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Abstract
Introduction: Heart	disease	remains	a	leading	cause	of	mortality	in	patients	with	mus-
cular dystrophy (MD), and cardiac assessment by standard imaging modalities is chal-
lenging due to the prominence of physical limitations.
Methods: In	this	prospective	cohort	study	of	169	MD	patients	and	34	negative	con-
trol patients, we demonstrate the clinical utility of a 12- lead electrocardiogram (ECG) 
as an effective modality for the assessment of cardiac status in patients with MD. 
We assessed the utility of conventional criteria for electrocardiogram- indicated left 
ventricular	hypertrophy	(ECG-	LVH)	as	well	as	ECG	morphologies.
Results: Cornell voltage, Cornell voltage- duration, Sokolow– Lyon voltage, and 
Romhilt- Estes point score criteria demonstrated low sensitivity and minimal positive 
predictive	 value	 for	 ECG-	LVH	when	 compared	with	 cardiac	 imaging.	 Patients	with	
LBBB	had	a	high	probability	of	a	cardiomyopathy	(relative	risk	[RR],	2.75;	95%	confi-
dence	interval	[CI],	2.14–	3.53;	p < .001), and patients with QRS fragmentation (fQRS) 
had	a	high	probability	of	a	cardiomyopathy	(RR,	1.76;	95%	CI,	1.20–	2.59;	p =	 .004),	
requiring cardiac medication and device intervention. We found that an R/S ratio >1 
in	V1	and	V2	is	highly	specific	(specificity,	0.89;	negative	predictive	value	[NPV],	0.89	
and	 specificity,	 0.82;	NPV,	0.89,	 respectively)	 for	patients	with	dystrophinopathies	
compared with other types of MD.
Conclusion: The identification of LBBB and fQRS was linked to cardiomyopathy in 
patients	with	MD,	while	ECG-	LVH	was	of	limited	utility.	Importantly,	these	findings	
can be applied to effectively screen a broad cohort of MD patients for structural heart 
disease and prompt further evaluation and therapeutic intervention.
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1  |  INTRODUC TION

Heart	disease	remains	a	leading	cause	of	mortality	in	patients	with	
muscular	dystrophy	(MD).	(Mascarenhas	et	al.,	1994;	Mathieu	et	al.,	
1999;	 Nikhanj	 et	 al.,	 2020;	 Verhaert	 et	 al.,	 2011;	Wexberg	 et	 al.,	
2016)	Patient	condition	and	management	are	often	complicated	by	
respiratory, neurological, and metabolic comorbidities, and clinical 
assessment is challenged by progressive muscle weakening and 
wasting, obesity, wheelchair dependence, and respiratory aids. 
Patients	with	dystrophinopathies	including	Duchenne	muscular	dys-
trophy (DMD) and Becker's muscular dystrophy (BMD), limb- girdle 
muscular dystrophy (LGMD), type 1 myotonic dystrophy (DM1), and 
facioscapulohumeral	muscular	dystrophy	 (FSHD)	are	distinguished	
by their burden of heart disease. (Benhayon et al., 2015; Miskew 
Nichols	 et	 al.,	 2018;	Nikhanj	 et	 al.,	 2019;	Nikhanj,	 Yogasundaram,	
et al., 2020) 12- lead electrocardiogram (ECG) is an accessible and 
practical modality for cardiac assessment. Morphology such as 
electrocardiogram- indicated left ventricular hypertrophy (ECG- 
LVH)	defined	by	specific	criteria	has	been	shown	to	be	associated	
with heart disease, heart failure, and adverse clinical outcomes in-
cluding	mortality.	 (Aro	 Aapo	 &	 Chugh,	 2016;	 Kannel	 et	 al.,	 1969;	
Levy	et	al.,	1990)	Left	bundle	branch	block	(LBBB)	is	a	predictor	of	
mortality and is linked to LV systolic dysfunction. (Baldasseroni et al., 
2002;	 Iuliano	et	al.,	2002)	Additionally,	QRS	 fragmentation	 (fQRS)	
has	been	associated	with	major	adverse	cardiac	events	(MACE)	in-
cluding life- threatening arrhythmias and mortality in patients with 
heart	disease,	(Das	et	al.,	2008;	Terho	et	al.,	2014)	as	well	as	an	as-
sociation with systolic dysfunction in patients with DMD. (Cho et al., 
2017;	Yoo	et	al.,	2017)	We	identified	ECG-	LVH,	LBBB,	and	fQRS	as	
common and recurrent ECG features in our heterogenous MD pa-
tient cohort, and we investigated their clinical utility for the front- 
line cardiac assessment of patients with MD.

