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

William J. Groh, MD, MPH, FHRS (Chair),! Deepak Bhakta, MD, MBA, FHRS, FACC, FAHA, FACP, CCDS
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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, MBChB, PhD, FHRS,*™
Steven A. Lubitz, MD, MPH, ™ Hugh J. McMillan, MD, MSc,"* Elizabeth M. McNally, MD, PhD,™
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Pasquale Santangeli, MD, PhD,® Win-Kuang Shen, MD, FHRS,* Dario C. Sobral Filho, MD, PhD,** Bruce
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L 4.2 Diagnostic testing and risk stratification in myotonic dystrophy
types 1 and 2

Recommendations for diagnostic testing and risk stratification in myotonic dystrophy types 1 and 2
Referenced studies that support recommendations are summarized in Appendix 3

LOE Recommendations References

1. Coordinated care of patients with DM1 or DM2 should be
conducted in a medical setting where there is access to
expertise in the neurclogical, cardiac, arrhythmic,
pulmonary, and genetic manifestations of these disorders.

n patients with DM1 or DM2, cardiac evaluation including 24, 26, 104, 10,

physical examination, ECG, ambulatory ECG, and cardiac
imaging (echocardiography or CMR) at diagnosis with
periedic retesting is recommended even in the absenc

108, 110, 114, 113

Heart Rhythm 2022;S1547-5271
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Trans-thoracic echocardiography (2D or 3D)
LV and RV dimension, wall thickness, systolic and dyastolic function

Valves, vessels, pericardium

Subtle localized myocardial contractility impairment (strain)
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Contrast enhanced cardiac MRI

may detect eventual myocardial damage suggestive of scar (LGE)

may quantify interstitial fibrosis (extracellular volume fraction)

may detect subtle localized myocardial contractility impairment (strain)
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Clinical Care Recommendations for Cardiologists Treating Adults With
Myotonic Dystrophy
Elizabeth M. McMally, MD, PhD; Douglas L. Mann, MD; Yigal Pinto, MD, PhD; Deepak Bhakta, MD; Gordon Tomaselli, MD;

Saman Mazaran, MD, PhD; William J. Groh, MD, MPH; Takuhisa Tamura, MD; Denis Duboc, MD; Hideki ltoh, MD, PhDy;
Leah Hellerstein, LCSW, MPH; Pradeep P. A. Mammen, MD

Abstract—Myolonic dystrophy is an inherited systemic disorder affecting skeletal muscle and the hearl. Genetic testing for
myatonic dystrophy is diagnostic and identifies those at risk for cardiac complications. The 2 major genetic forms of myotonic
dystrophy, type 1 and type 2, differ in genetic etiology yet share clinical features. The cardiac management of myotonic dystrophy
should include surveillance for archythmias and left ventricular dysfunction, both of which occur in progressive manner and
contribute to morbidity and mortality. To promote the development of care guidelines for myotonic dystrophy, the Myotonic
Foundation solicited the input of care experts and organized the drafting of these recommendations. As a rare disorder, large scale
clinical trial data to guide the management of myotonic dystrophy are largely lacking. The following recommendations represent
expert consensus opinion from those with experience in the management of myotonic dystrophy, in part supported by literature-
based evidence where available. (f Am Heart Assoc. 2020:9:2014006. DOE 10.1161/JAHA 119.014006.)

AHA scientific statement expert consensus opinion suggests

DM1: cardiac imaging examination at baseline and every 1 to 5 years thereafter




Why?

Two steps back...



ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

PLACEC "™

% ADVANCES IN CARDIAC EXPERENCE

ECHOCARDIOGRAPHY




ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

LV diastolic dysfunction.

