranobex and four with convalescent
plasma). We did not register any adverse effects and treatment
did not affect MG exacerbation (OR 3.1019, 95% CI 0.885-10.87)
but p = 0.1 exceeded the level of significance and we also did not
find significant changes in the ADL scale level during COVID-19
treatment (OR 1.709, 95% Cl 0.590-4.953, p = 0.4). We observed a
change in MGFA during infection, but MGFA status also increased
due to respiratory insufficiency and general weakness.

DISCUSSION

Our research is, to the best of our knowledge, the largest cohort of
93 MG patients with COVID-19, and as the most important predic-
tors of severe COVID-19 infection we identified unsatisfied condi-
tion of MG with lower FVC and previous long-term CS treatment
especially in higher doses, older age, the presence of cancer, and
recent rituximab treatment.

Similar smaller groups, but with only descriptive statistics of the
cohort of patients with MG and COVID-19, were also reported by
neurologists from the USA [22,23] and Brazil [24].

As demonstrated in our results, a significant finding was that
higher FVC before COVID-19 in MG is associated with a lower
risk of severe COVID-19 course (OR 0.957) and that the outcome
of MG patients during COVID-19 is related to their premorbid MG
status according to MGFA classification (OR 1.936), the values on
the QMG scale (OR 1.136) and the MGC scale (OR 1.125). There
are already many studies evaluating the long-term consequences
of COVID-19, and FVC is considered to be a basic indicator of the
outcome because shortness of breath is one of the persistent pre-
dominating symptoms in 43% of post-COVID-19 patients [25,26].
Since we measured FVC in MG patients by default as part of scoring
their condition, we had this indicator available before infection and
it clearly is an important predictive factor of the patients’ outcome
after COVID-19 disease.

Oral CS treatment was associated with severe pneumonia and
an increase in CS dosage by 5 mg led to a 56% higher chance of
severe COVID-19 pneumonia in MG patients. Patients with unsat-
isfactory control of MG before infection were also at a higher risk
of severe pneumonia incidence. This result is related to the fact that
patients with a worse MG score usually take a higher dose of CS.
The reason may be faster deterioration of respiratory parameters
in unstable MG patients during COVID-19 infection and faster pro-
gression of pneumonia in the field of impaired cellular immunity due
to chronic CS therapy. It is known that long-term oral CS treatment
clearly increases the risk of serious infections as a result of short-
term lymphopenia due to suppressing T-cell activation and differen-
tiation [27]. Equally, the use of CS seemed to protract SARS-CoV-2
viral clearance, and in MERS-CoV-infected patients (also from the
group of beta coronaviruses related to SARS) the use of systemic CS
was found to be one of the most significant factors that contributed
to increased mortality [28].

Patients with immune-mediated inflammatory diseases in New
York, USA who were treated with chronic CS were more likely to
require hospitalization for COVID-19 than patients who were not
receiving CS [29] as is also evidenced by our conclusions. However,
these two parameters are strongly associated with each other, and
from our statistical analysis we are not able to distinguish exactly
what has a greater influence on the course of COVID-19 in MG pa-
tients, whether it is the severity of MG before infection or the dose
of CS.

This is followed by the question of how to use CS in MG
COVID-19 patients, at which disease stage, and at which dosage
[21]. As reported by the World Health Organization (WHO) regard-
ing COVID-19, steroids should not be routinely given for the treat-
ment of viral pneumonia outside of clinical trials [30]. There is no
conclusive evidence to support the use of CS in the treatment of
viral respiratory infection and their use remains controversial in
COVID-19. Analysis has revealed no beneficial effects and, in some
cases, harmful effects [31] especially in the case of long-term oral
CS treatment before COVID-19 as is also evidenced by our results.
Other additional risk factors for infection during chronic treatment
with CS are higher doses, longer durations of therapy and older age
[32]. In our cohort, older MG patients had a slightly higher chance
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of suffering from severe COVID-19 pneumonia, so age can be con-
sidered a significant risk factor for the severity of COVID-19 in
myasthenic patients. Based on our observations, we suggest not
increasing CS during COVID-19, even in the case of exacerbation of
MG, and rather choosing the route of IVIG therapy.

None of the immunosuppressants we used (azathioprine, myco-
phenolate mofetil, ciclosporin) had a statistically significant effect
on the course of COVID-19 in our MG patients, which means we
did not prove that these immunosuppressants increased the likeli-
hood of COVID-19 complications, affected the course of COVID-19
in our MG patients or worsened their outcome. Camelo-Filho et al.
[24] support this hypothesis since in their observed group of 15
MG patients with COVID-19 infection, the previous use of immu-
nosuppressive therapy did not seem to result in an unfavorable
outcome. Previous smaller cohorts of MG and COVID-19 have also
shown a favorable outcome in patients receiving low-dose predni-
sone combination immunosuppressive therapy [23,33]. In our study
group, a total of 47% of 93 MG patients used immunosuppressive
therapy, only a low number of MG patients exacerbated their un-
derlying disease during COVID-19 infection (15%), as this treatment
affects the long-term stabilization of their myasthenic state, and at
the same time, as shown by various studies [34], it probably plays
a certain protective role in COVID-19 infection, because it reduces
the immune response that leads to inflammatory cytokine storm and
clinical deterioration. Some drugs recently used to treat MG (e.g.,
tocilizumab) are being investigated as a possible anti-inflammatory
treatment for cytokine storm caused by COVID-19 [19].

Based on our observations, we do not recommend reducing or
even discontinuing these immunosuppressants in MG patients with
COVID-19 infection.

A completely different situation occurred in our MG patients who
became infected while on biologic therapy. COVID-19 and concom-
itant biologic therapy with rituximab in patients with MG resulted in
amore severe course of COVID-19 infection with a high risk of death
(OR35.143,95% Cl1 3.216-383.971). In the cohort, four patients were
treated with rituximab before COVID-19 infection. One of them sur-
vived, but his course of COVID-19 was calculated to be grade 5 on
our scale with the need for hospitalization and oxygen therapy for
pneumonia. Yatsuda et al. [13] point out that patients undergoing re-
cent rituximab therapy are likely to fail to develop anti-SARS-CoV-2
antibodies, which may lead to severe and prolonged COVID-19, as is
also evidenced by the case of our only surviving MG patient who had
no antibodies IgG and IgM SARS-CoV-2 presented several weeks
apart and severe course of COVID-19. Rituximab, an anti-CD20
monoclonal antibody, targets CD20-positive B lymphocytes, which
are a prominent component of these disorders (COVID-19 and MG).
Immunopathogenetic background is related to B-cell depletion,
which could compromise antiviral immunity including the develop-
ment of SARS-CoV-2. The European Academy of Neurology and MG
expert panel came to the consensus that it may be better to hold off
on B-cell depleting agents (such as rituximab) under such conditions
[14,35]. Convalescent serum could be a potential therapeutic option
for patients with immunodeficiency secondary to rituximab who

develop severe COVID-19. Nevertheless, pausing rituximab therapy
carries a risk of destabilizing MG control and might increase the re-
quirement for CS, which could conversely worsen outcomes in MG
patients with COVID-19. In multiple sclerosis patients, outcomes of
COVID-19 during B-cell-depleting therapy range from mild disease
to death, but rates of critical illness and death do not seem to be
increased dramatically relative to the wider population [18]. Based
on our results we recommend caution in myasthenic patients shortly
after rituximab treatment. But due to the limited number of our pa-
tients on this therapy, the effect of rituximab on severity of COVID
19 infection needs to be assessed in a larger patient cohort.

