Reviews in
Cardiovascular Medicine

Rev. Cardiovasc. Med. 2025; 26(10): 39299
https://doi.org/10.31083/RCM39299

Systematic Review

Perioperative Risk Factors for Permanent Pacemaker Implantation
After Transcatheter Aortic Valve Replacement: A Systematic Review
and Meta-Analysis

Xi Peng!?1®, Nan Chen!', Peng Li®, Fang-Hui Zhu', Ming Li!, Xiao-Han Zhao',
Hui-Ping Zhang!*

I Department of Cardiology, Beijing Hospital, National Center of Gerontology, Institute of Geriatric Medicine, Chinese Academy of Medical Sciences,
100730 Beijing, China
2 Arthythmia Center, Fuwai Hospital, National Center for Cardiovascular Diseases, Chinese Academy of Medical Sciences, Peking Union Medical
College, 100730 Beijing, China
3The Key Laboratory of Geriatrics, Beijing Institute of Geriatrics, Institute of Geriatric Medicine, Chinese Academy of Medical Sciences, Beijing
Hospital/National Center of Gerontology of National Health Commission, 100730 Beijing, China
*Correspondence: huipingzhang73(@163.com (Hui-Ping Zhang)
T These authors contributed equally.

Academic Editor: Felix C. Tanner

Submitted: 26 March 2025 Revised: 29 May 2025  Accepted: 13 June 2025 Published: 23 October 2025

Abstract

Background: Transcatheter aortic valve replacement (TAVR) has become the preferred treatment for severe aortic stenosis, particularly
in patients at high surgical risk. Conduction block requiring permanent pacemaker (PPM) implantation remains a common complica-
tion post-TAVR. This systematic review and meta-analysis aimed to clarify perioperative (<30-day) predictors of PPM implantation.
Methods: A systematic search was performed using the PubMed, Web of Science, and Embase databases to gather all relevant studies
examining the relationship between TAVR and pacemaker implantation outcomes within 30 days of the procedure. Pooled odds ratios
(ORs) with 95% confidence intervals (Cls) were calculated using a random-effects model. Results: A total of 82 studies comprising
124,808 patients were included. The overall incidence of PPM implantation within 30 days post-TAVR was 17.5%. Key baseline risk
factors included right bundle branch block (RBBB) (OR, 5.48; 95% CI, 4.52—6.64) and first-degree atrioventricular block (AVB) (OR,
2.30; 95% CI, 1.82-2.90). Baseline left bundle branch block (LBBB), mitral annular calcification, and male sex were not significantly
associated with PPM implantation. A longer membranous septum (MS) length was associated with a reduced risk (OR, 0.78; 95% CI,
0.66-0.93). Additionally, procedural risk factors included greater implant depth (OR, 1.20; 95% CI, 1.13—1.28), the use of self-expanding
valves (OR, 2.59; 95% CI, 2.06-3.27), and balloon predilation (OR, 1.37; 95% CI, 1.10-1.71). The cusp overlap technique (COT) signif-
icantly reduced PPM risk (OR, 0.45; 95% CI, 0.35-0.58). Furthermore, a greater difference between MS length and implantation depth
(AMSID) was inversely correlated with PPM implantation risk (OR, 1.36; 95% CI, 1.22-1.50), and post-TAVR new-onset LBBB was
a strong predictor of PPM implantation (OR, 2.26; 95% CI, 1.66-3.07). Conclusions: This meta-analysis identified key perioperative
predictors of PPM implantation following TAVR. RBBB, first-degree AVB, increased implant depth, self-expanding valves, and predila-
tion all have been shown to increase PPM risk, whereas COT and lower AMSID are protective factors. The PROSPERO Registration:
CRD42023438228, URL: https://www.crd.york.ac.uk/PROSPERO/view/CRD42023438228.

Keywords: aortic stenosis; transcathether aortic valve replacement; cardiac conduction abnormalities; permanent pacemaker implanta-
tion; perioperative risk factors

1. Introduction risk stratification, particularly among patients at high sur-
gical risk [4]. Additionally, its use is gradually being ex-
tended to include patients at intermediate and low risks [2].
Despite procedural refinements and new generation devices
have reduced complications such as vascular injury and par-
avalvular leak, conduction disturbances necessitating PPM

implantation remained a critical concern.