2  |  METHODS

2.1  |  Study population

One	hundred	and	sixty-	nine	patients	with	MD	were	recruited	from	
the	 Neuromuscular	 Multidisciplinary	 (NMMD)	 clinic	 at	 the	 Kaye	
Edmonton	 Clinic,	 University	 of	 Alberta	 (Edmonton,	 Canada).	 All	
patients received a baseline 12- lead ECG study with a subsequent 
transthoracic echocardiogram (TTE) or cardiac magnetic reso-
nance (CMR) imaging study within 6 months. Thirty- four age-  and 
gender- matched patients with non- MD myopathies were recruited 
to serve as a negative control cohort for heart disease, as previ-
ously	 described.	 (Nikhanj,	 Yogasundaram,	 et	 al.,	 2020)	 Patients	
were prospectively tracked over a median follow- up period of 1.88 
(interquartile range [IQR], 1.21– 2.25) years between November 5, 
2014,	and	November	9,	2020.	Our	cohort	included	patients	with	a	
dystrophinopathy (26 DMD and 10 BMD patients), LGMD (36 pa-
tients),	DM1	(74	patients),	and	FSHD	(23	patients),	as	confirmed	by	
genetic	testing.	All	clinical	data	including	the	use	of	medical	therapy	

and device intervention were obtained by electronic chart review. 
Patients	 were	 referred	 to	 the	 NMMD	 clinic	 and	 recruited	 to	 our	
study at various stages of their disease, and all patients provided 
informed and written consent at study enrollment. The investigation 
was	approved	by	the	Health	Research	Ethics	Board	at	the	University	
of	Alberta.

2.2  |  12- lead electrocardiogram

All	 patients	 were	 assessed	 using	 a	 Philips	 PageWriter	 TC70	
Cardiograph	 (Philips	 Healthcare,	 Amsterdam,	 the	 Netherlands)	
ECG	system	as	part	of	routine	clinical	care.	Patients	with	mild	and	
moderate ambulatory status were assessed in a supine position, 
while	 wheelchair-	bound	 patients	 remained	 sitting.	 All	 ECGs	 were	
interpreted by the attending cardiologist as part of patient clinical 
care and followed by a blinded analysis of ECG morphology and 
intervals using Cardio Calipers version 3.3 digital caliper software 
(Iconico Inc.,). Standard interval measurements were captured and 
corrected	QT	 intervals	were	 acquired	using	Bazett	 (Bazett,	 1920),	
Fridericia	 (Fridericia,	 2003),	 Framingham	 (Sagie	 et	 al.,	 1992),	 and	
Hodges	(Hodges	et	al.,	1983)	formulae.	We	also	applied	the	recently	
proposed	 corrective	QT	 interval	 formula	by	Tang	&	Rabkin	 to	pa-
tients	with	LBBB.	(Tang	&	Rabkin,	2019)	On	the	basis	of	unique	R-	
wave progression documented in patients with dystrophinopathies, 
namely	DMD,	(Sanyal	et	al.,	1978)	we	assessed	the	performance	of	
R- wave patterns such as R- wave amplitude in V1 > V2, R/S in V1 
>1.00 and >1.50, and R/S in V2 > 1.00 and 1.50, for their ability to 
differentiate patients diagnosed with a dystrophinopathy from the 
broader	cohort.	Electrocardiogram	axis	and	segmental	variants	such	
as	 J-	point	 elevation	 were	 noted	 and	 atrioventricular	 block	 (AVB),	
left	 anterior	 fascicular	block	 (LAFB),	 left	posterior	 fascicular	block	
(LPFB),	LBBB,	right	bundle	branch	block	(RBBB),	and	nonspecific	in-
traventicular	conduction	delay	(IVCD)	was	also	captured.	(Kusumoto	
et	al.,	2019;	Yancy	Clyde	et	al.,	2017)	All	incidences	of	atrial	and	ven-
tricular tachyarrhythmias were documented.

