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Myotonic Dystrophy

Autosomal dominant, multi-systemic disorder

Expansion of a (CTG) trinucleotide repeat sequence within the DMPK gene

CTG repeat expansion leads to RNA toxicity and widespread splicing defects.

These splicing abnormalities affect multiple systems, including the:
respiratory, skeletal, cardiac, nervous, and endocrine systems

Miotonia (incapacita di rilassamento muscolare dopo contrazione)



Atrial and ventricular fatty infiltration and diffuse fibrotic changes in the
myocardium and in the conduction system (SA node, AV node, bundles of His)
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interstitial fibrosis (light .
pink regions) between collagen (blue) lipids (red)
cardiomyocytes

fat droplets
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" Muscle and .
Form of DM1 Cl’;;al‘:epeal Onset* Key Cardiac Other Severity Primary References
ge Features : Challenges
Systemic
Features
Mild
conduction u nd(i)aﬁin i
abnormalities;  Cataracts, mild due t fsubtle
Mild Middle to late occasional myotonia, symptoms;
(Late-Onset) 50-150 Gulthood  first-degree AV minimal Least severe O ey [1242741-85]
Form adu block; low muscle m:zeniz;ny
incidence of weakness. P di
structural or carciac
oqe momtonng.
abnormalities.
Progressive
conduction Requires
defects, . ongoing
including PR Pl:?:::;ve cardiac
prolongation weakness monitoring
Classical Late teens to and bundle severe ! Moderate to due to
(Adult-Onset) 250-500 early branch block; mvotonia severe arrhythmia [24,43-49]
Form adulthood QTc (corrected ca):aracts ’ risk;
Qn insulin ‘ symptomatic
prolongation; . management
resistance.
moderate of muscle
arrhythmia issues.
risk.
Severe
conduction Sev
delays; AV vere Immediate
block, highrisk ~ YPotonia, cardiac and
of ve,ntricular m;r:::; c;ry respiratory
Congenital Birth or early arrhythmias; : support; early ”, 5495
Form >1000 infancy QTc developmental Most severe intervention [24,33,45,49,50]
N delay,
prolongation; cognitive needed for
bstructu;-ia_l impairments, developmental
abnormalities dysphagia support.
including :
fibrosis.
PR and QRS Cogpitive Progressive
prolongation; deficits, risk: 3' Lires
Childhood to moderate QTc  myotonia, gas- multfgisci-
500-1000 early prol ion; troi inal Severe . [24,45,49]
L of s . » plinary care to
adolescence risk of atrial issues, mild address
and ventricular  developmental ©
3 systemic
arrhythmias. delay. I
complications.

* Onset is defined as approximate age at which general DM1 symptoms first appear, regardless of the system

affected. Abbreviations: Myotonic dystrophy type 1 (DM1), Atrioventricular block (AV block).
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Cardiovascular Involvement in MD1

Systolic dysfunction Conduction System Disease

RV Systolic dysfunction Atrial fibrillation

Diastolic dysfunction VT

Hypertrophy; MV prolapse, LV non-compaction

Wdial fibrosis

SCD (VF; complete AV block, asystole)

J. Cardiovasc. Dev. Dis. 2024, 11, 63.



Echocardiographic Features of Cardiac Involvement in
Myotonic Dystrophy 1: Prevalence and Prognostic Value

Vincenzo Russo *(, Antonio Capolongo !, Roberta Bottino !, Andreina Carbone ', Alberto Palladino 2,
Biagio Liccardo !, Gerardo Nigro 1, Michat Marchel 3, Paolo Golino ! and Antonello D’Andrea 4

Table 1. Main clinical studies on echocardiographic features in DM1 patients.

Study

DM1 Study

DM1 Patients

15h Ech 1i, i

Study Year Design Population (n) Age (Years) Controls (n) Feature Main Findings
Left Ventri lic Dysfunction
R[‘;“BT‘ 0 Systematic 876 1268 LVEF < 55% The prevalence of LVEF < 55% was 13.8%.
2
DM1 patients exhibited significantly altered
Garcia Prospective LV GLS, particularly at the apex (-~20.0 + 3.3 vs.
s 2017 ﬁ&}., 33 382+ 129 33 LV GLS %ﬂm d
with controls.
Garcia Prospective LV GLS (cut-off value of —17.2%) predict
[13] 017 study % 40[29-49] - vGLs cardiovascular events, regardless LVEF.
. " LA longitudinal strain is significantly decreased
Guedes 017 Obsf;‘"z"m' 25 369 + 160 25 LA and LV GLS in [FRTERYSTOFOIMI compared to controls
Petri Cross- The prevalence of abnormal GLS was 21.7%
28] 2014 sectional 129 44(15) - GLS Abnormal GLS was above —15.9%; 60% had
- study preserved LVEF> 50%.
N DM1 patients showed a s
S;l‘t;“ 2013 Casecontrol 25 367 + 125 13 GLS (~16.6 £ 3.6% vs. —18.7 + 1.8%, p = 0.022). GLS
- correlates with PR interval duration.
Right Ventricular Function
DM1 patients showed a prolonged IVCT and
IRVT (both p < 0.05); shorter ET (p < 0.05);
Right ventricular a higher right ventricular-right atrial pressure
Lindqvist 2010 Case-control 36 15410 16 function by drop (23 + 7 vs. 18 & 2 mm Hg, p < 0.05);
[46] study Doppler and RV a reduction in RV free wall Sm (p < 0.001) and
— —trETm Am velocities (p mon in RV free
— wall systolic strain (~21.1 = 8.6 vs. ~31.2 & 11%,
DM1 patients showed a reduction in peak
Right ventricular velocity (em/s) of Sm (12.38 + 2.91 versus
Ozyigit Case-control ) : 14 MTPET‘W‘M‘M (11.91 # 354 versus
34] 2010 study 2 323123 21 function by 1439 -+ 3.87 p = 0.037); Tei index was

Doppler
—

significantly DM1 pal compared
with controls (0.27 £ 0.17, p = 0.013).