Transcatheter aortic valve replacement (TAVR) is in-
creasingly used to treat severe aortic stenosis [1]. TAVR
has become the preferred treatment option, particularly in
patients who are ineligible for surgery or approximately
6.8% of patients receiving balloon-expandable valves and
23.1% of those with self-expanding systems required per-

manent pacemaker (PPM) within 30 days, the latter carry-
ing a 3.4-fold higher risk [2,3]. The occurrence of PPM
following TAVR is associated with prolonged hospitaliza-
tion, increased mortality, and higher rates of heart failure
readmission, emphasizing the critical need for improved

The anatomical vulnerability of the His-Purkinje sys-
tem to mechanical compression during valve deployment
largely accounted for PPM risk [5]. A shorter membranous
septum length (<3.5 mm) and deeper implantation depths
amplify injury likelihood, while innovative techniques like
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Fig. 1. PRISMA flow diagram for the study selection process. PRISMA, Preferred Reporting Items for Systematic Reviews and

Meta-Analyses.

the cusp overlap technique (COT) could potentially reduce
this risk by optimizing valve positioning [6,7]. Baseline
conduction abnormalities made the situation more compli-
cated: right bundle branch block (RBBB) increased PPM
odds by 5.5-fold, and first-degree atrioventricular block
(AVB) doubled the probability [6]. However, existing stud-
ies are restricted by factors such as inconsistent variable
definitions (e.g., “implant depth”), inconsistent sex-based
risk reporting, and a paucity of data on emerging protective
strategies like COT [7].

Although several meta-analyses have been conducted
on this topic, most of the existing literature has primarily
focused on predictors without specifying a clear timeframe,
often mixing short-term and long-term factors. This lack of

distinction makes it difficult to identify perioperative pre-
dictors that specifically influence early PPM implantation
risk. In contrast, our study systematically analyze periop-
erative risk factors specifically within the 30-day window.
Therefore, this systematic review and meta-analysis aims
to clarify perioperative (<30-day) predictors of PPM im-
plantation. By synthesizing evidence on anatomical, proce-
dural, and post-interventional factors, we hope to provide a
framework for personalized risk assessment and procedural
planning, thereby addressing gaps left by prior fragmented
analyses.
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Fig. 2. Sensitivity analysis for RBBB. The blue dots represent the ORs obtained after excluding each study, with the vertical lines

indicating the 95% confidence intervals. The red dashed line represents the overall OR, showing consistent results across study exclusions.

RBBB, Right Bundle Branch Block; OR, odds ratio.

2. Materials and Methods

This review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) standards, based on a sys-
tematic review and quality assessment of meta-analyses.
This study has been registered with the PROSPERO
International prospective register of systematic reviews
(CRD42023438228). The ethical approval was waived.

2.1 Search Strategy and Information Sources

A systematic search was executed across the PubMed,
Web of Science, and Embase databases to gather all relevant
studies examining the relationship between TAVR and per-
manent pacemaker implantation outcomes. The search key-
words were as follows: (“Transcatheter Aortic Valve Re-
placement” OR “Transcatheter Aortic Valve Implantation”
OR “Transcatheter Aortic Valve Insertion” OR “TAVR” OR
“TAVI”) AND (“pacemaker implantation” OR “permanent
pacemaker” OR “pacemaker”) AND (“postoperative com-
plications” OR “prognosis” OR “outcome” OR “risk fac-
tors” OR “predictors”). The search covered the literature
published up to January 2024. Additionally, we also manu-
ally searched reference lists of included articles and relevant
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reviews, and scanned preprint servers (medRxiv, Research-
Square) for unpublished studies meeting eligibility criteria.
All retrieved records were managed in Endnote software,
with deduplication algorithms applied before screening.

2.2 Inclusion and Exclusion Criteria

We included original studies that met the following
criteria: (1) Population: Patients undergoing TAVR. (2)
Outcome: Studies explicitly reporting of PPM implantation
rates within 30 days post-procedure. (3) Design: Random-
ized controlled trials (RCTs) or observational studies (ret-
rospective cohorts, Newcastle-Ottawa Scale (NOS) scores
>7) with multivariable adjustment for confounders. (4)
Risk Analysis: Examination of at least one predefined risk
factor (e.g., anatomical, procedural, or electrophysiological
variables) associated with 30-day PPM implantation.

