1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

/ HHS Public Access

Author manuscript
Rev Cardiovasc Med. Author manuscript; available in PMC 2022 September 28.

Published in final edited form as:
Rev Cardiovasc Med. 2022 ; 23(4): . doi:10.31083/j.rcm2304126.

Cardiac Involvement and Arrhythmias Associated with Myotonic
Dystrophy

Daniel McBridel, Amrish Deshmukh?l, Supriya Shore?, Melissa A. Elafros3, Jackson J.
Liangl”
1Electrophysiology Section, Division of Cardiology, Ann Arbor, Ml 48109, USA

°Heart Failure Section, Division of Cardiology, University of Michigan, Ann Arbor, Ml 48109, USA

3Neuromuscular Section, Division of Neurology, University of Michigan, Ann Arbor, MI 48109,
USA

Abstract

Myotonic dystrophy is an autosomal dominant genetic disease of nucleotide expansion resulting
in neuromuscular disease with two distinct subtypes. There are significant systemic manifestations
of this condition including progressive muscular decline, neurologic abnormalities, and cardiac
disease. Given the higher prevalence of cardiac dysfunction compared to the general population,
there is significant interest in early diagnosis and prevention of cardiac morbidity and mortality.
Cardiac dysfunction has an origin in abnormal and unstable nucleotide repeats in the DMPK and
CNBP genes which have downstream effects leading to an increased propensity for arrhythmias
and left ventricular systolic dysfunction. Current screening paradigms involve the use of routine
screening electrocardiograms, ambulatory electrocardiographic monitors, and cardiac imaging
to stratify risk and suggest further invasive evaluation. The most common cardiac abnormality

is atrial arrhythmia, however there is significant mortality in this population from high-degree
atrioventricular block and ventricular arrhythmia. In this review, we describe the cardiac
manifestations of myotonic dystrophy with an emphasis on arrhythmia which is the second most
common cause of death in this population after respiratory failure.
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Introduction

Myotonic dystrophy is an autosomal dominant condition and represents the most common
inherited neuromuscular disease in adults. It is frequently associated with cardiac
complications which run the gamut from asymptomatic first-degree atrioventricular block
to ventricular fibrillation and sudden cardiac death.

The condition is caused by unstable, simple nucleotide tandem repeats in the dystrophia
myotonica protein kinase (DMPK) gene for myotonic dystrophy type 1 (DM1) and in the
cellular nucleic acid binding protein gene (CNBP) for myotonic dystrophy type 2 (DM2)
[1,2]. In DML1, variations in organ-specific phenotypes, such as arrhythmia, are thought to be
dependent on the length of the unstable nucleotide repeats in progenitor cells [3]. The same
relationship is not established in DM2, which has a milder phenotype [4].

In general, the clinical course of DM1, and to a lesser extent DM2, involves the insidious
development of skeletal muscle weakness with wasting and myotonia. The most common
systemic manifestations of the disorder are respiratory and cardiac disturbances. Other
manifestations include ophthalmopathies (premature cataracts), endocrinopathies (diabetes
mellitus) and disorders of the alimentary system [5].

Pathophysiology and Genetics

Myotonic dystrophy has an incidence of 1/8000 live births and a worldwide prevalence

of 2.1-14.3/100,000 inhabitants [6]. Geographically, there are variations in prevalence of
between 2.2-5.5/100,000 in Western Europe, however the disease is rarer in South-East
Asian and African populations [7,8]. In the United States, blood-spot testing in newborns
completed in New York suggests a prevalence of 4.8/10,000 [9]. These figures imply that the
true prevalence is likely underestimated, and the condition is under-diagnosed likely due to
under-recognition.

DML1 results from unstable trinucleotide repeats of the sequence cytosine-thymine-guanine
(CTG) in the 3’ untranslated region of the DMPK gene, on chromosome 19q 13.3 [1]. This
causes the transcription of mutant ribonucleic acids (RNA) which accumulate in cellular
nuclei and, in turn, have a toxic effect on specific RNA-binding protein families leading to
loss of function [10]. The loss of function of RNA-binding proteins directly causes abnormal
splicing of several genes leading to clinical manifestations of DM1 that vary based on tissue
and trinucleotide repeat length. Genes affected include the bridging integrator 1 gene, the
cardiac troponin T gene, the cardiac sodium channel Nav 1.5 gene, the NKX 2-5gene, the
insulin receptor gene, and the skeletal muscular chloride gene [11-16]. The various effects
of these genes and a graphical representation of this process are listed in Table 1 (Ref.
[11-16]) and Fig. 1, respectively.

DM2 has a similar pathophysiologys it results from the tetranucleotide repeat of cytosine-
cytosine-thymine-guanine (CCTG) in intron 1 of the CAVBP gene on chromosome 3q
21.3 [2]. Although CNBPand DMPK genes encode for unrelated proteins, the similar
pathophysiology support the toxic effect of abnormal RNA transcripts [10,17].
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Phenotypic heterogeneity exists for DM1 which modestly correlates with number of
trinucleotide repeats as well as level of somatic mosaicism that is seen with this disease
process [3]. Somatic mosaicism, the idea that genetically separate populations of cells can
coexist within an individual, is likely due to tissue-specific affinity for increased repeat
expansion. This has been demonstrated in newborn populations, where CTG repeats are
more expanded in the heart and muscle tissue as compared to saliva or peripheral white
blood cells [18]. Genetic anticipation is also observed in DM1, as subsequent generations
are more likely to develop severe forms of the disease vis-a-vis higher numbers of
trinucleotide repeats [19]. It is also suggested that when females transmit the dominant
gene to progeny, there is a larger range of trinucleotide expansions and therefore high
intergenerational mean variation than when comparable males transmit the dominant gene
[20].

There is not a well-established relationship between the number of tetranucleotide repeats
and disease severity with DM2 as there is for DM1 [4].

3. Clinical Characteristics

There are four clinical subtypes of DM1: congenital, childhood-onset, adult-onset, or
classical, late onset or mild [21]. Adult-onset is the most common form of DM1 [22].
Clinically, mild, and adult-onset disease are notable for adult-onset myotonia and weakness
involving the facial muscles with progression to involve the distal limb muscles. Multi-
system organ dysfunction is more prevalent in classical disease [23]. Childhood and
congenital disease can be more severe, with weakness and multi-organ system dysfunction
notable from utero, with polyhydramnios and hypotonia, to adolescence with early onset
respiratory dysfunction and weakness [24-26]. Based on Dutch registry data, life expectancy
in DML is estimated at approximately 60 years for both males and females [27]. DM2 has
a milder phenotype than DM1 with adult onset myotonia, proximal muscle pain, weakness,
and cataracts.