J. Clin. Med. 2023, 12, 1947. https:/ /doi.org/10.3390/jcm12051947



with controls (0.27 £ 0.17, p = 0.013).

Left Ventricular Diastolic Dysfunction

Increased left atrium diameter and increased
mitral deceleration time compared with healthy

Fayssoil Case-control Diastolic controls; no differences were found regarding
[16] 2 study 26 45.1(109) 13 function mean %g'ak EéA mitral ratio, mean peak lateral
early diastolic velocity and mean peak septal

early diastolic velocity.

Speckle tracking GLS was able to identify LV
contractility abnormalities in DM1 patients with
Wahbi Case-control normal LVEF. DM1 patients showed a lower
[26] 201 study » 375+121 3 LVGLS apical 4 chambers GplfS compared to controls
(=178 £25vs. ~19.2 £ 23 p = 0.01), which
significantly correlated with PR interval.

Left atrial function
Structural cardiac abnormalities determined
with cardiac imaging included left ventricular

Based on a . . .
. Structural hypertrophy (19.8%), left ventricular dilatation
B?:‘;ta 2003 f::fg:;:‘t:f 382 ?1272;7]7%8:); - cardiac (18.6%), left ventricular systolic dysfunction
! abnormalities (14.0%), mitral valve prolapse (13.7%), regional
wall motion abnormality (11.2%) and Jeffatdal

3ish'y
dilatation (6.3%).
The most common abnormalities were increased

- Left Ventricular deceleration time (>224 ms), prol
F'[“]g;‘;'“ 1997  JTrospective 12 37+12 1 Diastolic isovolumic relaxation time (>103 ms) and
: Yy Function red (TE P OTAECIME OO velocity in early
diastole (<2.1 m/s?).

DM1: myotonic dystrophy 1; LVEF: left ventricular ejection fraction; LV GLS: left ventricular global longitudinal
strain; LA: left atrial; RV: right ventricular; RVEF: right ventricular ejection fraction; (FAC: fractional area change).

J. Clin. Med. 2023, 12, 1947. https:/ /doi.org/10.3390 /jcm12051947



DM1 PATIENTS ]l ECHOCARDIOGRAPHIC FINDINGS l[ PREVALENCE ” PROGNOSTIC IMPACT

T
VINTLR‘I'CULAR ¢ LVEF <55%.
SYSTOLIC + $GLS apical segment
DYSFUNCTION
)
o *E peak velocity.
+ 4 Isovolumic relaxation time @
+ ¢ Deceleration time ‘
RISEEL, * $RV TDIvelocities :
e p g « $RV Teiindex - @
+ $RV free wall strain -
LEPT ATRIAL * Impairedlongitudinal stram. - it bdtd
FUNCTION * 4mter-AEMD amdinoaleft-AEMD : 3 — i
* Left ventncular hypertrophy
STRUCTURAL + Leftventricular cilatation @
ABNORMALITIES * Left ventncular non-compaction.
+ Nhwal valve prolapse

J. Clin. Med. 2023, 12, 1947. https:/ /doi.org/10.3390/jcm12051947



Electro-mechanical correlation

Conduction disturbancies

Atrial and Ventricular
arrhythmias

myocardial fibrosis

McNally EM et al. ] Am Heart Assoc. 2020;9:e014006
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Myocardial fibrosis in patients with myotonic
dystrophy type 1: a cardiovascular magnetic
resonance study

Helle Petri'", Kiril Aleksov Ahtarovski', Niels Vejlstrup', John Vissing®, Nanna Witting?, Lars Kaber'
and Henning Bundgaard®

Abstract

Background: Myotonic dystrophy type 1 (DM1) is assoclated with increased cardiac morbidity and mortality.
Therefore, assessment of cardiac involvement and risk stratification for sudden cardiac death is crucial. Nevertheless,
optimal screening-procedures are not clearly defined. ECG, echocardiography and Holter-monitoring are useful but
insufficient. Cardiovascular magnetic resonance (CMR) can provide additional information of which myocardial
fibrosis may be relevant.

The purpose of this study was to describe the prevalence of myocardial fibrosis in patients with DM1 assessed by
CMR, and the association between myocardial fibrosis and abnormal findings on ECG, Holter-monitoring and
echocardiography.

Methods: We selected 30 unrelated patients with DM1: 18 patients (10 men, mean age 51 years) with, and 12
patients (7 men, mean age 41 years) without abnormal findings on ECG and Holter-monitoring.

Patients were evaluated with medical history, physical examination, ECG, Holter-monitoring, echocardiography and
CMR.

Results: Myocardial fibrosis was found in 12/30 (409, 9 men). The presence of myocardial fibrosis was associated
with the following CMR-parameters: increased Teft ventricular mass (median (range) 55 g/m? (43-83) vs. 46 g¢/m?
(36-64), p = 002), increased left atrial volume (median (range) 52 mim? (36-87) vs. 46 mVm? (35-69), p = 0.04) and
a trend toward lower LVEF (median (range) 63% (38-71) vs. 66% (60-80), p = 0.06). Overall, we found no association
between the presence of myocardial fibrosis and abnomal findings on: ECG (p = 0.71), Holter-monitoring (p = 027)
or echocardiographic measurements of left ventricular volumes, ejection fraction or global longitudinal strain
(p=018.

Conclusion: Patients with DM1 had a high prevalence of myocardial fibrosis which was not predicted by ECG,
Holter-monitoring or echocardiography. CMR add additional information to cument standard cardiac assessment
and may prove to be a clinically valuable tool for risk stratification in DM1.

