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Abstract
Background: The DANPACE study suggested implanting dual-pacing dual-sensing dual-response rate-adaptive (DDDR)
pacemakers in patients with sick sinus syndrome, even though 90.7% of their atrial-pacing atrial-sensing inhibited-response rate-
adaptive (AAIR) group did not require upgrade. Most centers implant DDDR pacemakers due to risk of future atrioventricular (AV)
block. Given that AAIR pacemakers are less expensive, have one less lead with potentially one less point of complication, we question
whether DDDR pacemakers are superior to AAIR pacemakers. We aim to describe long-term outcomes of AAIR implants.

Methods: Patients presenting to the Grey Nuns Hospital in Edmonton, Canada from 1990 to 2012 with sick sinus syndrome
without AV block had AAIR pacemakers implanted. Outcomes that were measured over the follow-up time included need for
ventricular lead reoperation, incidence of AV block and incidence of sudden cardiac death from AV block.

Results: During this period, 330 patients presented with sick sinus syndrome. Eighty-seven (26.4%) patients met criteria for and
received AAIR pacemakers. Seventy-eight (91.8%) did not require upgrade over mean follow-up of 10.6±0.6 years. Amongst this
group, 31 patients (39.7%) were alive, whereas 47 (60.3%) were deceased at end of follow-up due to other comorbidities. No sudden
deaths were attributable to AV block. Only 7 patients (8.2%) required ventricular lead reoperation: 2 (2.4%) presented urgently with
symptomatic AV block; 3 (3.5%) had atrial fibrillation requiring beta-blockade; 1 (1.2%) had atrial lead dislodgment; and 1 (1.2%) was
electively upgraded at battery end-of-life.

Conclusions: This study looks at safety of AAIR pacemakers with only 2.4% of patients developing AV block requiring urgent
upgrade. Approximately 91.8% of patients remained with their original AAIR pacemakers (mean follow-up 10.6 vs 5.4 years in
DANPACE). Our findings are similar to the DANPACE study but our conclusions are different as we believe AAIR pacing should be
considered for selected patients with sick sinus syndrome without AV block.

Abbreviations: AAIR = atrial-pacing atrial-sensing inhibited-response rate-adaptive, ACC/AHA = American College of
Cardiology/American Heart Association, AV = atrioventricular, DDDR = dual-pacing dual-sensing dual-response rate-adaptive, ECG
= electrocardiogram, SPSS = Statistical Package for Social Sciences, SSS = sick sinus syndrome.

Keywords: atrial-pacing atrial-sensing inhibited-response rate-adaptive pacing, atrioventricular block, pacemaker, sick sinus
syndrome

1. Introduction pacemakers as a viable method of pacing for patients with sick
Guidelines published by the American College of Cardiology/
American Heart Association (ACC/AHA) regarding selection of
appropriate pacing systems recommend single chamber atrial
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sinus syndrome (SSS) and normal atrioventricular (AV) conduc-
tion. However, despite these recommendations, atrial-pacing
atrial-sensing inhibited-response rate-adaptive (AAIR) pacing is
relatively rarely used by clinicians.[1]

Numerous studies have reported upon the merits of AAIR
pacing in patients with SSS. However, daily clinical practice has
seen a decrease in the use of AAIR pacing and a shift toward dual-
pacing dual-sensing dual-response rate-adaptive (DDDR) pacing;
in the United States, DDDR pacing increased from 62% to 82%
between 1993 and 2009, whereas AAIR pacing remained stable
at 1% during the same time period, mainly due to fears of the
development of type II or III AV block.[2–7] The DANPACE
study, for instance, followed 1415 patients randomized to either
DDDR or AAIR pacing based on a diagnosis of SSS with no
evidence for overt or latent AV block. Based on the results of the
study, the authors suggested implanting DDDR pacemakers in
patients with SSS even in the absence of AV block. However, only
9.3% of the patients who received an AAIR pacemaker required
implantation of a ventricular lead over a mean follow-up of
5.4 years.[8] This recommendation was based on the fact that
though there was no statistically significant difference in death
between the 2 groups, the AAIR group was associated with
a higher incidence of atrial fibrillation (28.4% vs 23.0%) and a
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2-fold increased risk of pacemaker reoperation during follow-up
(22.1% vs 11.9%). The decision to implant AAIR versus DDDR
for SSS is further affected by the lack of reliable markers for the
risk of developing AV block, making the selection of an optimal
pacing mode a difficult question for clinicians.[9,10]

