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Abstract

Background: Paroxysmal atrial tachyarrhythmias occur frequently in myotonic dystrophy type 1 (MD1) patients. Pacemak-
ers, implanted for the treatment of bradyarrhythmias and including detailed diagnostic functions, may facilitate the diagnosis
and management of frequent paroxysmal atrial fibrillation (AF) that may remain undetected during a conventional clinical
follow-up. The effect of right ventricular pacing on AF incidence is still controversial.

Aim: To evaluate the influence of a high percentage of right ventricular pacing on AF in MD1 patients during a 12-month
follow-up period.

Methods: We enrolled in the present study 70 MD1 patients (age 51.3 = 5 years; 32 females) who underwent dual chamber
pacemaker implantation. At 12 months of follow-up, the study population was divided into three groups according to the
percentage of atrial and ventricular stimulation: Group 1, the atrial sensing ventricular sensing group (ASVS; n = 22; age
52 = 7.7; eight female) with a percentage of atrial and ventricular stimulation lower than 50%; Group 2, the atrial sensing
ventricular pacing group (ASVP; n = 24; age 50.5 + 7.6; 13 female) with a percentage of atrial stimulation lower than 50%
and percentage of ventricular stimulation higher than 80%; and Group 3, the atrial pacing ventricular pacing group (APVP;
n = 24; age 56 * 4.3; 11 female) with a percentage of atrial and ventricular stimulation higher than 80%. We counted the
number of episodes of atrial arrhythmia that occurred during the observation period and the duration of each episode.

Results: We found a statistically significant difference in the number and duration of AF episodes between the three groups
at the 12-month follow-up. In particular, there were more episodes (253 = 30 vs. 80 + 27 vs. 53 = 32; p < 0.03) and longer
durations of AF (8,700 = 630 vs. 4,480 = 975 vs. 3,853 = 870 min; p < 0.03) in the ASVP group than in the ASVS group
and the APVP group. Lead parameters remained stable over time and there were no displacements of the electrodes after
implantation.

Conclusions: In a 12-month follow-up comparison, we showed a statistically significant increase in paroxysmal AF episodes
in MD1 patients with a high percentage of right ventricular pacing and a lower percentage of atrial stimulation.
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INTRODUCTION dence of 1in 8,000 births [1, 2]. It is an autosomal dominant
Myotonic dystrophy type 1 (MD1), or Steinert’s disease, is the  disorder caused by an abnormal expansion of an unstable
most common muscular dystrophy in adult life with an inci-  trinucleotide repeat in the 3-prime untranslated region of the
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DMPK gene on chromosome 19 [3, 4]. The phenotype is cha-
racterised by myotonia and muscle weakness, but multisystem
involvement is frequent. Cardiac involvement is noticed in
about 80% of cases, and it often precedes the skeletal muscle
one. Heart block is the first and most clinically significant car-
diac disease in this group of patients [5]. To prevent cardiac
sudden death, implantation of a pacemaker (PM) is required
in 3-22% of cases [6, 7]. Paroxysmal atrial arrhythmias (atrial
fibrillation [AF], atrial flutter, atrial tachycardia) frequently occur
in MD1 patients [8, 9]. In our previous study, we showed the
protective effect of atrial preference pacing on paroxysmal AF
incidence in MD1 patients [10]. PM may facilitate the diagnosis
and management of frequent paroxysmal atrial tachyarrhyth-
mias that may remain undetected during conventional clinical
follow-up [11]. There is much clinical evidence [12-14] that
right ventricular (RV) pacing increases the risk of AF in patients
with sinus node disease during a long-term follow up. The aim
of our study was to evaluate the influence of a high percent-
age of RV pacing on paroxysmal AF in MD1 patients during
a 12-month follow-up period.

METHODS
Study population

From a large cohort of 200 patients referred to the Cardiomyo-
logy and Genetic Section of the Second University of Naples,
we studied 70 MD1 patients (age 51.3 = 5; 32 females) with
conduction disorders who underwent dual chamber PM
implantation in our division. A molecular genetic test was
systematically performed in all patients to evaluate the CTG
triplet expansion and to confirm the diagnosis of MD1. DNA
was extracted from peripheral blood samples; the diagnosis
was made in the presence of an expansion of the CTG triplet
over 50. Before implantation of PM, physical examination,
12-lead electrocardiogram (ECC), 24-hour ECG Holter moni-
toring, echocardiogram and cardiac invasive electrophysio-
logical study (EPS) were performed.