The condition previously relied on clinical exam and EMG with possible muscle biopsy for
diagnosis, however genetic testing has emerged as the present gold standard [21, 23].

A general classification of clinical spectrum for DM1 has been suggested based on number
of trinucleotide repeats, with higher numbers causing earlier and more severe disease
presentation [28,29]. The subtypes include mild (50-150 repeats), classical (50-1000
repeats), childhood onset (>800 repeats) and congenital (>1000 repeats) [23].

4. Cardiac Manifestations

Cardiac abnormalities including cardiomyopathy, conduction disturbances, and arrhythmias
in patients with myotonic dystrophy are common and increase with age after diagnosis.
Cardiac involvement impacts up to 80% of patients with DM1 and 20% of patients

with DM2 and results from progressive myocardial fibrosis which causes a dilated
cardiomyopathy and conduction system abnormalities [30-32]. A nationwide Danish cohort
study followed 1146 patients with either clinical or genetically proven myotonic dystrophy
and found a standardized incidence ratio of 3.42 [95% CI 3.01-3.86] for any cardiac disease
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[33]. A cross-sectional study in Utah found that the relative risk of any cardiac conduction
disorder was 60 times that of the normal population (95% CI 29.9-108.6) [34].

Given the prevalence of cardiac involvement in patients with DM, there is organizational
focus via the AHA and Myotonic Dystrophy Foundation on the research, screening, and
development of cardiac-specific therapeutics. In the next sections we will briefly summarize
the current understanding of cardiomyopathy and arrhythmia in this patient population with
a focus on arrhythmia.

5. Arrhythmia

Arrhythmia is the second most-common cause of death in patients with DM as identified in
the largest prospective cohort to-date [35]. One mechanism of arrhythmia is the upregulation
of NKX2-5gene and abnormal splicing of the SCN5A gene encoding the cardiac sodium
channel NAv1.5. These mutations can cause or contribute to delayed atrio-ventricular
conduction, interventricular conduction delay and a host of atrial and ventricular arrhythmias
[13,14]. Dominant NKX2-5mutations are associated with congenital atrial septal defects,
heart block and atrial fibrillation [36]. Loss of function mutations seen in the SCN5A gene
are akin to other conduction syndromes such as long QT3 syndrome and Brugada syndrome
[37].

Ventricular fibrillation (VF) may occur as the result of unstable or untreated ventricular
tachycardia (VT) or may arise de novo in a similar mechanism to Brugada Syndrome
owing to SCN5A mutation [38]. Mouse models haves shown that alternative splicing of
SCN5A via a mechanism akin to DM promotes arrhythmia and conduction delay typical
of DM. In such models, there is a high burden of PR-interval prolongation and sudden
death [38]. Further studies using optical mapping analysis have revealed slower conduction
velocities and longer action potential durations and restitutions. These conduction system
abnormalities allow for a greater chance of reentrant tachycardias and the induction of
VT/VF with pacing compared to wild-type controls [39].

Another mechanism of arrhythmia is thought to be related to disease-specific anatomic
changes throughout the conduction system. Post-mortem evaluation of cardiac tissue from
one series of 12 patients with DM has revealed fibrosis, fatty infiltration, lymphocytic
infiltration and atrophy in the sinoatrial (SA)-nodal tissue, atrioventricular (AV)-nodal
tissue and throughout the AV bundle consistent with antemortem cardiac diagnoses [30].
Anatomical changes in the nodal tissues of both the SA node and AV node contribute

to sick sinus syndrome and varying degrees of AV-block in patients with DM [40].
Posited mechanisms for ventricular arrhythmia include re-entrant VT due to anatomical
abnormalities in addition to a predisposition for bundle branch re-entry and fascicular
VT resulting from disease within the His-Purkinje system [41,42]. Such conduction
abnormalities are posited to represent a significant contributor to arrhythmic mortality in
patients with DM [43].

Clinically, these abnormalities manifest on the electrocardiogram (ECG)- often prior to
the development of cardiac symptoms, and may precede muscular symptoms [44]. ECG
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abnormalities are present in approximately 65% of DM1 and 20% of DM2 patients. In
DML patients, first degree atrioventricular delay is the most common abnormality (42%),
followed by non-specific intraventricular conduction delay (12%) [35]. Other abnormalities
reported in patients include left- or right- bundle branch block, pathologic g-waves and
repolarization abnormalities [45]. A representative example is seen in Fig. 2. In a study of
94 consecutive genetically confirmed DM1 and DM2, DM1 patients were found to have a
larger incidence of intraventricular and atrioventricular conduction defects though DM2 had
a larger incidence of nonsustained supraventricular and ventricular tachycardias [46].

6. Atrial Arrhythmias

Atrial arrhythmias are the most common clinical arrhythmias associated with DM1 and
represent an independent predictor of increased mortality [35]. Atrial fibrillation and atrial
flutter have an estimated prevalence of 10.9%. and 8.5%, respectively in DM1 [47,48].
Management of atrial arrhythmias in this population is the same as current standard-of-care
practices. This includes anticoagulation for stroke prevention guided by CHA2DS2VASc
score, rate, and rhythm control. Owing to AV dysfunction, rapid ventricular rate may be less
common in this population.

Notably, the DM population has higher incidence of risk factors for the development of
atrial arrhythmia, including obstructive sleep apnea and metabolic syndrome [49,50]. As in
non-DM patients, it is critical to manage these risk factors to potentially reduce arrhythmia
burden. Additional patient-centered factors, such as immobility or fall frequency should be
considered when treating this population. Therefore, a higher clinical index of suspicion for
atrial arrhythmia is recommended based on routine ECG surveillance and the presence of
clinical symptoms [51].

Ambulatory monitoring for patients with DM has been suggested by the AHA as a

means of detecting arrhythmia. In retrospective observational data, annual 24-hour holter
monitoring was not useful for predication of cardiovascular events [52]. However, there is
no comparable data with longer-term event monitors, which have shown increased ability to
detect atrial arrhythmias after stroke [53].

Treatment with rate and rhythm control medications may present a challenge if there

is underlying sino-atrial or atrio-ventricular conduction abnormalities and warrants close
monitoring. Ablation for atrial arrhythmias is known to be effective in patients with DM
[54]. The ideal ablation approach beyond pulmonary vein isolation (PVI) remains unclear,
especially for those with more persistent atrial arrhythmias. Electro-anatomical mapping
in these patients has suggested low-voltage zones to be an additional target for ablation
beyond PVI. These low-voltage zones in patients with DM have been theorized to be

a primary dysfunction related to the anatomic myocardial abnormalities characteristic of
DM in contrast to secondary low-voltage zones typical of comorbidities related to atrial
fibrillation [55].
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7. Sino-Atrial and Atrio-Ventricular Nodal Dysfunction

Proximal conduction abnormalities, defined as those above the AV-node, are less common
than those distal to the AV node although both are significantly associated with the

presence of inducible atrial arrhythmias. The most common conduction abnormality noted in
electrophysiological studies (EPS) of patients with DM is a prolonged H-V interval [56].

