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Abstract

Objectives: The aim of this analysis was to evaluate the predictors associated with increased risk of permanent pacemaker
implantation (PPMI) following Transcatheter Aortic Valve Replacement (TAVR). Background: While TAVR has evolved as
the standard of care for patients with severe aortic stenosis, conduction abnormalities leading to the need for PPMI is one of the
most common post-procedural complications. Methods: A systematic literature search was performed to identify relevant trials
from inception to May 2020. Summary effects were calculated using a DerSimonian and Laird random-effects model as odds
ratio with 95% confidence intervals for all the clinical endpoints. Results: 37 observational studies with 71,455 patients were
identified. The incidence of PPMI following TAVR was 22%. Risk was greater in men and increased with age. Patients with
diabetes mellitus, presence of right bundle branch block, baseline atrioventricular conduction block, and left anterior fascicular
block were noted to be at higher risk. Other significant predictors include the presence of high calcium volume in the area below
the left coronary cusp and non-coronary cusp, use of self-expandable valve over balloon-expandable valve, depth of implant,
valve size/annulus size, pre-dilatation balloon valvuloplasty and post-implant balloon dilation. Conclusion: Fourteen factors
were found to be associated with increased risk of PPMI after TAVR, suggesting early identification of high-risk populations
and targeting modifiable risk factors may aid in reducing the need for this post TAVR PPMI.

Introduction

Over the past decade, Transcatheter Aortic Valve Replacement (TAVR) has evolved as the standard of care
for patients with severe aortic stenosis (AS). With the expansion of its use to patients with low surgical risk
the volume of TAVR procedures has increased, as has the rate of associated complications (1). Conduction
abnormalities leading to permanent pacemaker implantation (PPMI) is one of the most common (2). These
abnormalities are believed to occur due to ischemia, hemorrhage, edema, or trauma either during or after
the procedure (3). Even with the advances in both technology and procedural technique, and with the
use of newer generation valves, the rate of PPMI following TAVR remains high. However, the rate differs
between the two most widely used bioprosthetic valves; the balloon-expandable valve (BEV) and the self-
expandable valve (SEV) (4). The clinical impact of PPMI is of significant concern. This is not only due to
its high incidence but also to the potentially adverse effects on outcomes and the side effects of long-term
right ventricular pacing (5). The aim of our meta-analysis was to systematically review and evaluate the
predictors associated with increased risk.

Methods



Study Selection and Data Abstraction

PubMed and Embase were searched from the inception through May 2020. The keywords of transcatheter
aortic valve replacement OR, transcatheter aortic valve implantation OR permanent pacemaker OR atrioven-
tricular conduction OR cardiac conduction disturbance were used to identify relevant studies. References
from the retrieved articles were examined for further identification of potentially relevant studies. The search
methodology was not limited to a specific population or clinical presentation. After deduplication, the study
titles and abstracts were screened for relevance. Full manuscripts of potentially relevant studies were then
reviewed by two independent authors (SM and RG). Any discrepancies were resolved through consensus and
arbitration by a third investigator (AM). Studies were considered for inclusion if they consisted of patients
who underwent PPMI for any indication within 30 days after TAVR. We included studies that listed quan-
titative raw data which enabled the calculation of odds ratios (OR) as predictors. Only studies that listed
multivariate analysis of the predictors of interest were included; those with only univariate analysis were
excluded. All studies with retrospective design, abstracts, case reports, conference presentations, editorials,
reviews, and expert opinions were also excluded.

Various study and patient-related factors were extracted: number of participants; number of PPMI af-
ter TAVR; age; sex (male); number of patients with hypertension, diabetes mellitus, renal dysfunction or
coronary artery disease; baseline procedural risk assessment by logistic EuroSCORE (European System for
Cardiac Operative Risk Evaluation) or STS-PROM (Society of Thoracic Surgeons Predicted Risk of Mortal-
ity) score; number of patients with atrial fibrillation (AF), right bundle branch block (RBBB) or left bundle
branch block (LBBB). We extracted the type of valve used - BEV [Edward Sapien (ESV), Sapien XT (XT)
and Sapien 3 (S3)] versus SEV [Medtronic CoreValve Revalving System (MCRS) and Evolut R]. The data
on valve size and various access sites used for TAVR (transfemoral, transapical, transaortic, trans-subclavian
or trans-axillary) was also collected. Throughout the process we followed PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) guidelines for all stages of the design and implementation
(supplement table 1). Research did not include human subjects and no Institutional Review Board approval
was required.