Studies were excluded if they (1) involved non-human
subjects or focused on basic science mechanisms; (2)
lacked clear exclusion criteria for patients with preexist-
ing pacemakers—a critical safeguard against selection bias;
(3) compared TAVR with surgical valve replacement or
evaluated valve brands without analyzing PPM risk fac-
tors; or (4) used aggregated public registry data, which
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Fig. 3. Funnel plot for assessing publication bias in the association between RBBB and PPM implantation within 30 days post-
TAVR. PPM, permanent pacemaker; TAVR, transcatheter aortic valve replacement.
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Fig. 4. Temporal trend in 30-Day PPM implantation rates after TAVR.
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Risk factors

OR [95% CI]

RBBB —_— 5.48 [4.52, 6.64]
Self-expanding valve — 2.59[2.06, 3.27]
First-degree AVB — 2.30[1.82, 2.90]
Increased implant depth ] 1.20 [1.13, 1.28]
MAC - 1.06 [0.75, 1.49]
coT - 0.45[0.35, 0.58]
Baseline LBBB : —_— 1.43[0.67, 3.07]
Low implant depth [ | 1.18 [1.12, 1.24]
A MSID - 1.36 [1.22, 1.50]
Longer MS length HH 0.78 [0.66, 0.93]
New onset LBBB . D — 2.26 [1.66, 3.07]
Pre-dilation : — 1.37 [1.10, 1.71]
Male -— 0.88[0.65, 1.19]

Odds Ratio (OR)

Fig. 5. Overall forest plot for various risk factors associated with PPM implantation within 30 days post-TAVR using random
effects model. SEV, Self-Expanding Valve; AVB, Atrioventricular Block; MAC, Mitral Annular Calcification; COT, Cusp Overlap
Technique; LBBB, Left Bundle Branch Block; A MSID, Difference Between Membranous Septum Length and Implantation Depth;
MS, Membranous Septum; New onset LBBB, New Onset Left Bundle Branch Block.

may include duplicate individual patient records from pri-
mary studies. To minimize heterogeneity, we also excluded
non-English publications and studies reporting outcomes
beyond 30 days, as late conduction disturbances often re-
flected distinct pathophysiological mechanisms.

2.3 Data Collection Process

Two investigators independently performed a dual-
phase screening process: initial title/abstract review fol-
lowed by full-text assessment to determine study eligi-
bility. Data extraction was restricted to articles meet-
ing predefined quality thresholds. From eligible studies,
we systematically extracted the following variables: (1)
Study identifiers (first author, publication year); (2) Design
(prospective/retrospective cohort, RCT); (3) Cohort char-
acteristics (sample size, age, sex distribution, STS score);
(4) Quantitative outcomes (number of pacemaker implan-
tations within 30 days post-TAVR).

All extractions were conducted independently by two
reviewers using standardized electronic forms. Discrepan-
cies in screening decisions or data interpretation were re-
solved through iterative discussion, with unresolved cases
adjudicated by a third senior investigator. Inter-rater agree-
ment was quantified using Cohen’s « coefficient (x = 0.91
for full-text eligibility).

&% IMR Press

2.4 Quality Assessment

Two independent investigators evaluated methodolog-
ical quality using standardized criteria. Cohort studies
were assessed with the NOS, scoring selection bias (e.g.,
cohort representativeness), comparability (adjustment for
age/comorbidities), and outcome validity (follow-up ade-
quacy) on a 9-point scale; studies scoring <7 were ex-
cluded.

Randomized trials were appraised via the Cochrane
Risk of Bias Tool (RoB 2.0, version 1, August 2019;
Cochrane Methods Group, London, UK), examining ran-
domization integrity, intervention adherence, missing data
handling, outcome measurement consistency, and selec-
tive reporting-trials with >3 high-risk domains were ex-
cluded. Disagreements (initially 12% of assessments) were
resolved through consensus discussions, with unresolved
cases finalized by a third investigators.

2.5 Statistical Analysis

Categorical variables were summarized as counts and
proportions (%), while continuous variables were reported
as means with standard deviations (SD) or medians with
interquartile ranges (IQR) based on distribution normality.
We employed a random-effects model (DerSimonian-Laird
estimator) to pool adjusted odds ratios (ORs) and 95% con-
fidence intervals (Cls), prioritizing this approach to account
for anticipated clinical and methodological heterogeneity
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across studies. Between-study heterogeneity was quanti-
fied using Cochran’s Q test (significance threshold: p <
0.10) and the /7 statistic, with /2 values interpreted as fol-
lows: <25% (low), 25-50% (moderate), >50% (high).