Keywords: Myotonic dystrophy, Cardiovascular magnetic resonance, Myocardial fibrosis, Risk stratification, Sudden
cardiac death




e o s e i hizopance Ena 1izs Journal of Cardiovascular
Magnetic Resonance

Myocardial fibrosis by late gadolinium g
]

enhancement cardiovascular magnetic
resonance in myotonic muscular dystrophy
type 1: highly prevalent but not associated
with surface conduction abnormality

Andrea Cardona'?, Willam D. Amald®, John T. Kissef’, Subha V. Raman’ and Karolina M. Zareba™'®

AU vau

Background: Conduction disease and arrhythmias repesent a major cause of mortality in myotonic muscular dystrophy
type | (MMDI1). Permanent pacemaker (PPM) implantation is the cornerstone of therapy to reduce cardiovascular
mortality in MMD 1. Garddiovascular magnetic resonance {(CMR) studies demonstrate a high pevalence of myocardial
fibrosis n MMDI1, however the asodaton between CMR myocardial fibross with late gadoinum enhancement (CMR
LGE) and surface conduction abnormalty is not wel established in MMDI

We nestigated whether myocardial fibrosis by OMR-LGE & associated with surface conduction abnormalities Mm;
aritena for PPM implantation according to cument guidelines in a cohort of patients with genetically confirmad MMD

Methods: Patents with genetically confirmed MMDI were etrospectivaly evaluated. 1 2-lead electrocardiography FCG)
performed within 6 months of CMR was necessary for indusion. The severity and extent of MMD1 was quantfied using
a validated Muscular mpaimnent Rating Scale (MIRS). Based on curent guidelines for device-based therapy of ardiac
rhythm abnormalities, we defined surface conduction abnormality as the presence of ECG altemtions meeting ariteria for
PPM implant (dass | or Il indications): PR interval > 200ms {type | ataoventricular (AV) block) and/or mono or bifasccular
block {QRS > 120 mg), or evidence of advanced AV block Balanced steady state free precession sequences (bSSFP) wer
used for assessment of left ventricular (LV) volumes and ejection fracton. MOdified Look L ocker Imversion Recovery
(MOLL1) acquisition schemes were used to acquire Tl maps. Patients’ charts wer reviewed up to 12months post-CMR
for occumence of PPM implantation.

Results; Fifty-two patients (38% male, 41 + 14 years) were induded. Overall, 31 (60%) patients had a surface conduction
abnormality and 22 42%) demonstated midwall myocardial fibrosis by OMR-LGE. After a median of 57 days fom QMR
exam, 15 patients (29%) underwent PPM implantation. Subjects with vs without suface conduction abnomality had
significantly longer disease length (155 va 78 years, p=0015 and higher disease severity on the MIRS scale (p=0.041)
High prevalence of myocardial fibrosis by OMR-LGE was detectad in subjects with and .vnh:nn surface conduction
abnormality with no significant difference FEWes =0 C
regression analysis, dissase length was the only W}Dpsr’dmt varmbba'vx\athd with suface korﬁuman at:norma\rw
03-1.144, p = 0040} while CMRL.GE was not associated with conduction abnormalty (p=—0.009,
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Fig. 1. Flow diagram of the study selection process for the systematic review.

CRM detected LGE and LVEF among study population.

Patients (n)  Age (yrs) AF (%) PR interval (ms)  First degree AVB (%)  Second degree AVB (.%)  LVEF (.%) / LGEX- (.%)

Cardona et al. [22 52 41+ 14 - 19+ 47 38 2 60=6 42
Choudhary et al. [18] 40 45+ 14 5 187+ 29 35 - 58+ 8 13
Chmielewski et al. [17] 57 43+ 13 14 - 7 1,7 59+ 6 18
Petrietal. [11) 30 47+ 14 13 215 (130- 260) 33 3,3 63 (38-71 40
Hermans et al. ((12) 80 45+ 15 3 200 (136- 460) 38 - 53+ 15 13
Kashyap et al. [21) 46 43.0 =95 - - 39,1 566 2

Leali et al. [8) 34 45 £ 12 12 - 35 3 58+ 7 26

AF: atrial fibrillation; AVB: atrioventricular block; LGE: late gadolinium enhancement; LVEF: left ventricular ejection fraction. \/

Neuromuscular Disorders 52 (2025) 105396



Table 3

Main features of the studies with outcome and follow-up.

First Author Year Of Study Design Study Main Outcomes Follow-Up
Publication Population
Hermans et al. 2012 Lross sectional 80 DM1 Structural and functional abnormalities on CMR in DM1 patients None
(12]
Petrietal. [11) 2014 Cross sectional 30 bM1 Myocardial fibrosis on CMR and association with electrocardiogram None
abnorm
Nazarian et al. 2010 Cross sectional 43 DM Relationship between CMR signal-to-noise ratio variance and QRS None
[13] (35 DM1; 8 duration on electrocardiogram
DM2)
Ali et al [16) 2020 Case-control 9 DM1 CMR myocardial strain and extracellular volume as subclinical None
" 9 Controls biomATRETs OF cardiac involveTent I DMT patients
Chmielewski 2018 Case-control 57 DM1 Relationship between CMR abnormalities and electrocardiogram None
etal [17] 15 Controls 1} lities in DM1 p
Choudhary et al. 2016 Case-control 41 DM1 i i i and None
[(18) 41 Controls genetic disturbances in DM1 patients
Luetkens et al. 2008 Case-control 35 DM "SUBTITTCAT CAIR aDROTIAes I asymptomatic DM patients None
[19) (13 DM1; 22
DM2)
31 Controls
Schmacht et al. 2023 Case-control 29 DM2 Subclinical CMR abnormalities in DM2 patients with preserved ejection  None
[14] patients fraction
17 Controls
Turkbey et al. 2003 Case-control 35 DM CMR functional and post-contrast T1 time characteristics in DM 1.9 (IQR 1.1 - 3.1) years
[15] (24 DM1; 9 patients.
DM2)
13 Controls
Cardona et al. 2019 ivi 52 DM1 Association between CMR-LGE and electrocardiog b litiesin  1-year follow-up
[22] observational need of pacemaker in DM1 patients. CMR-LGE is an independent factor  for major adverse
of needed of impl ion of | } cardiovascular events and
death
Almogheer et al. 2021 Retrospective 27 DM CMR-LGE pattern, prog rate in ular di 4.1 years
[23] observational Association between CMR-LGE, cardiac function and major adverse
cardiovascular events in neuromuscular diseases.
Tanawuttiwat 2016 Retrospective 155 DM Description of the prevalence and the longitudinal incidence of 5.5 years
etal. [24]) observational (136 DM1; 28  conduction abnormalities on electrocardiogram
DM2)
Blaszezyk et al. 2021 Prospective 27 DM2 Description of cardiac remodeling progression; myocardial tissue 3.9 + 0.3 years
[20] observational differentiation; CMR-global longitudinal strain; Association between
CMR findings with arrhythmias and conduction system abnormalities
Kashyap et al. 2023 Prospective 46 DM1 Myocardial tissue diffe iation; CMR-global longitudinal strain; 1.7-6.3 years
[21] observational Association between CMR findings with MACEs
Abati et al. [25] 2024 Retrospective 18 DM1 Association between CMR findings with demographic and clinical None
observational 4 DM2 parameters, ECG-derived measures of cardiac conduction, and
neuromuscular performance status
Leali et al. [8) 2023 Retrospective 34 DM1 Association between CMR findings with cardiac rhythm disorders and ~ 1.5-4.0 years
observational 68 Controls worsening outcome.
CMR: cardiac magnetic resonance; DM: myotonic muscular dystrophy; LGE: late gadolini hancement; MACEs: major cardiovascular events.