Prevalence 5%-50%
(different selection of subjects and TEE techniques)

Related to:

-AF,

-myocardial fibrotic degenerative changes
-impaired calcium metabolism in cardiomyocytes

Paunic et al. J Chin Med Assoc. 2017;80:408-412




ROMA 30 Settembre - 1 Ottobre 2022 Centro Congressi di Confindustria Auditorium della Tecnica

PLACE© ™

5 IN CARDIAC EXPERENCE

LV systolic dysfunction Prevalence: 0%-21%

Different findings:

-retrospective single-center TTE cohort studies
-different characteristics of subjects,

-variety in the definition of LVSD

Review

Prevalence of Left Ventricular Systolic Dysfunction in Myotonic
Dystrophy Type 1: A Systematic Review

VINCENZD RUSSO, MD, PhDD, MMSe," SIMONA SPERLONGANO, MD," EMANUELE GALLINORO, MD," ANNA RAGO, MD.
ANDREA ANTONIO PAPA MD," PAOLO GOLING, MD, PhD," LUISA POLITANO, MD, PhD*
SAMAN NAZARIAN, MD, PHD," AND GER ARDO NIGRO, MD, PhD

Table 2. Echocardiographic Findings Concerning LV Systolic Function

Cardiac Ultrasound LV Bystoh
Author Year of publication DMI (n) Mean Age.y £ D Examination (n}) Cut-off LVEF sfunctionn %)
Paunic 2017 111 422+ 10,9 111 <55% B (7.5)
Tanawutti wat 2016 136 44464 1524 136 < 55% 16(11.8)
Petri 2014 129 44415 126 = 5% 26(20.6)
Dhand 2013 27 39,14+ 14,1 7 < 50% 5(18,5)
Bhakta 2010 406 424 12 180 =< 50% 34(18.9)
Lindgvist 2009 36 45410 36 = 50% 00y
Di Cori 2009 3l 42412 3l = 50% 0(0)
Total 876 4268 647 B9(13.8)

cut-off LVEF. cut-off considered in the study for the definition of left ventricle svstolic dvsfunction; DMI (n), number of patients M&Wunir
dystrophy Tincluded in the study; LV, systolic dysfunction n (%), number of patients with systolic dvsfunction and percentage in parentheses; LVEF, left ven-
tricle gjection fraction: SD, standard deviation; v, mean age of the patients included in the study.

Journal of Cardiac Failure Vol. 00 No. 00 2019
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LV systolic dysfunction due to:

-intra-ventricular (IV) and atrio-ventricular (AV) conduction time delay,

-atrial or ventricular arrhythmias

-myocardial fibrosis.
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DM1 with prolonged PR or QRS intervals: 4-times higher HF risk

Association between LVSD and AF (prevalence up to 46%)

Paunic et al. J Chin Med Assoc. 2017;80:408-412
Russo V et al, J Cardiac Fail 2019;00:1_8

Bhakta D et al. Am Heart ) 2010;160:1137e41
McNally EM et al. J Am Heart Assoc. 2020;9:e014006
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Electro-mechanical correlation

Conduction
disturbancies

Atrial and
Ventricular
arrhythmias

McNally EM et al. ) Am Heart Assoc. 2020;9:e014006
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ESC i il i A O A CASE SERIES i
Eleopean Society. dat104093/eiedyatss Arrhythmias/Electrophysiology -

Ventricular tachycardia in patients with type 1
myotonic dystrophy: a case series

Anish Nikhanj ® "2, Soori Sivakumaran®?, Bailey Miskew-Nichols'?,
Zaeem A. Siddigi®, and Gavin Y. Oudit @ 12+

'Dasion of Cardiclogy. Depariment of Medicne, University of Alberta, 3440 112 Sreet MW, Edmonton, Albern T6G 207, Canach; “Maznkowsid Alberta Heart insttue.
University of Abarma, 11220 82 Averse MW, Edmonion, Albern T6G 32, Canadz and "Division of MNewrdiogy, Deparmant of Madicine, University of Alberta, 8440 112 Srest
MW, Edmonmon, Alberta T6G 370, Carada

Baceied 10 Dacember 2018; fiesr aevmian § Februvy 2019; accepand 18 May 2019, anine pebish-ahead.ofprne 9 fne 2019

Background Type 1 myotonic dystrophy (DM1) ks assodated with 2 variety of cardiac conduction abnormalities and the fre-
quent need for pemanent pacing However, the role of ventricular tachycardia (VT) and the implied risk of sudden
cardiac death (SCD) & poordy understood.