Prospective studies evaluating conduction in patients who underwent prophylactic
pacemaker implantation identified H-V interval >70 ms to be associated with progression
to complete AV dissociation [57]. Non-invasive testing with surface ECG suggests similar
findings as ECG abnormalities including PR interval of 2240 ms, QRS duration 2120 ms,
second, or third-degree AV block were independent predictors of mortality in patients with
predominantly type 1 DM followed prospectively [35]. Delayed conduction assessed by
these metrics has also been associated with the cumulative risk of sudden death and need
for pacemaker implantation [58]. As such, prophylactic pacemaker implantation in patients
with these ECG abnormalities is a class I11b recommendation by both the AHA and the
European society of cardiology [59,60]. Subsequent studies using EPS have called into
question the predictive value of ECG in assessing for infra-Hisian conduction block due to
discordance between the PR interval, QRS duration and the HV interval as measured on
EPS [61]. The AHA currently adheres to a class IC recommendation that for any surface
ECG abnormality as described above, symptoms of arrhythmia should have annual cardiac
examination and be considered for EPS or device implantation [6]. There are retrospective
registry data to suggest that patients with abnormal ECG findings who underwent pacemaker
implantation had improved survival compared to propensity matched cohorts who did not
receive pacemakers [62].

Pacing strategies in DM do not differ from standard of care. As atrial arrhythmias in this
population are more common with disease progression, there has been interest in whether
atrial pacing may reduce atrial arrhythmia burden. Single center prospective data from

60 patients found that an atrial preference pacing algorithm significantly reduced atrial
arrhythmia burden at both 1- and 2-year follow-up compared to standard DDDR pacing
modes [63].

Despite implantation of prophylactic pacemaker, there have been incidences of sudden death
in patients with DM which suggests unstable ventricular arrhythmia as a likely culprit
[35,64].

8. Ventricular Arrhythmias

Ventricular arrhythmias, including monomorphic ventricular tachycardia (VT), polymorphic
VT, and ventricular fibrillation (VF) have been described in patients with DM. Interestingly,
ECG abnormalities suggestive of AV conduction disease are also associated with a higher
likelihood of ventricular arrhythmia in prospective studies [35,65,66]. Furthermore, in a
single-center prospective study of 53 patients with myotonic dystrophy and 47 matched
controls, signal-averaged electrocardiography findings of late potentials were associated
with the development of ventricular arrhythmia at mean follow-up of 31 months [67]. Due
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to high false positive rates, signaled average ECG receives a I1b/B recommendation from the
AHA for monitoring in younger DM patients [6].

VTs involving the conduction system such as bundle-branch reentrant and fascicular VT are
amenable to catheter ablation as in other patient populations, although prospective outcomes
data in this cohort of DM patients is sparse [41,42]. Reentrant VT due to anatomical
abnormalities is likely to be amenable to ablation, although challenges with mid-myocardial
substrate are likely to be present based on CMRI imaging showing a preponderance of
delayed gadolinium enhancement in this population [68].

Despite the increased risk of ventricular arrhythmia in this population, there are no
guidelines on the implementation of implantable cardioverter-defibrillator (ICD) devices

in these patients unless criteria are met for primary prevention due to left-ventricular systolic
dysfunction or for ventricular arrhythmia inducibility during EPS. The Heart Rhythm
Society will soon release updated guidelines for risk stratifying these patients. Current

AHA recommendations rely on close monitoring of surface ECG, event monitoring and
echocardiography in conjunction with clinical symptoms to refer for electrophysiologic
evaluation as summarized in Table 2 (Ref. [6]). In our practice, we perform EPS with
programmed ventricular stimulation to risk stratify patients with DM and high risk

features (i.e., history of syncope, reduced LVEF, delayed gadolinium enhancement on

MRI, documented nonsustained VT, etc.) and implant ICD in those who are inducible for
sustained VT or VF based on consensus guidelines for other inherited cardiomyopathies

and channelopathies such as in patients with Lamin A/C mutation or Brugada syndrome
[69]. Importantly, in cases where sustained VT/VF are not inducible and the decision

is made to not implant ICD, implantable loop recorders can be helpful to monitor for
subsequent development of sustained ventricular arrhythmias due to uncertain cardiac
progression over time. Furthermore, among DM patients in whom pacemaker implantation
is recommended for bradycardia or AV block, implantation of ICD rather than pacemaker
should be considered if concordant with the patient’s long-term goals. VT catheter ablation
has been successful in patients with myotonic dystrophy, particularly in patients with
classical outflow-tract and bundle-branch reentrant inducible VT on EPS [70,71]. There

is little data regarding treatment efficacy of antiarrhythmic medications specifically for these
patients, however it should be noted that off target effects of drugs with multiple ion-channel
targets, such as amiodarone, may worsen sinus and atrioventricular node dysfunction if it is
present.

9. Cardiomyopathy/Structural Heart Disease

CTG nucleotide expansion in myocytes leads to hairpin RNA structures that bind splicing
factors in cellular nuclei resulting in abnormal splicing of the 7NN T2and SCN5A genes
which, in turn, is thought to contribute to cardiomyopathy [12]. Cardiomyopathy associated
with DM1 and DM2 progresses with ages as such regular echocardiography with strain
imaging is a class IC recommendation by the American Heart Association (AHA) to track
progression [6,51]. Echocardiogram is recommended at the time of diagnosis and then every
2-4 years if the initial echocardiogram is within normal limits [6].
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Echocardiography results from 100 DM patients via a multicenter data registry revealed the
most common echocardiographic findings are left-ventricular hypertrophy (LVH) (19.8%),
left-ventricular dilatation (18.6%) and decreased left ventricular systolic function (14%)
[72]. More recently, a study of echocardiography with global longitudinal strain (GLS) in a
prospective cohort of forty-six DM1 patients found abnormal GLS to be highly predictive
of cardiovascular events independent of systolic function [73]. Interestingly, clinical heart
failure symptoms were only present in 1.8% of patients as muscular weakness and fatigue
can mask typical symptoms [72].

