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Patients with type 1 myotonic dystrophy show reduced left ventricular systolic function in
the presence of left bundle branch block due to electromechanical dys-synchrony. Our
prospective study tracked a cohort of 64 type 1 myotonic dystrophy patients that demon-
strated a high burden of atrial and ventricular arrhythmias and conduction delays. Of
these patients, 12 (19%) patients had left bundle branch block, which was associated with
reduced left ventricular systolic function. Eight of these patients received cardiac resynch-
ronization therapy devices resulting in reduction of median QRS complex duration from
173 to 166 ms (p = 0.04), and improvement in median left ventricular ejection fraction
from 37% to 46% (p = 0.007). In conclusion, cardiac resynchronization therapy device
therapy is both feasible and effective in treating advanced cardiac disease in this vulnera-
ble group of patients by improving left ventricular function. © 2019 Elsevier Inc. All
rights reserved. (Am J Cardiol 2019;124:1770−1774)
ardiology, Department of Medicine, Faculty of Medicine

iversity of Alberta, Edmonton, Canada; bMazankowski

itute, University of Alberta, Edmonton, Canada; and cDi-

gy, Department of Medicine, Faculty of Medicine and

ity of Alberta, Edmonton, Canada. Manuscript received

sed manuscript received and accepted August 26, 2019.

ersity Hospital Foundation, University of Alberta (Edmon-

ital (Grant number: 41769).

for disclosure information.

g author: Tel: 780-407-8569; fax: 780-407-6452.

s: gavin.oudit@ualberta.ca (G.Y. Oudit).

www.ajconline.orgElsevier Inc. All rights reserved.

1016/j.amjcard.2019.08.039
In patients without type 1 myotonic dystrophy (MD1),
conduction disease including left bundle branch block
(LBBB) leading to electromechanical dys-synchrony, has
prognostic implications due to its association with systolic
dysfunction and adverse outcomes.1,2 Use of pacemakers
and implantable cardiac defibrillators (ICDs) in MD1
patients is driven by the high burden from conduction disease
and ventricular arrthymias.3−10 Cardiac resynchronization
therapy (CRT) is standard therapy for patients with LBBB
and reduced left ventricular ejection fraction (LVEF) ≤35%,
and a prolonged QRS complex duration, who remain in New
York Heart Association functional classes II and III, despite
optimal medical therapy.11−13 Specialized and unique patient
cohorts not included in clinical trials may also benefit from
CRT. We performed a prospective cohort study of patients
with MD1 to assess the presence of LBBB and systolic dys-
function, and the response to CRT.
Methods

Patients were seen at the Neuromuscular Multidisciplin-
ary (NMMD) Clinic located at the Kaye Edmonton Clinic in
Alberta, Canada, where they received specialized care from
a team of cardiologists, neurologist, respirologists, and phys-
iatrists in conjunction with allied health care professionals. A
cohort of 64 patients diagnosed with genetically confirmed
MD1 were recruited and followed for approximately 4 years,
from May 20, 2015 to April 1, 2019. Patients provided
informed, written consent before their enrolment into our
prospective cohort study. Our study maintains ethical
approval and abides by the guidelines of the Health Research
Ethics Board at the University of Alberta.

LBBB was defined as QRS duration >120 ms in addition
to conventional criteria, defined as mid QRS notching or
slurring in 2 of the following leads (I, aVL, V1, V2, V5, and
V6), QS or rS in V1, and a monophasic R with no q waves in
I and V6. MD1 patients were separated into 2 cohorts based
on the presence of LBBB (12 patients), or the absence of
LBBB (52 patients). Demographic data, clinical profile, bio-
chemical testing, electrocardiogram (ECG), Holter monitor-
ing, and transthoracic echocardiogram were prospectively
collected to create detailed patient profiles. Eight patients
with LBBB who received CRT devices over the course of
the study were evaluated by serial 12-lead ECGs and echo-
cardiograms obtained during the subsequent follow-up visit
to evaluate the effectiveness of the device intervention in this
patient cohort.