Neuromuscular Disorders 52 (2025) 105396



LGE (6 studies)
mid-myocardial and/or epicardial LGE (13 to 42%)
in the septum and within the basal inferolateral segment of the LV wall

ECV (5 studies)
All studies showed a significant increase in ECV values compared with reference limits

Association between CMR results and ECG abnormalities (5 studies)

-LGE does not correlate with conduction system defects

-LGE predictor of AF

-LGE extension significantly correlated with Lown class 4 ventricular escape beats



Journal of
Cardiovascular
Development and Disease

Review

Comprehensive Cardiovascular Management of Myotonic
Dystrophy Type 1 Patients: A Report from the Italian

Neuro-Cardiology Network

Vincenzo Russo "*(, Giovanni Antonini 2, Roberto Massa 3, Carlo Casali ¢, Alfredo Mauriello /30,
Anna Maria Martino ®, Roberto Marconi 7, Matteo Garibaldi 207, Pasquale Franciosa 8 Massimo Zecchin ?,

Carlo Gaudio 8, Antonello D’Andrea 3" and Stefano Strano 8

Cardiovascular Involvement in MD1

LV Systolic dysfunction
RV Systolic dysfunction
Diastolic dysfunction

Hypertrophy; MV prolapse, LV non-compaction

Myocardial fibrosis

onduction System Disease

Atrial fibrillation

VT

SCD (VF; complete AV block, asystole)

ovasc. Dev. Dis. 2024, 11, 63.



Conduction system disease

First-degree AV block, (28.2%— 45.0%)

Bundle branch block, (16.5%—19.9%)

Tachy-arrhythmias

Supraventricular arrhythmias (5.0%—12.5%)
Nonsustained VT (2.2%—4.1% )

Sustained VT (1.0%—-2.7%)

Heart Rhythm, Vol 19, No 10, October 2022



SCD

SCD: about 30 to 40% of cases

Ventricular tachycardia, complete AV block, asystole, electromechanical
dissociation

Groh, W.J et al. N. Engl. J. Med. 2008, 358, 2688—2697
Mathieu, J. Et al. Neurology 1999, 52, 1658—1662
Wahbi, K et al. Eur. Heart J. 2017, 38, 751-758



Genetics and SCD
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Abstract

Cardiac conduction and/or rhythm abnormalities (CCRA) are the most frequent and life-threatening complications in DM1.
In order to determine prevalence, incidence, characteristics, age of onset and predictors of CCRA, CCRA progression and
sudden cardiac death (SCD) in DM, we collected ECG/24hECG-Holter data from a yearly updated 34-year database of a
cohort of 103 DM patiants without cardiac abnormalities at baseline, to]lo»\edmmﬂmm
oped CCRA [39 developed conduction abnormalities (CCA) and 16 rhythm abnormalities (CRA)]. which progressed in 2
Nine had SCD. Risk and incidence of CCRA amounted to 53.4 and 6.83% person-years (CCA: 37.9 and 4.8%:; CRA 15. 5
and 2%). respectively: risk and incidence of SCD amounted to 8.74 and 0.67% person-years, respectively. CI'G expansion
represented a predictor of CCRA incidence (HR 1.10, p = 0.04), CCRA progression (HR 1.28, p = 0.001) and SCD (HR
1.39, p = 0.002). MIRS progression during follow-up was associated with CCRA prevalence (OR 5.82, p = 0.004); older age
and larger C TG expansion to SCD prevalence (OR 2.67. p = 0.012: OR 1.54, p = 0.005). Age of CCRA onset and CCRA
progression was significantly lower in patients with larger CTG expansion and in those with MIRS progression. Age when
SCD occurred was significantly lower in patients with larger CTG expansion. Amongst recorded cardiac abnormalities, both
atrial flutter (OR 8.;/0: p = 0.031) and paroxysmal supraventricular tachycardia (OR 8.67; p = 0.040) were associated with
SCD. Although all DM 1patients may develop cardiac abnormalities at any time in their life, patients older than 30 years with
Targer CTG expansion and MIRS progression in particular should be carefully monitored via periodical ECG.
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Electrocardiographic Abnormalities and
Sudden Death in Myotonic Dystrophy Type 1

William J. Groh, M.D., M.P.H., Miriam R. Groh, M.S., Chandan Saha, Ph.D.,
John C. Kincaid, M.D., Zachary Simmons, M.D., Emma Ciafaloni, M.D.,
Rahman Pourmand, M.D., Richard F. Otten, M.D., Deepak Bhakta, M.D.,
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Douglas P. Zipes, M.D., and Robert M. Pascuzzi, M.D.