Cardiac magnetic resonance imaging (CMR) can identify fatty infiltration and early

signs of fibrosis through delayed gadolinium enhancement (LGE) and may be beneficial
for early diagnosis of cardiac involvement in the absence of electrocardiographic or
echocardiographic findings [74]. The most common pattern of delayed gadolinium
enhancement in one study showed mid-myocardial enhancement in the basal inferolateral
wall [75]. Another study of fifty-seven DM1 patients who underwent CMR found
myocardial abnormalities as an independent risk factor for the occurrence of atrial
fibrillation and atrial flutter [76]. CMR in DM2 has shown subepicardial LGE in the basal
inferolateral wall and is also predictive of arrhythmia [77].

Management of cardiomyopathy in DM centers on the use of guideline-directed medical
therapies (GDMT) and cardiac resynchronization therapy as recommended for stage C
heart failure with reduced ejection fraction. Data to suggest slowed progression of left-
ventricular dysfunction with GDMT and cardiac resynchronization is abstracted from
treatment response to these therapies seen in other muscular dystrophies [78,79].

There are case reports of cardiac transplantation in patients with DM1 and DM2, with
short-term and long-term data still under collection. Reasonably, there is concern with
transplantation in this population given difficulties with extubation and rehabilitation due to
muscle weakness [80].

10. Disease-Specific Treatments for Myotonic Dystrophy

In general, specific therapies for myotonic dystrophy are aimed at addressing the organ
system involved. Due to muscle involvement, exercise therapies have been postulated to

be of benefit, although there have been no studies to date to show improved outcomes

[81]. In patients with congenital or childhood DM, exercise was noted to induce ventricular
arrhythmia and therefore ECG monitoring during exercise may be of benefit [25].

Pharmacologic therapies for myotonia and muscle weakness have traditionally targeted the
sodium channels on skeletal muscle with sodium channel blockers. Importantly, medications
used for this condition including mexiletine, flecainide and propafenone can worsen
conduction abnormalities, which may be an issue in patients without pacemakers [82-86].

Due to inactivity and impaired glucose tolerance, patients with DM are at increased risk for
atherosclerotic vascular disease [87]. While the widespread use of statin conveys a low risk
of myopathies, discontinuation of therapy may be more common in the DM population due
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to baseline myopathic symptoms. Current recommendations suggest serial creatine kinase
measurement in this population to help distinguish true myopathy [88].

Future therapeutics may focus on the applications of antisense oligonucleotides to combat
the intranuclear toxic RNA effect to diminish the burden of abnormally spliced genes [89].
Gene therapy has been proposed as a feasible option to eliminate nucleotide expansion and
is under investigation [90].

11. Conclusions

The clinical manifestations of DM are complex yet are becoming increasingly treatable

with modern therapies. Current cardiac-specific therapeutics, including GDMT for heart
failure, anticoagulation, catheter ablation and device implantation for arrhythmias are likely
to have a significant impact on the mortality of this disease. Patient-specific genetic assays
are becoming more widely available and may help with future risk stratification or offer
targets for gene therapies [91]. Prenatal testing, although not formally recommended, has
been suggested as a means of early detection for congenital DM should mothers display high
risk features, such as expansions >1 kb, or birth to another sibling with congenital DM [92].

As suggested by current society guidelines, there is no therapy yet to replace a high index of
clinical suspicion for cardiac complications of DM by the treating physician. Regular health
maintenance with an attention to cardiac symptoms is paramount in ensuring the safety and

survival of patients with DM.

Acknowledgment

We would like to acknowledge and express gratitude for all those who contributed to the writing and revision of this
manuscript. Special thanks to the peer reviewers who provided their suggestions and expertise.

Funding

This research received no external funding.

References

[1]. Brook JD, McCurrach ME, Harley HG, Buckler AJ, Church D, Aburatani H, et al. Molecular basis
of myotonic dystrophy: Expansion of a trinucleotide (CTG) repeat at the 3" end of a transcript
encoding a protein kinase family member. Cell. 1992; 68: 799-808. [PubMed: 1310900]

[2]. Liquori CL, Ricker K, Moseley ML, Jacobsen JF, Kress W, Naylor SL, et al. Myotonic dystrophy
type 2 caused by a CCTG expansion in intron 1 of ZNF9. Science. 2001; 293: 864-867.
[PubMed: 11486088]

[3]. Morales F, Couto JM, Higham CF, Hogg G, Cuenca P, Braida C, et al. Somatic instability of
the expanded CTG triplet repeat in myotonic dystrophy type 1 is a heritable quantitative trait
and modifier of disease severity. Human Molecular Genetics. 2012; 21: 3558-3567. [PubMed:
22595968]

[4]. Day JW, Ricker K, Jacobsen JF, Rasmussen LJ, Dick KA, Kress W, et al. Myotonic dystrophy
type 2: molecular, diagnostic and clinical spectrum. Neurology. 2003; 60: 657-664. [PubMed:
12601109]

[5]. Harper PS, van Engelen BGM, Eymard B, Rogers M, Wilcox D. 99th ENMC international
workshop: myotonic dystrophy: present management, future therapy. 9-11 November 2001,
Naarden, the Netherlands. Neuromuscular Disorders. 2002; 12: 596-599. [PubMed: 12117486]

Rev Cardiovasc Med. Author manuscript; available in PMC 2022 September 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McBride et al.

Page 10

[6]. Feingold B, Mahle WT, Auerbach S, Clemens P, Domenighetti AA, Jefferies JL, et al.
Management of Cardiac Involvement Associated with Neuromuscular Diseases: a Scientific
Statement from the American Heart Association. Circulation. 2017; 136: e200—-e231. [PubMed:
28838934]

[7]. Davies J, Yamagata H, Shelbourne P, Buxton J, Ogihara T, Nokelainen P, et al. Comparison of
the myotonic dystrophy associated CTG repeat in European and Japanese populations. Journal of
Medical Genetics. 1992; 29: 766—769. [PubMed: 1453423]

[8]. Ashizawa T, Epstein H. Ethnic distribution of myotonic dystrophy gene. The Lancet. 1991; 338:
642-643.

[9]. Johnson NE, Butterfield RJ, Mayne K, Newcomb T, Imburgia C, Dunn D, et al. Population-Based
Prevalence of Myotonic Dystrophy Type 1 Using Genetic Analysis of Statewide Blood Screening
Program. Neurology. 20215 96: e1045-e1053. [PubMed: 33472919]

[10]. Lee JE, Cooper TA. Pathogenic mechanisms of myotonic dystrophy. Biochemical Society
Transactions. 2009; 37: 1281-1286. [PubMed: 19909263]

[11]. Fugier C, Klein AF, Hammer C, Vassilopoulos S, Ivarsson Y, Toussaint A, et al. Misregulated
alternative splicing of BIN1 is associated with T tubule alterations and muscle weakness in
myotonic dystrophy. Nature Medicine. 2011; 17: 720-725.

