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Introduction/Aims: Although we have gained insight into coronavirus disease-2019
(COVID-19) caused by severe acute respiratory syndrome-coronavirus 2 since the
beginning of the pandemic, our understanding of the consequences for patients with
neuromuscular disorders is evolving. In this study we aimed to study the impact of
COVID-19 and COVID-19 vaccination on skeletal muscle channelopathies.

Methods: We conducted a survey of patients with genetically confirmed skeletal
muscle channelopathies seen at the UK Nationally Commissioned Channelopathy
Service.

Results: Thirty-eight patient responses were received. Six patients had COVID-19
infection leading to exacerbation of their underlying muscle channelopathy. No major
complications were reported. Thirty-six patients had received one or two COVID-19
vaccinations and the majority (68%) had no worsening of their underlying channelo-
pathy. Thirty-two percent reported worsening of their usual symptoms of their
muscle channelopathy, but all reported recovery to baseline levels. No serious

adverse events were reported.

Abbreviations: ATS, Andersen-Tawil syndrome; HyperPP, hyperkalemic periodic paralysis; HypoPP, hypokalemic periodic paralysis; MC, myotonia congenita; PMC, paramyotonia congenita;
SCM, sodium channel myotonia; UCLH, University College London Hospital.
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1 | INTRODUCTION

Our understanding of the impact on coronavirus disease-2019
(COVID-19) infection and vaccination for patients with neuromuscular
disorders is evolving.! Skeletal muscle channelopathies encompasses
a group of rare genetic neuromuscular conditions, including myotonia
congenita (MC), sodium channel myotonia (SCM), paramyotonia con-
genita (PMC), hypokalemic periodic paralysis (hypoPP), hyperkalemic
periodic paralysis (hyperPP), and Andersen-Tawil syndrome (ATS).
These conditions are characterized by episodic symptoms ranging
from myotonia to periodic paralysis caused by the dysfunction of spe-
cific ion channels expressed in skeletal muscle.?

Throughout the pandemic, concerns were raised about COVID-
19 infection-related electrolyte disturbances on patients with skeletal
muscle channelopathies.®>* In addition, the side-effect profile of
COVID-19 vaccination in patients with channelopathies is unknown.®
Because of concerns over the risk of venous or arterial thromboembo-
lism with some vaccines, the risk profile is unclear in patients with
channelopathies who have impaired ambulation or may be more
sedentary.®”’

Driven predominantly by the need to practice cautiously in an
unknown era, recommendations and guidelines were created to
broadly advise patients with neuromuscular disorders.® In channelopa-
thies, patients with ATS who may have cardiac involvement were
advised to shield (remain at home and avoid face-to-face contact) in
the UK based on the risk of cardiac arrhythmias.

The aim of this study was to better understand the effect of
COVID-19 on patients with skeletal muscle channelopathies and the
side effects of COVID-19 vaccination in this cohort.

2 | METHODS

Two hundred patients with a genetically confirmed diagnosis of a
skeletal muscle channelopathy (with pathogenic variants in CLCN1,
SCN4A, CACNA1S, KCNJ2, or RYR1) seen at the UK Nationally
Commissioned Channelopathy Service run at the National Hospital
for Neurology and Neurosurgery, Queen Square, were enrolled into a
cohort study (Investigation of Human Neurological lon Channel or
Episodic Neurological Disorders, REC 07/Q0512/2) which received

Discussion: The overall rates of COVID-19 infection were low in our study and
COVID-19 vaccine uptake rates were high. Our results have been useful to inform
patients that a subset of patients have reversible worsening of their channelopathy
post-COVID-19 vaccination. Our study provides information for giving advice to

patients with skeletal muscle channelopathies regarding COVID-19 infection and

channelopathies, coronavirus, COVID-19, myotonia, neuromuscular disorders

ethics approval from the Joint National Hospital for Neurology and
Institute of Neurology research ethics committee. Written informed
consent was obtained for collection of retrospective and prospective
clinical data.

The questionnaire was developed by the Highly Specialized Service
channelopathy service, focusing on symptoms and complications of
COVID-19 infection as well as side effects of the COVID-19 vaccine.
The survey was reviewed by the University College London Hospital
(UCLH) patient experience team. A total of 14 questions were included
(see supplementary material). Patients were sent the survey via post
and the UCLH e-healthcare system in March 2021 and responses col-
lected over 4 months. A reminder email was sent in April 2021. Patients
who reported worsening of their channelopathy from either COVID-19
infection or COVID-19 vaccination and had indicated on the survey
that they agreed to be contacted to provide further information were
then contacted by phone or email to obtain additional information
about clinical features. Clinical and demographic details were collected
from the patients' electronic health records. Serious adverse events
were defined as side effects or adverse events that required hospitali-

zation. Data are presented descriptively.

3 | RESULTS

A total of 38 (19% response rate) patient responses were received
(Table 1). The median age of respondents was 51 (range, 18-77) years,
half of whom were female.

Six patients had COVID-19 infection, with all six reporting that
the infection-related symptoms lasted 2 weeks. In all cases, their
underlying muscle condition was exacerbated by the COVID-19 infec-
tion for the full duration of the COVID-19 illness. Three patients with
myotonia reported increased cramps and spasms as well as stiffness.
Pain was also increased. The other three patients with hypoPP or ATS
had increased muscle weakness, predominantly of the lower limbs.
Only one patient had weakness severe enough to require assistance
with activities of daily living. No patients were hospitalized for weak-
ness or electrolyte disturbances.