Continuous data are presented as median values with inter-
quartile ranges and categorical data are presented as quantity
with a percentage. All continuous variables analyzed were
compared using a Mann-Whitney U test, and all categorical
data were compared using Pearson’s chi-square tests. A
p <0.05 was considered significant through all statistical
analysis. Statistical analyses were conducted using SPSS
Statistics Version 25 (IBM, NY).
Results

The LBBB cohort represented 19% of our MD1 patients
(Table 1; Figure 1). Clinical features were comparable
between the non-LBBB and LBBB cohorts with the latter
group being slightly older (Table 1). Respiratory abnormal-
ities, such as sleep-disordered breathing, were common in
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Table 1

Clinical characteristics our cohort with type 1 myotonic dystrophy (MD1)

Variable MD1 Without

Left Bundle

Branch Block

(n = 52)

MD1 With

Left Bundle

Branch Block

(n = 12)

p value

Men/women 26 (50%)/26 (50%) 7 (58%)/5 (42%) 0.60

Median age (years) 42 (33-50) 47 (43-59) 0.049

Dyslipidemia* 7 (14%) 0

Diabetes 5 (9.6%) 1 (8.3%) 0.89

Respiratory disease 13 (25%) 2 (17%) 0.54

Sleep disordered

breathing

12 (23%) 6 (50%) 0.06

Hypertensiony 3 (5.8%) 1 (8.3%) 0.74

Mobility aids 8 (15%) 4 (33%) 0.38

Non-invasive ventilation 7 (14%) 3 (25%) 0.32

Heart rate (bpm) 71 (64-84) 70 (60-75) 0.37

Systolic blood

pressure (mmHg)

114 (110-123) 108 (101-123) 0.23

Diastolic blood

pressure (mmHg)

75 (70-80) 70 (61-73) 0.009

*Dyslipidemia defined as low-density lipoprotein cholesterol ≥ 3.5 mmol/L

or non−high-density lipoprotein cholesterol ≥4.3 mmol/L.
yHypertension defined as systolic blood pressure >130 mm Hg or dia-

stolic blood pressure > 89 mm Hg.

Table 2

Cardiac assessment of our cohort with type 1 myotonic dystrophy (MD1)

Modality MD1 Without

Left Bundle

Branch Block

(n = 52)

DM1 With

Left Bundle

Branch Block

(n = 12)

p value

12-Lead ECG

Heart rate (bpm) 69 (63-81) 64 (63-71) 0.40

PR interval (ms) 192 (176-210) 217.5 (203-235) 0.03

QRS duration (ms) 104 (92-108) 156 (141-171) <0.001
QTc interval (ms) 410 (391-431) 440 (422-488) 0.004

First-degree atrioventricular

block

10 (19%) 5 (42%) 0.10

Left Anterior fascicular block 8 (15%) 12 (100%)

Echocardiogram

Left ventricular internal

dimension at

end-diastole (cm)

4.2 (3.9-4.5) 5.0 (4.7-5.6) 0.001

Left ventricular internal

dimension at

end-systole (cm)

2.8 (2.6-2.9) 3.4 (2.9-4.5) 0.003

Left ventricular posterior

wall thickness at

end-diastole (cm)

0.9 (0.7-1.0) 0.9 (0.7-1) 0.51

Left ventricular ejection

fraction (%)

60 (58-61) 40 (35-45) <0.001

Left ventricular mass

index (g/m2)

63 (55-73) 88 (67-118) 0.017

Tricuspid annular plane

systolic excursion (mm)

2.1 (1.8-2.4) 2.2 (1.9-2.4) 0.87

Right ventricular systolic

pressure (mmHg)