[12]. Philips AV, Timchenko LT, Cooper TA. Disruption of splicing regulated by a CUG-binding
protein in myotonic dystrophy. Science. 1998; 280: 737-741. [PubMed: 9563950]

[13]. Freyermuth F, Rau F, Kokunai Y, Linke T, Sellier C, Nakamori M, et al. Splicing misregulation
of SCNb5a contributes to cardiac-conduction delay and heart arrhythmia in myotonic dystrophy.
Nature Communications. 2016; 7: 11067.

[14]. Yadava RS, Frenzel-McCardell CD, Yu Q, Srinivasan V, Tucker AL, Puymirat J, et al. RNA
toxicity in myotonic muscular dystrophy induces NKX2-5 expression. Nature Genetics. 2008s
40: 61-68. [PubMed: 18084293]

[15]. Savkur RS, Philips AV, Cooper TA. Aberrant regulation of insulin receptor alternative splicing
is associated with insulin resistance in myotonic dystrophy. Nature Genetics. 20015 29: 40-47.
[PubMed: 11528389]

[16]. Charlet-B N, Savkur RS, Singh G, Philips AV, Grice EA, Cooper TA. Loss of the muscle-
specific chloride channel in type 1 myotonic dystrophy due to misregulated alternative splicing.
Molecular Cell. 2002; 10: 45-53. [PubMed: 12150906]

[17]. Amack JD, Paguio AP, Mahadevan MS. Cis and trans effects of the myotonic dystrophy (DM)
mutation in a cell culture model. Human Molecular Genetics. 1999; 8: 1975-1984. [PubMed:
10484765]

[18]. Korade-Mirnics Z, Tarleton J, Servidei S, Casey RR, Gennarelli M, Pegoraro E, et al. Myotonic
dystrophy: tissue-specific effect of somatic CTG expansions on allele-specific DMAHP/SIX5
expression. Human Molecular Genetics. 1999; 8: 1017-1023. [PubMed: 10332033]

[19]. Pratte A, Prévost C, Puymirat J, Mathieu J. Anticipation in myotonic dystrophy type 1 parents
with small CTG expansions. American Journal of Medical Genetics. Part a. 2015; 167A: 708—
714. [PubMed: 25712547]

[20]. Martorell L, Cobo AM, Baiget M, Naud6 M, Poza JJ, Parra J. Prenatal diagnosis in myotonic
dystrophy type 1. Thirteen years of experience: implications for reproductive counselling in DM1
families. Prenatal Diagnosis. 2007; 27: 68—72. [PubMed: 17154336]

[21]. Meola G, Cardani R. Myotonic dystrophies: an update on clinical aspects, genetic, pathology, and
molecular pathomechanisms. Biochimica Et Biophysica Acta. 2015; 1852: 594-606. [PubMed:
24882752]

[22]. De Antonio M, Dogan C, Hamroun D, Mati M, Zerrouki S, Eymard B, et al. Unravelling the
myotonic dystrophy type 1 clinical spectrum: a systematic registry-based study with implications
for disease classification. Revue Neurologique. 2016; 172: 572-580. [PubMed: 27665240]

[23]. Turner C, Hilton-Jones D. Myotonic dystrophy: diagnosis, management and new therapies.
Current Opinion in Neurology. 2014; 27: 599-606. [PubMed: 25121518]

[24]. Darras BT, Volpe JJ. Muscle Involvement and Restricted Disorders. Volpe’s Neurology of the
Newborn. 2018; 33: 922-970.e15.

Rev Cardiovasc Med. Author manuscript; available in PMC 2022 September 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McBride et al.

[25].

[26].

[27].

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

[40].

[41].

Page 11

Bassez G, Lazarus A, Desguerre I, Varin J, Laforét P, Bécane HM, et al. Severe cardiac
arrhythmias in young patients with myotonic dystrophy type 1. Neurology. 2004; 63: 1939-1941.
[PubMed: 15557517]

Echenne B, Rideau A, Roubertie A, Sébire G, Rivier F, Lemieux B. Myotonic dystrophy type i

in childhood Long-term evolution in patients surviving the neonatal period. European Journal of
Paediatric Neurology. 2008; 12: 210-223. [PubMed: 17892958]

de Die-Smulders CE, Howeler CJ, Thijs C, Mirandolle JF, Anten HB, Smeets HJ, et al. Age
and causes of death in adult-onset myotonic dystrophy. Brain. 1998; 121: 1557-1563. [PubMed:
9712016]

Hamshere MG, Harley H, Harper P, Brook JD, Brookfield JF. Myotonic dystrophy: the
correlation of (CTG) repeat length in leucocytes with age at onset is significant only for patients
with small expansions. Journal of Medical Genetics. 1999; 36: 59-61. [PubMed: 9950368]
Lavedan C, Hofmann-Radvanyi H, Shelbourne P, Rabes JP, Duros C, Savoy D, et al. Myotonic
dystrophy: size- and sex-dependent dynamics of CTG meiotic instability, and somatic mosaicism.
American Journal of Human Genetics. 1993; 52: 875-883. [PubMed: 8098180]

Nguyen HH, Wolfe JT, Holmes DR, Edwards WD. Pathology of the cardiac conduction system in
myotonic dystrophy: a study of 12 cases. Journal of the American College of Cardiology. 1988;
11: 662-671. [PubMed: 3278037]

Petri H, Witting N, Ersbgll MK, Sajadieh A, Dung M, Helweg-Larsen S, et al. High prevalence
of cardiac involvement in patients with myotonic dystrophy type 1: a cross-sectional study.
International Journal of Cardiology. 2014; 174: 31-36. [PubMed: 24704412]

Schoser BGH, Ricker K, Schneider-Gold C, Hengstenberg C, Diirre J, Biiltmann B, et al.
Sudden cardiac death in myotonic dystrophy type 2. Neurology. 2004; 63: 2402—2404. [PubMed:
15623712]

Lund M, Diaz LJ, Ranthe MF, Petri H, Duno M, Juncker I, et al. Cardiac involvement in
myotonic dystrophy: a nationwide cohort study. European Heart Journal. 2014; 35: 2158-2164.
[PubMed: 24742887]

Johnson NE, Abbott D, Cannon-Albright LA. Relative risks for comorbidities associated

with myotonic dystrophy: a population-based analysis. Muscle & Nerve. 2015; 52: 659-661.
[PubMed: 26172955]