COVID-19 vaccination outcomes were available for 37 patients.
Thirty-two (86%) patients had received both doses of a COVID-19
vaccination by March 2021. Four (11%) had received their first dose
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TABLE 1 Summary of patient data

Worsening of
muscle condition

Had COVID-19  with COVID-19
Diagnosis (n) Male infection infection
Myotonia---MC, SCM, 10 3 3
and PMC (24)
HypoPP (6) 5 1 1
HyperPP (2) 1 0 NA
ATS (6) 3 2 2
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Worsening of
muscle condition
after COVID-19

Received one or

both COVID-19 Medication for

vaccination(s) vaccination channelopathy®

24 10 Mexiletine (15); flecainide
(10); acetazolamide (2);
magnesium (1)

6 0 Acetazolamide (5);
amiloride (2);
spironolactone (2);
dichlorphenamide (1)

2 0 Acetazolamide (2);
bendroflumethiazide (1)

4 2 Acetazolamide (3);

spironolactone (2)

Abbreviations: ATS, Andersen-Tawil syndrome; COVID-19, coronavirus disease-2019; HyperPP, hyperkalemic periodic paralysis; HypoPP, hypokalemic
periodic paralysis; MC, myotonia congenita; NA, not applicable; PMC, paramyotonia congenita; SCM, sodium channel myotonia.

2May be on more than one medication.

and one had not yet been vaccinated. All patients who had either one
or both doses of a COVID-19 vaccine had side effects, the most com-
mon being lethargy and arm pain (Figure 1).

Other side effects included chills, nausea and vomiting, palpitations,
and joint soreness. There were no serious adverse events reported.

Twelve patients had worsening of their muscle condition after
receiving the COVID-19 vaccination (Table 1). Six of 12 patients had
increased stiffness; in three patients, this necessitated an increase in the
dose of mexiletine. One patient increased the mexiletine dose for 3 days
before returning to baseline. The other two patients increased their mex-
iletine doses for 2 weeks before recovering and returning to their usual
dose. One patient with PMC also had episodes of transient weakness,
which was not experienced previously; and two patients with MC also
described weakness. Four (of 10) patients had increased pain related to
myotonia. Patients found it helpful to transiently increase the dose of
mexiletine to manage the myotonia after their COVID-19 vaccination.

70%
61% 61%

60%
50% 47%
40%
30% 28%
20%
8%
0,

10% B 7

0% -

Other Arm
weakness

Lethargy Arm pain Headache Fever

FIGURE 1 Coronavirus disease-2019 vaccination-related side
effects in patients with a skeletal muscle channelopathy.

The remaining two patients had ATS. One patient had a usual
attack of periodic paralysis after the second dose of the vaccine,
returning to baseline function after 24 hours. The other patient had
reduced exercise tolerance post-COVID-19 vaccination. This per-
sisted for 1 week, with gradual recovery.

Twenty-five (67.6%) patients had no worsening of their underling
skeletal muscle channelopathy and all 12 patients with transient wors-

ening of their skeletal muscle channelopathy had full recovery.

4 | DISCUSSION

In a small cohort of 38 patients with skeletal muscle channelopathies,
the incidence of COVID-19 infection was low, which reflects our clini-
cal experience in the Nationally Commissioned Channelopathy Service
in the UK. This may be due to cautious behavior and voluntary shield-
ing in our patients as a result of uncertainty about the impact of
COVID-19 infection. There may also be a number of patients who had
asymptomatic infection of which we are unaware.

COVID-19 vaccination uptake in this study was high and no
serious adverse events occurred. The majority of patients did not
have worsening of their underlying skeletal muscle channelopathy
after COVID-19 vaccination. The incidence of side effects after
COVID-19 vaccination was higher in our cohort compared with the
UK population. Fatigue occurred in 8% to 21% of the UK commu-
nity self-reporting side effects compared with 61% in our cohort.”
Although arm pain was the most common local side effect in both
our cohort and the UK cohort, the incidence was again higher in
our cohort (61% vs 19% to 34%).° However when compared with
the side effects reported in the phase Il clinical trials of the
BNT162b2 vaccine, the frequency of arm pain (71% to 83%) was
comparable with what we observed in our cohort.*° Frequency of
fatigue was still higher in our cohort compared with the trial (61%
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in our cohort vs 34% to 47% in the trial). Given that fatigue is a sig-
nificant component of the channelopathies,? it may be that this is
enhanced or exacerbated after COVID-19 vaccination.

The small sample size of this study is a significant limitation.
However, this subgroup is representative of our larger channelopa-
thy cohort. The majority of patients having myotonia, followed
by periodic paralysis and then ATS is representative of the preva-
lence of subtypes within our cohort. The sex distribution is also
representative of the demographic in our cohort---greater male
representation (6 of 8) in the periodic paralyses and equal sex ratio
for MC and ATS. Similarly, the mean age is comparable. We have
not seen channelopathy-specific risks associated with COVID-19
infection. In this study, although electrolytes were not measured
routinely, given that no patients required hospitalization, it is
unlikely that their electrolytes reached severely abnormal ranges
that would otherwise result in neuromuscular morbidity necessitat-
ing admission.

The study also illustrates the challenges faced with surveys. It
is difficult to generalize the results due to the small study size, and
ongoing data collection will be needed. Overall, the information is
useful by adding to the growing understanding of the interplay
between COVID-19 and neuromuscular disorders and is aligned
with our clinical experience in channelopathies. Understanding
the effects of the COVID-19 vaccination in patients with skeletal
muscle channelopathies allows us to plan and provide advice to
patients. Transiently increasing medication or planning to work/
study from home for a few days after COVID-19 vaccination may

be helpful approaches.
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