24 (18-27) 20 (17-23) 0.40

Right ventricle size Normal 3 Hypertrophic

Right ventricular systolic

function

1 Reduced 2 Reduced
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this group of patients (Table 1). In the non-LBBB cohort,
12-lead ECG assessment showed normal QRS duration and
minor prolongation of the PR interval (Table 2). First-
degree atrioventricular block and left anterior fascicular
block were common diagnoses (Table 2). Echocardiogra-
phy showed normal LV dimensions and normal systolic
function; right ventricular size and function were unremark-
able (Table 2). Atrial fibrillation or flutter was detected in
14% of patients and by this study’s conclusion, 2 patients
had received permanent pacemakers for secondary prophy-
laxis. Additionally, 2 patients had a dual chamber ICD
inserted due to symptomatic ventricular tachycardia (VT)
and cardiac arrest.

In contrast, 12-lead ECGs of patients in the LBBB cohort
showed prolonged PR intervals with a high incidence of
first-degree atrioventricular block in association with wid-
ened QRS duration (Table 2). Echocardiogram data of the
LBBB cohort showed signs of eccentric hypertrophy with
LV dilation with modest involvement of the right ventricular
(Table 2). LV systolic function was markedly reduced
(Table 2). Cardiac magnetic resonance imaging was
Figure 1. Appropriate use of cardiac resynchronization therapy in patients

with type 1 myotonic dystrophy.
performed in 4 patients confirming LV systolic dysfunction
with only 1 patient showing myocardial fibrosis as identified
by late gadolinium enhancement. Atrial fibrillation or flutter
was detected in 3 patients, and VT in 4 patients (4 of 12,
33%) with reduced systolic function (median LVEF = 46%
[interquartile range 43% to 46%]). At the initiation of this
study, 1 patient previously had a dual chamber implantable
cardiac defibrillator implanted due to a history of recurrent
VT, and 3 patients had pacemakers as secondary prophylaxis
for bradyarrhythmias.

Five male and 3 female LBBB patients received a CRT
device (Figure 1). Device implantation was successful in all
8 patients without complications, and all patients were dis-
charged on the same day of the surgery. Two patients with
existing pacemaker devices, and 2 patients with existing
ICDs were upgraded to CRT-defibrillator (CRT-D) devices;
4 patients received de novo CRT-pacemaker devices. Within
a 6-month time frame, follow-up 12-lead ECGs showed
biventricular-paced rhythms in all 8 patients, with a signifi-
cant reduction in median QRS complex duration from 173 to
166 ms (p = 0.04; Figures 2 and 3A). Follow-up echocardio-
gram data obtained within 6 months of device implantation
showed a median LVEF increase from 37% to 46%
(p = 0.007; Figure 3B). The implantation of a CRT device in
these patients allowed for the initiation of beta-blocker ther-
apy, which was supported by angiotensin converting enzyme



Figure 2. A representative case showing the initial 12-lead ECG of a 46-year-old male patient with type 1 myotonic dystrophy with first-degree atrioventricu-

lar block and a LBBB with a QRS duration of 194 ms (HR = 78 beats/min, PR = 234 ms) (A) and a follow-up 12-lead ECG after CRT device implantation

showing a biventricular paced rhythm with a QRS duration of 166 ms (HR = 76 beats/min, PR = 175 ms) following CRT device implantation (B). CRT = car-

diac resynchronization therapy, ECG = electrocardiogram, LBBB = left bundle branch block, QRS duration = duration of ventricular depolarization.

Figure 3. Effect of cardiac resynchronization therapy on QRS duration (A) and left ventricular ejection fraction (B) in patients with LBBB. CRT = cardiac

resynchronization therapy, LBBB= left bundle branch block, LVEF = left ventricular ejection fraction, QRS duration = duration of ventricular depolarization.
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inhibitor/angiotensin receptor blocker and mineralocorticoid
receptor antagonist therapies (Figure 4A) and uptitration of
the doses of these medications (Figure 4B), which likely con-
tributed to improved LV function. In contrast, the 4 patients
with LBBB who have not received a CRT device showed a
mild decline in LV systolic function (median decrease in
LVEF = 4%) over the course of this study.
Discussion