The aim of the present study was to establish the safety and
efficacy of AAIR pacing. The primary outcome was need for
ventricular lead reoperation. Secondary outcomes included
incidence of AV block, incidence of atrial fibrillation, time to
ventricular lead upgrade, and incidence of sudden cardiac death
due to AV block.
2. Materials and methods

2.1. Patient selection and follow-up

All patients who underwent pacemaker implantation at the Grey
Nuns Hospital in Edmonton, Alberta, Canada during the period
of 1990 to 2012 were considered for AAIR pacing. The criteria
for inclusion were patients older than 18 years, symptomatic sick
sinus syndrome, lack of AV block at time of implantation,
Wenckebach rates >120 bpm. Of these, only patients with sick
sinus syndromewere included in the study as defined by the ACC/
AHA guidelines for antibradycardia pacing.[1] Patients having an
indication for an implantable cardioverter defibrillator and/or
cardiac resynchronization were excluded.
Implantation of an AAIR pacing system was done in patients

with a diagnosis of sick sinus syndrome with no evidence of AV-
nodal block. The latter was defined as the absence of a type 1 or
type 2 second-degree AV block or any periods of third-degree AV
block on 24-hour ambulatory electrocardiogram (ECG) record-
ings (where available) or on ECG strips or 12-lead ECGs. In
addition, those with right bundle branch block with or without
left anterior or posterior fascicular block and a PR interval >220
ms on a 12-lead ECG were not considered for AAIR pacing.
Furthermore, at the time of implantation, atrial pacing was
performed and those who demonstrated a Wenckebach block at
atrial rates <120 bpm (500 ms interval) were also excluded from
AAIR pacing. Patients with primary or secondary indications for
implantable cardioverter defibrillator or cardiac resynchroniza-
tion therapy implantation were excluded.
2.2. Surgical procedure

During the review period, all pacing system implantations were
performed in a special pacemaker surgical suite. All patients
provided written consent for the procedure. The team consisted
of an implanting cardiologist, a pacemaker nurse, and a
radiology technologist. In all patients, the implantation was
done with local anesthesia using the transvenous approach via
the subclavian vein. In some patients, midazolam and fentanyl
were used intravenously for sedation and analgesia. Implantation
of an atrial leadwas done under fluoroscopic guidance. Passive or
active leads were chosen at the discretion of the implanter. After
evaluating the lead for adequate sensing and pacing thresholds,
atrial pacing was initiated at a rate of 70 bpm then increased by
increments of 10 beats/min to a rate of 140. Thirty seconds of
continuous pacing was done at each rate. These pacing
maneuvers were performed to document the maintenance of
one to one AV conduction and the Wenckebach block point.
Single-lead atrial pacing was selected at the time of system
implantation when one to one AV node conduction was
maintained up to an atrial pacing rate of 120 beats per minute.
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During generator replacement, incremental atrial pacing was
repeated with a new ventricular lead implanted if the Wenck-
ebach block was noted at a pacing rate <120 bpm.
2.3. Data collection

All clinical and pacing parameters were collected prospectively
and entered into a database within the Statistical Package for
Social Sciences data management system version 21 (SPSS,
International Business Machines Corporation, Armonk, NY).
Data collected included relevant demographic information,
indications for pacing, implanted mode, investigational, and
implantation data—including AV conduction characteristics
during rapid atrial pacing. Where available, electrocardiographic
findings obtained from the referring and implanting cardiologist
were also included as discrete or continuous variables.
2.4. Follow-up

The visits were scheduled for 1 and 6 weeks after implantation.
After this, the patients were followed every 3 to 6 months for the
first year and every 6 months thereafter. All others were
considered unscheduled visits if they were due to patient request
due to symptoms or on the request of the attending physician or
the patient’s own family physician. At each follow-up visit, lead
impedance was checked and pacemakers were interrogated for
atrial high rate episodes to ensure that atrial fibrillation was not
missed.
2.5. Statistical analysis

Using SPSS, continuous variables were analyzed with a Student t
test, whereas cross-tabulation analysis was conducted on discrete
variables using a chi-square test. A 2-sided P value of <0.05 was
deemed statistically significant. The primary outcome of interest
over follow-up was need for ventricular lead upgrade. Secondary
outcomes included need for urgent ventricular lead upgrade, need
for elective ventricular lead upgrade, mortality, and sudden
cardiac death. All deaths were adjudicated for cause.
2.6. Ethics

The present study received approval from the Health Research
Ethics Board—Health Panel at the University of Alberta,
Edmonton, Alberta Canada (Pro00082426).
3. Results