N ENGL ) MED 358;25 WWW.NEJM.ORG JUNE 19, 2008

Severe ECG abnormalities:
Rhythm other than sinus
PR> 240 ms or II-III° AVB

QRSd > 120 ms

Atrial tachyarrhythmias

BACKGROUND

Sudden death can occur as a consequence of cardiac-conduction abnormalities in the
neuromuscular disease myotonic dystrophy type 1. The determinants of the risk of
sudden death remain imprecise.

METHODS

We assessed whether the electrocardiogram (ECG) was useful in predicting sudden
death in 406 adult patients with genetically confirmed myotonic dystrophy type 1.
A patienf'was characterized as having a severe abnormality if the ECG had at least
one of the following features: rhythm other than sinus, PR interval of 240 msec or
more, QRS duration of 120 msec or more, or second-degree or third-degree atrio-
ventricular block.

RESULTS

Patients with severe abnormalities according to the entry ECG were older than pa-
tients without severe abnormalities, had more severe skeletal-muscle impairment, and
were more likely to have heart failure, left ventricular systolic dysfunction, or atrial
tachyarrhythmia. Such patients were more likely to receive a pacemaker or an im-
plantable cardioverter—defibrillator during the follow-up period. During a mean fol-
low-up period of 5.7 years, 81 patients died; there were 27 sudden deaths, 32 deaths
from progressive neuromuscular respiratory failure, 5 nonsudden deaths from car-
diac causes, and 17 deaths from other causes. Among the 17 patients who died sud-
denly in whom postcollapse rhythm was evaluated, a ventricular tachyarrhythmia was
observed in 9. A severe ECG abnormality (relative risk, 3.30; 95% confidence inter-
val [CI], 1.24 to 8.78) and a clinical diagnosis of atrial tachyarrhythmia (relative risk,
5.18; 95% CI, 2.28 to 11.77) were independent risk factors for sudden death.

CONCLUSIONS
Patients with adult myotonic dystrophy type 1 are at high risk for arrhythmias and
sudden death. A severe abnormality on the ECG and a diagnosis of an atrial tachyar-
rhythmia predict sudden death. (ClinicalTrials.gov number, NCT00622453.)



Table 3. The Relation between Patient Characteristics and the Risk of Death.*

Characteristic
Relative Ris
(95% Cl) P Value
Aget 1.16 (0.76-1.75) 0.50
Muscular-impairment
scorei
lor2
3
4
5
Heart failure
Atrial tachyarrhythmia 5.18 (2.28-11.77) <0.001
Pacemaker 1.35 (0.51-3.56) 0.54
Ventriculgr tachyarrhyth-
mia
Severe ECG abnormality]  3.30 (1.24-8.78) 0.02

Death from Progressive
Neuromuscular Respiratory Failure

Relative Risk
(95% Cl)

1.81 (1.20-2.74)

1.0

1.28 (0.20-8.19)

2.85 (0.60-13.55)
13.07 (2.77-61.61)

5.39 (1.46-19.82)

2.41 (1.10-5.31)

1.80 (0.77-4.20)

1.33 (0.53-3.33)

P Value
0.005

0.80
0.19
0.001
0.01
0.03
0.17

0.55

Death from Any Cause
Relative Risk
(95% Cl1) P Value
1.46 (1.13-1.87) 0.003
1.0
1.13 (0.47-2.73) 0.79
1.47 (0.67-3.19) 033
4.54 (2.02-10.19) <0.001
2.85 (1.20-6.74) 0.02
259 (1.55-432)  <0.001
1.46 (0.82-2.60) 0.19
6.41 (2.30-17.89) <0.001
1.58 (0.90-2.81) 0.11




Incidence and predictors of sudden death,
major conduction defects and sustained
ventricular tachyarrhythmias in 1388 patients
with myotonic dystrophy type 1

Karim Wahbi"z", Dominique Babuty‘. Vincent Probsts, Ludivine Wissocque‘,
Fabien Labombarda’, Raphaél Porcher®, Henri Marc Bécane?, Arnaud Lazarus®,
Anthony Be’hinz. Pascal Laforétl"o, Tanya Stoikovicz, Nicolas Clementy‘,
Aurélie Pattier Dussauge"". Jean Baptiste Gourraud’, Yann Pereon'z,

Arnaud Lacour'?, Francoise Chapon¥, Paul Milliez’, Didier Klug®,

Bruno Eymardz'“’. and Denis Duboc'??

Aims To describe the incidence and identify predictors of sudden death (SD), major conduction defects and sustained
ventricular md'ymhymtms (VTA) in myotonic dysu'ophy type 1 (DM1)

Methods We retrospecmely enrdled 1388 aduits with DM1 Metred to six French muincal centres beMeen January 2000

and results and October 2013. We conflfTied ther vita sees, dassified all deaths, and determined the inddence of major
conduction defects requiring permanent padng and sustained VT A We searched for predictors of overall survival,
SD, major conduction defects, and sustained VTA by Cox regression analysis. Over a median 10-year follow-up,
253 (182%) patients died, 39 (3.6%) suddenly. Analysis of the cardiac rhythm at the time of the 39 oD revealed
sustained VTA in 9, asystole in 5, complete atrioventricular block in 1 and electromechanical dissodation in two
patients. Non-cardiac causes were identified in the five patients with SO who underwent autopsies. Major conduc-
tion defects developed in 143 (19.3%) and sustained VTA in 26 (2.3%) patients. By Cox regression analysis, age,
family history of SD and left bundle branch block were independent predictors of SD, while age, male sex, electro-

cardiographic conduction ahnonmi—tis.symop&mauﬂ ﬁ)rihtionwenehdependempmdicrom of major con-
duction defects; non-sustained VT A was the only predictor of sustained VTA.

Conclusions SD was a frequent mode of death in DM1, with multiple mechanisms mlved. Mqor conduction defects were by
far more frequent than sustained VTA, whose only independent predictor was a personal history of non-sustained
VTA. ClinicalTrials. gov no: NCT01136330.



