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Increased heterogeneity of ventricular
repolarization in myotonic dystrophy type 1
population
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Sudden cardiac death in myotonic dystrophy type I (DM1) pa-
tients can be attributed to atrioventricular blocks as far as to
the development of life-threatening arrhythmias which occur
even in hearts with normal left ventricular systolic and diastolic
function. Heterogeneity of ventricular repolarization is consid-
ered to provide an electrophysiological substrate for malignant
arrhythmias. QTc dispersion (QTc-D), JTc dispersion (JTc-D)
and transmural dispersion of repolarization (TDR) could reflect
the physiological variability of regional and transmural ventric-
ular repolarization. Aim of the present study was to investigate
the heterogeneity of ventricular repolarization in patients with
DM1 and preserved diastolic and systolic cardiac function. The
study enrolled 50 DM1 patients (mean age 44 + 5 years; M:F:
29:21) with preserved systolic and diastolic function of left ven-
tricle among 247 DM1 patients followed at Cardiomyology and
Medical Genetics of Second University of Naples, and 50 sex-
and age-matched healthy controls. The electrocardiographic
parameters investigated were the following: Heart Rate, QRS
duration, maximum and minimum QT and JT intervals, QTc-
D, JTc-D and TDR.

Compared to the controls, the DM1 group presented increased
values of QTc-D (86.7 + 40.1 vs 52.3 + 11.9 ms; p = 0.03), JTc-D
(78.6 = 31.3 vs 61.3 + 10.2 ms; p = 0.001) and TDR (101.6 + 18.06
vs 90.1 + 14.3 ms; p = 0.004) suggesting a significant increase
in regional and transmural heterogeneity of the ventricular re-
polarization in these patients, despite a preserved systolic and
diastolic cardiac function.
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Introduction

Myotonic dystrophy type 1 (DM1), or Steinert dis-
ease, is an autosomal dominant disorder with an esti-
mated incidence of 1:8000 births, caused by an abnor-
mal expansion of an unstable trinucleotide repeat in
the 3’ untranslated region of DMPK gene on chromo-
some 19 (1). DM is characterized by highly variable
clinical manifestations that affect specific tissues, such
as distal limb and facial muscles, smooth muscles (gas-
trointestinal tract, uterus), the eye (primarily the lens),
the brain (especially the anterior temporal and frontal
lobes), and the endocrine function (testosterone defi-
ciency, abnormal growth hormone regulation, insulin
resistance, thyroid dysfunction). Cardiac involvement is
noticed in about 80% of cases, often preceding the skel-
etal muscle one (2), especially in men (3). Heart block
is the first and most clinically significant cardiac disease
in this group of patients and it is related to fibrosis of
the conduction system and fatty infiltration of the His
bundle (4). Heart failure occurs late in the course of the
disease as the final stage of a progressive dilated cardio-
myopathy. In muscular dystrophies with rapid evolution
such as Duchenne muscular dystrophy, the treatment
with steroids is currently considered “the gold standard”
therapy able to delay the progression of the myocardial
fibrosis (5); however some studies on animal models
demonstrated an harmful effect of long-term deflazacort
treatment on the phenotype rescued by gene therapy (6).
An early onset of heart failure may occur in relation to
the electromechanical delay caused by both intra- and
inter-ventricular asynchrony, successfully treated with
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cardiac resynchronization therapy (7, 8). Ventricular
arrhythmias are common findings in muscular dystro-
phies (9, 10). In patients with DM1, sudden cardiac
death (SCD) is attributed not only to atrio-ventricular
blocks, but also to the development of life-threatening
arrhythmias which may occur even in the presence of
normal left ventricular systolic function (11). SCD in
patients with DM1 has not received sufficient recog-
nition in the literature, and its mechanism remains of
great interest. QTc dispersion (QTc-D), JTc dispersion
(JTc-D) and transmural dispersion of repolarization
(TDR) have been proposed as noninvasive methods to
measure the regional and transmural heterogeneity of
ventricular repolarization (12). Aim of the present study
was to investigate the heterogeneity of regional and
transmural ventricular repolarization in DM1 patients
with preserved cardiac systolic function, by examining
the above mentioned electrocardiographic parameters
(QTc-D, JTc-D and TDR).