We	 defined	 ECG-	LVH	 using	 the	 Cornell	 voltage	 criteria	 (CV),	
Cornell	 voltage-	duration	product	 criteria	 (CP),	 Sokolow–	Lyon	volt-
age criteria (SL), and the Romhilt- Estes point score system (RE), 
which are conventional criteria used in clinical practice (Table S1). 
We defined LBBB as a QRS duration >120 ms, accompanied by an 
absence of Q waves in the lateral leads, slurred R waves in leads I 
and aVL, and RSR’ pattern in V5 and V6 with R peak time greater 
than	60	ms.	 (Kusumoto	et	 al.,	 2019)	We	defined	 fQRS	as	 an	RSR’	
pattern in 2 contiguous anterior, lateral, or inferior leads; or notches 
in the nadir of R or S waves in 2 contiguous leads. (Cho et al., 2017) 
For patients with bundle branch block, fQRS was defined as RSR’ 
patterns in more than 2 contiguous leads or notches in the nadir of 
R or S waves in more than 2 contiguous leads. (Das Mithilesh et al., 
2008) Electrocardiogram- indicated left ventricular hypertrophy was 
compared with anatomical measures of left ventricular (LV) mass ob-
tained	 from	subsequent	TTE	or	CMR,	 from	which	LA	volume	was	
also obtained, and both were evaluated relative to guideline- defined 
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reference	 ranges.	 (Kawel-	Boehm	 et	 al.,	 2015;	 Lang	 et	 al.,	 2015)	
Cardiomyopathy was defined as left ventricular ejection frac-
tion (LVEF) <55%	 or	 a	 left	 ventricular	 end-	diastolic	 volume	 index	
(LVEDVi) >105	mL/m²,	 (Kawel-	Boehm	et	al.,	2015)	and	LVEF	could	
be obtained from either TTE or CMR given the previously demon-
strated concordance. (Nikhanj, Yogasundaram, et al., 2020).

Serial tracking of ECG parameters occurred from baseline 
(n = 203), follow- up 1 (n = 153; median follow- up of 1.08 [IQR, 0.86– 
1.51] years from baseline), and follow- up 2 (n =	89;	median	follow-	up	
of 1.02 [IQR, 0.85– 1.22] years from follow- up 1). The trailing number 
of patients at each follow- up period reflected ongoing patient enroll-
ment and the prospective nature of the study. Serial data tracking 
facilitated the analysis of ECG parameter changes over time among 
MD patients with cardiomyopathy, MD patients without cardiomy-
opathy, and patients with non- MD myopathies.

2.3  |  Statistical methods

Continuous variables were compared using a Mann- Whitney U test 
or	Kruskal–	Wallis	test,	and	all	categorical	data	were	compared	using	
Pearson's	chi-	square	 tests.	Criteria	used	 to	qualify	ECG-	LVH	were	
assessed relative to corresponding cardiac imaging studies and com-
pared using performance metrics such as sensitivity and specific-
ity to evaluate criteria accuracy, as well as positive predictive value 
(PPV)	 and	negative	predictive	 value	 (NPV)	 in	 consideration	of	 the	
prevalence	of	left	ventricular	hypertrophy	(LVH).	A	relative	risk	(RR)	
assessment	with	 a	95%	confidence	 interval	 (CI)	was	used	 to	 com-
pare the probabilities of cardiac outcomes between groups defined 
by	 the	presence	or	absence	of	LBBB	and	 fQRS.	Multivariate	 fixed	
effect models (adjusted for age, gender, cardiac medication use, and 
cardiac device intervention, with consideration for variable follow-
 up periods) were used to compare serial changes in ECG parameters 
among	defined	groups.	All	statistical	analyses	were	performed	in	R	
version	4.0.3,	and	a	p- value <0.05 was considered significant.

