
International Journal of Cardiology 146 (2011) 32–36

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r.com/ locate / i j ca rd
Atrial electrical remodeling in a canine model of sinus node dysfunction

Guangping Li a,⁎, Enzhao Liu a, Tong Liu a, Jing'an Wang a, Jianjun Dai a, Gang Xu a,
Panagiotis Korantzopoulos b, Wansong Yang a

a Department of Cardiology, Tianjin Institute of Cardiology, Second Hospital of Tianjin Medical University, Tianjin 300211, People's Republic of China
b Department of Cardiology, University of Ioannina Medical School, 45110 Ioannina, Greece
⁎ Corresponding author. Tel.: +86 22 88328368; fax:
E-mail address: gp_limail@yahoo.com.cn (G. Li).

0167-5273/$ – see front matter © 2009 Elsevier Ireland
doi:10.1016/j.ijcard.2009.06.002
a b s t r a c t
a r t i c l e i n f o
Article history:

Received 18 December 2008
Received in revised form 29 April 2009
Accepted 2 June 2009
Available online 9 July 2009

Keywords:
Sinus node dysfunction
Atrial electrical remodeling
Atrial reverse electrical remodeling
Cardiac electrical stunning

Aims: To studyatrial tachycardia-inducedelectrical remodeling ina caninemodel of sinusnodedysfunction(SND).
Materials and methods: A canine model of SND was established by contacting a cotton patch with 20%
formaldehyde on the sinus node. Atrial effective refractory period (ERP), ERP dispersion, and inducibility of atrial
fibrillation (AF)were recorded atmultiple sites in the atrium, before and after SND induction aswell as after rapid
atrial pacing. The recovery of atrial ERP in the left and right atrium (LA and RA) after cessation of atrial pacingwas
also recorded.
Results: Comparedwith baseline, the atrial ERPswere shortened after SND (Pb0.05). After rapid atrial stimulation,
the atrial ERPs were further decreased significantly (Pb0.05), and the dispersion of atrial ERPs measured at
different pacing cycle lengths (PCLs) showed significant variation. Seven sites were used to induce AF in each dog
(56 sites in 8 dogs). The average duration and inducibility of AF after SND was increased compared with baseline

(16.5±4.7 vs 2.3±1.2 s and 12/56 vs 4/56 sites, Pb0.05). After rapid atrial stimulation, the average duration and
inducibility of AF were further increased (16.5±4.7 vs 33.6±16.1 s and 12/56 vs 25/56 sites, Pb0.05). The
recovery of atrial ERP in LAwas significantly delayed compared to the RA.
Conclusion: SND induces atrial electrical remodeling which is further aggravated by atrial tachycardia. Therefore,
SND creates an electrophysiological substrate that facilitates AF initiation and perpetuation.
© 2009 Elsevier Ireland Ltd. All rights reserved.
1. Introduction
Atrial fibrillation (AF) is a heterogeneous condition with complex
pathophysiology. Accumulating evidence suggests that, apart from the
triggers, AF development and perpetuation depends on the electrical
and structural remodeling of the atria [1]. Atrial electrical remodeling
seems to promote AF and it has been associated with the early
recurrences after cardioversion [1,2]. The principal characteristics of
this process are the shortening of the atrial effective refractory period
(ERP)with increased dispersion, the loss of its rate adaptation, and the
reduction of atrial conductivity [1–3]. Interestingly, these changes can
be reversed within a few days after cessation of atrial tachycardia, a
process termed reverse atrial electrical remodeling [1–3]. The concept
of tachycardia-induced atrial electrical remodeling was introduced in
1995 by 2 independent experimental studies [4,5].

On the other hand, brady–tachy syndrome represents a common
clinical subtype of sick sinus syndrome (SSS), manifesting as periods
of bradycardia and/or sinus arrest alternating with periods of atrial
tachyarrhythmias (AF, atrial tachycardia, or atrial flutter) [6]. Recent
data on the electrophysiological and electroanatomic characterization
of the human atria in sinus node disease indicate diffuse atrial
remodeling characterized by structural abnormalities, widespread
+86 22 28261158.
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conduction slowing, and increased right atrial refractoriness [7].
However, the atrial vulnerability to AF during sinus node disease has
not been studied. Moreover, patients with SSS often have comorbid-
ities which promote both structural and electrical remodeling. Thus,
the potential effect of sinus node dysfunction (SND) on atrial
electrophysiological properties cannot be easily studied.