We excluded from the study all MD1 patients with patent
foramen ovale, atrial septal aneurysm, severe mitral stenosis or
regurgitation, left atrial enlargement, paroxysmal AF or who had
undergone prior surgery involving the right atrium, coronary
bypass or valvular heart surgery, sick sinus syndrome, or induc-
ible ventricular tachycardia. Subjects with a history of hyper-
tension (systolic and diastolic blood pressure > 140/90 mm
Hg), diabetes mellitus or impaired glucose tolerance, obesity,
electrolyte imbalance, systolic and diastolic dysfunction, con-
nective tissue disorders, hepatic, renal, thyroid diseases, and
sleep disorders were excluded from the study. All patients were
in sinus rhythm, and none of them was taking statins, anticoagu-
lants, antiaggregate medications or medications known to affect
electrocardiographic intervals (antiarrhythmic agents, tricyclic
antidepressants, antihistamines or antipsychotics). All patients
were taking angiotensin-converting enzyme-inhibitors or sar-
tans medications, because it has been shown that these drugs
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reduce myocardial damage and have a protective effect on
cardiovascular remodelling. The indication for PM implantation
was first degree atrioventricular (AV) block with a pathological
infra-Hissian conduction in 20 patients — six patients of the
atrial sensing ventricular sensing (ASVS) group; seven patients
of the atrial sensing ventricular pacing (ASVP) group; seven
patients of the atrial pacing ventricular pacing (APVP) group;
symptomatic type 1 or 2 second degree AV block respectively
in 23 (seven patients of the ASVS group; eight patients of the
ASVP group; eight patients of the APVP group and 25 patients
(seven patients of the ASVS group; nine patients of the ASVP
group; and nine patients of the APVP group); paroxysmal third
degree AV block in two patients (both of the ASVP group). To
minimise confounding variables, with different electrode ma-
terials and interelectrode spacing, the identical model lead was
used in all the patients. Similarly, PMs with identical behaviour
and telemetric capabilities were used to assure accuracy in
comparing measurements between patients.

The study was conducted according to the Declaration
of Helsinki. Written informed consent was obtained from the
patients before an implant, as approved by the institution’s
medical ethical committee.

Pacemaker system and programmed parameters
We used the standard technique for the implantation of
a dual-chamber PM system (Medtronic Kappa D901, or
Adapta ADDRO1, Medtronic Inc., Minneapolis, MN, USA),
performing percutaneous subclavian vein cannulation in all
cases. First, the RV lead (Medtronic 4074 CapSure Sense)
was positioned in the apex under fluoroscopic guidance.
All MD1 patients received the bipolar atrial screw-in pacing
lead CapSureFix® 5076 (Medtronic Inc., Minneapolis, MN,
USA). The atrial pacing lead was positioned in the right atrial
appendage or on the right side of the interatrial septum in
the region of Bachmann'’s bundle, according to the optimal
site defined as the location with lowest pacing and highest
sensing thresholds. To minimise atrial lead oversensing, the
sensitivity configuration was bipolar. The devices were pro-
grammed in DDD or AAI-DDD mode with an AV delay of
120/150 ms. The lower rate was set to 50 bpm, the upper rate
to 120 bpm. Mode switches were programmed to occur for
atrial rates > 200 bpm persisting for more than 12 ventricular
beats. All the special algorithms to prevent AF were disabled.
The devices used in this study were programmed to detect
episodes of atrial tachycardia, and to record summary and
detailed data, including atrial and ventricular electrograms.