Table3 Multiple variable analysis of association between baseline characteristics and clinical outcomes

Heart rate, per 10 bpm
1" degres atrioventricular blodk
Bundle branch blodk
™
Right
Left ventricular ejection
fraction <50%

1.07 (1.06-1.08)
1.47 (1.12-1.93)
0.99 (0.63-1.57)

0.72 (0.40-1.30)
0.9 (0.69-1.42)

0.94 (0.45-1.96)
1.65 (0.51-5.33)
1.30 (0.65-2.62)
1.60 (1.13-2.28)
1.17 (1.08-1.26)
1.73 (131-2.28)

1.40 (0.98-2.01)
1.27 (0.84-1.93)
1.06 (0.64-1.75)

027
0395

086
040
046
0008
<0001
00001

0063
026
082

1.05 (1.02-1.08)

282 (1.21-653)

169 (0.76-377)

236 (0.69-808)

1.16 (0.97-1.39)
155 (0.79-3.04)

257 (1.3-537)

093 (0.27-117)

0.0

0.17

0.099
ox
0.012

0.50

277 (064-119)
246 (089-677)

857 (259-243)
213 (036-127)

137 (054-348)
178 (057-555)

192 (057-650)

017
0081

041

051
032

030

1.02 (101-1.04)
1.49 (105-2.11)
1.07 (058-1.95)

0.68 (030-1.52)

Q35

212 (141-3.17) _00003

1.86 (091-3.80)
239 (161-3.56)
1.10 (098-1.24)
1.60 (112-2.30)
1.85 (118-2.91)

191 (1173.11)
1.59 (090-2.79)

Q0%0

<Q.0001
Q095
Qo010
Qoo
Qo010

a1

Cl=corfidence menal HR =hazard ratia.




ORIGINAL RESEARCH

Cardiac Conduction Disorders as Markers
of Cardiac Events in Myotonic Dystrophy
Type 1

Hideki Itoh €, MD, PhD*; Takashi Hisamatsu, MD, PhD*; Takuhisa Tamura, MD; Kazuhiko Segawa, MD, PhD;
Toshiaki Takahashi, MD, PhD; Hiroto Takada, MD, PhD; Satoshi Kuru, MD; Chizu Wada, MD, PhD;

Mikiya Suzuki, MD; Shugo Suwazono, MD, PhD; Shingo Sasaki, MD, PhD; Ken Okumura, MD, PhD;
Minoru Horie, MD, PhD; Masanori P. Takahashi, MD, PhD; Tsuyoshi Matumura, MD, PhD

BACKGROUND: Myotonic dystrophy type 1 involves cardiac conduction disorders. Cardiac conduction disease can cause fatal
arrhythmias or sudden death in patients with myotonic dystrophy type 1.

METHODS AND RESULTS: This study enrolled 506 patients with myotonic dystrophy type 1 (aged =15 years; >50 cytosine-
thymine-guanine repeats) and was treated in JJapanese nospiars tor neuromuscurar arseases from January 2006 to August
2016. We investigated genetic and clinical backgrounds including health care, activities of daily living, dietary intake, cardiac
mvotvement and resplratory involvement dunng follow up The cause of death or the occurrence of compositg ] )
(ie, vep K o were evaluated as significant out-
comes. Durlng a medlan follow-up penod of_&ngmbs (01 -Q3, 37—138 months) 71 patients expired. In the univariate analy-
sis, pacemaker implantations (hazard ratio [HR], 4.35; 95% CI, 1.22-15.50) were associated with sudden death. In contrast,
PQ interval =240 ms, QRS duration =120 ms, nutrition, or respiratory failure were not associated with the incidence of sudden
death. The multivariable analysis revealed that a PQ interval =240 ms (HR, 2.79; 95% Cl. 1.9-7.19, P<0.05) or QRS duration
=120 ms (HR, 9.41; 95% Cl, 2.62-33.77, P < 0.01) were independent factors associated with a higher occurrence of cardiac
events than those observed with a PQ interval <240 ms or QRS duration <120 ms; these cardiac conduction parameters were
not related to sudden death.

CONCLUSIONS: Cardiac conduction disorders are independent markers associated with cardiac events. Further investigation
on the prediction of occurrence of sudden death is warranted. J Am Heart Assoc. 2020:9:6015709



Sudden death in DM1

Unknown etiology

Conduction diseases

¥

SSS, AV block, VT

Sudden death to be caused
by brady&tachyarrhythmias

Figure 5. A schema associated with the etiology of sudden

death in DM1.
AV, indicates atrioventricular; DM1, myotonic dystrophy type 1;

SSS, sick sinus syndrome; and VT, ventricular fibrillation.
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Insufficiency of electrocardiogram alone in predicting infrahisian abnormalities in
patients with type 1 myotonic dystrophy

Edouard Siméon *, Aurélie Patier-Dussauge ®, Anne Bernard-Brunet *, Nicolas Clémenty 2,

Jean-Baptiste Gouraud ®, Béatrice Guyomarch *, Armelle Magot *, Vincent Probst ®, Dominique Babuty **

* Universel Frangos Rabela Cardalogy Depaemens, Hipinl Toessems, CHU Toars, Pance
" Msgioxt dv thorax, Cardialogy Depaemens, CHU Nawnaes, France
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Home | JAMA Cardiology | Vol. 10, No. 11

Original Investigation Design, Setting, and Participants This was a cohort analysis of retrospectively collected longitudinal

Electrocardiogram vs Electrophysiological Study and data from the DM1 Heart Registry. The setting included cardiology and neurology departments of 6
Major Conduction Delays in Myotonic Dystrophy Type 1 French university hospitals. Study participants were selected from individuals enrolled in the DM1

il Cemeny M, PR i abombar M PR Pl oo M P Heart Registry between 2000 and 2020. The DM1 Heart Registry includes adults with genetically con-
iAu‘h:Amljmn: firmed DM1. Included patients had a history of first EPS after 1999 and no personal history of advanced
bt Online: September 24,2025 atrioventricular block or sustained ventricular tachycardia. Study data were analyzed from January to
SRE10300Vaacrto 2025 3055 July 2025.