In the present study, we sought to study the atrial electrical
remodeling in a caninemodel of SND and to further examine the effect
of this process on AF inducibility.

2. Materials and methods

The study was conducted after obtaining approval by the Experimental Animal
Administration Committee of Tianjin Medical University and Tianjin Municipal
Commission for Experimental Animal Control. Twelve Mongrel dogs (12–22 kg) were
initially instrumented and anesthetized by 3% pentobarbital (30 mg/kg). Subsequently,
tracheal intubation and respiration assistance was provided (KTH-2 Respirator, China).
The aortic blood pressure was continuously monitored by carotid cannulation (Nihon
Kohden VC-22) as well as the arterial blood gases by a blood gas system (Ciba-Conning
288, USA) in order tomaintain blood pressure, PaO2, pH, and electrolytes within normal
limits. Exposure of the heart was performed by mid-thoracotomy and creating an
epicardial cradle.

In each open chest dog, six pairs of electrodes (diameter: 1.5 mm and distance
between poles: 1.5 mm) were sewn on the left and right atrial (LA and RA) epicardium.
The corresponding sites were at the high left and right atrium (HLA and HRA), mid left
and right atrium (MLA and MRA), and low left and right atrium (LLA and LRA).
Furthermore, a pair of electrodes (7th site) was positioned at the epicardiumwhich was
in proximity to Bachmann's bundle. The locations of electrodes are depicted in Fig. 1.
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Fig. 1. Locations of 7 pair electrodes for recordings of atrial epicardial electrocardio-
gramswere showed in this ideograph. HLA: high left atrium; MLA: mid left atrium; LLA:
low left atrium; HRA: high right atrium; MRA: mid right atrium; LRA: low right atrium;
BB: Bachmann's bundle; SVC and IVC: superior and inferior vena cava; PV: pulmonary
vein.
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Surface and atrial epicardial electrocardiograms (ECGs) were recorded by a multi-
channel physiological recorder (Model P4B533-K, China). Finally,1 pair of electrodes for
programmed electrical stimulation was positioned at the right atrial appendage.

2.1. Canine model of sinus node dysfunction

The method used for the induction of SND has been constructed in our institute.
Briefly, a cotton patch (3-millimeter diameter) with 20% formaldehyde was placed on
the region of sinus node (junction between right atrium and super vena cava) for 5 min
or until the occurrence of a junctional rhythm, which signifies impaired sinus node
function. We also performed histological examinations of the sinus node region after
the electrophysiological experiments which confirmed the damage provoked by
formaldehyde application (Fig. 2).No spontaneous recovery of these abnormalities
was observed, namely the damagewas permanent. SND was considered to be present if
the sinus cycle length (SCL) increased more than 100 ms compared to the SCL before
the application of formaldehyde cotton compresses. We measured the heart rate (HR),
and the atrial ERP at a basic pacing cycle length (PCL) of 350 (PCL350), 250 (PCL250) and
200 (PCL200) ms before SND as well as when the SCL was stable after SND in the 7
aforementioned sites. Furthermore, we examined the changes in inducibility and
duration of sustained AF at these 7 sites.

2.2. Model of rapid atrial stimulation and fibrillation

After the completion of the electrophysiological measurements in SND dogs, right
atrial appendage pacing at 400 beats per minute (bpm) (pulse duration: 2 ms, output:
4-fold the diastolic pacing threshold) was performed for 2 h using an electrical
stimulator (DF-5A, Suzhou, China). The rapid atrial stimulation was terminated
prematurely in the case of AF induction. In the case where inducible AF terminated
automatically, rapid atrial pacing (400 bpm) was restarted. If after the 2-hour period
Fig. 2. (A) Histological section showed a normal sinus node (SN) from a control dog (hematox
its atrial approaches from a dog after induction of sinus node dysfunction: note the hyaline de
within the sinus nodal tissue (hematoxylin–eosin×100).
the induced AF was persistent, atrial defibrillation was performed to restore sinus
rhythm. In cases where AF could not be induced by rapid stimulation, the atrial
stimulationwas continued in order to complete a total duration of 2 h (inducible AF and
2-hour rapid atrial pacing were considered as a ‘2-hour stimulation’). HR and atrial ERP
at PCL350, PCL250 and PCL200 were measured again immediately after the 2-hour period
of stimulation, while the inducibility and duration of AF at the aforementioned sites was
assessed.