The endpoints
The endpoints assessed in our study were the number and the
total duration of AF episodes between the high synchronous
ventricular pacing percentage group (ASVP), the sinus rhythm
group (ASVS) and the dual chamber stimulation group (APVP)
in MD1 patients during a 12-month follow-up.
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Follow-up

Patients were discharged two days post implantation af-
ter confirming the electrical lead parameters. They were
re-examined for the status of the wound at the site of PM
implantation after 10 = 2 days and were followed up at
one, six and 12 months thereafter. They underwent clinical
assessment, standard 12-lead ECG, 24 h-Holter monitoring,
echocardiogram and assessment of device performance at
every visit. Measurements of intrinsic P and R wave voltage,
atrial and ventricular pacing threshold at a pulse duration of
0.4 ms, bipolar pacing impedance at 5 V and 0.4 ms were
recorded at follow-up intervals. All PM models provided the
same features for the measurement of pacing and sensing
thresholds, and pacing impedance. The first two parameters
were measured using semi-automatic function tests and the
PM calculated the pacing impedance itself on interrogation.
We counted the percentage of atrial and ventricular pacing
in synchronous rhythm, the number and the total duration
of AF episodes that occurred during the observation period.

For each AF episode, the device stored simultaneous atrial
and ventricular electrograms. The number of episodes of AF
was counted by two independent observers, both blinded
to the patients’ group location (i.e. ASVS or ASVP or APVP).
Atrial tachycardia episodes, identified by regular atrial activ-
ity, were excluded from the analysis. At 12-month follow-up,
we subdivided the synchronous ventricular beats into those
preceded by an atrial sensed or paced event giving counts for
the following: atrial sense ventricular pace (ASVP) and atrial
pace ventricular pace (APVP).

Statistical analysis
Continuous variables are expressed as mean = standard
deviation. Statistical analysis was performed using Student’s
t-test for unpaired data, Fisher’s exact test for comparing
proportions and one-way analysis of variance (ANOVA) for
multiple comparisons. P values < 0.05 were considered
to be statistically significant. To identify possible significant
independent determinants of AF incidence in MD1 patients
with a high percentage of ventricular pacing, the individual
association with clinical, ECG and EPS variables was assessed
by multivariable logistic regression analysis. The following
variables were included in the analysis: age, sex, PR interval,
QRS duration and HV interval. Variable selection was per-
formed in the multivariable logistic regression as an interactive
stepwise backward elimination method, each time excluding
the one variable with the highest p-value according to Wald
statistics. Analyses were performed using the statistical package
SPSS 11.0 software for Windows SPSS Inc. (Chicago, IL, USA).

RESULTS
All patients completed the 12-month follow-up, at which
time the study population was retrospectively subdivided into
three groups: ASVS (n = 18; age 52 = 7.7; nine females) with
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a percentage of atrial and ventricular stimulation lower than
50%; ASVP (n = 16; age 50.5 = 7.6; ten females) with a per-
centage of atrial stimulation lower than 50% and a percentage
of ventricular stimulation higher than 80%; and APVP (n =16;
age 56 *+ 4.3; six females) with a percentage of atrial and ven-
tricular stimulation higher than 80%. There were no statistically
significant differences between the age and sex compositions
of the groups and the medication intakes (Table 1). We found
a statistically significant difference in the number and dura-
tion of AF episodes between the three groups at 12-month
follow-up (Fig. 1A, B). In particular, there were more episodes
(253 = 30vs. 80 = 27 vs. 53 = 32; p < 0.03) and longer dura-
tions of AF (8,700 = 630vs. 4,480 + 975 vs. 3,853 = 870 min;
p < 0.03) in the ASVP group than in the ASVS group and
the APVP group (Fig. 1A, B). No AF sustained episode
that required clinical intervention prior to scheduled
follow-up was reported. No statistically significant differ-
ence in ejection fraction was found at 12-month follow-up
(55 = 4 vs. 54 = 3 vs. 53 = 2%; p = 0.4). There was no
significant difference in the lead pacing capture, sensing
threshold or lead impedances at implant and at 12-month
follow-up. Lead parameters remained stable over time and
there were no lead-related complications. Multivariate lo-
gistic regression analysis did not show any significant effect
of age, sex, PR interval, QRS duration or HV interval on the
occurrence of AF in MD1 patients with a high percentage of
ventricular pacing (Table 2).