3  |  RESULTS

3.1  |  Clinical characteristics of cohorts

The median age of our composite MD cohort was 36 (interquartile 
range	 [IQR],	 23.5–	49.5)	 years,	 which	 included	 64	 (37.9%)	 females	
(Figure S1 (a)). The dystrophinopathies cohort was comprised of pa-
tients	that	were	exclusively	male	and	notably	young	(Table	1).	These	
patients	 exhibited	 profound	 skeletal	 muscle	 weakness	 and	 wast-
ing as well as a high prevalence of respiratory disease and sleep- 
disordered breathing (SDOB) (Table 1). The LGMD and DM1 cohorts 
were evenly comprised of males and females with a high prevalence 
of comorbidities such as diabetes, dyslipidemia, hypertension, and 
respiratory	 disease,	 as	 seen	 in	 patients	with	 FSHD	 (Table	 1).	Our	
non-	MD	 myopathies	 cohort	 had	 a	 median	 age	 of	 47	 (IQR,	 29.0–	
60.0),	which	included	16	(47.1%)	females,	with	a	notable	prevalence	

of comorbidities comparable to those documented in the MD co-
horts (Table 1). Similarly, respiratory disease was diagnosed in 18 
(52.9%)	patients	and	SDOB	was	diagnosed	in	7	(20.6%)	patients.

3.2  |  Burden of cardiomyopathy and arrhythmias

The broader MD cohort had a high prevalence of cardiomyopathy, 
which	was	diagnosed	 in	68	 (40.2%)	of	 the	MD	patients	 (Figure	S1	
(b)).	Patients	with	dystrophinopathies	showed	LV	and	right	ventricu-
lar (RV) dilation, elevated LV mass, and a marked reduction in bi-
ventricular	systolic	function	(Table	2),	and	28	(77.8%)	patients	were	
diagnosed	with	cardiomyopathy.	Twelve	of	22	(54.5%)	patients	that	
received	 CMR	 had	 evidence	 of	 myocardial	 fibrosis.	 Patients	 with	
LGMD	exhibited	a	comparable	prevalence	of	structural	heart	disease	
as	well	as	a	reduction	in	LVEF	(Table	2),	and	13	(36.1%)	patients	were	
diagnosed	with	a	cardiomyopathy.	Seven	of	22	(31.8%)	patients	that	
received	 CMR	 had	 evidence	 of	 myocardial	 fibrosis.	 Patients	 with	
DM1	exhibited	normal	cardiac	structure	and	reduced	median	LVEF	
(Table	2),	and	cardiomyopathy	was	diagnosed	in	22	(29.7%)	patients.	
One	 of	 22	 (4.55%)	 patients	 that	 received	 CMR	 had	 evidence	 of	
myocardial	fibrosis.	Patients	with	FSHD	showed	normal	LV	size	and	
biventricular systolic function, though RV diastolic volumes were el-
evated	(Table	2),	and	accordingly	5	(14.7%)	patients	were	diagnosed	
with	cardiomyopathy.	One	of	14	(7.14%)	patients	that	received	CMR	
had evidence of myocardial fibrosis.

Arrhythmias	 were	 documented	 in	 patients	 with	 DMD	 includ-
ing atrial flutter in 1 patient and ventricular tachycardia (VT) in 5 
patients. Four patients with LGMD had atrial fibrillation or flutter, 
and	VT	was	 reported	 in	2	patients.	Patients	with	DM1	had	a	high	
incidence of arrhythmias as atrial fibrillation or flutter was reported 
in 16 patients and VT reported in 8 patients. There were no arrhyth-
mias	reported	in	patients	with	FSHD.	Seven	patients	from	our	MD	
cohort	received	an	implantable	cardiac	defibrillator,	and	19	patients	
received pacemaker therapies, including 13 patients receiving car-
diac resynchronization therapy (CRT) devices for LBBB.

3.3  |  Differences in 12- lead 
electrocardiogram features

Patients	with	dystrophinopathies	showed	parameters	within	normal	
limits	though	PR	intervals	were	relatively	shortened	at	132.0	(IQR,	
120.0–	137.0)	ms	(Table	2).	J-	point	elevation	was	a	common	finding	
and	 there	was	a	notable	prevalence	of	 fQRS	 in	6	 (16.7%)	patients	
(Figure S2) and ventricular conduction delays including LBBB in 2 
(5.56%)	patients	(Table	2,	Figure	S3).	Patients	with	LGMD	exhibited	
similar ECG findings, though there was a markedly low prevalence 
of	conduction	delays	in	these	patients	(Table	2).	Patients	with	FSHD	
had parameters within normal limits with a low prevalence of con-
duction delays (Table 2).