Patients and methods

Patients selection

Among the 247 DM1 patients regularly followed at
the Cardiomyology and Medical Genetics of the Second
University of Naples, 50 (29M:21F) — with a mean age of
44 + 5 years and preserved cardiac systolic function, were
consecutively enrolled to participate in the study. Fifty
sex- and age-matched healthy subjects were also recruited
as controls. Patients with a history of hypertension (sys-
tolic/diastolic blood pressure > 140/90 mmHg), diabetes
or impaired glucose tolerance (IGT), anaemia, electrolyte
imbalance, valvular heart disease, heart failure, coronary
artery disease, bundle branch block or atrio-ventricular
conduction abnormalities, and previous arrhythmic epi-
sodes were excluded from the study.

All patients were in sinus rhythm and not taking
medications known to affect electrocardiographic inter-
vals such as antiarrhythmic agents, tricyclic antidepres-
sants, antihistaminics or antipsychotics.

The diagnosis of Steinert disease, firstly based on
family history and clinical evaluation, was subsequently
confirmed by evaluating the CTG triplet expansion. The
study was conducted according to the declaration of Hel-
sinki.

Study protocol

Medical history, physical examination, anthropomet-
ric evaluation, 12-lead surface ECG, 2D color Doppler
echocardiogram and ECG Holter monitoring were per-
formed in all patients, who were rested for at least 15 min

before cardiovascular assessments, including electrocar-
diography and echocardiography.

Electrocardiographic measurements

All subjects underwent a standard 12-lead body
surface ECG, recorded at a paper speed of 50 mm/s
and a gain of 10 mm/mV in the supine position, and
were invited to breath freely but not to speak during the
ECG recording. To avoid diurnal variations, the ECG
recordings were generally performed between 9:00 to
10:00 a.m. The analysis of the tracing was performed by
the same investigator, who ignored the subjects’ clinic
status. ECGs were transferred to a personal computer
by an optical scanner and then magnified 400 times by
Adobe Photoshop software (Adobe Systems Inc., San
Jose, CA). QRS duration, QT interval and JT interval
were evaluated with the use of a computer software
(Configurable Measurement System) using digitizer
34180 (Calcomp, Anaheim, CA, USA). The variability
of the measurements was 0.36 + 4 ms (not statistically
significant). In each electrocardiogram lead, the analysis
included 3 consecutive heart cycles, whenever possible.
Leads were excluded from the analysis when the end of
the T-wave was not clearly distinguishable, or in case
of poor quality signal. The QRS interval was measured
from the start of the Q wave, or, in the absence of the Q
wave, from the start of R wave to the end of S wave (re-
turn to the isoelectric line). The QT interval was meas-
ured from the initial deflection of the QRS complex to
the end of the T wave (return to the isoelectric line).
In case of T waves not reliably determined, isoelectric
or of very low amplitude, the measurements were not
done and the leads excluded from the analysis. When
the U wave was present, the QT was measured to the
nadir of the curve between the T and U waves. QTd
was determined as the difference between the maximal
and minimal QT value in all leads (13). The JT interval
was derived by subtracting the QRS duration from the
QT interval. JTd was defined as the difference between
the maximal and the minimal JT value in all leads. All
measurements were corrected for heart rate using the
Bazett’s formula (QTc = QT/YRR; JTc = JT/YRR). TDR
was defined as the interval between the peak and the end
of the T-wave (14, 15). For the present study, we con-
sidered only the values of TDR measured in the precor-
dial leads, because it has been suggested that these leads
more accurately reflect transmural dispersion of repo-
larization (16).