To assess small-study effects and publication bias, we
generated funnel plots complemented by Egger’s regression
test for asymmetry (p < 0.05 indicating significance). Pre-
specified sensitivity analyses excluded studies contributing
disproportionately to heterogeneity (influence analysis) and
those with NOS scores <8. All analyses were conducted us-
ing R software (version 4.3.1, metafor and dmetar packages,
R Foundation for Statistical Computing, Vienna, Austria),
with two-tailed p < 0.05 defining statistical significance.

3. Results
3.1 Study Selection

Using the aforementioned search strategy, a prelimi-
nary identification of 8218 articles was performed. After
removing duplicates, 4945 unique articles remained. Fol-
lowing an assessment of article type, abstracts, and key-
words, 3994 articles were excluded because of irrelevant
topics or because they were literature reviews, conference
abstracts, editorial letters, or irrelevant studies. Full-text
assessment was conducted on the remaining 951 articles.
Subsequently, 802 articles were excluded as they did not
meet the inclusion criteria. Finally, a quality assessment
was performed on the remaining articles. We conducted
a meta-analysis on the risk factors for PPM implantation
within 30 days of TAVR, including only those factors that
were evaluated in three or more studies. Fig. 1 shows the
PRISMA flow diagram.

3.2 Study Characteristics

Ultimately, we included 82 studies (Table 1, Ref.
[4,7-86]) involving 124,808 patients. = Among these,
21,919 (17.5%) required PPM implantation within 30 days
of TAVR. A total of 29,443 patients (23.6%) received
self-expanding prostheses, while 42,414 (34.0%) received
balloon-dilated prostheses. The remaining patients either
did not have the specific valve type reported or were treated
with other types of valves. The average PPM implantation
rate was 20.4% for self-expanding prostheses and 12.8% for
balloon-dilated prostheses. The average age of the included
population was 82 =+ 3 years, and 50.6% were males. The
mean Society of Thoracic Surgeons risk score was 4.6 +
4.5, and the average body mass index (BMI) was 26.5 4 1.1
kg/m?. Additionally, 83.0% and 31.6% of the patients had
hypertension and diabetes, respectively, and 52.4%, 23.3%,
28.3%, and 33.6% had a history of coronary artery disease,
chronic obstructive pulmonary disease, atrial fibrillation,
and chronic kidney disease, respectively.

3.3 Baseline Patient Factors

Several baseline patient factors were significantly as-
sociated with PPM implantation. RBBB showed a strong

association with higher odds of PPM implantation (OR =
5.48, 95% CI: 4.52-6.64, p < 0.0001), with moderate het-
erogeneity (I2 = 37.74). Sensitivity analysis (Fig. 2) con-
firmed the robustness of this finding as the exclusion of in-
dividual studies did not substantially alter the overall OR,
which remained between 5.0 and 6.0. Furthermore, we used
funnel plots to assess publication bias and found that, al-
though some asymmetry was observed, there was no sig-
nificant evidence of publication bias for RBBB (Fig. 3).
Additional funnel plots and sensitivity analyses for other
risk factors are available in the Supplementary Materi-
als. The first-degree AVB was also significantly associated
with PPM implantation (OR = 2.30, 95% CI: 1.82-2.90, p
< 0.0001), with no observed heterogeneity (I2 = 0). There
was no significant publication bias, and the sensitivity anal-
ysis confirmed the robustness of this association. Baseline
left bundle branch block (LBBB) showed no significant as-
sociation (OR = 1.43, 95% CI: 0.67-3.07, p = 0.3599), but
had high heterogeneity (/2 = 78.15). There was no signif-
icant publication bias; however, sensitivity analysis indi-
cated poor robustness. Longer membranous septum (MS)
length was significantly associated with PPM implantation
(OR = 0.78, 95% CI: 0.66—0.93, p = 0.0065), with mod-
erate heterogeneity (/2 = 78.13). There was no significant
publication bias, and the sensitivity analysis confirmed the
robustness of this association. Mitral annular calcification
(MAC) was not significantly associated with PPM implan-
tation (OR = 1.06, 95% CI: 0.75-1.49, p = 0.7560). Po-
tential publication bias was observed, and the sensitivity
analysis indicated poor robustness. Male gender was also
not significantly associated with PPM implantation (OR =
0.88, 95% CI: 0.65-1.19, p = 0.3963). There was no sig-
nificant publication bias; however, sensitivity analysis in-
dicated poor robustness.