Results Of 1778 adults with genetically confirmed DM1 enrolled in the DM1 Heart Registry, a total of
706 patients (mean [SD] age, 42[13] years; 359 male [51%]) were included in this study. At baseline,
MGS%) had an HV interval greater than or equal to 70 milliseconds, and 232 (32%) met
ECG criteria. Over a median (IQR) follow-up of 5.9 (2.3-9.7) years, 99 patients (14%) experienced an
MBAE. In multivariable Cox and joint models incorporating baseline and time-varying values of PR and

QRS durations, the HV interval was the only variable significantly associated with the incidence of

major bradyarrhythmic events @ (hazard ratio [HR],1.77; 95% Cl, 1.46-2.16; P< .(-)01 and HR,1.78; 95% Cl, 1.40-2.22; P=.001, re-
spectively). Compared with ECG-based criteria, the EPS criterion proved to be a more reliable (HR,
2.89; 95% Cl, 1.92-4.34 vs HR, 1.95; 95% Cl, 1.31-2.89) and more sensitive (performance index [SE],
68.35% [6.24%] vs 34.76% [6.47%]) predictor of MBAE and accurately reclassified 28.8% of patients
with an MBAE. Lowering the threshold to HV greater than or equal to 65 milliseconds further improved
sensitivity (performance index [SE], 90.18% [3.85%1) and net reclassification improvement (33.7%;
95% Cl, 19.6%-48.2%) for MBAE prediction.




Electrophysiological Study

With Prophylactic Pacing and Survival
in Adults With Myotonic Dystrophy
and Conduction System Disease

PR > 200 ms
QRS > 100 ms

JAMA. 2012;307(12):1292-1301

Context Up to one-third of patients with myotonic dystrophy type 1 die suddenly.
Thus far, no intervention has effectively prevented sudden death.

Objective To determine whether an invasive strategy based on systematic electro-
physiological studies and prophylactic permanent pacing is associated with longer sur-
vival in patients presenting with myotonic dystrophy type 1 and major infranodal con-
duction delays than a noninvasive strategy.

Design, Setting, and Patients A retrospective study, the DM1 Heart Registry in-
cluded 914 consecutive patients older than 18 years with genetically confirmed myo-
tonic dystrophy type 1 who were admitted to the Neurological Unit of the Myology
Institute of Pitié-Salpétriére Hospital, a teaching medical center in Paris, France, be-
tween January 2000 and December 2009.

Interventions Among 486 patients whose electrocardiogram showed a PR interval
greater than 200 milliseconds, a QRS duration greater than 100 milliseconds, or both,
the outcome of 341 (70.2 %) who underwent an invasive strategy was compared with
145 (29.8%) who underwent a noninvasive strategy. A propensity score risk adjust-
mmmm%d to account for selection biases.

Main Outcome Measures Rates of overall survival (main outcome measure) and
sudden death, respiratory death, and other deaths (secondary outcome measures).

Results Over a median follow-up of 7.4 years (range, 0-9.9 years), 50 patients
died in the invasive strategy group and 30 died in the noninvasive strategy group
(hazard ratio [HR], 0.74 [95 CI, 0.47-1.16]; P=.19), corresponding to an overall
9-year survival of 74.4% (95% Cl, 69.2%-79.9%). Regardless of the technique
used to adjust for between-group differences in baseline characteristics, the invasive
strategy was associated with a longer survival, with adjusted HRs ranging from 0.47
(95% Cl, 0.26-0.84; P=.01) for a covariate-adjusted analysis of propensity-
matched data to 0.61 (95% Cl, 0.38-0.99; P=.047) for an analysis adjusted for
propensity score quintiles. The survival difference was largely attributable to a lower
incidence of sudden death, which occurred in 10 patients in the invasive strategy
ZToup ana m 16 pauents m the noninvasive strategy group, with HRs ranging from
0.24 (95% ClI, 0.10-0.56; P=.001) for an analysis adjusted for propensity score
quintiles and covariates to 0.28 (95% Cl, 0.13-0.61; P=.001) for an unadjusted
analysis of propensity-matched data.

Conclusion Among patients with myotonic dystrophy type 1, an invasive strategy
was associated with a higher rate of 9-year survival than a noninvasive strategy.
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Arrhythmic CArdiac DEath in MYotonic

. Aims
dystrophy type 1 patients (ACADEMY 1)
study: the predictive role of programmed
ventriCUIar StimUlation ...........................
Vincenzo Russo’, Andrea Antonio Papa ® **, Anna Rago?, Carmine Ciardiello®, Methods
Anna Maria Martino*, Alessandra Stazi?, Paolo Golino © !, Leonardo Calé*, and
Gerardo Nigro © ' and results

Myotonic dystrophy type 1 (DM1) predisposes to the development of life-threatening arrhythmias and sudden car-
diac death. Our study aimed to evaluate the prognostic value of programmed ventricular stimulation (PVS) in DM1
patients with conduction system disease.

Arrhythmic CArdiac DEath in MYotonic dystrophy type 1 patients (ACADEMY 1) is a double-arm non-randomized
interventional prospective study. Myotonic dystrophy type 1 patients with permanent cardiac pacing indication
were eligible for the inclusion. The study population underwent to pacemaker (PM) or implantable cardioverter-
defibrillator (ICD) implantation according to the inducibility of ventricular tachyarrhythmias at PVS. Primary end-
point of the study was a composite of appropriate ICD therapy and cardiac arrhythmic death. The secondary study
endpoint was all-cause mortality. Seventy-two adult-onset DM1 patients (51 £ 12 years; 39 male) were enrolled in
the study. A ventricular tachyarrhythmia was induced in 25 patients (34.7%) at PVS (PVS+) who underwent dual
chambers ICD implantation. The remaining 47 patients (65.3%) without inducible ventricular tachyarrhythmia
(PVS—) were treated with dual-chamber PM. During an average observation period of 44.7 + 10.2 months, nine
patients (12.5%) met the primary endpoint, four in the ICD group (16%) and five (10.6%) in the PM group.
Thirteen patients died (18.5%), 2 in the ICD group (8%) and 11 in PM group (23.4%). The Kaplan—-Meier analysis
did not show a significantly different risk of both primary and secondary endpoint event rates between the two
groups.