Echocardiographic measurements

All echocardiographic examinations were performed
using a standard ultrasound machine with a 3.5-MHz
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phased-array probe (M3S). All patients were examined
in the left lateral and supine positions by precordial M-
mode, 2-Dimensional and Doppler echocardiography.
One lead ECG was recorded continuously. Left ven-
tricular end-diastolic diameter (LVEDD), left ventricular
end-systolic diameter (LVESD), interventricular septum
end-diastolic thickness (IVSEDT) and left ventricular
posterior wall end-diastolic thickness (LVPWEDT) were
measured from M-mode in the parasternal long-axis
views, according to the SOPs of the American Society
of Echocardiography. Left ventricular mass (LVM) was
calculated by using the Devereux’s formula, and indexed
for body surface area and height. Left atrium diameter
(LAD) was measured during the systole along the par-
asternal long-axis view from the 2-dimensional guided
M-mode tracing. Left Atrial (LA) length was measured
from the apical 4-chamber view during systole. The maxi-
mum LA volume (LAV) was calculated from the apical 4-
and 2-chamber zoomed views using the biplane method
of disks. The ejection fraction (EF) was measured using
a modified Simpson biplane method. Each representative
value was obtained by the average of 3 consecutive meas-
urements. The pulsed-wave Doppler examination was
performed to obtain the following indices of Left Ven-
tricle (LV) diastolic function: peak mitral inflow veloci-
ties at early (E) and late (A) diastole and E/A ratio. The
average values of these indices, obtained by 5 consecutive
cardiac cycles, were used for the analysis.

Statistical analysis

The continuous variables are expressed as mean +
standard deviation. The statistical analysis was performed
using the Student’s t-test for unpaired data. P-values
< 0.05 were considered as statistically significant. The
association between two variables was investigated by
the Pearson’s simple correlation. The analyses were per-
formed using the SPSS 11.0 software for Windows SPSS
Inc. (Chicago, IL, USA).

Results

The clinical and echocardiographic characteristics
of the study population are summarized in Table 1. The
DM1 group did not significantly differ from the healthy
control group in body mass index (BMI), heart rate or
blood pressure. No significant differences in LVPWEDT,
IVSEDT, LVEDD, LVESD, LVM/height, LV shortening
fraction (SF), LVEF and E wave, A wave or E/A ratio
were also observed between the two groups.

The electrocardiographic characteristics of the study
population are shown in Table 2. Compared to the healthy
controls, patients with DM1 presented increased values
of QTc-D (86.7 £40.1 vs 52.3 £ 11.9 ms; p = 0.03), JTc-

D (78.6 £ 31.3 vs 61.3 + 10.2 ms; p = 0.001) and TDR
(101.6 = 18.06 vs 90.1 + 14.3 ms; p = 0.004) (Fig. 1).
The intra-observer variability of QTc-D, JTc-D and TDR
measurements was 7 = S5 ms, 5 + 2 ms, and 4 = 2 ms,
respectively. No statistically significant correlation was
found between the parameters QTc-D, JTc-D, TDR, BMI
(p=0.3),LVM (p=0.4) and EF (p =0.2).

Table 1. Clinical and echocardiographic characteristics
of the study population.