Of all the comorbidities observed in myasthenic patients - pul-
monary, cardiovascular, metabolic and oncologic - the course of
COVID-19 is most adversely affected by cancer (OR 7.333). Similar
findings have also been published in non-myasthenic patients [36].
Surprisingly, in our MG patients we did not prove that asthma/COPD
or smoking affected their course of COVID-19 (95% Cl 0.145-2.374
and 95% Cl1 0.029-2.212, respectively).

Only 14 patients (15%) from all the MG patients with COVID-19
had an exacerbation of MG during COVID-19 infection; three of
these aggravated myasthenic patients died and all three were re-
ceiving biologic therapy with rituximab. We explain this mainly by
the fact that these patients may experience a reduction in the pro-
duction of antibodies to COVID-19 and the risk of a more serious
course of this infection precisely because they become infected im-
mediately or a few weeks after receiving rituximab. Statistically, the
course of infection in MG worsened patients was not different from
patients who did not worsen in MGFA or ADL (OR 1.821, 95% ClI
0.578-5.721, p = 0.373). Of all the deceased patients, 30% were also
worsened in their underlying disease; and of all the MG COVID-19
patients, 11% died as a result of COVID-19 infection. Different re-
sults were reported by the CARE-MG group [22], where worsening
of myasthenic symptoms with the need for rescue therapy with IVIG
or plasma exchange was documented in 40% of MG patients, unlike
in our cohort where this figure was only 15%. In our seven MG pa-
tients whose condition worsened, we used IVIG treatment as the
first option rescue therapy also due to this treatment being recom-
mended for its positive impact on concomitant COVID-19 infection
[3,14,15]. There is some evidence to suggest that IVIG might increase
the risk of thrombosis including multifocal stroke in COVID-19 [17],
so it is good to have these patients covered by anticoagulant ther-
apy. Specific treatment of COVID-19 with remdesivir, favipiravir and
convalescent plasma was not associated with MG exacerbation (95%
Cl 0.885-10.87). We documented persisting myasthenic worsening
even after recovery from COVID-19 infection in six patients only.

In conclusion, based on our observations, long-term use of CS
before COVID-19 infection in myasthenic patients predicts a worse
course of COVID-19 infection that in all likelihood is also due to the
instability of MG, which requires higher doses of CS. Conversely,
immunosuppressive treatment in stable MG patients does not af-
fect the course of COVID-19 infection and could lower the risk
of exacerbation of MG during COVID-19. Therefore, based on
our results, we do not recommend discontinuing chronically used
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immunosuppressants or reducing their doses rapidly. CD20 antibody
treatment during the COVID-19 pandemic in MG patients is very
risky and we recommend initiating it only in severe refractory forms
of MG in suitable patients with no comorbidities, those of younger
age, and in smaller doses than usual. IVIG and possibly tocilizumab
appear to be the optimal treatment for exacerbations of MG during
COVID-19 infection.
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The idea of this project arose from the need for myotonia quantification in our centre. One
patient with MD1 pointed out the beneficial side effect of an unrelated treatment and we
wanted to quantify its effect (the case will be mentioned later : The Association of
methylprednisolone dosing to cessation of myotonia in a patient with myotonic dystrophy
type 1.) We were unable to reproduce the methodology of measuring handgrip relaxation time
(RT) described in 2007'32, despite contacting the authors, mainly because of the unavailability
of a dynamometer that could produce an analog signal. Finally, we decided to develop a

method using a commercially available dynamometer.

Twenty patients with MD1, 25 patients with MD2, and 35 healthy controls were included in
this study. The protocol was quite similar to the previous approach (3 trials with 10-minute
interval rest) but to reduce the inter-trial variability (that was expressed as coefficient of
variation of 33.2% in MD1 in the original method), the target forces were established prior to
RT measurement. Patients were encouraged to perform a maximal voluntary contraction in
real-time mode, and the actual force after 3 s was recorded. The target force was then defined
as 75% of the previously recorded maximal force. In the course of all attempts, patients were
asked to exceed the target force for 3 s in visual response to an arrow on the display of
dynamometer. Relaxation time was then automatically measured (by using a built-in feature
of the dynamometer, Endurance test), from target force to 10% of target force. Data from the
last test can be directly displayed on the device, otherwise the data are stored in a non-volatile
memory archive and can be transferred to a computer by using a USB connector and
downloaded via automated software (provided freely by the manufacturer) as a simple
spreadsheet of RT in relation to 10% steps in the target force. Therefore, it enables to analyse

all phases of the muscle relaxation separately, as can be seen on the Figure 15:
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Figure 15: Relation between relaxation time and current percentage of target force showing the course of muscle relaxation
in MDI1 patient. (MBS = Myotonia Behaviour Scale)

The intraclass correlation coefficients (ICCs) were excellent, 0.945 for MD1 and 0.931 for
MD?2. The coefficient of variation (for comparison to previous method) was reduced to 22%

in MD1. The validity of the method was determined by correlations with Myotonia Behaviour

Scale questionnaire (0.627 for MD1 and 0.581 for MD2).

Further, this method can be used for analysis of warm-up phenomenon, if 6 squeezes are
performed each trial. We demonstrated the warm-up phenomenon in both MD1 and MD2,
though more profound in MDI. Differences in relaxation times between first and second
voluntary contractions were 1.54 s in MD1 and 0.14 s in MD2. The differences between
second and sixth contractions were still significant in MD1 (0.77 s), there was no further

decline in MD2.

The simplicity of the method enabled its routine use in our centre not only for myotonic
dystrophy but also for myotonia congenita (mutation in CLCN1 gene) and paramyotonia
congenita (mutation in SCN4A gene). The difference between myotonia and paramyotonia

can be easily demonstrated by employing the 6-squeezes method.
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ABSTRACT: Introduction: The objective of this study was to
develop a simple method for quantitative assessment of myotonia
in patients with myotonic dystrophy type 1 (DM1) and DM2, to
compare the myotonia severity, and to correlate this objective
outcome with a subjective scale, the Myotonia Behaviour Scale
(MBS). Methods: A commercially available dynamometer was
used for all measurements. The relaxation time after voluntary
contraction was measured in 20 patients with DM1, 25 patients
with DM2, and 35 healthy controls. Results: The average relaxa-
tion time was 0.17 s in controls, 2.96 s in patients with DM1, and
0.4 s in patients with DM2. The correlation between relaxation
time and MBS score was significant, 0.627 in patients with DM1
and 0.581 in patients with DM2. Discussion: Our method provides
a valid and reliable quantitative measure of grip myotonia suitable
as an outcome measure in clinical trials and as part of routine
examinations to gather data on the natural history of myotonic
disorders.

Muscle Nerve 59:431-435, 2019

Myotonia is an abnormal delay in muscle relaxation
after contraction. It is caused by increased excitabil-
ity of the muscle fibers, leading to repetitive action
potentials in response to stimulation. It is a cardinal
symptom of myotonic disorders, including myotonic
dystrophies and the nondystrophic myotonias. Although
the most typical symptom of myotonia is difficulty in
releasing a forceful handgrip, facial muscles, tongue,
and other bulbar muscles may also be affected, resulting
in problems with talking, chewing, and swallowing. Myo-
tonia can vary from mild to severe and may constitute a
substantial disability, leading to significant deterioration
in quality of life."