Groh WJ, Groh MR, Saha C, Kincaid JC, Simmons Z, Ciafaloni E, et al. Electrocardiographic
abnormalities and sudden death in myotonic dystrophy type 1. The New England Journal of
Medicine. 2008; 358: 2688-2697. [PubMed: 18565861]

Gutierrez-Roelens I, De Roy L, Ovaert C, Sluysmans T, Devriendt K, Brunner HG, et al. A
novel CSX/NKX2-5 mutation causes autosomal-dominant AV block: are atrial fibrillation and
syncopes part of the phenotype? European Journal of Human Genetics. 20065 14: 1313-1316.
[PubMed: 16896344]

Schott JJ, Alshinawi C, Kyndt F, Probst V, Hoorntje TM, Hulsbeek M, et al. Cardiac conduction
defects associate with mutations in SCN5a. Nature Genetics. 1999; 23: 20-21. [PubMed:
10471492]

Pambrun T, Mercier A, Chatelier A, Patri S, Schott J, Le Scouarnec S, et al. Myotonic dystrophy
type 1 mimics and exacerbates Brugada phenotype induced by Nav1.5 sodium channel loss-of-
function mutation. Heart Rhythm. 2015; 11: 1393-1400.

Chou C, Chang P, Wei Y, Lee K. Optical Mapping Approaches on Muscleblind-Like

Compound Knockout Mice for Understanding Mechanistic Insights into Ventricular Arrhythmias
in Myotonic Dystrophy. Journal of the American Heart Association. 2017; 6: €005191. [PubMed:
28416514]

Segawa I, Kikuchi M, Tashiro A, Hiramori K, Sato M, Satodate R. Association of myotonic
dystrophy and sick sinus syndrome, with special reference to electrophysiological and
histological examinations. Internal Medicine. 1996; 35: 185-188. [PubMed: 8785450]

Merino JL, Carmona JR, Fernandez-Lozano I, Peinado R, Basterra N, Sobrino JA. Mechanisms

of sustained ventricular tachycardia in myotonic dystrophy: implications for catheter ablation.
Circulation. 1998; 98: 541-546. [PubMed: 9714111]

Rev Cardiovasc Med. Author manuscript; available in PMC 2022 September 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McBride et al.

[42].
[43].

[44].

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

[53].

[54].

[55].

[56].

[57].

[58].

[59].

Page 12

Nageh MF. Recurrent fascicular ventricular tachycardia in myotonic dystrophy. Europace. 2006;
8: 336-337. [PubMed: 16635990]

Phillips MF, Harper PS. Cardiac disease in myotonic dystrophy. Cardiovascular Research. 1997;
33: 13-22. [PubMed: 9059523]

Stoyanov N, Winterfield J, Varma N, Gollob MH. Atrial arrhythmias in the young: early onset
atrial arrhythmias preceding a diagnosis of a primary muscular dystrophy. Europace. 2014; 16:
1814-1820. [PubMed: 24938630]

Olofsson BO, Forsberg H, Andersson S, Bjerle P, Henriksson A, Wedin I. Electrocardiographic
findings in myotonic dystrophy. British Heart Journal. 1988; 59: 47-52. [PubMed: 3342149]

Bienias P, Lusakowska A, Ciurzynski M, Rymarczyk Z, Irzyk K, Kurnicka K, et al.
Supraventricular and Ventricular Arrhythmias are Related to the Type of Myotonic Dystrophy
but not to Disease Duration or Neurological Status. Pacing and Clinical Electrophysiology. 20165
39: 959-968. [PubMed: 27444982]

Russo V, Papa AA, Lioncino M, Rago A, Di Fraia F, Palladino A, et al. Prevalence of atrial
fibrillation in myotonic dystrophy type 1: a systematic review. Neuromuscular Disorders. 2021;
31: 281-290. [PubMed: 33573883]

Wahbi K, Sebag FA, Lellouche N, Lazarus A, Bécane H, Bassez G, et al. Atrial flutter

in myotonic dystrophy type 1: Patient characteristics and clinical outcome. Neuromuscular
Disorders. 20165 26: 227-233. [PubMed: 26948709]

Gagnon C, Chouinard M, Laberge L, Brisson D, Gaudet D, Lavoie M, et al. Prevalence

of lifestyle risk factors in myotonic dystrophy type 1. the Canadian Journal of Neurological
Sciences. Le Journal Canadien Des Sciences Neurologiques. 2013; 40: 42—47.

Subramony SH, Wymer JP, Pinto BS, Wang ET. Sleep disorders in myotonic dystrophies. Muscle
& Nerve. 20205 62: 309-320. [PubMed: 32212331]

McNally EM, Mann DL, Pinto Y, Bhakta D, Tomaselli G, Nazarian S, et al. Clinical Care
Recommendations for Cardiologists Treating Adults with Myotonic Dystrophy. Journal of the
American Heart Association. 2020; 9: e014006. [PubMed: 32067592]

Gamet A, Degand B, Le Gal F, Bidegain N, Delaubier A, Gilbert-Dussardier B, et al. Twenty-
four-hour ambulatory ECG monitoring relevancy in myotonic dystrophy type 1 follow-up:
Prognostic value and heart rate variability evolution. Annals of Noninvasive Electrocardiology.
2019; 24: €12587. [PubMed: 30101452]

Higgins P, MacFarlane PW, Dawson J, Mclnnes GT, Langhorne P, Lees KR. Noninvasive cardiac
event monitoring to detect atrial fibrillation after ischemic stroke: a randomized, controlled trial.
Stroke. 2013; 44: 2525-2531. [PubMed: 23899913]

Otsubo T, Tsuchiya T, Yamaguchi T, Takahashi N. Left atrial low-voltage zone ablation of
persistent atrial fibrillation in a patient with myotonic dystrophy: a case report. Journal of
Arrhythmia. 2018; 34: 302-304. [PubMed: 29951149]

Yamaguchi T, Tsuchiya T, Nakahara S, Fukui A, Nagamoto Y, Murotani K, et al. Efficacy

of Left Atrial Voltage-Based Catheter Ablation of Persistent Atrial Fibrillation. Journal of
Cardiovascular Electrophysiology. 20165 27: 1055-1063. [PubMed: 27235000]

Lazarus A, Varin J, Ounnoughene Z, Radvanyi H, Junien C, Coste J, et al. Relationships among
electrophysiological findings and clinical status, heart function, and extent of DNA mutation in
myotonic dystrophy. Circulation. 1999; 99: 1041-1046. [PubMed: 10051298]

Lazarus A, Varin J, Babuty D, Anselme FR, Coste J, Duboc D. Long-term follow-up of
arrhythmias in patients with myotonic dystrophy treated by pacing. Journal of the American
College of Cardiology. 2002; 40: 1645-1652. [PubMed: 12427418]

Breton R, Mathieu J. Usefulness of clinical and electrocardiographic data for predicting adverse
cardiac events in patients with myotonic dystrophy. Canadian Journal of Cardiology. 2009; 25:
e23-e27. [PubMed: 19214296]

Writing Committee Members, Kusumoto FM, Schoenfeld MH, Barrett C, Edgerton JR,
Ellenbogen KA, et al. 2018 ACC/AHA/HRS guideline on the evaluation and management of
patients with bradycardia and cardiac conduction delay: Executive summary: A Report of the
American College of Cardiology/American Heart Association Task Force on Clinical Practice

Rev Cardiovasc Med. Author manuscript; available in PMC 2022 September 28.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McBride et al.