DM1 Control

patients group P
Patients (n) 50 50
Age (years) 44 £ 5 44 £ 5 n.s.
BMI (Kg/m2) 21+ 4 20+ 5 0.2
Sex (male/female) 29/21 29/21
SBP (mmHg) 120.5 + 11 119+ 13 0.5
DBP (mmHg) 717 +6 68.5+9 0.3
HR (bpm) 758+42 | 749+55 | 0.3
PR interval (ms) 188 + 11 179+18 | 0.2
QRS duration (ms) 92 + 13 95 = 10 0.3
EF (%) 60.4 + 7.1 626+4.2 | 0.2
SF (%) 333+52 | 338+43 | 0.3
LVEDD (mm) 435+82 | 433+64 | 0.2
LVESD (mm) 253 + 3.1 26.3+27 | 04
IVSEDT (mm) 87+15 9+1.2 0.5
LVPWEDT (mm) 9.7+13 89+18 0.3
LVM/H 2.7 (g/m 2.7) 355+9 324 +8 0.2
E wave (cm/s) 78.3+11.3]80.3+145| 0.2
A wave (cm/s) 56.4+73 | 575+85 | 04
E/A ratio 1.4+05 15+06 0.3
BMI: body mass index; SBP: systolic blood pressure; DBP:
diastolic blood pressure; HR: heart rate; EF: ejection fraction;
SF: shortening fraction; LVEDD: left ventricular end diastolic di-
ameter; LVESD: left ventricular end systolic diameter; IVSEDT:
interventricular septal end diastolic thickness; LVPWEDT: left
ventricular posterior wall end diastolic thickness; LVM/H: left
ventricular mass/height.

Table 2. Electrocardiographic characteristics of the
study population.

Parameters MD1 group | Control group | P
HR (bpm) 758 +4.2 749 +55 0.3
QRS max (ms) 120+ 5.4 108.7 £ 5.5 0.5
QRS min (ms) 87.6 +21.3 69.5+84 0.2
QTc max (ms) | 401.4+43.5 | 406.1 =471 0.4
QTcmin(ms) | 377.9+70.8 | 3825 +29.3 0.7
QTc-D (ms) 86.7 + 40.1 523 +11.9 0.03
JTc max (ms) | 345.3+26.05| 3385+254 | 0.2
JTc min (ms) 2515+ 20.6 2595+ 155 0.7
JTc-D (ms) 78.6 +31.3 61.3+10.2 |0.001
TDR (ms) 101.6 + 18.06 | 90.1 + 14.3 | 0.004
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Electrocardiographics findings

[ mDM1 Group m Control Group
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Figure 1. Differences (mean values) in dispersion of
ventricular repolarization (QTc-d; JTc-d; TDR) between
the DM1 group and the healthy control group.

Discussion
Cardiac arrhythmias

Conduction defects are the most prevalent cardiac ab-
normalities observed in patients with DM1, and occur in
40% of them. Type 1 atrio-ventricular block has the high-
est prevalence (28.2%), followed by left bundle branch
block (5,7%) and right bundle branch block (4.4%). The
prevalence of a QRS > 120 ms and a QTc > 440 ms is
19.9% and 22%, respectively (17). Ventricular premature
complex is the most prevalent arrhythmia (14.6%). Ven-
tricular tachycardia (VT) and ventricular fibrillation (VF)
may also occur. Paroxysmal supra-ventricular tachy-ar-
rhythmias such as atrial fibrillation, atrial flutter, atrial
tachycardia are a common finding on 12 lead ECG or
24 hour Holter monitoring, with a prevalence up to 25%
in patients, often asymptomatic. Atrial tachycardias are
observed in up to 7.3% of patients, both as unsustained
and sustained forms. Atrial fibrillation/flutter (AF/AFI)
frequently occurs with percentages up to 17% (18, 19).

We have previously shown that AF episodes are more
frequently observed in DMI patients who underwent
pacemaker implantation, with a high percentage of right
ventricular pacing and a low percentage of atrial stimula-
tion (20). We have also observed that the right atrial septal
stimulation in the Bachmann’s bundle region is a safe and
feasible procedure (21); in fact it allows less atrial pacing
and sensing defects (22) as far as less R-wave oversens-
ing on the atrial lead (23), compared to the right atrial ap-
pendage stimulation. However it is unable to prevent par-
oxysmal episodes of AF (24). Moreover, we have shown
that the atrial pacing is an efficient algorithm to prevent

AF episodes (25, 26) and to reduce AF burden (27) in pa-
tients with atrioventricular conduction disorders implanted
with a dual-chamber pacemaker, as it is able to prevent the
onset and perpetuation of atrial fibrillation and to reduce
the number of atrial premature beats and P-wave disper-
sion (PD) (28).