Development of a safe and effective drug treatment
for myotonia that might be routinely employed remains
the subject of current research. A Cochrane review” and
its most recent amendment from 2009 concluded that
trials reported as of 30 July 2009 were generally small
and of poor quality. One aspect crucial to any clinical
trial is reliable determination of the treatment effect;

Abbreviations: C, healthy controls; DM, myotonic dystrophy; ICC, intra-
class correlation coefficient; MBS, myotonia behavior scale; RT, relaxation
time; RT100_10, relaxation time from 100% to 10% of target force

Key words: muscle relaxation; muscle strength dynamometer; myotonia;
myotonic dystrophy; outcome measure; warm-up
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Myotonia in DM1 and DM2

among the issues identified in the studies covered by
the Cochrane review was the lack of a conclusive
method for the quantitation of myotonia.

Relaxation time (RT) after maximum voluntary
contraction is currently the variable most frequently
employed in the assessment of myotonia. It may be
measured by stopwatch or, more accurately, by spe-
cialized equipment and computerized protocols.
Because repeated contraction and relaxation may
temporarily improve myotonia (the “warm-up phe-
nomenon”), it may influence results, depending on
the duration and frequency of muscle contraction
set for the test.

A computerized approach to the quantitation of
myotonia in patients with myotonic dystrophy type
1 (DM1) employing a handgrip dynamometer was
published in 2007.*> The dynamometer produced an
analog signal that was sent to a computer via an
analog-to-digital transducer, and, subsequently, the
RT was analyzed by customized software. This
method was then used by the same authors to dem-
onstrate the effect of mexiletine in a clinical trial*
and tested in nondystrophic myotonias.” A later
study (with lamotrigine) employed the Myotonia
Behaviour Scale (MBS),® which consists of 6 state-
ments from which the patient has to choose 1, rang-
ing from asymptomatic (score 0) to severe (score 5)
myotonia. This study used a stopwatch to measure
the duration of myotonia.7 In 2017, the authors of
an open-label trial with ranolazine similarly chose
stopwatch and subjective grading of stiffness severity
by participants.” The computerized approach® requires
special equipment that is not available in most centers,
possibly explaining the choice of subjective ques-
tionnaires and less accurate measurement using
stopwatches by other authors.

We sought to develop a simple method of quantitat-
ing myotonia using a commercially available dyna-
mometer and to prove it suitable as an outcome
measure in clinical trials and as part of routine exami-
nations. Our objectives were to assess the reliability of
the method, strength of correlation between RT and
MBS, and differences of both RT and MBS between
patients with DM1 and DM2.

MATERIALS AND METHODS
Study Participants. All study participants gave written
informed consent, and all study procedures received approval
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from the institutional review board at the University Hospital,
Brno. In total, 80 participants were enrolled, 20 patients with
DM1, 25 patients with DM2, and 35 healthy controls (C). All
patients were recruited from the Neuromuscular Centre of
the University Hospital, Brno during routine visits in the
period July 2017-March 2018. All patients were over 18 years,
and all diagnoses had been genetically confirmed. Healthy
controls were free of any known muscle disease and had no
acute medical problems. Their recruitment was targeted at an
equal distribution of age groups. All patients completed a
Czech version of the MBS questionnaire.’

Measurements. The protocol of myotonia measurement
was based on the approach described by Moxley et al® in
2007. A commercially available handgrip dynamometer
(DynX; MD Systems, Westerville, Ohio) was used for all
measurements.

Patients were seated upright in a chair that permitted
standardized arm positioning with the forearm in a neutral
position and the wrist extended. Relaxation time after vol-
untary contraction was measured from the dominant hand
for all participants. Patients were asked to perform a con-
traction at a previously defined force, hold it for 3 s, and
then release the grip as fast as possible. They were asked to
keep their fingers on the handles of the dynamometer
throughout the measurement to eliminate the use of finger
and wrist extensors to release grip. Three sets of measure-
ments (trials) were performed with 10-min intervals of rest
between trials. Each trial consisted of 6 voluntary contrac-
tions with an approximately 10-s rest period between each
contraction.

The strength of voluntary contraction was set close to maxi-
mum, but target forces were established to ensure that each
attempt was based on the same value. Prior to RT measure-
ment, patients were encouraged to perform a maximal volun-
tary contraction in real-time mode, and the actual force after
3 s was recorded. The target force was then defined as 75% of
the previously recorded maximal force. The 75% level
(a figure selected after repeated testing among healthy volun-
teers) established the highest possible force that each partici-
pant was able to exert throughout. In the course of all
attempts, patients were asked to exceed the target force for 3 s
in visual response to an arrow on the display of dynamometer.
Relaxation time was then automatically measured (by using a
builtin feature of the dynamometer), from target force to
10% of target force.

Statistical Analysis. Data were analyzed in SPSS version
23 (IBM, Armonk, New York). Severity of myotonia was calcu-
lated as the mean RT from 100% to 10% of target force
(RT00-10) of the first squeeze in each trial. The same value
was used to correlate the severity of myotonia with MBS score
by using the Spearman correlation coefficient. Additional con-
tractions were collected to analyze warm-up phenomenon,
determined as a difference between the mean RT for the first
squeeze and subsequent squeezes, and tested by using the Wil-
coxon signed-rank test. Intraclass correlation coefficients
(ICC; two-way random, average measures) were used to assess
the inter-trial variability of the first squeezes in each group.
Coefficients of variation (the ratio of standard deviation to the
mean of 3 trials) were calculated to allow comparison of our
simplified method to the original method because these vari-
ables had been used in previous studies.>® In consideration of
the lack of data normality, a Kruskal-Wallis test with a post hoc
series of Mann-Whitney tests with Bonferroni corrections were
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Table 1. Comparison of basic characteristics, relaxation time,
and maximal force in study participants.*

Variable Controls DMA1 DM2

Age, y 46.8 (24, 89) 38.9 (24, 59) 53.1 (18, 74)
Sex, % 60 W, 40 M 70 W, 30 M 80 W, 20 M
Age of onset, y na 211 35.9
Duration of na 17.8 171

disease, y

RT100-10, S 0.17 (0.07,0.27) 2.96 (0.33,9.00) 0.40 (0.10, 1.80)
RT100-10, SD 0.05 2.41 0.35
Maximal force, kg  21.9(8.2,37.1)  9.4(3.3, 22.0) 15.0 (3.3, 41.3)
Maximal force, SD 7.7 2.4 8.7

DM, myotonic dystrophy; W, women; M, men; na, not applicable;
RT100-10, relaxation time from 100% to 10% of target force.

*Values are mean (minimum, maximum), except when indicated as SD.

employed to analyze the differences in RT and maximal force
among DM1, DM2, and healthy controls. All other differences
between DM1 and DM2 were assessed with Mann-Whitney
tests. Data obtained from healthy controls were used to deter-
mine the upper limit of normal RT, calculated as a 0.95 quan-
tile of the values.

RESULTS

Study Participants. Basic descriptive characteristics of
the study participants are presented in Table 1. No age
difference appeared between healthy controls and each
group of patients, but a significant difference between
DMI1 and DM2 (P < 0.0001) emerged. Sex did not dif-
fer among groups. The mean age of onset differed sig-
nificantly (P < 0.0001), whereas the mean duration of
disease did not differ (P= 0.451).