[60].

[61].

[62].

[63].

[64].

[65].

[66].

[67].

[68].

[69].

[70].

[71].

[72].

[73].

[74].

Page 13

Guidelines, and the Heart Rhythm Society. Heart Rhythm. 2019; 16: e227—e279. [PubMed:
30412777]

Glikson M, Nielsen JC, Kronborg MB, Michowitz Y, Auricchio A, Barbash IM, et al. 2021 ESC
Guidelines on cardiac pacing and cardiac resynchronization therapy. European Heart Journal.
2021; 42: 3427-3520. [PubMed: 34455430]

Creta A, Providéncia R, Gossios T, Elliott PM, Turner C, Savvatis K, et al. A Normal
Electrocardiogram does not Exclude Infra-Hisian Conduction Disease in Patients with Myotonic
Dystrophy Type 1. JACC: Clinical Electrophysiology. 20215 7: 1038-1048. [PubMed: 33812832]

Wahbi K, Meune C, Porcher R, Bécane HM, Lazarus A, Laforét P, et al. Electrophysiological
study with prophylactic pacing and survival in adults with myotonic dystrophy and conduction
system disease. Journal of the American Medical Association. 2012; 307: 1292-1301. [PubMed:
22453570]

Russo V, Nigro G, Rago A, Antonio Papa A, Proietti R, Della Cioppa N, et al. Atrial fibrillation
burden in Myotonic Dystrophy type 1 patients implanted with dual chamber pacemaker: the
efficacy of the overdrive atrial algorithm at 2 year follow-up. Acta Myologica : Myopathies and
Cardiomyopathies. 2013; 32: 142-147.

Grigg LE, Chan W, Mond HG, Vohra JK, Downey WF. Ventricular tachycardia and sudden
death in myotonic dystrophy: clinical, electrophysiologic and pathologic features. Journal of the
American College of Cardiology. 1985; 6: 254-256. [PubMed: 4008782]

Colleran JA, Hawley RJ, Pinnow EE, Kokkinos PF, Fletcher RD. Value of the electrocardiogram
in determining cardiac events and mortality in myotonic dystrophy. The American Journal of
Cardiology. 1997; 80: 1494-1497. [PubMed: 9399734]

Benhayon D, Lugo R, Patel R, Carballeira L, EIman L, Cooper JM. Long-Term Arrhythmia
Follow-up of Patients with Myotonic Dystrophy. Journal of Cardiovascular Electrophysiology.
2015; 26: 305-310. [PubMed: 25546341]

Fragola PV, Calo L, Antonini G, Morino S, Luzi M, De Nardo D, et al. Signal-averaged
electrocardiography in myotonic dystrophy. International Journal of Cardiology. 1995; 50: 61—
68. [PubMed: 7558465]

Cardona A, Arnold WD, Kissel JT, Raman SV, Zareba KM. Myocardial fibrosis by late
gadolinium enhancement cardiovascular magnetic resonance in myotonic muscular dystrophy
type 1: highly prevalent but not associated with surface conduction abnormality. Journal of
Cardiovascular Magnetic Resonance. 2019; 21: 26. [PubMed: 31046780]

Al-Khatib SM, Stevenson WG, Ackerman MJ, Bryant WJ, Callans DJ, Curtis AB, et al. 2017
AHA/ACC/HRS Guideline for Management of Patients With Ventricular Arrhythmias and the
Prevention of Sudden Cardiac Death: A Report of the American College of Cardiology/American
Heart Association Task Force on Clinical Practice Guidelines and the Heart Rhythm Society.
Journal of the American College of Cardiology. 2018; 72: €91-e220. [PubMed: 29097296]

Shiraishi H, Shirayama T, Inoue K, Tanaka H, Kuwabara H, Inoue D, et al. Successful

Catheter Ablation against Ventricular Tachycardia Associated with Myotonic Dystrophy. Internal
Medicine. 2000; 39: 39-44. [PubMed: 10674847]

Takeda K, Takemoto M, Mukai Y, Seto T, Ohwaki K, Kaji Y, et al. Bundle branch re-entry
ventricular tachycardia in a patient with myotonic dystrophy. Journal of Cardiology. 2009; 53:
463-466. [PubMed: 19477392]

Bhakta D, Lowe MR, Groh WJ. Prevalence of structural cardiac abnormalities in patients with
myotonic dystrophy type i. American Heart Journal. 2004; 147: 224-227. [PubMed: 14760317]

Garcia R, Rehman M, Goujeau C, Degand B, Le Gal F, Stordeur B, et al. Left ventricular
longitudinal strain impairment predicts cardiovascular events in asymptomatic type 1 myotonic
dystrophy. International Journal of Cardiology. 2017; 243: 424-430. [PubMed: 28550978]
Hermans MCE, Faber CG, Bekkers SCAM, de Die-Smulders CEM, Gerrits MM, Merkies 1SJ, et
al. Structural and functional cardiac changes in myotonic dystrophy type 1: a cardiovascular
magnetic resonance study. Journal of Cardiovascular Magnetic Resonance. 2012; 14: 48.
[PubMed: 22827830]

Rev Cardiovasc Med. Author manuscript; available in PMC 2022 September 28.



1duosnue Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

McBride et al.

[75].

[76].

[77].

[78].

[79].

[80].

[81].

[82].
[83].

[84].

[85].

[36].

[87].

[88].

[89].

[90].

[91].