3.4 Procedural Factors

Several procedural factors have been identified as sig-
nificant risk factors for PPM implantation. Increased im-
plant depth per mm was significantly associated with higher
odds of PPM implantation (OR = 1.20, 95% CI: 1.13—1.28,
p < 0.0001) as well as low implant depth (OR = 1.18, 95%
CI: 1.12-1.24, p < 0.0001), both showing low to no hetero-
geneity. There was no significant publication bias, and the
sensitivity analysis confirmed the robustness of these asso-
ciations. The use of self-expanding valve was significantly
associated with increased odds of PPM implantation (OR
=2.59, 95% CI: 2.06-3.27, p < 0.0001), with substantial
heterogeneity (/2 = 60.13). Potential publication bias was
observed, but sensitivity analysis confirmed the robustness
of this association.

Additionally, the use of the COT significantly reduced
the risk of PPM implantation (OR = 0.45, 95% CI: 0.35—
0.58, p < 0.0001), with no observed heterogeneity (/> =
0). There was no significant publication bias, and the sen-
sitivity analysis confirmed the robustness of this finding.
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Table 1. Summary of included studies in the meta-analysis.

First author Publication Study type Quality Total sample Eventsample Meanage  Gender STS Score 30-day
year score size (n) size (n) (male %) all-cause
mortality (%)

Kim, W. K. [17] 2018 Prospective ~ 8/9 500 51 82.1 0.35 4.4[3.1-6.6] 33
Cohort

Abramowitz, Y. 2016 Retrospective  7/9 582 69 82.0 + 8.4 0.61 7.8+4.7 2.7

[18] Cohort

Dhakal, B. P. [19] 2020 Retrospective  9/9 176 25 80 + 8.5 0.6 57433 NA
Cohort

Ahmad, M. [13] 2019 Retrospective  7/9 269 17 79.5 + 8.7 0.51 62+59 NA
Cohort

Ko, E. [20] 2022 Prospective ~ 7/9 676 58 798 £ 54 0.50 39429 2
Cohort

Spargias, K. [21] 2013 Prospective ~ 7/9 126 27 80+ 8 0.41 70+52 1
Cohort

Corcione, N. [22] 2021 Prospective ~ 7/9 3075 401 79.8 £5.4 0.50 NA 2.3
Cohort

Stankowski, T. 2021 Retrospective  9/9 148 9 80.5+5.5 0.50 NA 2

[23] Cohort

Folliguet, T. A. 2019 Prospective ~ 7/9 11,033 1689 83.1+7.0 0.48 NA 6.3

[24] Cohort

Marie, B. [25] 2021 Retrospective  7/9 500 60 81.0+ 7.3 0.54 NA 1.2
Cohort

Barki, M. [26] 2022 Retrospective  7/9 166 28 82.7+ 6.1 0.57 37423 2.4
Cohort

Kroon, H. G. [27] 2022 Prospective ~ 9/9 368 74 80 [74-84] 0.53 4.3[2.8-6.3] 4
Cohort

Auffret, V. [28] 2017 Retrospective  9/9 3527 573 82+ 8 0.50 6.9 +4.1 7.2
Cohort

Okuno, T. [29] 2021 Prospective ~ 7/9 875 186 819+ 6.3 0.48 5.39 +3.62 34
Cohort

Grubb, K. J. [7] 2023 Prospective ~ 9/9 504 46 78.7 + 6.6 0.54 3.0+24 0.6
Cohort

Nazif, T. M. [30] 2014 Prospective ~ 8/9 1151 39 83.7+73 0.43 11.3£35 3.6
Cohort

Haouzi, A. [31] 2022 Prospective ~ 9/9 181 21 77.9 £9.1 0.62 3.49 +£2.98 3.8
Cohort

Tham, J. L. M. [32] 2020 Retrospective  7/9 151 27 83.6 +4.9 0.46 444 +38 2.6
Cohort

Schofer, N. [33] 2018 Retrospective  7/9 273 62 80.6 + 7.3 0.50 5.6+52 2.6
Cohort

Sawaya, F. J. [34] 2016 Retrospective  9/9 790 87 82.8 +7.1 0.52 53435 6.3
Cohort