Our study demonstrates the effectiveness of CRT device
therapy in a vulnerable group of patients that demonstrates
a high burden of cardiac arrhythmias and conduction abnor-
malities. LBBB is of particular concern as it leads to early
signs of pathological remodeling of the heart due to
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Figure 4. Pharmacological therapy use before and after cardiac resynchronization therapy device intervention (A) and uptitration in conjunction with device

therapy (B). ACEi = angiotensin converting enzyme inhibitor, ARB = angiotensin receptor blocker, MRA =mineralocorticoid receptor antagonist,

MTD =maximum tolerated dose, NA = not applicable.
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electromechanical dys-synchrony.1,2,14 Patients with LBBB
showed eccentric remodeling with increased LV chamber
dimensions and mass associated with moderate LV systolic
dysfunction. In contrast, MD1 patients without LBBB did
not show any indications of pathological remodeling and
LV systolic function was normal. In addition to LBBB,
there was a high prevalence of left anterior fascicular
block in our cohort of patients suggesting early progression
of conduction disease and pathology in patients with MD1
and highlights the important for regular monitoring and
follow-up care. These findings suggest that the establis-
hed relation between systolic dysfunction and LBBB in
traditional non-MD1 patients can be applied to MD1
patients.2,12,15,16

Studies in the traditional non-MD1 heart failure patients
with reduced LVEF (LVEF ≤35%) have presented findings
on the pathological effects of electromechanical dys-syn-
chrony and the use of CRT devices to improve clinical out-
comes.1,6,15,17 We have demonstrated that these are
applicable to the MD1 patient population. Although some of
our patients in the LBBB cohort did not have an LVEF
≤35%, CRT devices were implanted on a clinical basis, in
anticipation of patients developing complete heart block,
given the progressive nature of their conduction system dis-
ease.6,13 In contrast to our 8 patients who have received a
CRT device, the 4 LBBB patients who have not received a
CRT device showed a progressive decrease in LV systolic
function, further demonstrating the critical need for CRT
intervention in these patients. We believed that the high
degree of responsiveness to CRT intervention, as indicated
by a marked increase in LVEF, is related to the prolonged
QRS duration of our LBBB patient cohort. Optimizing car-
diac medications, such as b blockers, in MD1 patients is par-
ticularly challenging due to the high risk of bradyarrhythmias
in MD1 patients.18 CRT device therapy allows the initiation
and uptitration of beta-blocker therapy. Uptitration of the
doses of angiotensin converting enzyme inhibitor/angiotensin
receptor blocker was facilitated by improved blood pressure
likely driven by larger stroke volume in the setting of
increased ejection fraction. Additionally, we considered the
high risk of ventricular tachyarrhythmias in our MD1 patient
cohort, and the associated risk of SCD due to VT.5,7,8 The use
of CRT devices with an ICD (CRT-D) is an effective device
therapy in these patients. Four of our patients with LBBB and
recurrent VT were upgraded from their standard pacemakers
or ICDs to CRT-D devices.

The presence of respiratory disease and inspiratory mus-
cle weakness in patients with MD1 provides an additional
challenge for device implantation. Respiratory therapy was
involved in monitoring and providing noninvasive ventila-
tion during the procedure. Device implantation was appro-
priate and safe in all patients. We have demonstrated that
LBBB is a marker of advanced cardiac disease in patients
with MD1, as is accepted for traditional non-MD1 patients.
We have also demonstrated that CRT device use is both fea-
sible and effective in this patient population. Our screening
of conduction disease in this vulnerable group of patients
now incorporates a routine 12-lead ECG as part of the clini-
cal assessment in the NMMD clinic. We believe CRT
device use to be an asset when treating this nontraditional
group of patients. Although our sample size is modest, we
continue to recruit patients with muscular dystrophy to the
NMMD clinic, thereby expanding the size of our patient
cohort.
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