Case summary  This study examined a 56-patient DM1 cohort of men and women, and identified five patients (two females and
three males) with ventricular arrhythmias (B.9%). Patents were reviewed on a case-by-case hasis, with their clinical
presentation and management of VT and the associated cardiomyapathy indicated  Patient cardiac function was
determined by 12-lead electrocardiogram, 48-h Holter monitor, and transthoradc echocardiography. These
patients were therefore suitable candidates for implantzble cardioverter-defibrillator implantation and received
these devices; four of the five patients also recefved cardiac resynchronization therapy. Medical therapies included
angiotensin converting enzyme inhibition, mineralocorticoid receptor antagonist, and following device implantation,
beta-blocker therapy was infiated.

Discussion Owr case series demonstrates the prevalence of VT in patients with DM1 highlighting the assodated risks of SCD
in this patient population. The burden of ventricular arrhythmias, advanced conduction disease, and cardiomyop-
athy are best treated with a combination of device and medical therapies

Keywords Myotonic dystrophy = Cardiomyopathy « Conduction disease » Amhythmia « Ventricular tachyeandia

o e s e S
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Table | Clinical characteristics of patients with type 1 nyotonic dystrophy presenting ventricular tachycardia

Patient Age (years)/ HR ECG findings (ms) Echocardiographic VT detection Presentation Medications
gender (bpm.) parameters
1 44F i * PR21Z QRS 105 QT4 * w CRT-P Cardiac Arrest ® Mesdletne
* Bvertricubr mesd thythm * LWMEDES gin’ * Perindops
* Vil 5.0 em
* ViDc43em
2 I6F & * PR 179 QRS- 146 QTc 38 ® L"n' DC-PPM Asyrptorratic *® Furosemide
* Aralmcedriythm LBEE  * LVMESO9 gin’ * Ramiprd
* VDD 46 am * Spimnohctons
* LVID c
3 49 B * PR 200 QRS- 107 QTc 442 L"n' Telemonitaring Synoope * ASA
* LAFB * [VMES1S gin’ * Metogrolol
* VIDd 4.0 om * Ramipril
L ID g * Rosuvastatin
4 &1M 4 * PRITIOQRS: 168 QTc44s Lv DC-PPM Falpitations * Atorvastatin
* Avralmoedriythm LBBE  * LWVMESRT gin’ * Cadesartan
* ViDd 4. 8cm * Soimnolactons
LR R e
5 40 m * QRS 1T QT 474 = u.r CRT-D 1D shock * Digoxin
¥ Arcial fivrilation, bivertricuar *® LVME 137 gfm® * Ramipril
paced riythm * VIDd 6o * Warbrin
* LViD< 50am

Refer 1o Methods secman for how valses were abaired ar Gicused

ALh, arerpalicylic aoad CRT.D. cordiac regyndtronzation thaapy defbnlaror, CAT-P, ardar regrechronimton therapy pacsmaler; DEPPM, dalchamber permanent
pacerraker; EOG, elearocardiogram; LEEE, beft bundle brardh bliock; LY, beft veraride; LVEF, eft wenmriculir ejedion factiorg LD, beft weniride intemal diamaer and dia-
stobe; LVDs, beft ventridie inermal diamesss end gysioles VT, ventrioilar tachypcardia.
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3D-TTE and speckle tracking analysis

empower 2D TTE diagnostic and prognostic ability.

Early marker of systolic dysfunction.

Russo V et al, J Cardiac Fail 2019;00:1_8
Lau JK et al. Int J Cardiol 2015;184:600-608
Galderisi M et al. Int Jour Cardiol 2014; 176:1094-1096
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International Journal of Casdiology 176(2014) 1054- 1056

Contents lists available at Science Direct

CARBioLoGy

International Journal of Cardiology

journal homepage: www.alsavier.com/locate/ijcard

Letter to the Editor

Early changes of myocardial deformation properties in patients with @mm
dystrophia myotonica type 1: A three-dimensional Speckle Tracking
echocardiographic study