Assessed Predictors of PPMI

The following factors were assessed as possible predictors: age; sex (male), hypertension, diabetes melli-
tus, baseline heart rate, prior aortic valve procedure, prior history of percutaneous coronary intervention
(PCI), AF, RBBB, LBBB, left anterior fascicular block (LAFB), atrioventricular block (AVB), baseline inter-
ventricular conduction delay (IVCD), change in QRS duration, increased inter-ventricular septal dimension
(IVSD), left ventricular outflow tract calcification for non-coronary, right and left coronary cusp, type of
valve used SEV versus BEV, logistic EuroSCORE, post-procedural AVB, valve size/annulus size, depth of
implant into the ventricle, and pre- and post TAVR balloon dilatation.

Certain factors assessed as predictors that were isolated from individual studies were not included: obe-
sity, chronic obstructive pulmonary disease (COPD), mitral regurgitation, previous myocardial infarction,
vascular disease, use of home oxygen, amiodarone, B-Blockers, presence of severe aortic stenosis, bicuspid
and tricuspid aortic valve, pre-intervention bifascicular block, access route (transapical vs transfemoral vs
transaortic), increase in balloon size and operative time.

Statistical Analysis

The Review Manager (RevMan) computer software [version 5.3]; Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2014; and R version 3.5.1 (R Development Core Team, 2010) was used to
perform the meta-analysis. Odds ratios were extracted and converted into treatment effects and standard
errors. The generic inverse variance method and a random-effects model was utilized. Results are presented
as OR with 95% confidence intervals (CI). The consistency and heterogeneity were assessed by calculating
12, and publication bias was assessed by creating a funnel plot to evaluate for the existence of small-study
effects.



RESULTS

The initial search yielded 2,808 articles; after electronic and manual deduplication on title review 2,502
studies remained. An abstract review led to the exclusion of the least relevant articles, with 159 selected for
full-text review. From that we identified 37 studies with 71,455 patients for which quantitative analysis was
possible (figure 1) (6-42). All the studies were observational, and 23 out of 37 included patients who had
undergone TAVR at a single institution (62%). The incidence of PPMI after TAVR was 22%. The mean
age of our study population ranged between 76-84 years, with 52% female. Logistic EuroSCORE or the
STS-PROM score was used to assess the pre-procedural risk in the majority of the studies. By contrast,
in seven studies the authors reported no relevant information. Table 1 shows the baseline characteristics of
patients in the included studies.

The type of valve implanted and the access routes used in each study are summarized in Table 2. In 17
studies SEV was used exclusively and BEV exclusively in 9; both valve types were used collectively in 11.
Of the studies included in the analysis, the incidence of BEV was 64% compared to SEV 35.5%, while
other valves were 0.5%. Fifty-four different predictors were eligible for the analysis, and two or more non-
overlapping datasets were available for 25 (supplement table 2). Results were divided based on demographic,
electrocardiographic, imaging, valvular, and procedural predictors (figure 2).

Demographic and Electrocardiographic Predictors

The risk of PPMI after TAVR increased with age (OR 1.15, 95% CI 1.01-1.32; p = 0.04; 12 = 89%), with
history of diabetes mellitus (OR 1.08, 95% CI 1.03-1.11; p < 0.01; 12 = 0%) and occurred with greater
incidence in males compared to females (OR 1.29, 95% CI 1.23-1.35; p = <0.01; I? = 0%). History of
hypertension, COPD, past aortic valve procedure, or prior PCI and Logistic EuroSCORE were not found to
be statistically significant predictors. In terms of ECG, presence of RBBB (OR 5.62, 95% CT 3.9-8.10; p <
0.01; I? = 82%), baseline AVB (OR 1.75, 95% CI 1.08-2.84; p = 0.02; I2 = 91%) and LAFB (OR 1.88, 95%
CI 1.14-3.11; p = 0.01; I? = 7%) were significantly associated with PPMI. No difference of risk was identified
for patients with AF, LBBB, baseline IVCD or change in QRS duration following procedure.

