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Abstract

Atrial fibrillation (AF) is associated with worse outcomes in many cardiovascular diseases. There are few data examining pacemaker
implantation rates and indications in patients with AF who undergo transcatheter aortic valve replacement (TAVR). To examine the impact of
AF on the incidence of and indications for pacemakers in patients undergoing TAVR, we evaluated data of 1723 patients without pre-existing
pacemakers who underwent TAVR in the Placement of AoRTic TraNscathetER Valve (PARTNER) trial. Permanent pacemaker implantation
rates and indications were compared in groups based on baseline and discharge heart rhythm: sinus rhythm (SR) vs. AF. 1211 patients
manifested SR at baseline/SR at discharge (SR/SR), 105 SR baseline/AF discharge (SR/AF), and 407 AF baseline/AF discharge (AF/AF).
Patients who developed and were discharged with AF (SR/AF) had the highest rates of pacemaker implantation at 30 days (13.7% SR/AF
vs. 5.4% SR/SR, p=0.0008 and 5.9% AF/AF, p=0.008) and 1 year (17.7% SR/AF vs. 7.1% SR/SR, p=0.0002 and 8.1% AF/AF, p=0.0034).
Conversion from SR to AF by discharge was an independent predictor of increased pacemaker implantation at 30 days (HR 2.19 vs. SR/
SR, 95% Cl 1.23-3.93, p=0.008) and 1 year (HR 1.91 vs. SR/SR, 95% Cl 1.33-3.80). Pacemaker indications differed between groups, with
relatively more implanted in the AF groups for sick sinus syndrome (SSS) versus AV block. In conclusion, conversion to AF is an independent
predictor of permanent pacemaker implantation in TAVR patients. Indications differ depending on heart rhythm, with patients in AF

manifesting clinically significant tachy-brady syndrome versus AV block.

Introduction

Prior reports have documented an increased incidence of
conduction abnormalities and other arrhythmias after aortic valve
replacement, whether via a surgical or catheter-based approach.!
() As the clinical adoption of transcatheter aortic valve replacement
(TAVR) has increased, there has been particular interest in the
clinical implications of post-TAVR arrhythmias and conduction
abnormalities.

Atrial fibrillation (AF) has been reported to occur in up to
35% of TAVR recipients overall, with rates as high as 53% using

the transapical approach,®"® as compared to a prevalence in the
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general population of 1.1-9.1%, depending on age and presence
of other cardiovascular disease.”’ ' Studies have shown that new
onset AF post-TAVR increases not only the risk of stroke and
systemic embolism but also overall mortality.*'? Furthermore,
the interaction between atrial fibrillation and other conduction
abnormalities, including those requiring permanent pacemaker
implantation (PPM), has not been well investigated. Recent studies
have shown that rates of PPM after TAVR range from approximately
6 to 11.5% with the Edwards SAPIEN Valve (Edwards LifeSciences,
Irvine, CA)["3051 and 15 to 33.3% with the Medtronic CoreValve
(Medtronic, Minneapolis, MN).[®F201 Tn a recent meta-analysis, the
overall PPM rate after TAVR was 17%, but atrial fibrillation was
not a predictor of PPM.?Y The indication for PPM, especially for
the Medtronic CoreValve, was most often cited as complete AV
block.221 Tt remains unclear whether incident atrial fibrillation is
a predictor of need for PPM, especially in the subgroup of patients
receiving the Edwards SAPIEN Valve.

Given the paucity of evidence regarding the implications of
post-TAVR atrial fibrillation on pacemaker implantation, the goals
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of this study are two-fold: 1) to analyze the relationship between
atrial fibrillation and pacemaker implantation at both 30 days and
1 year post-TAVR in the Placement of Aortic Transcatheter Valve
(PARTNER) study; and 2) to assess whether the indication for PPM
post-TAVR is due to AV block versus sick sinus syndrome in patients
with as well as without atrial fibrillation.