Maurizio Galderisi **, Francesco De Stefano *, Giro Santoro *, Agestino Buonauro %, Daniela De Palma?,
Fiore Manganelli*, Lucia Ruggiero % Lucio Santoro % Giovanni de Simone *

* Hypemermion Ressych Cemter, Dapartment of Proesietiou] Matisl Sy “Faferin IF Ushemity Hosptl, Noples, baly
© Demstment of Neuroscieres Reprofuctive o Ofomiric Soenres, “Fadericn iF Ushersty Ko, Nopls laty

DM1 subjects with normal LVEF compared with an healthy control group
impairment of 3D global circumferential strain

(impaired contraction of the midwall layer of cardiomyocytes)
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Cardiac MRI1
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Observational studies have observed a certain prevalence of:

-reduced LVEF
-reduced RVEF ,
-LV hypertrophy

-LV non-compaction

Hermans MCE et al.J Cardiovasc Magn Reson 2012;14:48
Luetkens JA et al, Circ Cardiovasc Imaging 2019;12:e009100
Choudhary P et al. Heart 2016; 102:1472-1478
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LV LGE:

-non-ischemic distribution pattern
(i.e. in the midwall or subepicardial myocardial layers),

-mostly located in the inter-ventricular septum or in the postero-lateral wall

& !
Figure 2 Myocardial fibrosis in myotonic dystrophy type 1 by CMR. Late gadolinium enhancement (LGE) images in short axis (A, B and C)
and 4-chamber long axis views (D) of 4 patients with myotonic dystrophy type 1. Between amows are regions of increased signal intensity,
indicating focal fibrosis, visible as mid-myocardial enhancement to epicardial enhancement with endocardial sparing.

From Hermans MCE et al.J Cardiovasc Magn Reson 2012;14:48

Hermans MCE et al.J Cardiovasc Magn Reson 2012;14:48
Choudhary P et al. Heart 2016; 102:1472-1478
Chmielewski L et al. Clin Res Cardiol 2019;108:857-867.
Petri H et al. Cardiovasc Magn Reson; 2014:16:59
Cardona A et al. J Cardiovasc Magn Reson. 2019;21:26.
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-prevalence of LGE:
12.5-13% (Hermans; Choudhary),
32% (Chmielewski L),

40-42% (Petri; Cardona).

Why different prevalences?

Different LGE extimation methodologies (different sensibility)

Different populations

Hermans MCE et al.J Cardiovasc Magn Reson 2012;14:48
Choudhary P et al. Heart 2016; 102:1472-1478
Chmielewski L et al. Clin Res Cardiol 2019;108:857-867.
Petri H et al. Cardiovasc Magn Reson; 2014:16:59
Cardona A et al. J Cardiovasc Magn Reson. 2019;21:26.
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Association between LGE and the number of CTG repeat sequences
(Hermans, Choudhary).

Debated association between LGE and cardiac conduction abnormalities

(Petri, Cardona, Hermans).

Hermans MCE et al.J Cardiovasc Magn Reson 2012;14:48
Choudhary P et al. Heart 2016; 102:1472-1478

Petri H et al. Cardiovasc Magn Reson; 2014:16:59
Cardona A et al. J Cardiovasc Magn Reson. 2019;21:26.




Hermans ef al_lournal of Cardiovascular Magnetic Resonance 2012, 1448
Journal of Cardiovascular
bt fwwiwe emi-online comcontent/14/1 /48 Magnotic Resonance

RESEARCH Open Access

Structural and functional cardiac changes in
myotonic dystrophy type 1: a cardiovascular
magnetic resonance study

Mieke C E Hermans'”, Catharina G Faber', Sebastiaan C A M Bekkers®, Christine E M de Die-Smulders®,
Monique M Gerits®, Ingemar S J MEH()EES, Gabriel Snoep}, Yigal M Pinto® and Simon Schalla®