DISCUSSION

In our clinical experience, MD1 patients who underwent
PM implantation manifested during the follow-up period
a high number of paroxysmal atrial arrhythmias. According
to the data in the literature, our observations confirm their
frequent occurrence in patients with myotonic dystrophy
[15]. Cardiac involvement in MD1 patients is not limited
to the specialised conduction system, as initially proposed,
and cardiac myopathy, characterised by progressive selec-
tive fibrosis and scar replacement of initially unaffected
areas, may be part of this disease. This anatomopathological
substrate may facilitate the onset and perpetuation of AF in
MD1 patients. RV apical pacing may facilitate the onset of
AF through the following mechanisms, which indirectly influ-
ence cardiac performance: 1) ventricular pacing disruptions
to left-sided AV timing due to interventricular conduction
delays; 2) functional mitral regurgitation due to AV timing
disruptions or ventricular conduction delay; and 3) reduction
in left ventricular pump function due to ventricular conduc-
tion delay (desynchronisation).

According to our previous studies, Bachmann’s bundle
stimulation is a safe and feasible procedure in MD1 patients
[16], but it seems not to provide a significant benefit for the
prevention of paroxysmal AF [17]; therefore no evaluation
of ventricular pacing effect on AF incidence was performed.
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Table 1. Patient characteristics at 12-month follow-up

ASVP group ASVS group APVP group P

Patients 24 22 24

Age [years] 50.5+7.6 52+77 56 + 4.3 0.3
Sex (male/female) 11/13 14/8 13/11

Ejection fraction [%] 55+ 4 54 + 3 53 =2 0.4
PA interval [ms] 24 +7 21 +12 21+10 0.2
AH interval [ms] 140 + 30 135 + 50 130 + 50 0.3
HV interval [ms] 78 =12 55 + 25 85 + 20 0.001
Atrial diameter [mm] 37 £4 35+6 36 =3 0.5
Atrial volume [mL] 43 =10 39 +6 41 =7 0.4
Regurgitant mitral orifice area [cm?] 0.18 = 0.01 0.15 + 0.05 0.16 + 0.03 0.3
Atrial pacing [%] 23+ 2 14 + 3 93 + 10 0.03
Ventricular pacing [%] 95 =3 10+ 4 85+ 5 0.05
Ventricular pacing rate [bpm] 74 +12 69 + 5 67 =5 0.06
Atrial fibrillation episodes 253 =30 80 = 27 53 *32 0.03
Total duration atrial fibrillation [min] 8,700 = 630 4,480 + 975 3,853 + 870 0.03
ACEI therapy [%] 11 13 15 0.4
Sartan therapy [%)] 7 6 8 0.3
Magnesium pidolate [%] 8 7 8 0.5
Coenzyme Q10 [%] 5 4 6 0.3

ASVS — atrial sensing ventricular sensing; ASVP — atrial sensing ventricular pacing; APVP — atrial pacing ventricular pacing; ACEl — angiotensin
converting enzyme inhibitor
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Figure 1. Number (A) and duration (B) of atrial fibrillation (AF) episodes in each group of the study population; abbreviations as
in Table 1

Table 2. Multivariate analysis for atrial fibrillation incidence in The aim of our study was to evaluate the long term effect
myotonic dystrophy type 1 patients with a high percentage of  of a high percentage of RV stimulation on AF incidence in
ventricular pacing MD1 patients who underwent dual-chamber PM during the
Variables Odds ratio 95% confidence 12-month follow-up period.
interval Ventricular pacing and atrial fibrillation
Age 12 0.6-17 0-5 There is growing evidence that RV pacing increases the risk
Male sex 1.02 0.5-1.8 09 of AF in the long term. An analysis of the Mode Selection
PR interval 0.66 0.5-1.1 0.08 Trial (MOST) demonstrated a linearly increasing risk of AF
QRS duration 1.27 0.8-2.4 0.7 with cumulative percentages of ventricular pacing (Cum%VP)
HV duration 0.75 0.6-1.4 0.9 in DDDR and VVIR modes up to = 80% to 85%. The mag-
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nitude of increased risk was =1% for each 1% increase
in Cum%VP and was similar between pacing modes. This
increased risk of AF associated with increased Cum%VP in
both modes, persisted when the models were adjusted for all
other known baseline predictors of AF in the study popula-
tion [12]. Sweeney et al. [13] concluded that the ventricular
desynchronisation imposed by RV apical pacing, even when
AV synchrony is preserved, increases the risk of heart failure
and AF in patients with sinus node dysfunction and normal
baseline QRS duration.