Methods

The PARTNER trial methods have been previously described.
(711231 The current study included 1723 patients from the PARTNER
trial and continued access registry who did not have a pre-existing
permanent pacemaker. All patients were either high-risk surgical
candidates or non-surgical candidates for aortic valve replacement. All
patients underwent TAVR with the Edwards SAPIEN transcatheter
heart valve. Per study protocol, electrocardiograms (ECG) were
obtained before TAVR and at hospital discharge. Atrial Fibrillation
was defined as either atrial fibrillation or atrial flutter as diagnosed
on the baseline or discharge ECG. Patients were stratified based
on the presence of sinus rhythm (SR) or AF on the pre-procedure
ECG (baseline) and the discharge ECG (discharge). For analysis, the
following three subgroups were compared: SR baseline/SR discharge
(SR/SR); SR baseline/AF discharge (SR/AF); and AF baseline/AF
discharge (AF/AF). The baseline AF/discharge SR group was not
analyzed due to low representation from that group (31 patients).
The study was approved by the Institutional Review Boards of each
participating site and all patients provided written informed consent.

'The primary endpoint for the study was pacemaker implantation
rate, which was compared among groups at both 30 days and 1 year.
A secondary endpoint was indication for pacemaker implantation
at 30 days. Sick sinus syndrome (SSS) was defined as symptomatic
sinus bradycardia or pauses (either at baseline if in SR or due to
therapy if in AF with need to reduce rapid ventricular response).

Atrioventricular (AV) block was defined as symptomatic slow
ventricular response or heart block during AF, or symptomatic 2™
degree or 3 degree AV block during sinus rhythm. Baseline, 30-
day, and 1 year ECGs were interpreted in an independent core
laboratory. Indications for all pacemaker implantations except one
(data not available for one patient in SR/SR group) were reviewed
and adjudicated by a cardiologist and an electrophysiologist (TN and
JD, respectively). Source documentation for pacemaker implantation
indication included operative notes, progress notes, and discharge
summaries. All other adverse clinical events were adjudicated by an
independent clinical events committee.

All analysis was conducted on the as-treated population. The
Wilcox Rank Sum test was used to compare continuous variables
while either the X? or Fisher’s exact test was used for categorical
variables, as appropriate. Multivariable predictors of outcomes were
identified using univariate analysis with those of clinical interest
and/or those with p<0.10 being selected. Multivariable predictors
of clinical outcomes at 1 year were identified by selecting those
candidate variables with p< 0.10 in univariate analysis. Statistical
analysis was performed using SAS, version 9.2 (SAS Institute, Cary,
North Carolina). A two-sided alpha level of <0.05 was used to
determine statistical significance.

Results

Of the 1723 patients who underwent TAVR in the PARTNER
trial and continued access registry and did not have a pre-existing
pacemaker, 1211 patients had SR at baseline and discharge, 105 had
SR at baseline and AF at discharge, and 407 had AF at baseline and
at discharge. [Figure 1]

Patient characteristics are included in [table 1]. When comparing
the groups of incident AF (SR/AF) and continuous SR (SR/SR) for

abnormal baseline conduction, there were no statistically significant

Table 1: Baseline Patient Characteristics

Variable Description SR/SR (a) SR/AF (b) AF/AF (c) P-Value All Groups P-Value (a) vs (b) P-Value (a) vs (c) P-Value (b) vs (c)
Age

median (IQR) 85.41[80.30,89.18] 86.49 [80.50,90.00] 85.82[81.69,89.19] 0.22 0.17 0.08 0.65
Male 45.9% (556/1211) 47.6% (50/105) 57.5% (234/407) 0.0002 0.74 <0.0001 0.07
BMI

mean + SD (n) 27.10 + 6.76 (1208) 27.38 + 8.02 (105) 26.53 + 5.87 (404) N/A 0.6894 0.1380 0.2504
STS Score