80 patients with

myotonic dystrophy
ECG abnormal ECG normal
n=49 (61%) n=31 (39%)
CMR 1 CMR y
l l l |
Completely normal abnormal Completely normal abnormal
n=19 (39%) n=30 (61%) n=26 (84%) n=5 (16%)
NT-proBNP NT-proBNP NT-proBNP NT-proBNP
64 pg/ml 60 pg/ml 74 pg/ml 66 pg/ml
(12-660) (9-966) (9-214) (10-497)
- LV systolic dysfunction n=18 - LV systolic dysfunction n=2
- LV dilatation n=5 - LV dilatation n=2
- RV systolic dysfunction n=4 - RV systolic dysfunction n=0
- RV dilatation n=1 - RV dilatation n=0
- LV wall hypertrophy n=4 (o) - LV wall hypertrophy n=1
1 8 . 4% - RV wall hypertrophy n=0 3 . 2 /) - RV wall hypertrophy n=0
- Myocardial fibrosis n=9 - Mxocardial fibrosis n=1

Figure 3 Graphic reproduction of cardiac evaluation in myotonic dystrophy patients showing ECG and CMR findings. The majority of
patients with ECG abnomalities had functional or structural cardiac abnomalities. However, a substantial number of patients with normal ECG
ako showed myocardial alterations. NT-proBNP levels did not help to distinguish between patients with and without impaired myocardial
functioning (presented as median (range)).

\
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‘Crack for

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

Andrea Cardona'®, William D Amald®, John T. Kissef®, Subha V. Raman’ and Karolina M. Zareba"'®

Abstract

Background: Conduction disease and arrhythmias repesant a major cause of mortality in myotonic musoutar dystrophy
type | (MMD1). Pemanent pacemaker (PPM) implantation is the comerstone of therapy to reduce candiovasoular
mortality in MMDH . Cadiovasoulbr magnetic rescnance {CMF) studies demonstrate a high pevalence of myocandial
fibrosis in MMDM, however the azodaton between CMR myocardial fibrosk with late gadoinium enhancement (MR-
LGE) and surface conduction abnormality is not wel established in MMDI.
‘We investigated whether myocardial fibross by OMR-LGE & associated with surface conduction abnommalities mesting
aritena for FPM implantation acoording to cument guidelines in a cohort of patients with genetically confirmed MWD1.
Methods: Fatents with genetially confirmed MMM were strospectively evaluated . 1 Head electrocardiography FO5)
periormed within & months of CMR was necessary for indusion. The severity and extent of MMM was quanfified wsing
a validated Muscular impaimnent Ratng Scale (MIRS). Bazed on curent guidelines for device-based therapy of @rndiac
rhiythm abnarmalities, we defined surlce conduction abnormality as the presence of B0G altemtions mesting coriteria for
PPM implant {da=s | or l indicationz): PR intenal > 200ms ftype | atdoventricular {AV) block) andfor mona or bifasdoular
block [ORS = 120 me), orevidence of advanced AV block Balanced steady-state free preression squences (bE5FR wes
used for assessmient of left ventricular {(Lv) volumes and ejedtion fracion. MOdified Look L oder Inversion Recovery
{MOILLD acquisition schemes were used to acquire TI maps. Patients chats wer reviewed up to 1 2months post-CMR
for ocoumence of PFPM implantation.

Results: Fifty-two patients {38% male, 41 + 14 years) were induded . Onverall, 31 {5066) patients had a surace condudtion
abmrmaWH?%?amnsmwd michwall myocardial fibrosis by CMR-LGE. Afier 3 median of 57 days fom CMR
exam, 15 patients (29%) underwent PPM implanation. Subjscts with va without surface conduction abnomality had
significantly longer disease length {155 wve 78 years, p= 0015 and higher disease saverity on the MIRS smle {p=0041)
High prevalence of myocandial fibrosis by OMB-LGE was detected in subjects with and without surface conduction
abnorma NG SKNMEEN ence Detween the Two conors (' va. 4%, p= - By multnar tsTic
regresion analysis, dissase length was the only independent variable azodated with suface conduction abnarma ity
{OR 1071, 8% 10031144, p=0040F while CMRAGE waz not azocisted with conduction abnommality {p=— 01005,
p=0549.