Myotonia Quantitation. The results of RT;go_1o are
presented in Table 1 and Figure 1. Significant dif-
ferences were found among all groups. The upper
limit of normal as well as the maximum in the con-
trol group was 0.27 s. All DM1 patients exceeded
this limit (the minimum in DMI1 group was 0.33 s).
In the DM2 group, 13 patients (52%) were below
this limit; nevertheless, only 5 of them reported hav-
ing myotonia.

Intertrial Variability. The variability of RTgo_10 in
each of the 3 trials is illustrated in Figure 2. The
ICCs were 0.945 (DM1), 0.931 (DM2), and 0.437
(C). The intertrial variation coefficients of RTjgg_10
were 22% (DM1), 29% (DM2), and 28% (C).

Myotonia Behaviour Scale. All but 4 patients (all of
them DM1) completed the MBS questionnaire. The
mean MBS scores were 2.6 (DM1) and 1.6 (DM2).
The minimum (score 0) and maximum (score 4)
were the same in both myotonia groups. The differ-
ence between MBS in the 2 groups was statistically
significant (P = 0.043), even though Figure 3 clearly
shows that patients with DM1 generally reported
lower MBS than those with DM2 in relation to value
of RTigp-10. For example, the mean RTjgp_19 In
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FIGURE 1. Relaxation time in healthy controls and patients with
DM1 and DM2. The box plot indicates the 25th percentile,
median, and 75th percentile. The circles represent outliers, and
the asterisk represents extreme outliers. The dashed line repre-
sents the upper limit of normal calculated as a 0.95 quantile of
the values in healthy controls. DM, myotonic dystrophy.

patients with an MBS score of 3 was 3.0 s in DM1
and 0.5 s in DM2 (both groups consisted of 7 patients).
There was a significant correlation between MBS score
and RT}gp_10, with Spearman correlation coefficients of
0.627 (P = 0.001) in DM1 and 0.581 (P = 0.003) in
DM2 (Fig. 3A,B).

Warm-up Phenomenon. An analysis of the warm-up
phenomenon is presented in Figure 4. Differences
in RTpp_10 were at their greatest between first and
second voluntary contractions in both DMI1 and
DM2 (1.54-s decline in DM1, with P < 0.0001; 0.14-s
decline in DM2, with P = 0.02). Although the differ-
ences between second and sixth voluntary contrac-
tions were still significant in DM1 (0.77 s, with
P = 0.004), there was no further decline in DM2
(—0.02 s). Relaxation time from 100% to 10% of tar-
get force remained unchanged with consecutive con-
tractions in the control group.

Maximal Force. The results for maximal force are
presented in Table 1. Significant differences in maxi-
mal force emerged among all groups.

DISCUSSION

This study introduces a quantitative measure of
hand-grip myotonia suitable both for clinical trials
and routine examination. It exhibited low intertrial
variability and significant correlation with a subjec-
tive scale assessing myotonia. More pronounced myo-
tonia with more extensive warm-up phenomenon
was demonstrated for the DM1 subgroup compared
with the DM2 subgroup.

The main advantage of this method is the com-
mercial availability of the dynamometer and the ease
of postacquisition processing of data. Data are stored
in a nonvolatile memory archive and can be trans-
ferred to a computer by using a USB connector and
downloaded via automated software (provided freely
by the manufacturer) as a simple spreadsheet of RT
in relation to 10% steps in the target force. Data
from the last test can be also directly displayed on
the device.

The use of target force is also a considerable depar-
ture from the original method, which employed relax-
ation time after maximum voluntary contraction, a
variable that might change from squeeze to squeeze.
The force of maximal voluntary contraction might be
affected by the motivation of the patient, particularly
in consecutive measurements, so the results might be
less consistent. This study examined RT in terms of a
target force that remained the same throughout test
ing. In addition, the patients in the current study
were asked to maintain grip for 3 s above the line of
target force from which the RT was to be measured,
thus eliminating any fluctuation in maximal force
and also eliminating the requirement to choose a
starting point for decline. Only 1 patient was unable
to exert the required force repeatedly and, because
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FIGURE 3. Correlation between relaxation time and MBS in patients with DM1 (A) and DM2 (B). DM, myotonic dystrophy; MBS, Myoto-

nia Behaviour Scale.

it occurred during the first trial, we simply reset the
target force and repeated the measurement.

Even though we studied only intertrial variability,
ICC for both DM1 and DM2 groups proved to be
extremely high (0.945 and 0.931, respectively). The low
ICC for healthy controls (0.437) can be explained by
the very homogeneous values of RTgp_1¢ in this group.
The coefficient of variation in this study was very similar
to that obtained by the original method® (23.1% in
controls and 33.2% in DMI1 in the original method
vs. 28% in controls and 22% in DMI1 here), even
though the patients were not fasting and a pegboard
was not used to stabilize the arm as was the case in orig-
inal study. Furthermore, the mean relaxation time
from 90% to 5% of maximal force was quite similar
(0.37 s in controls and 2.42 s in DM1) compared with
our results for RT90_19 (0.17 s in controls and 2.96 s in
DM1). In the method that was employed here, the
upper limit of normal was able to distinguish all DM1
patients, whereas, in the original method, 4 of the
25 patients with DM1 remained below the limit.

Simultaneous objective and subjective evaluation
of myotonia severity also proved an advantage of this
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FIGURE 4. Warm-up phenomenon in healthy controls and
patients with DM1 and DM2. DM, myotonic dystrophy; RT1p0-10,
relaxation time from 100% to 10% of target force.
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study. The correlation between RT_19 and subjec-
tive MBS was significant. Only 1 DMI1 patient rated
MBS at 0, even though his RT99_10 was 2.8 s. The
patient said explicitly that the current severity of his
myotonia was nothing compared with that of a year
ago. The study also demonstrated that MBS cannot
be compared across different diseases because
patients with DM1 generally reported lower MBS
compared with those with DM2.

The prevalence of DM2 in the Czech population is
much higher than that of DM1."” This is in agree-
ment with several other studitf:s,“’12 suggesting that
DM2 might be underdiagnosed because the symp-
toms frequently occur in the elderly population.
Myotonic dystrophy 2 is generally milder, with proxi-
mal weakness. This study confirmed that the average
muscle force in patients with DM2 was significantly
higher than that in patients with DM1 and demon-
strated that the myotonia is less severe and the
warm-up phenomenon less pronounced in DM2.

This study has some limitations. As previously
discussed, a fixed target force was set throughout
testing, which renders analysis of peak force and
warm-up phenomenon of peak force impossible. All
time values are rounded to one-tenth of 1 s, and the
apparatus must be manually set to target force for
each squeeze, which is not easy to accomplish when
analyzing warm-up phenomenon (in the 10 s between
squeezes). No group of nondystrophic myotonias was
included, so it can only be assumed that the method
described here may also be used for such a group.

In conclusion, the method detailed above provides
a valid and reliable quantitative measure of grip myo-
tonia in patients with DM1 and DM2. It is simple,
requiring only a commercially available dynamome-
ter and no other special equipment. Each trial takes
about 1 min, but, after taking into consideration the
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10-min intervals between the 3 trials, it takes about
35 min of a patient’s time. We propose that it could
be used as an outcome measure in clinical trials
investigating drug treatments for myotonia. Its sim-
plicity may also permit it to be used as a routine
examination in gathering data on the natural history
of myotonic disorders.

Ethical Publication Statement: We confirm that we have read the
Journal’s position on issues involved in ethical publication and
affirm that this report is consistent with those guidelines.
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Myotonia Behaviour Scale (MBS) was selected as a patient-reported outcome assessing
myotonia severity based on its employment in few clinical trials. Apart from cross-cultural
adaptation of the questionnaire we also performed analysis of validity and reliability on 15

MD1 and 25 MD2 patients.