Between the years of 1990 and 2012, there were 2562 patients
who underwent pacemaker implantation at our site. Of these,
330 patients (12.9%) had a primary indication of sick sinus
syndrome. Amongst these 330 patients, 87 patients (26.4%)
underwent AAIR pacemaker implantation, whereas 243 patients
(73.6%) were implanted with alternative pacing systems based
on the exclusion criteria (Fig. 1). The mean age of the 87 patients
was 69.7±1.4 [standard error of the mean (SEM)] years. There
were 36 men (41.4%) and 51 women (58.6%). The baseline
characteristics of the cohort included: 27 (31.0%) patients with
hypertension; 11 (12.6%) with a previous history of myocardial
infarction; 9 (10.3%) with paroxysmal atrial fibrillation; 7
(8.0%) with diabetes; 5 (5.7%) with previous coronary artery
bypass grafting surgeries; and 4 (4.6%) with documented heart
failure.



Figure 1. Flow diagram of cohort of patients with sick sinus syndrome.
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Of the 87 implantation procedures, 2 patients were lost to
follow-up (1 was at 16 months, the other at 17 months) with no
recorded incidents up until that point. The loss to follow-up was
related to the patients moving out of the province. The remaining
85 patients were followed in clinic for a mean duration of 10.6±
3

0.6 years. Of these 85 patients, 78 (91.8%) did not require a lead
upgrade during the follow-up period (Fig. 2). At the end of
follow-up, 31 patients (39.7%) were alive (mean follow-up 14.3
±0.7 years) while 47 patients (60.3%) were deceased (mean
follow-up 8.1±0.7 years). The adjudicated causes of death were:
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Figure 2. Percentage of patients who received urgent and elective upgrades from AAIR to dual-pacing dual-sensing dual-response rate-adaptive (DDDR) pacing
mode during follow-up. AAIR=atrial-pacing atrial-sensing inhibited-response rate-adaptive,
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29 (61.7%) from frailty and old age after a change in their
philosophy of care; 6 (12.8%) from miscellaneous cancers; 4
(8.5%) from pneumonia; 2 (4.3%) from renal failure; 2 (4.3%)
from myocardial infarctions; 2 (4.3%) from stroke; 1 (2.1%)
from gastrointestinal bleeds; and 1 (2.1%) from urosepsis
(Table 1). There were no sudden cardiac deaths that could
presumably be attributable to AV block. Of the patients that died
from frailty with a change in philosophy of care, their mean age
was 86.6±1.4 years.
During the course of this study, 7 patients (8.2%) were

upgraded with a new ventricular lead (primary endpoint) for the
following reasons: 2 patients (2.4%) presented with presyncope/
syncope with AV block at 1.8 years and 2.3 years after initial
pacemaker implantation; 1 patient (1.2%) had recurrent atrial
lead dislodgment 0.2 years after the initial implantation; 3
patients (3.5%) developed new onset symptomatic atrial
Table 1

Causes of death for patients deceased at end of follow-up (n=47).

Cause of death
Number of
patients

Percentage of
patients, %

Frailty
∗

29 61.7
Cancer 4 8.5
Pneumonia 2 4.3
Renal failure 2 4.3
Myocardial infarction 2 4.3
Stroke 1 2.1
Gastrointestinal bleed 1 2.1
Urosepsis 1 2.1
Atrioventricular block 0 0.0
∗
With a change in philosophy of care due to aging and frailty—mean age 86.6±1.4 years.

4

fibrillation at 1.8, 3.3, and 18.3 years after initial implantation
with a ventricular lead added electively due to slow ventricular
responses while on beta-blockers for atrial fibrillation; 1 (1.2%)
was electively upgraded at the time of generator replacement for
Wenckebach block at pacing rates>120 bpm, at 13.5 years after
initial pacemaker implantation. Figure 2 shows the breakdown of
patients based on requiring urgent versus elective upgrade. These
upgrades were done without adverse incidents. The mean time to
upgrade was 5.9 years and the need for addition of a ventricular
lead occurred at a rate of 7.8 per 1000 pacemaker-years. During
the follow-up period, 30 patients (33.7% of total patients in
study) had generator replacements with AAIR pacemakers.
4. Discussion

Despite ACC/AHA guidelines suggesting the use of AAIR
pacemakers for SSS, this pacing system is highly underutilized
by clinicians today often due to the worry about future AV block
and thus prophylactic DDDR pacemakers are inserted instead.[1]