It is now almost universally accepted that the adverse
effects of RV pacing are due to ventricular desynchronisa-
tion, similar to left bundle branch block. The hypothesis that
these effects are due to a physiological consequence of RV
pacing itself would seem to be supported by subsequent
clinical investigation, demonstrating that severe minimisation
of Cum%VP, using newer dual chamber pacing platforms,
reduces the risk of persistent AF compared to high Cum%VP
with conventional dual chamber pacing.

Nevertheless, Silberbauer et al. [14] demonstrated no
linkage between atrial-synchronous %VP and AF burden
among 554 patients from two clinical trials of PM suppression
therapy: the Atrial Fibrillation Therapy (AFT) study and the
Pacemaker Atrial Fibrillation Suppression (PAFS) study [18, 19].
The authors concluded that Cum%VP does not influence the
risk of paroxysmal AF burden. Several comments regarding this
study are necessary. Unlike previous studies [12, 13], which
enrolled a large cohort of typical sinus node disease patients,
Silberbauer et al. [14] targeted a small sample size patients
with drug-resistant symptomatic AF, who were likely to have
high AF incidence regardless of how they were managed.
Veasey et al. [20] showed no significant reduction in AF burden
with any minimal ventricular pacing algorithms compared to
conventional DDD pacing, although the follow-up period of
this study was relatively short and patients had high levels of
ventricular pacing for only a two-month phase.

Main findings
The main finding of our study is that there was a significant
increase in the number and the duration of AF episodes in
MD1 patients with an RV stimulation percentage higher than
80% and an atrial stimulation percentage lower than 50%
during the 12-month follow-up.

The potential reasons for these findings in MD1 patients
are that the specific histopathological pattern, characterised
by diffuse fibrosis, myocyte hypertrophy and fatty acid infiltra-
tion, should increase the AV timing disruptions or ventricular
conduction delay. The lack of correlation on multivariate
analysis between baseline ECG and EPS conduction severity
parameters and AF incidence suggested that in MD1 patients
with a high percentage of ventricular pacing, the increased
AF burden was not related to worse severity of conduction
disease and cardiac fibrosis, but to ventricular pacing per se.
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It's interesting to note that a bicameral stimulation percent-
age higher than 80% decreased the occurrence and duration
of AF episodes in respect of a high monocameral stimulation
percentage. Probably the high percentage of atrial pacing had
a protective effect against AF development and it successfully
counteracted the propensity for AF expected with a high per-
centage of ventricular pacing. Atrial pacing may prevent the
onset of AF through the following mechanisms: prevention of
the relative bradycardia that triggers paroxysmal AF; prevention
of the bradycardia-induced dispersion of refractoriness; sup-
pression or reduction of premature atrial contractions which
initiate re-entry and predispose to AF; and preservation of
AV synchrony, which may prevent switch-induced changes in
atrial repolarisation, predisposing to AF [21, 22]. Our results
have potentially important clinical implications. The major-
ity of MD1 patients who underwent PM implantation have
a normal ventricular activation sequence reflected in QRS
duration < 120 ms. Ventricular desynchronisation caused by
a high percentage of RV apical pacing in the VDD mode (ASVP
group) increases the incidence of AF. When sinus function is
preserved in MD1 patients, the AF risk may be reduced by
minimal ventricular pacing strategies that preserve the normal
ventricular activation sequence as much as possible.

Limitations of the study

A more extensive study, including a greater number of patients,
is necessary to confirm these preliminary findings. The episode
detection criteria used in this study (atrial rate > 200 min -1 for
12 or more ventricular beats) includes short arrhythmias with
limited clinical relevance. A very small number of regular
tachycardias were excluded from the analysis. The pacing
percentage cut-offs used to subdivide the population study
were arbitrary; our study excluded patients with less than 50%
atrial pacing and between 50% and 80% ventricular pacing,
because no patients were observed in this window. During the
follow-up period, we performed several ECG recordings and
24 h-Holter monitoring to verify the true RV capture; however,
we cannot exclude the possibility of RV pseudofusion. The
present study evaluated the influence of a high percentage of
RV apical pacing on AF in MD1 patients during a 12-month
follow-up period; further studies are necessary to assess the
possible relationship between alternative ventricular pacing
sites or biventricular pacing and AF incidence.