2.3. Protocol of electrophysiological studies

Atrial ERP was evaluated using programmed extra-stimuli and defined as the
longest S1–S2 interval that failed to capture. The S2 extra-stimulus was delivered after a
drive-train of 8 S1 stimuli. The S1–S2 interval was decreasing in intervals of 2 ms until
atrial refractoriness was reached. The mean of 3 atrial ERP values was used for data
analysis. The dispersion of atrial ERPs was calculated as the maximal minus minimal
value measured in the 7 different sites. AF induction was defined as P wave
disappearance and rapid atrial activation with irregular ventricular response (longer
than 1 s on atrial ECG) after programmed atrial stimulation (Sl–S2). The site where AF
could be induced was denoted as AF induction site. The duration of induced AF was also
recorded. Furthermore, recovery of the atrial ERPs at PCL350, PCL250 and PCL200 at the 7
sites was recorded 20 min, 40 min, 60 min, 80 min, 100 min, 120 min, and 140 min after
the 2-hour stimulation period.

3. Statistical analysis

Continuous variables were expressed as means±standard devia-
tion (SD) and categorical variables as frequencies. Differences among
multiple groups were examined by one way analysis of variance
(ANOVA). Post hoc comparisons were performed with the Bonferroni
test. A Chi-square test with Fisher's exact test was used for the
categorical data. A value of Pb0.05 was considered to be statistically
significant.

4. Results

Eight out of 12 dogs were successfully established SND and
included in the experimental protocol and final data analysis. SCL
prolongation occurred within 3 to 5 min and was stable 60 min after
formaldehyde cotton pad application. After the 2-hour stimulation
period 3 animals were on AF, and therefore atrial electrical defibrilla-
tion was performed in order to proceed to the electrophysiological
studies.

4.1. Changes of heart rate and sinus cycle length

After the establishment of SND, HR decreased and SCL was
prolonged compared to baseline (179±13 vs 130±5 bpm, 337.2±
25.4 vs 462.7±16.5ms, respectively) (Pb0.01). In all of the 8 dogs the
SCL prolonged more than 100 ms compared to the SCL before SND
whereas the average prolongation was 125.4±9.8 ms. The changes in
HR and SCL after the 2-hour stimulation were even more pronounced
ylin–eosin×100); (B) Histological section showed severe damage of the sinus node and
generation, necrosis, karyopycnosis, basophilic granulocytes and leukocytes infiltration



Table 1
The changes of AERP at different site before and after sinus node dysfunction and 2-hour stimulation (ms, N=8).

Positions PCL350 PCL250 PCL200

Before SND After SND After stimulation Before SND After SND After stimulation Before SND After SND After stimulation

HRA 128.3±2.5 120.4±3.1a 99.3±2.4a 118.5±2.3 111.3±2.8a 102.2±2.5a 113.0±2.4 104.5±2.7a 96.7±2.6a

MRA 124.8±1.7 116.7±1.6a 100.7±2.6a 115.0±1.1 106.8±2.0a 96.7±2.6a 106.7±1.6 98.7±1.8a 88.7±2.1a

LRA 122.6±3.1 114.8±2.6a 102.8±3.6a 114.7±2.6 106.2±2.4a 96.7±3.1a 106.7±2.3 98.6±2.3a 90.7±2.9a

BB 128.2±2.4 120.5±2.9a 104.5±1.6a 116.8±2.6 108.2±3.4a 104.7±1.8a 110.7±2.2 102.7±3.1a 98.7±2.4a

HLA 120.9±0.6 112.5±2.5a 90.7±2.6a 112.7±1.2 108.7±2.6a 92.5±2.7a 106.6±1.1 98.2±2.8a 90.7±2.6a

MLA 121.0±1.4 112.5±2.3a 96.5±3.5a 119.0±1.6 111.3±3.0a 95.7±3.2a 110.7±1.3 103.0±2.6a 92.5±2.7a

LLA 120.4±2.2 112.4±2.5a 98.3±2.7a 116.7±2.4 108.6±2.6a 98.7±2.6a 108.7±2.6 100.3±2.2a 88.7±3.1a

a Comparison with before sinus node dysfunction, Pb0.05. RA: right atrium. HRA: higher right atrium. MRA: mid right atrium. LRA: lower right atrium. BB: Bachman bundle.
HLA: higher left atrium. MLA: mid left atrium. LLA: lower left atrium. SND: sinus node dysfunction. AERP: atrial effective refractory period. PCL200, PCL250 and PCL350: pacing cycle
lengths of 200 ms, 250 ms and 350 ms.
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(179±13 vs 122±4 bpm and 129.6±4.5 vs 493.8±17.4 ms respec-
tively) (Pb0.01).
4.2. Changes of atrial ERP and its dispersion