ot

Table 3 CMR Findings
OV data

Whole Conod (N =52) Conduction A’.‘ru‘rh'y) ( Conchction Abnomma 1,> vahe
frgtive (N=31) Negatve (N=21)
LVEF 35) 16 N 0587
W EWV, mifm” &5+15 &5e14 86+15 07
LV ESW, mbint” %48 *+a 2647 0540
LV mass index, g/m’ e Hr14 436 0563
LAV, mim” W1 10 23+12 0834
LGE, N (%) 72 (7] 134437 9 4@ 099
24+16 34 +38 23+34 0876
it1ras 30+ a6 31447 0575
513 6:3 2443 0050

e presented 25 mesn £50 or N 835 LVEF left venmaubr sgecton fracton, £0W end-diestalic valume imdew, £5W end-senolc valume mdex, LAV left ateal
wolume index, LGF late gadolinum enhanaement, 5OV extracfiular volume

Cardona et al. Journal of Cardiovasminr Magnetic Resonance (2015} In:2n
httpeidoinmg/ 1001 186/ 1206801 $05556
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Is association between LGE and cardiac conduction abnormalities a matter of time?

May LGE (septum) preceide development of cardiac conduction abnormalities?
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Increased ECV values, suggesting diffuse subclinical LV myocardial interstitial fibrosis,
in comparison with healthy controls

In comparison with normal cut-offs reported in the literature.

Luetkensen JA et al. Circ Cardiovasc Imaging 2019;12:e009100
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13 DM1
22 DM2
31 healthy controls

- -

DM type 1

acelular volume froction (%

DMtype 2 Cortrols DM type 1 DM type 2 Goatrols

. £
LI iv S o : —  mices
® = g B LGE -
g.w— g o
g 3 g
20
5 S E B -a0- T i
-3 T =T L = T T T : 0
DM iype 1| DMivpe 2 Cordrals BM tvpe 1 OM tvpe 2 Conirols ‘l'utd'-:nhw! DMhrnql Mtvn?

Flgure. SUMmmary of study results.
A_Column grzpns of differsnt T1 mapping and strain parameters for myotonic dystrophy (OM) type 1, DM type 2, and confrol subjects. Data are presented as
mean with SO emor bars. DISerences ans shown for (ALY natve T1 reixation time, (AN extracsiuiar volume fraction, (AN giabal pezk systolic longrtuding strain,
and (AN} gichal peak systodlc droumferantial strain. *Statstical Sgnificance (Re.05} 3gainst control subjects. B, Visibie myccardial fibsoss in 2 maie patients with
DM type 1 {47 y oid; BI) and DM type 2 {56 y oid; BM). On short-20s I3te gadodnium enhancement {LGE), Image regions of high signal Intensity ennancement
a8 5een In the subspicardium of the E%eral baszl wall (2 Tows) Indicating myocardial fibross. €, COILETN Oraph shows Oifferances In extraceliular volume fraction
bebwesn LGE-positive and LGE-Negative patiants for the total conoet, DM type 1 patients, nd DM type 2 patients. Datza are presantad 2= mean with S0 efmor bars.

NS Indicates nonsignificant. *5tatistical significance (F0.05) DEEU.E@'I groups.

Luetkensen JA et al. Circ Cardiovasc Imaging 2019;12:e009100
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Unknown prognostic role of LGE or interstitial fibrosis
Association between LGE (intramural pattern, septum and inferior/inferolateral

segments), and AF (chmielewski L)

AF in turn, predicts adverse cardiac events in DM1 subjects

Chmielewski L et al. Clin Res Cardiol 2019;108:857-867.
Groh et al Cardiovasc Magn Reson; 2014:16:59
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@ ESC i mim ESC GUIDELINES
Eurogean Scoely hepoda.org 101093 eurheartjichac 262
of Cardiclogy

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)
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Invasive electrophysiological evaluation should be

considered in patients with myotonic dystrophy

and a PR interval =240 ms or QRS duration

=120 ms or who are older than 40 years and have lla B
supraventricular arrhythmias™ or who are older

than 40 years and have significant LGE on
CMRI(_.S.'I“J 6.?6&
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Future larger studies will help clarifying the role of cardiac MRI for an eventual risk
stratification in DM.
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