However, the present study demonstrates that the vast majority
of patients, 91.8%, remained programmed in their original AAIR
pacingmode. Only 7 patients (8.2%) required lead upgrades after
implantation, after a mean period of 5.9 years. Thus, the need for
addition of a ventricular lead occurred at a rate of 7.8 per 1000
pacemaker-years.
Of the patients who did require a lead upgrade, despite concern

of the onset of type II or III AV block, only 2 (2.4%) patients were
upgraded urgently due to the development of AV block. In
addition, only 3 (3.5%) patients in this study developed recurrent
atrial fibrillation that required beta blockers and upgrade to a
ventricular lead. Thus, the perception of widespread development
of AV block and atrial fibrillation is not reflected in the results of
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our study. Furthermore, during the course of this study’s long
follow-up, no sudden death was attributable to the development
of AV block. As pacemaker technology progresses, a leadless
pacemaker may even be an option in these patients obviating the
need for as invasive a second procedure (which was not
performed in the DANPACE study). Our findings are very
similar to the DANPACE study in which only 9.3% of their
patients required upgrade.[8]

Of the patients who did not require lead upgrade, our rate of
91.8% was very similar to the rate of 90.7% in the DANPACE
study.[8] However, the authors of the DANPACE study conclude
by suggesting implantation of DDDR pacemakers for SSS when
90.7%of their patients had 1 less lead. Thismaybe associatedwith
less cost and less risk of cardiac implantable electronic device
infection, which is associated with the number of leads implanted
for that portion of their cohort. There is also a lower risk of lead
failure given that only 1 lead is implanted.[11] Several retrospective
studies have called into question the use of dual chamber pacing by
highlighting an increase in the risk of developing atrial fibrillation,
thromboembolism, heart failure, and mortality when compared
with atrial pacemakers.[5,12,13] Furthermore, randomized trials
have demonstrated a significant link between patients paced in
DDDR mode and increased rates of hospital admission for heart
failure and atrial fibrillation.[14–16] In patients with normal AV
conduction, right ventricular pacing leads to interventricular
conduction delay and ventricular dyssynchrony. Itmay also lead to
a potential reduction in pacemaker longevity due to additional
voltage use for dual-chamber pacing.[12,17,18] Therefore, implan-
tationofAAIRpacemakers over other pacing systems could lead to
morbidity and economic savings in the long term for the portion of
the cohort that did not require upgrade, especially when one
considers that the need for further procedures due to the
development of AV block is small.[19,20] A cost-effectiveness study
of AAIR versus DDDR pacemakers by Clarke et al[19] similarly
concluded that even when considering the cost for upgrading the
small portion of the AAIR cohort that needed upgrade, significant
cost savings can be had by implanting significantly cheaper AAIR
pacemakers. It should alsobenoted thatmanyof thepatients inour
cohort had pacemakers that outlived them in that they often had
concurrent medical problems that led to death. Once again, it
would be more cost-effective in these patients to use the cheaper
alternative of an AAIR pacemaker.
Despite its promising results, this study is limited on 2 fronts:

the relatively small sample size and the lack of randomization to
AAIR versus DDDR. A sample size of 87 patients poses questions
about the generalizability of the study results to the general
population. Unfortunately, given the fact that there is no
incentive for pacemaker suppliers to complete a randomized
trial comparing a cheaper alternative to DDDR pacemakers, it is
unlikely that such a trial will be economically feasible. Although
the sample size is small, it is worth noting that these patients were
followed for an extended period of time, on average 10.6 years
(which is almost twice the follow-up of the DANPACE trial). We
would also like to mention 2 alternatives including newer mode-
switching DDDR pacemakers that reduce the amount of time
spent in RV pacing and RVHis bundle pacing which is associated
with less ventricular dyssynchrony. Although both are alter-
natives that deal with some of the issues with DDDR pacing, they
still require the implantation of 2 leads that is associated with its
own risks. The advent of leadless systems for reoperation may
provide an opportunity of improving the costs/risks even more in
those patients that do require upgrade.
5

5. Conclusions

The present study is a review of patients implanted with AAIR
pacemakers for SSS. Only 2.3% of patients developed AV block
requiring urgent upgrade; there were no recorded deaths due to
the development of AV block. Approximately 91.8% of patients
did not require an upgrade. Our results are very similar to the
DANPACE study, but our conclusions are different as we believe
AAIR pacing should be considered for selected patients with sick
sinus syndrome without AV block given that in 91.8% of
patients, it is associated with lower costs, fewer leads, and less RV
pacing. This is especially true in our ever more elderly population
where many of these pacemakers are being put in patients who
have limited lifespans related to comorbidities.
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