As illustrated in Tables 1 and 2, after SND aswell as after the 2-hour
stimulation, the atrial ERPs were all shortened (Pb0.05) while their
dispersion at different PCLs was increased (Pb0.05). Further analysis
showeda significant difference in the dispersion of atrial ERPs between
PCL250 and PCL200 after the 2-hour stimulation period (30.76±3.06 vs
25.12±3.62 ms, P=0.014). On the other hand, there were no
significant differences in the dispersion of atrial ERPs between
PCL350 and PCL250 (29.25±4.43 vs 30.76±3.06 ms, P=0.861), and
between PCL350 and PCL200 (29.25±4.43 vs 25.12±3.62 ms,
P=0.076).
4.3. Induction and duration of atrial fibrillation

Given that 7 atrial sites were used to induce AF in each dog, there
were overall 56 sites in the 8 dogs. Before SND, AF was induced by S1–
S2 stimulation at 4 sites in 3 dogs. After SND, AF was induced at 12
sites in 6 dogs whereas following the 2-hour stimulation, AF could be
induced at 25 sites in 8 dogs. The average duration of inducible AF was
longer before as well as after the 2-hour stimulation compared to the
duration before SND (33.6±16.1 vs 2.3±1.2 s, 16.5±4.7 vs 2.3±
1.2 s). The longest duration of AF was also prolonged significantly
(117.3±44.2 vs 3.1±2.2 s, 45.2±19.8 vs 3.1±2.2 s) (Table 3). After
the 2-hour stimulation, the atrial ERP at AF induction site was shorter
compared with the non-inducible site at all PCLs (Pb0.05).

Following the 2-hour stimulation, AF could be induced at 25 sites
in 8 dogs (25/56). The 3 animals that were on sustained AF after the 2-
hour rapid atrial pacing had more induced stimulation sites than the
other 5 animals (12/21 vs 13/35, Pb0.05). The average duration of
inducible AF and the longest duration of AF in the 3 dogs on sustained
AF after the 2-hour stimulation were also prolonged significantly
compared to the others (44.8±13.5 vs 23.2±10.7 s, 148.8±35.2 vs
88.2±29.4 s, Pb0.05).
Table 2
The changes of dispersion of AERP with different PCL (ms, N=8).

PCL Before SND After SND After stimulation

PCL350 14.75±2.82 19.38±2.93a 29.25±4.43a

PCL250 14.38±1.83 21.60±3.51a 30.76±3.06a

PCL200 14.50±1.77 17.14±2.14a 25.12±3.62a,b

PCL: pacing cycle length. PCL200, PCL250 and PCL350: pacing cycle lengths of 200 ms,
250 ms and 350 ms.
Other notes are as same as Table 1.

a Comparison with before sinus node dysfunction, Pb0.05.
b Comparison with PCL250 stimulation, Pb0.05.
4.4. Recovery of atrial effective refractory period after the 2-hour
stimulation

After the 2-hour stimulation at PCL350, the HRA ERP was recovered
to the baseline on the 100th min and thereafter remained stable, but
the HLA ERP did not restitute to the baseline until the 140th min.
Similarly, after the 2-hour stimulation at PCL250, ERP of HRA was fully
recovered to baseline on the 100th min and then remained stable. On
the other hand, the HLA ERP began to restitute on the 100th min and
fully recovered within 140min. However, after the 2-hour stimulation
at PCL200, the ERP of HRAwas changed to the control value on the 60th
min and remained stable, while the ERP of HLA began to restitute on
the 80th min and did not recover completely until the 100th min
(Table 4).

5. Discussion

In this study, using a canine model of SND, we demonstrated that
the decreased automaticity and conductivity of sinus node, was
associated with shortening of atrial refractoriness. We provided
evidence that atrial electrical remodeling is taking place after
induction of SND characterized by the shortening of atrial ERP and
increasing atrial ERP dispersion. The shortened ERP with slower rates
is consistentwith thewell described loss of physiological adaptation at
low rates in experimental models of atrial electrical remodeling [1–3].
Although we did not examine cellular electrophysiologic changes, it
could be postulated that ionic channel remodeling was the underlying
mechanism.