Page 14

Turkbey EB, Gai N, Lima JAC, van der Geest RJ, Wagner KR, Tomaselli GF, et al. Assessment
of cardiac involvement in myotonic muscular dystrophy by T1 mapping on magnetic resonance
imaging. Heart Rhythm. 2012; 9: 1691-1697. [PubMed: 22710483]

Chmielewski L, Bietenbeck M, Patrascu A, Rosch S, Sechtem U, Yilmaz A, et al. Non-
invasive evaluation of the relationship between electrical and structural cardiac abnormalities in
patients with myotonic dystrophy type 1. Clinical Research in Cardiology. 2019; 108: 857-867.
[PubMed: 30767060]

Schmacht L, Traber J, Grieben U, Utz W, Dieringer MA, Kellman P, et al. Cardiac Involvement
in Myotonic Dystrophy Type 2 Patients with Preserved Ejection Fraction: Detection by
Cardiovascular Magnetic Resonance. Circulation. Cardiovascular Imaging. 20165 9: e004615.
[PubMed: 27363857]

Raman SV, Hor KN, Mazur W, Halnon NJ, Kissel JT, He X, et al. Eplerenone for

early cardiomyopathy in Duchenne muscular dystrophy: a randomised, double-blind, placebo-
controlled trial. The Lancet. Neurology. 2015; 14: 153-161. [PubMed: 25554404]

Duboc D, Meune C, Pierre B, Wahbi K, Eymard B, Toutain A, et al. Perindopril preventive
treatment on mortality in Duchenne muscular dystrophy: 10 years’ follow-up. American Heart
Journal. 2007; 154: 596-602. [PubMed: 17719312]

Papa AA, Verrillo F, Scutifero M, Rago A, Morra S, Cassese A, et al. Heart transplantation in
a patient with Myotonic Dystrophy type 1 and end-stage dilated cardiomyopathy: a short term
follow-up. Acta Myologica. 2018; 37: 267-271. [PubMed: 30944906]

Voet NB, van der Kooi EL, Riphagen I1, Lindeman E, van Engelen BG, Geurts AC. Strength
training and aerobic exercise training for muscle disease. Cochrane Database of Systematic
Reviews. 2013; CD003907. [PubMed: 23835682]

Udd B, Krahe R. The myotonic dystrophies: molecular, clinical, and therapeutic challenges. the
Lancet Neurology. 20125 11: 891-905. [PubMed: 22995693]

Heatwole C, Luebbe E, Rosero S, Eichinger K, Martens W, Hilbert J, et al. Mexiletine in
Myotonic Dystrophy Type 1. Neurology. 2021; 96: e228—e240. [PubMed: 33046619]

Ingenus Pharmaceuticals L. MEXILETINE HYDROCHLORIDE-mexiletine hydrochloride
capsule. 2021. Available at: https://www.ingenus.com/mexiletine-hydrochloride-capsules-usp-2/
(Accessed: 15 March 2022).

Amneal Pharmaceuticals L. FLECAINIDE ACETATE-flecainide acetate tablet. 2020.
Available at: https://dailymed.nIm.nih.gov/dailymed/druginfo.cfm?setid=d462d58e-fc3c-4¢92-
a210-e135eb1f4b77 (Accessed: 15 March 2022).

GlaxoSmithKline, Rythmol SR (propafenone) prescribing information. 2018.

Available at: https://gskpro.com/content/dam/global/hcpportal/en_US/Prescribing_Information/
Rythmol_SR/pdf/RYTHMOL-SR-PI-PIL.PDF (Accessed: 15 March 2022).

Heatwole C, Johnson N, Goldberg B, Martens W, Moxley R. Laboratory abnormalities in patients
with myotonic dystrophy type 2. Archives of Neurology. 2011; 68: 1180-1184. [PubMed:
21911698]

Udd B, Meola G, Krahe R, Wansink DG, Bassez G, Kress W, et al. Myotonic dystrophy type

2 (DM2) and related disorders report of the 180th ENMC workshop including guidelines on
diagnostics and management 3-5 December 2010, Naarden, the Netherlands. Neuromuscular
Disorders. 2011; 21: 443-450. [PubMed: 21543227]

Klein AF, Dastidar S, Furling D, Chuah MK. Therapeutic Approaches for Dominant Muscle
Diseases: Highlight on Myotonic Dystrophy. Current Gene Therapy. 2015; 15: 329-337.
[PubMed: 26122101]

van Agtmaal EL, André LM, Willemse M, Cumming SA, van Kessel IDG, van den Broek WJAA,
et al. CRISPR/Cas9-Induced (CTG-CAG)n Repeat Instability in the Myotonic Dystrophy Type

1 Locus: Implications for Therapeutic Genome Editing. Molecular Therapy. 2017; 25: 24-43.
[PubMed: 28129118]

Wang Y, Hao L, Wang H, Santostefano K, Thapa A, Cleary J, et al. Therapeutic Genome Editing
for Myotonic Dystrophy Type 1 Using CRISPR/Cas9. Molecular Therapy. 2018; 26: 2617-2630.
[PubMed: 30274788]

Rev Cardiovasc Med. Author manuscript; available in PMC 2022 September 28.


https://www.ingenus.com/mexiletine-hydrochloride-capsules-usp-2/
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=d462d58e-fc3c-4c92-a210-e135eb1f4b77
https://dailymed.nlm.nih.gov/dailymed/drugInfo.cfm?setid=d462d58e-fc3c-4c92-a210-e135eb1f4b77
https://gskpro.com/content/dam/global/hcpportal/en_US/Prescribing_Information/Rythmol_SR/pdf/RYTHMOL-SR-PI-PIL.PDF
https://gskpro.com/content/dam/global/hcpportal/en_US/Prescribing_Information/Rythmol_SR/pdf/RYTHMOL-SR-PI-PIL.PDF

1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

McBride et al.

Page 15

[92]. Magee AC, Hughes AE, Kidd A, Lopez De Munain A, Cobo AM, Kelly K, et al. Reproductive
counselling for women with myotonic dystrophy. Journal of Medical Genetics. 2002; 39: E15.
[PubMed: 11897835]

Rev Cardiovasc Med. Author manuscript; available in PMC 2022 September 28.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

McBride et al. Page 16

DMPK Gene

All]

DMPK mRNA

MBNL Sequestration
Aberrant activation of PKC
Abnormal DMPK

Fig. 1. Graphic representation of CTG-repeat effect leading to transcription of mutant RNA
which accumulatein cell nuclei and ultimately promote abnormal splicing of proteins.

Muscleblind-like (MBNL) protein splice abnormal mRNA and co-localize to the nucleus
resulting in functional sequestration and abnormal activation of protein-kinase C (PKC).
Created with BioRender.com.
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Fig. 2. ECGsobtained from patientswith DM type 1.
ECG “A” shows sinus rhythm with first degree atrioventricular delay and right bundle

branch block. ECG “B” shows sinus rhythm with non-specific interventricular conduction
delay.
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