Conclusions

Monitoring primary and secondary endpoints
--------

————————

6 months. 12 months

Enrolment

6 months 12 months

nvasivo H H In-Hospital In-Hospital In-Hospital In-Hospital

i evaluation H i
- within 30 days M FUVisit FU Visit FU Visit FU Visit
- L a | | — - —
First Visit Invasive Device 12 months 3 years
evaluation implant

Scheduled visits every 6 months

Figure | Study design.

The inducibility of ventricular tachyarrhythmias has shown a limited value in the arrhythmic risk stratification among
DM1 patients.

1°Endp: appropr AICD therapy + arrhythmic death

2°Endp: all-cause mortality
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2022 ESC Guidelines for the management of
patients with ventricular arrhythmias and the
prevention of sudden cardiac death

Developed by the task force for the management of patients with
ventricular arrhythmias and the prevention of sudden cardiac
death of the European Society of Cardiology (ESC)

Endorsed by the Association for European Paediatric and
Congenital Cardiology (AEPC)

Factors favouring ICD implantation:
LBBB/AF/NSVT/palpitations
LV dysfunction, significant LGE in CMR

CTGexpansion, family history of SD,




2022 HRS expert consensus statement on evaluation and
management of arrhythmic risk in neuromuscular disorders

William J. Groh, MD, MPH, FHRS (Chair),* Deepak Bhakta, MD, MBA, FHRS, FACC, FAHA, FACP, CCDS
(Vice-Chair),? Gordon F. Tomaselli, MD, FHRS (Vice-Chair),’ Ryan G. Aleong, MD, FHRS,* Ricardo Alkmim
Teixeira, MD, PhD,*" Anthony Amato, MD,%* Samuel J. Asirvatham, MD, FHRS,” Yong-Mei Cha, MD,
FHRS,” Domenico Corrado, MD, PhD, FESC,** Denis Duboc, MD, PhD,® Zachary D. Goldberger, MD,
FHRS,* Minoru Horie, MD, PhD,**$ Joseph E. Hornyak, MD, PhD,*" John Lynn Jefferies, MD, MPH, FACC,
FAHA, FHFSA,** Stefan Kaab, MD, PhD,*** Jonathan M. Kalman, MBBS, PhD, FHRS,** Naomi J. Kertesz,
MD, FHRS, CEPS-P,*"" Neal K. Lakdawala, MD,®* Pier D. Lambiase, BCH, BM, MBCh8, PhD, FHRS,”*
Steven A. Lubitz, MD, MPH,**** Hugh J. McMillan, MD, MSc,*** Elizabeth M. McNally, MD, PhD,**
Margherita Milone, MD, PhD,” Narayanan Namboodiri, M8BS, MD,**'" Saman Nazarian, MD, PhD,
FHRS,? Kristen K. Patton, MD, FHRS,? Vincenzo Russo, MD, PhD,?** Frederic Sacher, MD, PhD,**
Pasquale Santangeli, MD, PhD,? Win-Kuang Shen, MD, FHRS,?® Dario C. Sobral Filho, MD, PhD,?* Bruce
S. Stambler, MD, FHRS,? Claudia Stéllberger, MD,? Karim Wahbi, MD, PhD,* Xander H.T. Wehrens, MD,
PhD, FHRS,*! Menachem Mendel Weiner, MD,3""* Matthew T. Wheeler, MD, PhD,** Katja Zeppenfeld,
MD, PhD**

tions for ventricular arrhythmias, sudden cardiac death, and use of implantable
lefibrillators in myotonic dystrophy types 1 and 2

udies that support recommendations are summarized in Appendix 3

COR

LOE

Recommendations

References

1.

In patients with DM1 or DM2 in whom ICD therapy is
planned, an ICD system with permanent pacing capability is
recommended.

104, 106, 110, 121,
132

In patients with DM1 or DM2 who are survivors of
spontaneously occurring hemodynamically significant
sustained VT or VF, ICD therapy is indicated if concordant
with the patient’s goals of care and clinical status.

96,104, 132,133

In patients with DM1 or DM2 and an LVEF £35% despite
guideline-directed medical therapy, ICD therapy is indicated
if concordant with the patient’s goals of care and clinical
status.

97,132

N

—
patients with DM1 or DM2 in whom clinically rele 110, 124-126, 132,
ventricular arrhythmias are induced during 133
electrophysiological study, ICD therapy is recommended if
concordant with the patient’s goals of care and clinical
106, 121,132

In patients with DM1 or DM2 in whom permanent
pacemaker implantation is indicated, ICD therapy may be
considered if concordant with the patient’s goals of care
and clinical status.




While induction of ventricular arrhythmias including bundle branch reentrant ventricular
tachycardia (BBRVT) has been observed in DM1 patients, the predictive value of programmed
ventricular stimulation has not been thoroughly evaluated in patients with DM1 butme
helpful in patients with symptoms of unexplained syncope, presyncope, or palpitations.
Stimulation protocols favoring induction of BBRVT have been described and may be utilized in
this se'Fting.“' 12‘: 125. .1”' u’mléggg i gl%tae? éﬁ?q&reﬁ%t ﬁﬁldgfasqﬁist rega rc?ing apprt?priateness
of ICD implantation in DM1 an patiénts wivo are found to have inducible ventricular
arrhythmias, although inducibility in carefully selected patients suggests the presence of
substrate prone to developing future VT or VF. Further studies are_required to better clarify this

issue.124, 125,128,125
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Normal cMRI (T1 mapping not done)
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1)
2)
3)

4)

SCD Risk stratification: open questions

Utility of EPS for prediction of VT/VF (MD1 patients with /without LGE)
Adequate timing for EPS repetition.
Utility of CCD progression velocity

Utility of LRI implantation






proximal myotonic myopathy, is caused by a CCTG expansion in the zinc
finger 9 (ZNF9) gene and has a prevalence of 1:20,000