Furthermore, the inducibility of AF increased after SND and further
enhanced after rapid atrial stimulation while the duration of induced
AF was significantly prolonged. The recovery of atrial refractoriness
after cessation of atrial tachycardia in the LA and RA at different PCLs
was not homogeneous. The recovery course of atrial ERP in the LAwas
significantly delayed compared with that in the RA. It could therefore
be suggested that SND induces atrial electrical remodeling which is
further aggravated by atrial tachycardia creating an electrophysiolo-
gical substrate for AF development and perpetuation.

Brady–tachy syndrome is a common clinical form of SSS, and in
general SSS patients are prone to AF. However, the atrial
Table 3
Inducible rate and duration of atrial fibrillation (N=8).

Sinus function and
rapid stimulation

Dogs
induced AF

Sites where AF
was induced

Average duration
of AF (Second)

Longest duration
of AF Second

Before SND 3/8 4/56 2.3±1.2 3.1±2.2
After SND 6/8 12/56a 16.5±4.7a 45.2±19.8b

After stimulation 8/8 25/56b,c 33.6±16.1b,c 117.3±44.2b,c

AF: atrial fibrillation. Notes are as same as Table 1.
a Comparison with Before SND, Pb0.05.
b Comparison with Before SND, Pb0.01.
c Comparison with after SND, Pb0.05.



Table 4
The changes of AERP at different site before and after sinus node dysfunction and 2-hour stimulation (ms, N=8).

PCL Position Baseline After SND After stim 20 min 40 min 60 min 80 min 100 min 120 min 140 min

PCL350 HRA 128.3±2.5 120.4±3.1a 99.3±2.4a 99.8±2.7a 101.7±1.9a 100.8±3.6a 107.9±1.3a 127.8±2.0 ─ ─
HLA 120.9±0.6 112.5±2.5a 90.7±2.6a 93.1±4.1a 99.1±4.3a 96.7±1.6a 104.3±3.9a 109.5±1.9a 113.1±0.9a 119.9±3.1

PCL250 HRA 118.5±2.3 111.3±2.8a 102.2±2.5a 99.2±3.5a 105.3±2.9a 109.0±3.0a 110.0±1.1a 119.1±1.2 ─ ─
HLA 112.7±1.2 108.7±2.6a 92.5±2.7a 98.1±3.3a 97.0±2.8a 102.4±3.1a 104.5±0.7a 109.2±3.5 109.7±3.3 112.6±0.9

PCL200 HRA 113.0±2.4 104.5±2.7a 96.7±2.6a 97.6±2.7a 102.3±3.0a 112.8±1.1 ─ ─ ─ ─
HLA 106.6±1.1 98.2±2.8a 90.7±2.6a 92.9±2.9a 97.7±2.1a 97.3±2.4a 101.6±3.8 106.7±0.9 ─ ─

a Comparison with baseline, Pb0.05. RA: right atrium. HRA: higher right atrium. MRA: mid right atrium. LRA: lower right atrium. BB: Bachman bundle. HLA: higher left atrium.
MLA: mid left atrium. LLA: lower left atrium. SND: sinus node dysfunction. AERP: atrial effective refractory period. PCL200, PCL250 and PCL350: pacing cycle lengths of 200 ms, 250 ms
and 350 ms. Stim: Stimulation. 20 min, 40 min,…, and 140 min means the time after cessation of 2-hour stimulation.
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electrophysiological changes that presumably accompany the SND have
not been well studied. Although several experimental and clinical
studies have focused on the electrophysiological changes of atrial
myocardium in the setting of atrial tachycardia or AF, corresponding
data in the settingof SNDare limited and inconsistent.Moreover, it is not
clearwhether atrial tachycardia-induced electrical remodeling is caused
by the SND and/or vice versa. For instance, recent evidence suggests that
curative ablation of AF results in improved sinus node function pointing
to a reverse remodeling process in the sinus node [8]. Sanders et al.. [7]
showed that inpatientswith SNDbutnohistoryof tachyarrhythmias the
right atrial ERP is prolonged while the normal physiological rate
adaptation of ERP is attenuatedor reversed. Interestingly, Luck andEngel
showed that there is a prolongation as well as increased dispersion of
the right atrial ERP in patients with SND compared to control subjects
[9]. However, no difference was observed between subgroups of SND
patients with or without AF [9]. It was concluded that the development
of AF in SND could be attributed to bradycardia-related inhomogeneous
refractorinesswhichenhances theAFvulnerabilityof theatrium to atrial
premature beats [9]. On the contrary, De Sisti et al. [10] retrospectively
reviewed patients with SND and found no difference in right atrial ERP,
although measurements were performed only at a single site and the
control group was not age-matched. Despite this finding, the authors
attributed the tendency for AF development to the slowing of local
conduction [10].