Imaging, Valvular and Procedural Predictors

Presence of high calcium volume extending into LVOT in the area below the left coronary cusp (LVOT).) (OR
4.21, 95% CI 1.90-9.31; p < 0.01; I? = 0%) and non-coronary cusp (LVOT,.) (OR 3.15, 95% CI 1.26-7.88;
p = 0.01; 12 = 89%) was a significant predictor while presence of high calcium in the area below the right
coronary cusp (LVOT,.) was not. Implantation of MCRS valve was associated with a 3.47-fold increased
risk of PPMI compared with ESV (OR 3.47, 95% CI 1.75-6.88; p < 0.01; I = 96%). Implant depth (OR
1.24, 95% CI 1.11-1.40; p < 0.01; I? = 85%) and increased valve size/annulus size were also found to carry
enhanced risk (OR 1.14, 95% CI 1.02-1.27; p = 0.02; 12 = 80%); however, IVSD was not found to be a
significant predictor. Pre-dilatation balloon valvuloplasty and post-implant balloon dilation were identified
as notable predictors with OR 2.32 (95% CI 1.56-3.44; p < 0.01; I? = 47%) and 1.76 (95% CI 1.10-2.82; p
= 0.02; 12 = 15%) respectively. Presence of post-procedure AVB was also found to be important (OR 3.08,
95% CI 1.34-7.10; p < 0.01; 12 = 90%).

Discussion

TAVR is rapidly emerging as a frequently performed and less invasive treatment alternative to surgical
aortic valve replacement. In recent trials it has shown superior outcomes, even in patients with low surgical
risk (43). However, despite the increase in procedural expertise, conduction disturbances and pacemaker
insertion remain major complications following TAVR, with incidence reported to be approximately 7.8% to
20.3% in prior studies (44).

There have been several studies of post-TAVR PPMI looking for various risk predictors including anatomic,
procedural, electrophysiological and demographic factors. A meta-analysis by Siontis et al (2014) included
studies that identified 20 different predictors using both univariate and multivariable analysis (45). In our
analysis, we included only those that used a multivariate regression model. Our findings suggest that age,



baseline conduction problems (including RBBB, AVB and LAFB), LVOT calcium, pre- and post-procedure
balloon dilatation, implant depth, valve size/annulus size and valve type are all linked to increased risk for
PPMI following TAVR.

Demographic and Electrocardiographic Predictors

Age and sex were found to be significant in identifying patients at greater risk, as was diabetes. Interestingly
other comorbidities such as hypertension, COPD, prior PCI, or prior aortic valve procedure were not.

Conduction defects are common during deployment of valves due to the close anatomic proximity of the
aortic valve to the AV node as well as to the bundle of His. While many of these defects are transient, they
can lead to heart block because the practice of keeping a temporary transvenous pacemaker post-procedure
still exists. However, there is limited literature on how long a temporary pacemaker should be left in place
before a decision is made for PPMI. Our report recognized the patients with underlying conduction defects
of RBBB (identified as the most reliable predictor), LAFB, baseline, and post-procedure AVB as those with
the greatest risk for needing PPMI. Particular focus should be given to underlying conduction defects while
devising guidelines for the timing of pacemaker insertion.

Imaging, Valvular and Procedural Predictors

Heavy calcium volume has been identified as a predictor for pacemaker insertion in prior studies. However,
different studies have used different parameters for the measurement of calcium burden including aortic valve
calcium score, porcelain aorta, landing zone calcification, LVOT calcium, and mitral annulus calcification.
In our analysis, high calcium volume in the area extending below LVOT). and LVOT),. was found to be an
important predictor. Our study also determined implant depth to be another major predictor suggesting the
significance of higher deployment of the valve in the aortic area. Implant depth was reported in individual
studies as either > 25% of stent frame below aortic annulus or > 6 mm length of an implant from the lower
edge of the non-coronary cusp to the ventricular end of the prosthesis.

Increasing valve to aortic annulus oversizing ratios using multislice computed tomography (CT) is known to
reduce the rate of paravalvular leak as the valve can fit better in the annulus (46). However, our analysis
determined this size discrepancy, between the valve and the annulus, is associated with an increase in PPMI.
The need for pre-dilatation balloon valvuloplasty has been substantially reduced as studies have shown direct
TAVR is safe, feasible and has similar outcomes (35, 47). Our analysis shows that both pre and post balloon
valvuloplasty are significant predictors of PPMI.