Patients	with	DM1	were	 distinguished	 by	 their	 abnormal	 ECG	
studies,	 which	 showed	 prolonged	 PR	 intervals	 at	 190.0	 (IQR,	
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172.0–	221.0)	ms,	QRS	duration	at	107.5	(IQR,	96.3–	121.5)	ms,	and	
a	QRS	 axis	 at	 13.0	 (IQR,	 −28.0–	50.0)	 degrees	 (Table	 2).	 Standard	
QT intervals and corrected QT intervals, not including the Bazett 
formula corrected QT interval, were prolonged (Table 2). QRS frag-
mentation	 was	 visualized	 in	 11	 (23.4%)	 patients	 (Figure	 S4),	 and	
conduction	delays	were	prevalent	as	first-	degree	AVB	in	19	(25.7%)	
patients,	 LAFB	 in	 7	 (9.46%)	 patients,	 LBBB	 in	 15	 (20.3%)	 patients	
(Figure	S5),	and	nonspecific	IVCD	in	7	(9.46%)	patients.	The	non-	MD	
myopathy cohort had no evidence of structural heart disease and 
showed normal ECG studies (Table 2), making them an appropriate 
age and gender- matched (p =.08 and p =.32, respectively) negative 
control cohort. Tracked serial ECG data found no statistical differ-
ence in the change of parameters among MD patients with cardio-
myopathy, MD patients without cardiomyopathy, and patients with 
non- MD myopathies (Figure S6).

3.4  |  Assessment of electrocardiogram 
morphologies

In	our	study	cohort	of	203	patients,	there	were	28	(13.8%)	indica-
tions	of	ECG-	LVH	by	CV	(Figure	S7	 (a))	and	61	 (30.0%)	 indications	
by	CP	(Figure	S7	(b)),	where	all	indications	by	CV	were	found	in	the	
presence	of	CP.	Additionally,	 there	were	23	 (11.3%)	 indications	by	
SL	 (Figure	S7	 (c)),	and	21	 (10.3%)	 indications	by	RE	 (Figure	S7	 (d)).	
Anatomical	 LVH	was	only	 indicated	 in	15	 (7.39%)	patients	by	 car-
diac imaging (Figure 1(a)), and therefore, all criteria demonstrated 
low sensitivity, while demonstrating high specificity (Figure 1(b)). 
Furthermore,	 all	 criteria	 demonstrated	 markedly	 low	 PPV,	 while	
demonstrating	high	NPV	(Figure	1(c)).

Left	bundle	branch	block	was	indicated	in	the	15	(20.3%)	DM1	
patients	 and	 2	 (5.56%)	 dystrophinopathies	 patients.	 In	 comparing	
the Bazett formula versus the Tang and Rabkin formula for QT in-
terval	 correction,	we	 found	 intervals	 of	 475.3	 (IQR,	 438.2–	504.1)	
ms	versus	386.0	 (IQR,	370.9–	430.4)	ms	 (p < .001), respectively, in 
patients	with	LBBB.	Patients	with	LBBB	had	a	markedly	lower	LVEF	
than	patients	without	 LBBB	 (39.6	 [IQR,	 35.0–	46.6]	%	versus	55.0	
[IQR,	 50.0–	60.0],	%	 respectively;	p < .001; Figure 2(b)) and were 
more	likely	to	have	a	cardiomyopathy	(RR,	2.75	[95%	CI,	2.14–	3.53];	
p <	.001).	Patients	with	LBBB	were	also	more	likely	to	require	cardiac	
medical	therapies	(RR,	1.86	[95%	CI,	1.17–	2.96];	p = .008) and car-
diac	device	intervention	(RR,	12.29	[95%	CI,	5.75–	26.30];	p < .001) 
than patients without LBBB. There was no discernible difference be-
tween patients with or without LBBB and the presence of fibrosis or 
the incidence of arrhythmias.