The test-retest reliability was excellent, correlation coefficients of 0.965 in MD1 and 0.991 in
MD?2. The average MBS score was 2.5 in MD1 and 1.7 in MD2. Interestingly, there were
significant correlations with handgrip relaxation times (RT) in both MD1 and MD?2, yet the
MDI1 patients generally scored lower than MD2. For example, the average RT of patients
scoring MBS as 3 was 3.3 s in MD1 and only 0.5 s in MD2. It can be explained by the fact,
that myotonia in MD1 presents a relatively mild symptom compared to the other symptoms
they suffer, thus causing different perception of myotonia severity. Further, one MD1 patient
rated MBS at 0, even though his relaxation time was 2.8 s. The patient said explicitly that the
current severity of his myotonia was nothing compared with that of a year ago. This finding
implies that MBS cannot be compared across different diseases. However, while the RT was
above the upper normal limit in all MDI patients, 6 MD2 patients subjectively reporting
myotonia were below this limit. Therefore, the MBS scale can be advantageously used in

patients with mild myotonia as a more sensitive marker.
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Validace dotazniku pro pacienty s myotonii —
¢eska verze Myotonia Behaviour Scale

Validation of questionnaire for patients with myotonia — Czech version

of Myotonia Behaviour Scale

Souhrn

Uvod: Myotonie je zakladni symptom myotonickych poruch. Jejim typickym projevem je obtizné
povolenf ruky po silném stisku. Myotonie snizuje kvalitu Zivota pacientl a téz3i stupen je i velmi
invalidizujici. Proto je v terapii myotonie zkousena celd fada Iékd. Jednim z hlavnich problém
lékovych studii byla absence spolehlivého stanoveni tize myotonie. Cilem nasi prace byl preklad
a validace skaly Myotonia Behaviour Scale (MBS), kterd byla vytvorena k subjektivnimu hodnoceni
tize myotonie. Metodika: Cesky preklad byl schvélen profesionalnim prekladatelem a validovan
metodou zpétného prekladu. Opakovatelnost a reprodukovatelnost byla ovéfena na vzorku
15 pacientt s myotonickou dystrofii typu 1 (MD1) a 25 pacientl s myotonickou dystrofii typu 2
(MD2), ktefi vyplnili formuldf MBS v rdmci rutinni kontroly a dale s odstupem 2 dnt. Vysledky:
Prmérné skore MBS bylo 2,5 ve skupiné MD1 a 1,7 ve skupiné MD2. Korela¢ni koeficient mezi
prvnim a druhym zodpovézenim byl 0,965 u MD1 a 0,991 u MD2. Korela¢ni koeficient mezi
relaxac¢nim ¢asem stisku ruky a hodnotou MBS byl 0,672 u MD1 a 0,627 u MD2. Zdvér: Skala MBS je
velmi jednoduché a rychld a mize byt pouzita pro dlouhodobé sledovani pacientt. U obou skupin
pacientl byla signifikantni korelace mezi hodnotou MBS a relaxacnim ¢asem stisku ruky.

Abstract

Background: Myotonia is a cardinal symptom of myotonic disorders. The most typical symptom of
myotonia is a difficulty in releasing a forceful handgrip. It significantly deteriorates the quality of life
to a degree that is disabling. Therefore, many drugs have been tested in myotonia therapy. One
of the main issues of clinical trials has been the lack of a conclusive method for the quantification
of myotonia. The aim of our study was translation and validation of the Myotonia Behaviour Scale
(MBS). This scale was designed for subjective assessment of myotonia severity. Methods: Czech
translation was approved by a professional translator and then validated through forward-
backward translation. Repeatability and reproducibility were tested on a sample of 15 patients
with myotonic dystrophy type 1 (MD1) and 25 patients with myotonic dystrophy type 2 (MD2). All
patients completed one MBS form during a routine visitand a second one two days later. Results: The
average MBS score was 2.5 in MD1 group and 1.7 in MD2 group. Correlation coefficients between
the first and second completion were 0.965 in MD1 and 0.991 in the MD2 group, respectively.
Correlation coefficients between relaxation time of handgrip and MBS score were 0.672 in MD1
and 0.627 in the MD2 group, respectively. Conclusion: MBS is a simple and quick scale suitable for
long-term monitoring of patients with myotonia. We reported a significant correlation between
MBS score and relaxation time of a forceful handgrip in both groups.
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VALIDACE DOTAZNIKU PRO PACIENTY S MYOTONII = CESKA VERZE MYOTONIA BEHAVIOUR SCALE

Uvod
Myotonie je zdkladni symptom myotonic-
kych poruch, mezi které fadime myotonické
dystrofie typu 1 (MD1), myotonické dystro-
fie typu 2 (MD2) a heterogenni skupinu po-
ruch chloridového nebo sodikového kanalu,
které se také oznacuji jako ne-dystrofické
myotonie. Myotonii oznacujeme zpoma-
leni svalové relaxace po volni nebo vyvolané
kontrakci. Jde o stav patologicky zvysené ex-
citability svalové membrany, kdy reakci na
stimulaci vznika série dalsich akénich poten-
cidll. Koreldtem na EMG jsou myotonické vy-
boje — repetitivni vyboje jednoho svalového
vldkna, které méni frekvenci i amplitudu.
Typickym projevem myotonie je obtizné
povoleni ruky po silném stisku. Postizeny ale

byvaji také svaly obli¢eje, jazyka a dalsich
bulbérnich svall, coz mdze plsobit obtize
s mluvenim, kousanim i polykanim. Myoto-
nie snizuje kvalitu zivota pacientd [1] a tézsf
stupen myotonie je i velmi invalidizujici.

V terapii myotonie zatim neni rutinné vy-
uzivan zadny lék, ackoliv prvni prace o tera-
peutickém ovlivnéni myotonie byla publi-
kovéna jiz v roce 1936, kdy byli ¢tyfi pacienti
s kongenitalni myotonii lé¢eni chininem [2].
V terapii myotonie byla vyzkousena celd fada
dalich lékd — antiarytmika, tricyklickd anti-
depresiva, antiepileptika, benzodiazepiny
a mnoho dalsich, ale systematicky pfehle-
dovy ¢lanek z roku 2006 poukazal na celkové
$patnou kvalitu publikovanych praci [3]. Jed-
nim z hlavnich problémd studif byla absence

Tab. 1. Behavioralni $kala myotonie.

0 neniZzadna svalova ztuhlost

denni ¢innosti

rych povinnosti a ¢innostf

k Uplnému znehybnéni

1 jeprfitomna urcita svalova ztuhlost, ale Ize ji ignorovat

je pritomna urcitd svalové ztuhlost, kterou Ize obcas ignorovat, ale nenarusuje kazdo-
je pfitomna svalova ztuhlost, ktera vyzaduje vyssi soustfedénost pfi vykonavani nékte-

4 je pfitomna tézkd svalova ztuhlost, kterd narusuje vsechny povinnosti a ¢innosti

je pritomna takova svalové ztuhlost, kterd vyzaduje neustaly pohyb, aby nedoslo

spolehlivého stanoveni tize myotonie. V Ié-
kové studii s mexiletinem z roku 2010 byl
jako primarni outcome pouzit relaxa¢ni cas
po max. svalové kontrakci ruky méreny ruc-
nim dynamometrem a pomérné slozitym
post-processingem dat (pfevadéni analo-
gového signalu na digitdlni, identifikace za-
¢atku svalové relaxace specidlné vyvinu-
tym softwarem). Metoda se zfejmé pro svoji
komplikovanost neuchytila a v dalsi Iékové
studii s lamotriginem byl jako primérni out-
come pouzit subjektivni dotaznik s ndzvem
Myotonia Behaviour Scale (MBS) [4], zatimco
objektivni testovani myotonie bylo prova-
déno pouze za pomoci stopek.