mean * SD (n) 11.07 £ 4.40 (1206) 11.62 + 3.60 (104) 11.91 + 3.83 (407) N/A 0.2113 0.0006 0.5212
Any Diabetes 38.3% (441/1151) 38.8% (38/98) 35.7% (135/378) 0.83 0.93 0.37 0.57
Hyperlipidemia 84.3% (970/1151) 83.7% (82/98) 81.2% (307/378) 0.46 0.88 0.16 0.57
Smoking 47.3% (544/1151) 53.1% (52/98) 49.7% (188/378) 0.39 0.27 0.40 0.56
Hypertension 91.5% (1053/1151) 91.8% (90/98) 92.0% (347/377) 0.94 0.90 0.73 0.95
Angina 23.3% (268/1151) 21.4% (21/98) 15.6% (59/378) 0.007 0.68 0.002 0.17
CHF 97.9% (1125/1149) 96.9% (95/98) 98.1% (371/378) 0.77 0.53 0.78 0.46
NYHA class 1 0.1% (1/1150) 0.0% (0/98) 0.0% (0/378) 0.93 0.77 0.57 N/A
NYHA class 2 5.6% (64/1150) 3.1% (3/98) 5.0% (19/378) 0.44 0.29 0.69 0.41
NYHA class 3 50.8% (584,/1150) 46.9% (46/98) 46.3% (175/378) 0.15 0.47 0.13 0.91
NYHA class 4 43.6% (501/1150) 50.0% (49/98) 48.7% (184/378) 0.03 0.22 0.08 0.82
CAD 77.1% (887/1151) 75.5% (74/98) 75.1% (284/378) 0.34 0.73 0.44 0.94
Prior MI 25.9% (296,/1145) 23.7% (23/97) 23.9% (90/376) 0.45 0.64 0.46 0.96
Prior CABG 40.6% (467/1151) 33.7% (33/98) 42.6% (161/378) 0.44 0.18 0.49 0.11
Renal disease (CR 2 2) 16.0% (184/1151) 20.4% (20/98) 17.2% (65/378) 0.68 0.26 0.58 0.46
Liver disease 2.4% (28/1151) 2.1% (2/97) 3.4% (13/377) 0.32 0.82 0.29 0.49
COPD 42.9% (494/1151) 48.0% (47/98) 47.1% (178/378) 0.46 0.33 0.16 0.88
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differences in baseline prevalence of 1st degree AV block, type 1 2nd
degree AV block, non-specific interventricular conduction delay,
incomplete RBBB, RBBB, or LBBB [table 2].

For the endpoint of PPM at 30 days, patients with new AF (SR/AF)
had the highest rates of implantation at 13.7%. This was significantly
different when compared to both the SR/SR group (5.4%, p=0.0008)
and the AF/AF group (5.9%, p=0.008). Similar results were found at
1 year, with 17.7% of patients undergoing pacemaker implantation in
the SR/AF group, compared to 7.1% of those in the SR/SR group
(p=0.0002) and 8.1% of those in the AF/AF group (p=0.0034).

Multivariable regression demonstrated that conversion from SR to
AF by hospital discharge was an independent predictor of pacemaker
implantation at 30 days compared to SR/SR patients. Patients in
the SR/AF group were over twice as likely to require a permanent
pacemaker by 30 days (HR=2.19, 95% CI 1.23-3.93; p=0.008).

It is well established in the surgical literature that atrial fibrillation
is a common post-operative complication of cardiac surgery,
including after aortic valve replacement (AVR). Furthermore, post-
operative atrial fibrillation has been shown to be associated with
worse outcomes and longer hospitalizations.?¥®! Studies have
shown that new AF occurred less often with TAVR than with
surgical AVR (6-42% versus 34-60%, respectively), with transfemoral
TAVR having the lowest incidence of new AF (14%).18) Similarly,
the SAVR and TAVR literature has shown that post-operative
heart block is a common occurrence and a frequent indication for
pacemaker implantation. [t 32122150 Thys both AF and pacemaker
implantation have been independently associated as complications
after AVR, with pacemaker implantation rates ranging from about
6-53% post-TAVR overall depending on the valve type and approach

used.