QRS	 fragmentation	was	 indicated	 in	 6	 (16.7%)	 dystrophinopa-
thies	patients,	2	(5.56%)	LGMD	patients,	11	(14.9%)	DM1	patients,	
and	1	(4.35%)	FSHD	patient.	Patients	with	fQRS	had	a	lower	LVEF	
than	 patients	 without	 fQRS	 (45.5	 [IQR,	 39.6–	55.0]	 %	 versus	 55	
[IQR,	 47.5–	60.0]	 %,	 respectively;	 p = .015; Figure 2(b)) and were 
more	likely	to	have	a	cardiomyopathy	(RR,	1.76	[95%	CI,	1.20–	2.59];	
p =	 .004).	Patients	with	fQRS	were	also	more	likely	to	require	car-
diac	medical	therapies	(RR,	1.74	[95%	CI,	1.10–	2.77];	p = .018) and M
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cardiac	device	intervention	(RR,	4.35	[95%	CI,	1.94–	9.74];	p < .001) 
than patients without fQRS. There was no discernible difference be-
tween patients with or without fQRS and the presence of fibrosis or 
the incidence of arrhythmias.

Patterns	of	R-	wave	progression	were	assessed	for	their	ability	to	
differentiate between patients with or without a dystrophinopathy. 
Presentation	of	an	R	wave	of	greater	amplitude	in	V1	than	V2,	an	R/S	
ratio greater than 1.00 and 1.50 in V1, or an R/S ratio greater than 
1.00 and 1.50 in V2 demonstrated low sensitivity and high specific-
ity,	with	low	PPV	and	high	NPV	(Figure	3(a-	e)).

4  |  DISCUSSION

Heart	disease	is	highly	prevalent	in	patients	with	MD	and	is	a	major	
determinant of their clinical outcomes. (Nikhanj et al., 2020; Nikhanj, 
Yogasundaram, et al., 2020) 12- lead electrocardiogram assessment 
is easily accessible, requires minimal training, and is of negligible 
burden on healthcare resources, making it a convenient and feasi-
ble method of assessing heart disease. Our investigation evaluated 
the	use	of	conventional	ECG-	LVH	criteria	in	patients	with	MD.	The	
CV,	CP,	SL,	and	RE	criteria	are	conventional	methodologies	for	the	
identification	 of	 LVH	 through	 the	 analysis	 of	 voltages	 and	 wave-
lengths, with consideration for gender. We determined that these 

criteria demonstrated minimal clinical utility in these patients when 
compared to anatomical measures of LV mass illustrated by mark-
edly low sensitivity and positive predictive value. The high specific-
ity	and	NPV	of	the	criteria	can	be	useful	for	the	confirmation	of	LVH	
indicated by cardiac imaging but would not be independently useful 
from a diagnostic perspective. Qualification of cardiac hypertrophy 
in patients with DMD is a greater challenge due to high precordial 
voltages,	namely	R	waves	in	V1,	though	the	exact	cause	remains	un-
known. (Thrush et al., 2013).

Discordance	 between	 ECG-	LVH	 and	 anatomical	 LVH	 is	 not	
uncommon in patients with heart disease and has been well- 
documented	in	large	cohort	studies.	(Kannel	et	al.,	1969;	Okwuosa	
et al., 2015) Our investigation demonstrates a greater degree of 
disagreement in patients with MD. We noted that the SL criteria, 
which	exclusively	considers	precordial	voltages	for	the	classification	
of	ECG-	LVH,	did	not	have	an	advantage	over	the	other	criteria	that	
consider a composite of limb and precordial voltages among other 
properties. This supports our clinical findings of global muscle wast-
ing in our cohort, which is an obstacle to the clinical utility of these 
conventional	 criteria	 in	 patients	 with	MD.	 Although	we	were	 not	
able to capture the association between cardiac biomarkers and an-
atomical	LVH	in	this	cohort	due	the	low	prevalence,	we	support	the	
proposed prognostic value of comparable B- type natriuretic peptide 
and	hsTnI	for	MACE	in	these	patients,	independent	of	LVH.	(Nikhanj,	