Dotaznik MBS je velmi jednoduchd skla,
kterd se sklada z Sesti tvrzeni, z nichz pacient
vybird to, se kterym se nejvice ztotoznuje
(tab. 1). Skala vznikla pro pacienty s kongeni-
talni myotonii v roce 2005 [5] modifikaci $kély
plvodné ur¢ené k hodnoceni bolesti [6].
Hodnocena mize byt 0 (= zddn& myotonie)
az 5 body (= velmi tézk& myotonie).

Validace ¢eské verze MBS vznikla v rdmci
projektu Kvantitativni testovani myotonie
u pacientl s myotonickou dystrofii, jehoz
cilem bylo vytvoreni jednoduché meto-
diky k objektivnimu méfeni miry myoto-
nie pomoci ru¢niho dynamometru. Vyuzitf
skaly MBS umoznilo srovnani nasi objek-
tivni metodiky se subjektivnim hodnocenim
pacientd.

MD 1

MBS po 2 dnech
No
1

MBS po 2 dnech

MD 2

0 T T T
0 1 2

MBS

Obr. 1. Korelace mezi prvnim (A) a druhym (B) zodpovézenim MBS.
MBS - Myotonia Behaviour Scale; MD1 — myotonické dystrofie typu 1; MD2 — myotonické dystrofie typu 2
Fig. 1. Correlation between the first (A) and the second (B) completion of MBS.
MBS — Myotonia Behaviour Scale; MD1 — myotonic dystrophy type 1; MD2 — myotonic dystrophy type 2
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Obr. 2. Korelace mezi subjektivnim hodnocenim pacientli (MBS) a objektivnim mérenim relaxa¢niho ¢asu s pomoci dynamometru

uMD1 (A) a MD2 (B).

MBS — Myotonia Behaviour Scale; MD1 — myotonické dystrofie typu 1, MD2 — myotonicka dystrofie typu 2
Fig. 2. Correlation between subjective patient evaluation (MBS) and relaxation time measured objectively using a dynamometer

in MD1 (A) and MD2 (B) group.

MBS — Myotonia Behaviour Scale; MD1 — myotonic dystrophy type 1; MD2 — myotonic dystrophy type 2

Soubor a metodika

Cesky preklad byl schvélen profesional-
nim prekladatelem. Ke zhodnoceni jedno-
znacnosti prekladu byl origindl porovnan se
zpétnym prekladem rodilym mluveim. K vy-
hodnoceni opakovatelnosti a reprodukova-
telnosti ceské verze MBS bylo pouZito opa-
kované testovan( (test-retest).

Vsichni Ucastnici studie pred testova-
nim podepsali informovany souhlas se
studif. Informovany souhlas i projekt byly
schvéleny etickou komisi FN Brno. Do stu-
die bylo zafazeno celkem 15 pacientt
s MD1 a 25 pacientl s MD2 z Neuromus-
kuldrniho centra FN Brno v obdobi od ¢er-
vence 2017 do bfezna 2018. K Ucasti ve
studii byli dotazovani vsichni pacienti s ge-
neticky potvrzenym onemocnénim v ramci
jejich rutinni kontroly v uvedeném ob-
dobi. Pacienti dostali k vyplnéni formu-
I&F MBS a soucasné byla objektivné mé-
fena tize myotonie ru¢nim dynamometrem.
Vsichni pacienti dostali dalsi prazdny for-
muladl MBS a byli telefonicky kontaktovéni
s odstupem 2 dnd a dotdzéani na aktualnf
hodnoceni MBS.

Objektivni kvantifikace myotonie byla mé-
fena ru¢nim dynamometrem DynX® (MD
Systems, Westerville, OH, USA). Ve stru¢nosti,
pfistrojem byl méfen relaxacnf ¢as (doba do

poklesu sily ze 100 % na 10 %) po 3s silném
stisku ruky. Sila stisku byla pfedem kalibro-
véana pro kazdého pacienta jako 75 % jeho
max. sily ve 3. vtefiné. Méfeni byla opakovéna
celkem 3x s 10min intervalem kvili potlaceni
warm-up fenoménu. Primérnd hodnota
viech tif mérfeni byla pouzita ke korelaci se
skére MBS.

Z 15 pacientl s MD1 bylo 12 Zen (80 %)
a 3 muzi (20 %). Vékovy primér byl
38 (24-59) let. Primérny vék v dobé prvnich
pfiznakl byl 36 (12-70) let. Doba trvani ne-
moci byla v prdméru 18 (3-31) let.

7 25 pacientl s MD2 bylo 20 Zen (80 %)
a 5 muzd (20 %). Vékovy primér byl
53 (24-59) let. Prdmérny vék v dobé prvnich
pfiznak byl 21 (10-56) let. Doba trvani ne-
moci byla v primeéru 17 (0-49) let.

Data byla statisticky zpracovéna v pro-
gramu SPSS version 23 (IBM Corp, Armonk,
NY, USA). Jako koeficient opakovatelnosti
(test-retest coefficient) a ke korelaci MBS
s relaxacnim ¢asem byl pouZit Spearma-
ndv korela¢ni koeficient. Na srovnani sku-
pin pacientl byl pouzit Mann-Whitneyho
U test.

Vysledky
Prdmeérné skére MBS bylo 2,5 ve skupiné
MD1 a 1,7 ve skupiné MD2. V obou skupi-

nach bylo min. i max. stejné (0-4). Rozdil
mezi skupinami nebyl! statisticky vyznamny
(p=01).

Korelace mezi prvnim a druhym zodpovéze-
nim je zndzornénanaobr. 1. Spearmantv kore-
la¢ni koeficient byl 0,965 u MD1 a 0,991 u MD2.
Pouze jeden pacient ze skupiny MD1 a jeden
pacient ze skupiny MD2 pfi druhém hodno-
cenfudali skére o 1 bod vys3si.

Primérnd hodnota relaxa¢niho ¢asu
u skupiny MD1 byla 3,4 (0,33-9,0) sa 0,6 (0,1-
5,7) s u skupiny MD2. Korelace mezi relaxac-
nim ¢asem a hodnotou MBS je zndzornéna
na obr. 2. Spearmandv korela¢ni koeficent byl
0,672 (p = 0,006) u MD1 a 0,627 (p = 0,001)
u MD2. Z obrazku je patrné, Ze pacienti
s MD1 se obecné hodnotili nizsim skore
MBS ve srovnani s pacienty MD2. Napfi-
klad prdmérnd hodnota relaxa¢niho casu
u pacientd s MBS 3 byla3,3suMD1a05s
uMD2.

Diskuze

Myotonickd dystrofie 1. typu je zpQ-
sobena CTG trinukleotidovou expanzi
v genu Dystrophia Myotonica Protein Ki-
nase (DMPKT) [7], MD2 je zpUsobena tetra-
nukleotidovou expanzi CCTG v komplex-
nim motivu (TG) (TCTG) (CCTG) (NCTG)
J(CCTG), vintronu 1 genu Cellular Nucleic
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Acid Binding Protein, dfive Zinc Finger Pro-
tein 9 (CNBP) [8]. Pficinou myotonie u myoto-
nické dystrofie neni primarni mutace v genu
chloridového kandlu CIG-1 (gen nese ozna-
¢eni CICNT), ale jeho posttranskripcni alter-
nativni sestfih [9,10].