Since the introduction of TAVR, two valves have been widely used; the balloon-expandable ESV and the
self-expandable MCRS. The rate of PPMI is markedly higher in the MCRS valve (44, 48). This higher
rate has been attributed to the difference in stent design, long nitinol frame, and radial force exerted by
the stent into the conduction tissue (49). The balloon-expandable technology has evolved from XT to S3,
and the self-expandable technology has evolved to the Evolut R system. In the analysis of 12,381 patients
from different trials and registries by Vlastra et al, new-generation BEV required PPMI less frequently when
compared to the new-generation SEV (S3: 8.9% vs Evolut: 18.1%). This difference was greater in early-
generation valves (ESV: 6.1% and XT: 7.5% vs MCRS: 21.2%) (44). The S3 valves were designed with a
longer stent frame which lead to decrease in the paravalvular leak, but increased incidence of PPMI (7).
Recently, modifications in the implantation technique by high deployment of the valve has led to a reduction
in the rate of this complication (50).

Study Limitations

Certain limitations of our analysis should be considered. First, studies pooled in the report were all ob-
servational and susceptible to selection and confounding bias. Second, due to the wide selection of studies
from all over the world with different expertise and devices, we expected clinical heterogeneity. However, we
aimed to perform an umbrella review to identify all the predictors of PPMI post-TAVR that have remained
significant in multivariable-adjusted models. Third, despite appropriate multivariable adjustment, residual
confounding remains an issue from any observational data. We hope that our analysis adds enough statistical



power to overcome the expected small study effects and confounders. Finally, the studies used in our analysis
included both older and newer generation prostheses, so the risk factors identified could be generalized but
not applied individually to each device.

Conclusions

Currently, there are no standard guidelines for the timing of PPMI following TAVR. The reviewed literature
suggests a liberal use of PPMI immediately after TAVR, since a temporary pacemaker and more extended
rhythm monitoring of all patients post-procedure can increase hospitalization days and costs and delay
rehabilitation (49). Novel technology like Tempo pacemaker can be used safely for temporary pacing in
ambulating patients for up to 7 days post TAVR, and needs further validation (51). Our meta-analysis
identified 14 factors significantly associated with increased risk of PPMI following TAVR. This suggests
that recognizing the high-risk population prior to performing TAVR, and targeting the risk factors that are
modifiable, can help reduce the rate of PPMI.
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Figure Legends

Figure 1. PRISMA flowchart

Figure 2 . Forest plot for predictors of permanent pacemaker insertion after TAVR
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Age 1.15[1.01;1.31]
Sex (Male) 1.29[1.23;1.35)
Diabetes Mellitus 1.08[1.03;1.13]
Hypertension 1.08[0.70; 1.67]
Chronic Obstructive Pulmonary Disease 1.18[0.37; 3.76]
Prior aortic valve procedure 0.81[0.48; 1.36]
Prior Percutaneous Coronary Intervention 1.52[0.59; 3.90]
Logistic Euro score 1.03[0.98; 1.09]
Right bundle branch block 562(3.90;8.10]
Baseline AV conduction block 1.75[1.08; 2.84]
Post-procedure AV conduction block 3.08[1.34;7.09]
Left anterior fasicular block 1.88[1.14;3.11]
Atrial fibrillation 1.50[0.76; 2.97]
Left bundle branch block 1.35[0.54; 3.36]
Baseline interventricular conduction delay 1.02[0.97;,1.07]
Delta QRS 1.00[0.84; 1.20]

Left ventricular outflow tract calcification (left coronary cusp) 4.21[1.90; 9.32)
Left ventricular outflow tract calcification (non coronary cusp) 3.15[1.26; 7.88]
Left ventricular outflow tract calcification (right coronary cusp) 2.09 [0.54; 8.10]

Interventricular septal dimension 0.78[0.35; 1.74]
Self expandable valve vs Balloon expandable valve 347[1.75,6.88]
Valve size/Annulus size 1.14[1.02;1.27]
Pre-procedure balloon dilatation 2.32[1.56; 3.45]
Post-procedure balloon dilatation 1.76[1.10; 2.82]
Implantation depth 1.24[1.10; 1.39]
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