F I G U R E  1 Indexed	left	ventricular	mass	of	patients	by	sex	and	imaging	modality	with	corresponding	cutoffs	for	left	ventricular	
hypertrophy	(a),	and	comparison	of	conventional	criteria	for	12-	lead	electrocardiogram-	indicated	LVH	using	sensitivity	(SE)	and	specificity	
(SP)	(b),	as	well	as	positive	predictive	value	(PPV)	and	negative	predictive	value	(NPV)	(c)	in	patients	with	muscular	dystrophy.	CMR,	cardiac	
magnetic	resonance;	CP,	Cornell	voltage-	duration	product	criteria;	CV,	Cornell	voltage	criteria;	RE,	Romhilt-	Estes	point	score	system;	SL,	
Sokolow– Lyon voltage criteria; TTE, transthoracic echocardiogram

F I G U R E  2 Comparison	of	left	
ventricular ejection fraction (LVEF) of 
muscular dystrophy patients with versus 
without left bundle branch block (LBBB) 
(a), and in patients with versus without 
QRS fragmentation (fQRS) (b)
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Nichols,	et	al.,	2020)	We	acknowledge	that	ECG-	LVH	could	be	repre-
sentative of interstitial and ion channel remodeling in the absence of 
myocyte	hypertrophy.	(Aro	Aapo	&	Chugh,	2016)	With	regard	to	the	
indication	of	LA	enlargement	by	ECG,	previous	studies	have	shown	
that the level of specificity could prove useful for confirmation of 
indications by imaging but not for diagnosis, similar to our findings 
with	ECG-	LVH.	(Ng	et	al.,	2020;	Tsao	et	al.,	2008).

Left bundle branch block was an important ECG morphology 
identified in patients with DMD and DM1 given the high probabil-
ity of a subsequent diagnosis of cardiomyopathy. Though LBBB was 
primarily indicated in patients with DM1, patients with DMD were 
likely also represented due to their advanced progression of heart 
disease.	 (Nikhanj,	Yogasundaram,	et	al.,	2020)	Patients	with	DM1	
were distinguishable given their high prevalence of conduction dis-
ease and incidence of arrhythmias, as shown in previous research. 
(Benhayon et al., 2015; Nikhanj, Miskew- Nichols, Sivakumaran, 
et	 al.,	 2019;	 Nikhanj,	 Sivakumaran,	 Yogasundaram,	 et	 al.,	 2019)	
Given that QRS interval progression has been shown to correlate 
with reduced LV systolic function,40 CRT remains an important ther-
apy to restore ventricular synchrony in the setting of LBBB, which 
can be supported with beta- blocker therapies in patients with ven-
tricular tachyarrhythmias, as we have previously investigated in 

patients with DM1. (Nikhanj, Sivakumaran, Yogasundaram, et al., 
2019)	 The	 severity	 and	progression	of	 conduction	disease	 in	 pa-
tients with DM1 correlate with age and with the quantity CTG re-
peats, which supports the supplementation of demographics and 
genetic testing into the risk stratification of patients with DM1 
in addition to baseline ECG analysis. (Groh et al., 2002; Nazarian 
et	 al.,	 2011)	 As	 we	 observed,	 cardiac	 conduction	 abnormalities	
were less prevalent than structural abnormalities in patients with 
BMD	and	LGMD.	(Petri	et	al.,	2015)	Patients	with	dystrophinopa-
thies did present with uniquely abnormal R- wave progression, and 
the various patterns assessed could serve to confirm a diagnosis 
of a dystrophinopathy given their high specificity. Furthermore, 
cardiomyopathy	secondary	to	FSHD	remains	variably	reported	and	
any positive findings have included atrial arrhythmias and atrioven-
tricular conduction delays, though electrophysiological assessment 
of	FSHD	patients	in	our	study	cohort	was	unremarkable.	(Nikhanj,	
Yogasundaram, et al., 2020).

We note that our study presents a MD cohort with a high prev-
alence	 of	 first-	degree	 AVB	 and	 LAFB	 consistent	 with	 conduction	
disease	 in	MD	patients.	 (Mathieu	et	al.,	1999)	Our	clinic	has	been	
established and optimized with regional primary care physicians to 
enroll patients with MD at early stages of their disease course, which 