Table 2: Baseline Conduction Abnormalities ‘
Baseline Characteristic SR/SR (a) SR/AF (b) AF/AF (c) P-Value All Groups P-Value (a) vs (b) P-Value (a) vs (c) P-Value (b) vs (c)
Abnormal Conduction Present 44.7% (541/1210) 49.5% (52/105) 34.6% (139/402) 0.001 0.34 0.0004 0.005
1st degree AVB 19.2% (232/1210) 26.7% (28/105) N/A N/A 0.06 N/A N/A
2nd degree AVB Type | 0.2% (3/1210) 1.0% (1/105) N/A N/A 0.21 N/A N/A
2nd degree AVB Type II 0.0% (0/669) 0.0% (0/53) N/A N/A N/A N/A N/A
3rd degree AVB 0.0% (0/1210) 0.0% (0/105) N/A N/A N/A N/A N/A
IveD 5.1% (62/1209) 5.7% (6/105) 5.7% (23/402) 0.71 0.79 0.64 1
Inc. RBBB 1.3% (16/1210) 1.0% (1/105) 2.0% (8/402) 0.66 0.75 0.34 0.47
RBBB 14.5% (175/1210) 21.0% (22/105) 16.4% (66/402) 0.29 0.07 0.34 0.27
LBBB 9.8% (118/1210) 7.6% (8/105) 6.2% (25/402) 0.11 0.48 0.03 0.6

Type of AV block was documented during sinus rhythm for SR/AF patients.

At 1 year, the hazard ratio was still significant (HR=2.25, 95% CI
1.33-3.80; p=0.0025). Compared to the baseline AF/discharge AF
group, patients in the SR/AF group were also more likely to require
a permanent pacemaker at 1 year (HR=1.91, 95% CI 1.03-3.53;
p=0.0388). The presence of baseline RBBB was also an independent
predictor of pacemaker implantation at 30 days (HR=4.98, 95% CI
3.37-7.38; p<0.0001) as well as at 1 year (HR=4.03, 95% CI 2.82-
5.74; p<0.0001).

For the endpoint of pacemaker implantation at 30 days post-
TAVR, AV block was the most common indication in all three groups
B3J. However, SSS was relatively more common as an indication in
both AF groups versus the SR/SR group. In the SR/SR group, 11%
required a pacemaker for SSS (vs. 89% for AV block); in the SR/AF
group, 21% required a pacemaker for SSS (p=NS vs. SR/SR); and
in the AF/AF group, 33% of pacemakers were implanted for SSS
(p=0.01 vs. SR/SR).

Discussion

'This analysis constitutes what we believe to be the first report of
the relationship between atrial fibrillation and need for permanent
pacemaker implantation in patients undergoing TAVR. The principle
findings of the analysis include: 1) Patients in the PARTNER
database and continued registry who develop AF after TAVR have
an over 2-fold higher rate of pacemaker implantation at both 30 days
and 1 year compared to those who remain in their baseline rhythm of
either SR or AF; 2) The presence of AF at baseline and discharge is
also associated with increased pacemaker implantation rates at 1 year;
3) When compared to SR patients who require pacemakers after
TAVR, patients with AF after TAVR require pacemakers relatively
more because of SSS (vs. AV block).

However, the relationship between AF and the need for permanent
pacemaker implantation in TAVR patients has not been previously
established. I 81131-019]

The current study results show that, regardless of risk factors or
etiology, TAVR patients who develop AF by discharge are more than
twice as likely to require a pacemaker compared to those patients
who remain in sinus rhythm. This finding adds to other previously
reported risk factors for permanent pacemaker implantation in TAVR
patients, including, for example, the presence of baseline RBBB,
which was also noted to be an independent predictor in our results.?!
'The clinical implications of this finding are noteworthy with regard
to TAVR and patient care. Prior studies showed that the transfemoral
rather than the transapical approach in performing TAVR affects
rates of postprocedural AF (13.6% vs. 86.4%, respectively).! The
differential occurrence of AF may in part explain the documented
superiority of the femoral approach. Further study to identify
differences between the various alternative access approach (i.e.,