Skala MBS je velmi jednoduchd a rychla
a mUze byt pouzita pro dlouhodobé sle-
dovéni pacientl. U obou skupin pacientd
byla signifikantni korelace mezi hodnotou
MBS a relaxa¢nim ¢asem povoleni stisku
ruky. Z nasich vysledku je ale ziejmé, ze hod-
nota MBS mUze byt srovndvéna pouze mezi
pacienty se stejnou diagndzou, protoze
pacienti s MD1 pfi stejném hodnoceni MBS
méli vyrazné delsi relaxacni ¢as nez pacienti
s MD2.

Zatimco ve skupiné MD1 prokazalo ob-
jektivni méfeni u vsech pacientd myotonii
(horni hranice normy nasi metodiky je 0,3 s),
ve skupiné MD2 bylo 6 pacientd subjektivné
udavajicich myotonii pod timto limitem.
Proto mUze byt MBS 3kdla s vyhodou pou-
Zita u pacient s mirnou myotonif jako citli-
véjsi marker.

V souhrnu, Ceska verze MBS je subjek-
tivn{ Skdla pro pacienty s myotonif, kterd
je velmi dobfe pouZitelnd v bézné praxi
pro dlouhodobé sledovéani pacientll a po-
rovnavani skupin pacientll se stejnou dia-
gnoézou. Naopak nenf vhodna pro srov-
nani skupin pacientd s jinou diagnézou.
Ackoli MBS byla vyuzita i v l1ékovych stu-
diich jako primérn{ outcome [4], domnivéme
se, ze pro podrobnéjsi sledovani pacientl
v ramci studif je vyhodnd kombinace s ob-
jektivni kvantifikaci myotonie, napf. po-
moci méfeni relaxa¢niho Casu po stisku
dynamometru.
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We reported the case of a patient suffering from myotonic dystrophy type 1 whose myotonic
symptoms repeatedly improved on methylprednisolone prescribed for unrelated flares of
ulcerative colitis. We found that myotonia disappeared with a delay of four weeks after

starting methylprednisolone with the effect lasting for at least a month after discontinuation.

The patient was being treated for a flare in June 2017, starting with 32 and immediately
dropping the dose by 4 mg a week. Myotonia severity was measured by means of relaxation
time (RT) and Myotonia Behaviour Scale (MBS) score that were validated in previously
mentioned papers. MBS was completed every week during the followed period, and RT was
measured at specific timepoints. First assessment of myotonia severity took place just 11 days

prior to the initiation of methylprednisolone, with RT of 1.3 s and MBS score 3.

The symptoms of myotonia began to wear off three weeks after starting methylprednisolone
(MBS of 1) and totally disappeared by four weeks after starting methylprednisolone (MBS of
0), as reported by the patient. The RT was measured for the first time seven weeks after the
initiation of the treatment and the values were normal. The first symptoms of myotonia
returned about a month after the last dose of methylprednisolone and reached a peak of
severity more than two months after the last dose (coming back to MBS of 3 and RT 1 s). In
this case, we were also able to follow the responsiveness of both RT and MBS score, though

in only one patient.

The molecular mechanism is unclear. We searched the literature for any mention of
corticosteroid efficacy on myotonia symptoms and the evidence was scarce. Only one trial
was conducted in 1959 and it tested quinine, prednisone, and procainamide for 3 weeks,
without a wash-out period. Therefore, it could not detect the delayed effect of the drug that we
have observed. We hypothesised the stabilization of muscle membrane, alteration of chloride
and sodium channels, however, the delay and prolongation of the effect indicate changes in

gene expression.
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Side-effects of corticosteroids clearly contradict routine use of such high dose to treat
myotonia. Yet the case suggests that a much lower dose might be effective as well. Anyway,
future open-label or placebo-controlled studies are warranted to confirm our finding and to

find the least possible dose that would remain effective.
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Abstract

We report the case of a patient suffering from duplicity of myotonic dystrophy type 1 and ulcerative colitis whose treatment for
ulcerative colitis included repeated administrations of descending doses of methylprednisolone and in whom we found an association between
methylprednisolone dosing and cessation of myotonia. Myotonia severity was expressed as relaxation time after voluntary contraction and as
a patient-reported outcome using the Czech version of the Myotonia Behavior Scale. The patient was being treated for a flare of ulcerative
colitis, starting with 32 mg of methylprednisolone and reducing the dose by 4 mg a week. The symptoms of myotonia began to wear off three
weeks after starting methylprednisolone and had totally disappeared by four weeks after starting methylprednisolone. The first symptoms of
myotonia returned about a month after the last dose of methylprednisolone and reached a peak of severity more than two months after the

final dose.
© 2020 Elsevier B.V. All rights reserved.

Keywords: Myotonia; Myotonic dystrophy; Methylprednisolone; Corticosteroids; Muscle relaxation; Therapy.

1. Introduction

Myotonic dystrophy type 1 (DM1) is a rare, hereditary,
multi-system disorder, the most prominent symptoms of
which are muscle weakness and myotonia. According to
a prospective study in patients with DM1 [1], published
in 2017, myotonia has a very severe impact on quality
of life, second only to muscle weakness. We report the
case of a patient suffering from duplicity of DMI1 and
ulcerative colitis (UC) whose treatment for UC included,
among other drugs, repeated administrations of descending
doses of methylprednisolone and in whom we found an
association between initiation of methylprednisolone dosage
and cessation of myotonia.

* Corresponding author at: Department of Neurology, University Hospital
Brno, Brno, Czech Republic.
E-mail address: horak.tomas@fnbrno.cz (T. Horak).

https://doi.org/10.1016/j.nmd.2020.03.004
0960-8966/© 2020 Elsevier B.V. All rights reserved.

2. Case report

A 40-year-old woman with a 10-year history of genetically
confirmed (Triplet-Primed PCR) DMI1 spontaneously
reported, at a routine visit in May 2016, that her myotonia
symptoms disappeared while taking methylprednisolone
for flares of UC. UC had been diagnosed in 1998 and its
treatment at the time comprised a stable dose of mesalamine
and periods of descending doses of methylprednisolone
overlaid with maintenance treatment with azathioprine.
Since then, she has undergone several withdrawals and
re-initiations of methylprednisolone and reported that her
fluctuations in the myotonia were always the same: in each
cycle, myotonia completely disappeared within 2-3 weeks
of taking methylprednisolone and returned about a month
after the last dose of it. Apart from DM1 and UC she
suffered from mild depression, treated with a stable dose of
escitalopram since 2015. There was no abnormality in serum
levels of glucose, potassium and fT4 in available blood tests
(Table 1).

The measured and reported values herein are derived from
the cycle that took place from June to November 2017.
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Table 1
Relation of RT and MBS to current treatment.