Atrial tachycardia is known to provoke atrial electrical remodeling,
which includes shortening and maladaptation of atrial ERP [5]. In
1995, Morillo et al. [4] reported that after 6 weeks of continuous rapid
atrial pacing (400 bpm) in dogs, the right atrial ERP was significantly
shortened while this shortening was highly predictive for the
induction of sustained AF. In experimental models, atrial tachycardia
induces a shortening of the action potential duration (APD) and atrial
ERP within a few minutes due to functional alterations in ionic
channel activity [1,11]. Daoud et al. [12] were the first to investigate
the atrial electrical remodeling in humans. They studied the induction
of AF in 20 patients without structural heart diseases by rapid atrial
pacing, and observed AF episodes of average duration of 7 min along
with shortened atrial ERP.

We demonstrated that atrial ERPs were shortened at all atrial sites
and the dispersion increased significantly in SND dogs. Furthermore,
more pronounced changes and increased dispersion of atrial ERP were
observed after the 2-hour stimulation period. This inhomogeneity of
electrophysiogical parameters has also been noted in experimental
settings without the presence of SND. Moreover, we observed that the
dispersion of atrial ERP was not affected by the PCL at baseline but
after the 2-hour stimulation the dispersion of atrial ERP at PCL250 was
greater than that at PCL200.

Using a dog model, Lee et al. [13] reported that the AF inducibility
rate of 9% before rapid stimulation reaches the level of 53% after a 24-
hour stimulation period. In our study, the AF inducibility rate was 7.1%
before SND, 21.4% after SND, and 44.6% after 2-hour stimulation,
indicating that SND contributed significantly to the increased
inducibility of AF. After the 2-hour stimulation, atrial ERP in the AF
induction site was shorter compared with the non-inducible site. In
keeping with previous reports [13,14], our findings indicate that
shortening of atrial ERP is related to the inducibility rate of AF.

Current evidence suggests that reverse atrial electrical remodeling
is taking place for a few days after the restoration of normal sinus
rhythm [1–3]. In experimental models of atrial tachycardia the
recovery of atrial ERP is associated with the duration of AF and it
can be fully restored to the baseline levels. In a goat model where AF
was maintained for 2 to 4 weeks, all electrophysiological changes
were fully normalized after 1 week of sinus rhythm [5]. In dogs, the
shortened atrial ERP produced by 4 weeks of rapid atrial pacing
completely recovered to the baseline value in 2 weeks after
termination of pacing [15]. Yu et al. [16] compared the restitution of
atrial ERP at different sites and showed that the recovery of atrial ERP
in LA was delayed compared to RA and to an area close to Bachman's
bundle facilitating recurrence of AF. Our experimental results showed
that the recovery of atrial ERP in LA and RA was non-synchronous. It
could therefore be speculated that non-synchronous reversal of
electrical remodeling between RA and LA causes exaggerated
dispersion of atrial refractoriness particularly in the setting of SND.

6. Limitations

The use of healthy experimental animals in this study precludes
the existence of structural heart abnormalities associated with
increased atrial stretch and fibrosis. Therefore, we did not measure
conduction velocities since this parameter is related to structural
remodeling occurring after prolonged periods of atrial tachyarrhyth-
mias and associated with aging, degenerative diseases, heart failure,
hypertension, etc. Given that human subjects with SND are often
elderly with several concomitant diseases the results of this study
cannot be extrapolated to the clinical setting. However, we feel that
our model clarifies for the first time the causal relationship between
SND and atrial electrical remodeling since previous data were based
on SND human subjects who had comorbidities and therefore only an
association and not a causal relationship could be demonstrated.
However, we should also acknowledge that our study does not provide
a mechanistic explanation since we did not examine ionic remodeling.
Finally, programmed electrical stimulation in the 4 dogs inwhich SND
induction was unsuccessful was not performed. Thus, the possibility
that the observed electrophysiological changes were related to the
procedure and not solely to the SND cannot be totally excluded.

7. Conclusion

Experimental SND induces atrial electrical remodeling which is
further aggravated by atrial tachycardia. Of note, AF inducibility and
duration in this model is significantly increased, suggesting that SND
and atrial tachycardia create a substrate for AF initiation and
perpetuation. Taking into account that the elderly population with
SND is continuously expanding, our experimental model could be a
useful tool for the examination of innovative therapeutic strategies
targeting at the attenuation of electrical remodeling in order to reduce
the AF burden.
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