PARTNER Database
and Continued
Registry without PPM
(n=1723)

SR/SR
(n=1211)

SR/AF
(n=105)

Baseline and Discharge Rhythm ‘

AF/AF
(n=407)
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IELIEH Indication for Pacemaker Implantation ‘

Rhythm Classification SSS (%) AV Block (%) p-Value

SR/SR 7/64(11%) 57/64(89%) vs SR/AF=0.37
SR/AF 3/14(21%) 11/14(79%) vs AF/AF=0.49
AF/AF 8/24(33%) 16/24(67%) vs SR/SR=0.01

transapical, transaortic, subclavian, or carotid) may help to refine the
understanding of the relative merits of these approaches. Therefore,
prevention of AF by controlling for other known risk factors for AF
development, including approach and valve type, should be taken
into consideration.

In this analysis, categorization of patients was based solely on
admission and discharge ECGs, which does not take into account
whether patients experienced cross-over in heart rhythm between
SR and AF prior to and/or after hospital discharge. As such, these
results may be a conservative estimate of the true effect. Thus,
patients who do not require a pacemaker prior to hospital discharge,
but are discharged in atrial fibrillation should be viewed as a higher
risk follow-up group that is more likely to require pacemaker
implantation. It remains unclear for how long this increased risk lasts
post-TAVR, but the downward trend in pacemaker implantation at
1 year compared to 30 days is representative of a decreased rate of
need for pacemakers as time passes. Further analysis of the potential
merits of more intensive monitoring of patients in the AF groups are
warranted.

Asacorollaryto ourfinding that the development ofatrial fibrillation
is an independent predictor of pacemaker implantation in general,
we discovered that AF also affects the indication for pacemaker
implantation. For those with AF both before and after TAVR in our
study, there was a statistically significant difference in the pacemaker
implantation rate related to SSS (versus AV block) when compared to
those patients who remained in sinus rhythm throughout. There was
also a trend toward more SSS-related implantation in the SR group
that developed AF after TAVR. One explanation may be that either
the presence or development of AF with RVR leads to the need for
treatment with medications that lead to symptomatic bradycardia, an
indication for pacemaker implantation due to SSS. These medications
also impact upon AV nodal function, which was likely a reason for
at least some portion of patients to manifest AV node block. It is
not yet clear whether, and the extent to which, the TAVR procedure
and/or post-TAVR period itself exacerbates underlying arrhythmia

pathophysiology contributing to an increase in SSS. Furthermore,
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it is unclear how treating AF with anticoagulation, antiarrhythmic
medications, and/or cardioversion would alter the clinical course
for patients undergoing TAVR. Further studies exploring these
therapeutic approaches are required.

There are several potential limitations to our study that may
affect interpretation of the results. First, this is a post-hoc analysis
of patients who were categorized solely based on pre-procedure
and hospital discharge ECGs, which does not take into account: i)
history of AF; ii) patients who had intermittent crossover between
groups (i.e. those with paroxysmal AF that was not documented);
or iii) patients who may have developed AF after discharge. Second,
because of the limits of data available for analysis, this study does not
examine the direct effects of more intensive diagnostic monitoring
or therapeutic use of anticoagulants, antiarrhythmic medications,
or cardioversion on clinical endpoints. Finally, the effect of AF in
patients in lower risk groups undergoing TAVR, or being treated
with other types of transcatheter heart valves, may not be identical.

Conclusions

In conclusion, this study demonstrates that conversion to atrial
fibrillation is an independent predictor of pacemaker implantation
in a large population of TAVR patients from the PARTNER trial at
both short and long term follow-up. Furthermore, this study shows
that SSS is more often an indication for pacemaker implantation
in those patients with AF than in those who maintain SR. Further
studies should be conducted to assess optimal treatment strategies for
patients undergoing TAVR based on baseline or incident arrhythmias.
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