This study does not demonstrate a definitive protective
effect of atrial pacing because of the lack of patients with
a high percentage of atrial pacing and a low percentage of
ventricular pacing (the APVS group). Further data is necessary
to confirm our preliminary observations and to determine the
effectiveness of atrial pacing to prevent AF.

CONCLUSIONS
In a 12-month follow-up comparison, we showed a statistically
significant increase in paroxysmal AF episodes in MD1 patients
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with

a high percentage of RV pacing and a lower percentage

of atrial stimulation.
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Streszczenie

Wstep: Napadowe tachyarytmie przedsionkowe wystepuja czesto u chorych na dystrofie miotoniczng typu 1 (MD1). Stymu-
latory serca, wszczepiane w celu leczenia bradyarytmii, sa wyposazone w funkcje umozliwiajace szczegétowa diagnostyke
i moga ufatwi¢ rozpoznawanie i leczenie przypadkow czestego napadowego migotania przedsionkéw (AF), ktére mogty
zosta¢ niewykryte w czasie rutynowej oceny klinicznej. Wptyw stymulacji prawej komory na wystepowanie AF nadal jest
przedmiotem dyskusji.

Cel: Celem badania byfa ocena wptywu wysokiego odsetka stymulacji prawej komory na AF u chorych z MD1 w okresie
rocznej obserwacji.

Metody: Do badania wtagczono 70 chorych z MD1 (wiek 51,3 = 5; 32 kobiety), ktérym wszczepiono dwujamowy stymulator
serca. Po 12 miesigcach obserwacji badang populacje podzielono na 3 grupy w zaleznosci od odsetka stymulacji przedsion-
kéw i komor: grupa ASVS (atrial sensing ventricular sensing, wyczuwanie przedsionkowe, wyczuwanie komorowe; n = 22;
wiek 52 £ 7,7; 8 kobiet), w ktorej odsetek stymulacji przedsionkéw i komér byt mniejszy niz 50%; grupa ASVP (atrial sensing
ventricular pacing, wyczuwanie przedsionkowe, stymulacja komér; n = 24; wiek 50,5 = 7,6; 13 kobiet), w ktérej odsetek
stymulacji przedsionkéw byt mniejszy niz 50%, a odsetek stymulacji komér wiekszy niz 80%; grupa APVP (atrial pacing ven-
tricular pacing, stymulacja przedsionkéw, stymulacja komoér; n = 24; wiek 56 + 4,3; 11 kobiet), w ktérej odsetek stymulagji
przedsionkéw i komér byt wiekszy niz 80%. Okreslono liczbe epizodéw arytmii przedsionkowej, ktére wystapity w okresie
obserwagji i czas trwania kazdego epizodu.

Wyniki: Wykazano statystycznie istotna réznice w liczbie i czasie trwania epizodéw AF miedzy trzema grupami w okresie
12-miesiecznej obserwacji. W grupie ASVP stwierdzono wieksza liczbe (253 = 30vs. 80 % 27 vs. 53 * 32; p < 0,03) i dtuzszy
czas trwania epizodéw AF (8700 = 630 vs. 4480 = 975 vs. 3853 = 870 min; p < 0,03) niz w grupach ASVS i APVP. Para-
metry odprowadzen nie zmienity sie z uptywem czasu; nie stwierdzono réwniez przemieszczenia sie elektrod po implantacji.

Whioski: Na podstawie poréwnania danych z rocznej obserwacji wykazano statystycznie istotne zwiekszenie czestosci epi-
zodéw napadowego AF u chorych z MD1, u ktérych wystepowat duzy odsetek stymulacji prawej komory i mniejszy odsetek
stymulacji przedsionkow.

Stowa kluczowe: stymulacja komér, dystrofia miotoniczna, stymulator serca, zaburzenia rytmu, migotanie przedsionkéw
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