Indexes of electrocardiographic arrhythmic risk

Compared to other cardiological conditions or car-
diomyopathies, little is known about the mechanisms
and electrocardiographic predictors of ventricular
and supraventricular tachyarrhythmias in DM1 pa-
tients (29-49).

P wave dispersion (PD), a non invasive indicator
of intra-atrial conduction heterogeneity producing the
substrate for the re-entry known as a pathophysiologi-
cal mechanism of atrial fibrillation, has been evaluated
in conditions such as obesity (30), beta-thalassemia ma-
jor (31, 32) and Emery-Dreifuss muscular dystrophy (33).
We have recently shown (34) that DM1 patients with AF
episodes have a statistically significant increase in PD
and Pmax compared to those without arrhythmias, con-
firming that P-wave dispersion may be a simple electro-
cardiographic parameter to identify patients at high risk
of atrial fibrillation.

QTec dispersion (QTcD), JTc dispersion (JTcD) and
TDR have been proposed as noninvasive methods to eval-
uate the transmural and regional heterogeneity of ventric-
ular repolarization.

An increased dispersion of ventricular repolariza-
tion is considered to provide the electrophysiological
substrate for life-threatening ventricular arrhythmias in
several clinical conditions such as dilated cardiomyopa-
thy (35), obesity (36, 37), beta-thalassemia major (38),
severe aortic coarctation (39, 40) and Emery-Dreifuss
muscular dystrophy (10, 41, 42).

Park et al. (43) suggested that the high incidence
of SCD observed in the DM1 population is associated
with prolonged QTc intervals in these patients. Magri
et al. (44) showed a significant difference in the QT
variability index (QTVI) between DM1 patients and
healthy controls; according to their results, QTVI and
age are independently associated with PR interval and
CTG repeats.

Heart Rate Variability (HRV) is a reliable index to as-
sess sympathovagal balance, used to stratify the arrhyth-
mic risk in several clinical conditions (45-53); however
previous studies on autonomic modulation of heart rate in
DM1 patients have obtained conflicting results (54-57).

The atrial electromechanical delay (AEMD) dura-
tion is the sum of impulse propagation from sinus node
to the atria and the atrial electromechanical coupling
duration (58). Previous studies evaluated the predictive
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role of intra-left atrial electromechanical delay in the re-
currence of paroxysmal atrial fibrillation in some clinical
conditions (59-62). In a recent study evaluating the AE-
MD in a DM1 population with normal cardiac function
and its relationship with the AF onset, intra-left-AEMD
and inter-AEMD were found to be independent predic-
tors of AF-onset; in particular a cut-off value of 39.2 ms
for intra-left-AEMD had a sensitivity and a specificity
of 90% in identifying patients with AF-risk who need a
careful cardiac monitoring (63-64). Though it is clear that
the arrhythmic risk has a relevant role in the prognosis of
DM1 patients, however little is still known about the elec-
trophysiological substrate of these events and what non-
invasive parameters are useful to stratify this risk (65-69).

Limitations of the study

As 12-lead surface ECG gives an incomplete pic-
ture of cardiac electric activity compared to body surface
mapping or vector cardiography, QTd could not be a true
manifestation of the local repolarization heterogeneity.
Furthermore though QT interval and JT interval were
measured on 12-lead ECGs through a computer software
and digitized by an experienced cardiologist, however, in
the absence of indisputable generally accepted criteria for
the definition of the end of T wave, some degree of error
in measurements can be occurred.

Conclusions

The present study showed a significant increase of
regional and transmural heterogeneity of the ventricular
repolarization in patients with DM1, despite a normal
systolic and diastolic function. These results suggest that
diffuse fibrosis and fat infiltration of initially unaffected
myocardial areas may increase ventricular electrical in-
stability and favor the onset of ventricular malignant
tachy-arrhythmias and sudden cardiac death, even before
the impairment of cardiac function. The results also con-
firm the needs of a continuous cardiological follow-up in
these patients.
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