Time points RT (s) MBS Dose of Dose of Azathioprine Dose of Escitalopram Lab results
Methylprednisolone (mg) (mg)
(mg)

Baseline (Week O - 1.3 3 0 0 10 Serum glucose:

11 days) 5.1 mmol/L*;
Serum potassium:
3.73 mmol/L*

Week 0 - 3 32 0 10

Week 1 - 3 28 0 10

Week 2 - 1 24 0 10

Week 3 - 0 20 0 10

Week 4 - 0 16 0 10

Week 5 - 0 12 0 10

Week 6 0.2 0 8 0 10

Week 7 - 0 4 50 10

Week 8 - 0 0 50 10 Serum glucose:
5.1 mmol/L;
Serum potassium:
3.74 mmol/L

Week 9 - 0 0 0 10

Week 12 - 1 0 0 10

Week 15 0.8 2 0 0 10

Week 16 0.9 3 0 0 10

Week 18 1.2 3 0 0 10

Week 23 1.0 3 0 0 10 Serum glucose:
4.9 mmol/L***;
Serum potassium:
4.41 mmol/L***;
Serum fT4: 13.1
pmol/L**

RT, relaxation time; MBS, Myotonia Behaviour Scale.
* The blood tests were performed 80 days prior Baseline.
** The exact date of Week 0 was July 5, 2017.
*** The blood tests were performed 22 days after Week 23.
*¥* The blood tests were performed 34 days after Week 23.

Myotonia severity was expressed as relaxation time (RT) after
voluntary contraction, measured by a commercially-available
hand-grip dynamometer as described previously [2], and as
a patient-reported outcome using the Czech version of the
Myotonia Behaviour Scale (MBS) [3]. In brief, the patient
was asked to perform a contraction of the hand for 3 s at a
previously-defined force (target force), established as 75% of
her maximal force, followed by release of the grip as quickly
as possible. The patient’s target force was set to 5.2 kg for
all measurements. Relaxation time was then automatically
measured from target force to 10% of target force. Three
sets of measurements were taken, with 10-min intervals of
rest between them. The outcome RT was calculated as the
mean RT from 100% to 10% of target force. The results of
RT in relation to MBS and current treatment appear in Table
1. The patient was being treated for a flare of UC, starting
with 32 mg of methylprednisolone and dropping the dose by
4 mg a week, with the last week overlaid with azathioprine.
The symptoms of myotonia began to wear off three weeks
after starting methylprednisolone and totally disappeared by
four weeks after starting methylprednisolone, as reported
by the patient. This was verified by measuring RT seven
weeks after the initiation of treatment. The first symptoms
of myotonia returned about a month after the last dose of

100%

80%

60%
== = Baseline

Week 6
40% o= Week 15
= \Week 18

20%

Force (percentage of target force)

MBS =0

MBS =2
0%

0 0.2 0.4 0.6 0.8 1 1.2 1.4
Relaxation time (s)

Fig. 1. Relaxation phases of muscle contractions at various time points. The
broken line represents the first measurement, without methylprednisolone
treatment. The light grey line represents the measurement 6 weeks after
initiation of treatment (while still taking 8 mg of methylprednisolone). The
dark grey and black lines represent the measurements 7 and 10 weeks after
discontinuation of the treatment, respectively.

methylprednisolone and reached a peak of severity more than
two months after the last dose. Fig. 1 shows the relaxing
phases of muscle contractions at four different time points.
Fig. 2 shows the variability of three trials.
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Fig. 2. Variability of RT measurements. Three trials were performed at each
time point. The value from trial 2 overlaps with trial 3 at baseline.

3. Discussion

To the best of our knowledge, the only trial to employ
corticosteroids in the treatment of myotonia (20 mg of
prednisone per day) was of a cross-over design testing
quinine, prednisone and procainamide for 3 weeks, without
a wash-out period [4]. The number of patients was low and
it was conducted in 1959. Taking into account the fact that
the molecular basis of DM1 was not discovered until 1992
[5], the groups of patients could not be reliably defined.
Furthermore, our case disclosed the delayed effect of the drug,
something that could not have been covered by the design of
the 1959 study. There also exist a few case reports suggesting
that corticosteroids might ameliorate myotonia [6—10]. With
one exception, these were also published prior to 1992. The
most recent report, presented in 2002, described a patient with
myotonia congenita whose myotonic symptoms improved on
prednisone prescribed for an unrelated facial palsy [10]. The
disadvantage of all these studies was a lack of conclusive
methods for quantification of myotonia, rendering impossible
the determination of treatment effect.

The molecular mechanism underlying methylprednisolone
efficacy is unclear. It may be mediated by stabilization
of muscle-fibre membrane [11], alteration of the function
of chloride or sodium channels [12,13] or changes in
electrolytes, however, the delay and prolongation of the effect
indicate changes in gene expression.

Several limitations of the report need to be acknowledged.
We present a single case report of a patient who was
not blinded from the results and purpose of myotonia
measurement. The diagnosis of DM1 was made by Triplet-
Primed PCR method and no advance techniques were
performed. Each measurement was conducted at a different
time of year, yet Table | shows that myotonia symptoms
were worse during June without methylprednisolone than
in October, more than a month after the last dose of
methylprednisolone. Furthermore, the patient reported the
same cessation of myotonia in the cold winter months while
on methylprednisolone. The methylprednisolone effect could
also be biased by other drugs and comorbidities; however,

the influences of escitalopram and mesalamine appear highly
unlikely in the light of the stability of their doses, while
azathioprine is also unlikely to be involved in view of its time
relation to myotonia disappearance. Moreover, the patient has
never reported a cessation of myotonia when not related to
corticosteroids. Side-effects dictate that the starting dose of
methylprednisolone in this case is undoubtedly too high to be
used as a routine treatment, yet the illustration also suggests
that a very low dose might also be effective and we believe
that an open-label trial is needed to determine the lowest dose
of the drug that is still effective.

In conclusion, our case presents an association between a
medium dose of methylprednisolone and the disappearance
of myotonia symptoms in a DM1 patient, with a delay of
three weeks and the effect lasting for at least a month
after discontinuation. Future open-label or placebo-controlled
studies are warranted.
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5 Conclusion

The thesis summarizes the outcome measures currently being used in myasthenia gravis and
myotonic dystrophy type 1 and type 2. The outcomes in myasthenia gravis are well
established and since 2018, Quantitative Myasthenia Gravis Score (QMG), Myasthenia
Gravis Activities of Daily Living (MG-ADL), Myasthenia Gravis Composite (MGC),
Myasthenia Gravis Quality of life 15 (MG-QOL15) and steroid sparing effect are the only
myasthenia-specific outcome measures used in randomized clinical trials. Therefore, we have
validated and adapted the MGC and MG-QOL1S5 for use in Czech Republic. The outcomes in
myotonic dystrophy have not been well established yet, but the Myotonic Dystrophy Health
Index (MDHI) and Myotonia Behaviour Scale (MBS) seem to be very promising and MBS
scale is now also validated in Czech. Further, we established a quantitative assessment of
myotonia using a commercially available dynamometer and employed this method in routine
monitoring of our patients.

Apart from the patient-reported outcomes, questionnaires, composite scales, force
measurements and functional tests, the role of imaging methods is being emphasized in
neuromuscular disorders. Even though the manual segmentation and subjective grading of
each muscle is very time-consuming, there is an extensive research of automated muscle
segmentation and quantitative fat proportion measurement with advance MRI techniques. As
mentioned in introduction, a parameter such as fat proportion could not be used as a primary
outcome (due to regulatory requirements for approval) until a clear correlation with functional
tests is confirmed. Therefore, MRI will never substitute for functional outcomes. However,
with the expanding knowledge in gene therapy, a universal outcome for multiple

neuromuscular disorders sounds very promising.
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