F I G U R E  3 Assessment	of	variations	of	R-	wave	progression	to	differentiate	dystrophinopathies	from	other	types	of	muscular	dystrophy	
using	sensitivity	(SE),	specificity	(SP),	positive	predictive	value	(PPV),	and	negative	predictive	value	(NPV)	of	12-	lead	electrocardiogram	
morphology such as a RV1 greater than RV2 (a), an R/S ratio in V1 greater than 1.00 (b), an R/S ratio in V1 greater than 1.50 (c), an R/S ratio 
in V2 greater than 1.00 (d), and an R/S ratio in V2 greater than 1.50 (e)
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is critical to the management of rapidly progressing conduction dis-
ease and incidence of arrhythmias. Importantly, VT is common in 
patients with DMD and DM1 including the risk of sudden cardiac 
death, which can be mitigated through the use of prophylactic device 
intervention as provided to our patients. (Nikhanj, Miskew- Nichols, 
Sivakumaran,	 et	 al.,	 2019;	 Nikhanj,	 Sivakumaran,	 Yogasundaram,	
et	al.,	2019;	Nikhanj,	Yogasundaram,	et	al.,	2020).

QRS fragmentation has been described as a marker for car-
diac	fibrosis	and	a	prognostic	 indicator	of	MACE	in	patients	with	
heart	disease.	 (Das	Mithilesh	et	al.,	2008;	Haukilahti	et	al.,	2016;	
Terho	et	al.,	2014)	Given	that	fQRS	is	representative	of	heteroge-
nous ventricular activation and structural heart disease in tradi-
tional cohorts of heart disease, it is reasonable to conclude that 
MD	patients	exhibiting	this	morphology	presented	with	advanced	
structural heart disease, as reflected in the high probability of car-
diac	outcomes	in	our	patients	with	fQRS.	(Haukilahti	et	al.,	2016)	
Considerations of fQRS have previously been applied to patients 
with DMD as a representation of regional wall motion abnormal-
ities, and as an early indicator of adverse cardiac remodeling in 
these patients. (Cho et al., 2017; Yoo et al., 2017) We believe that 
this concept can be applied to our broader MD cohort considering 
its prevalence and the associated reduction in LV systolic func-
tion. Importantly, fQRS has been shown to be a reliable indicator 
of adverse cardiac remodeling in the presence of confounding ECG 
findings, which is relevant to our cohort given the high prevalence 
of conduction abnormalities. (Strauss David et al., 2008) The iden-
tification of fQRS in patients with MD upon ECG assessment is 
therefore important for prompting cardiac imaging, therapeutic 
intervention, and active monitoring.

4.1  |  Study limitations

We acknowledge the limitations of our investigation. Due to our 
modest cohort size, we were unable to complete a thorough sub-
group analysis to compare the prevalence of the aforementioned 
ECG features and serial parameter changes between the different 
types of MD. We recognize the importance of serial monitoring of 
cardiac electrophysiology in patients with DM1 due to the progres-
sion of conduction abnormalities and associated reduction in LV 
function, high incidence of arrhythmias, and risk of sudden cardiac 
death. (Groh et al., 2002; Nikhanj, Miskew- Nichols, Sivakumaran, 
et	al.,	2019)	Taking	a	rigorous	approach	to	the	serial	quantification	
of atypical ECG parameters would be of strong consideration for fu-
ture studies. Our analysis of ECG morphology provided important 
insights	 into	 cardiomyopathy	 and	 the	 limitations	 of	 ECG-	LVH	 in	
these patients but did not specifically evaluate electrocardiogram- 
indicated	right	ventricular	hypertrophy	(ECG-	RVH).	Given	the	high	
burden	of	respiratory	disease	in	patients	with	MD,	ECG-	RVH	may	be	
indicative of pulmonary hypertension or chronic obstructive pulmo-
nary disease in these patients and these indications would be con-
ducive to the multidisciplinary care of these patients. (Chen et al., 
2018; Nikhanj, Yogasundaram, et al., 2020).

5  |  CONCLUSION

Our investigation demonstrates the clinical utility of ECG and the 
importance of identifying baseline ECG morphologies such as LBBB 
and fQRS to facilitate active monitoring, further cardiac assessment 
through imaging modalities, and therapeutic response in patients 
with	various	types	of	MD.	We	have	also	demonstrated	that	ECG-	LVH	
through the use of conventional criteria is of minimal clinical utility in 
these patients and that serial monitoring of intervals is not an effec-
tive methodology for stratifying MD patients for cardiomyopathy.
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