Abdel-Wahab, M. 2014 RCT Low 241 64 80.8 £ 11.4  0.37 59+34 4.6

[35] Risk

Vlastra, W. [36] 2019 Prospective ~ 8/9 12,831 1730 81 +7 0.42 64+52 5.5
Cohort

Thiele, H. [37] 2020 RCT Low 447 90 81.6 £ 5.5 0.49 4.8 [2.9-9.8] 2.7

Risk

Lak, H. M. [38] 2022 Retrospective  7/9 468 23 80.0 + 8.2 0.59 53436 1.5
Cohort

Abramowitz, Y. 2017 Retrospective  9/9 761 34 82.1 + 8.8 0.60 7.1+54 33

[39] Cohort
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Table 1. Continued.

First author Publication Study type Quality Total sample Eventsample Meanage  Gender STS Score 30-day
year score size (n) size (n) (male %) all-cause
mortality (%)

Schewel, D. [40] 2018 Retrospective  8/9 563 61 81.2+6.9 0.44 5.9[3.4-8.0] 9.9
Cohort

Simonato, M. [41] 2019 Retrospective  7/9 113 7 76.5 £9.7 0.66 8+7.6 NA
Cohort

Asmarats, L. [42] 2023 Prospective  7/9 85 19 81.7+ 64 0.27 42428 2.4
Cohort

Maeno, Y. [11] 2017 Retrospective  7/9 240 35 824+73 0.51 52424 NA
Cohort

Kiefer, N. J. [43] 2019 Retrospective  7/9 378 50 83.0 + 8.6 0.49 71+54 NA
Cohort

Kroon, H. G. [44] 2022 Prospective  8/9 362 74 80 [73-84] 0.54 4.2 [2.8-6.3] 2.8
Cohort

Mendiz, O. A. [45] 2021 Retrospective  7/9 257 28 79.7+ 7.6 0.50 59425 35
Cohort

Hokken, T. W. [9] 2022 Retrospective  9/9 1811 275 81.9 0.54 3.2[2.1-5.0] NA
Cohort [77.2-85.4]

Mesnier, J. [46] 2021 Retrospective  7/9 1177 323 80.8 +9.2 0.53 NA 5.7
Cohort

Kim, K. [47] 2022 Retrospective  7/9 364 7 80.8 +54 0.46 594538 10.4
Cohort

Ternacle, J. [48] 2021 Prospective ~ 7/9 495 21 732+ 5.8 0.64 NA 0.4
Cohort

Fischer, Q. [49] 2018 Prospective ~ 8/9 3404 529 81.0 £ 8.1 0.46 55+32 5.7
Cohort

Ojeda, S. [50] 2020 Retrospective  8/9 345 60 79+ 6 0.46 NA NA
Cohort

Rajah, F. T. [51] 2022 Retrospective  8/9 170 48 76 [72-83] 0.57 NA NA
Cohort

Al-Azzam, F. [52] 2017 Retrospective  9/9 300 59 81.1+84 0.55 7.6 [5.3-10.6] NA
Cohort

Hamdan, A. [8] 2015 Prospective ~ 9/9 73 21 79.8 + 6.9 0.45 NA NA
Cohort

Kooistra, N. H. M. 2020 Prospective ~ 9/9 2804 341 82 [77-85] 0.45 NA NA

[53] Cohort

Useini, D. [54] 2022 Prospective ~ 7/9 103 19 82.7+ 4.6 0.44 3.7+ 1.7 39
Cohort

Chamandi, C. [55] 2019 Prospective ~ 7/9 1020 157 80.6 7.5 0.57 NA 2.9
Cohort

Collas, V. M. [56] 2015 Prospective ~ 7/9 861 113 83 [79-87] 0.47 NA 9
Cohort

Rheude, T. [57] 2022 Retrospective  7/9 1612 110 82 [79-85] 0.48 NA NA
Cohort

Pellegrini, C. [58] 2019 Retrospective  7/9 709 115 81 £6 0.55 NA NA
Cohort

Gugzel, T. [59] 2023 Retrospective  8/9 281 23 79.0 + 6.3 0.45 8.55+2.7 6.3
Cohort

Habertheuer, A. 2021 Prospective ~ 7/9 563 78 82 [78-86] 0.57 NA 1.9

[60] Cohort

Dumonteil, N. [61] 2019 Prospective ~ 7/9 1544 207 82 0.51 6.9 2
Cohort
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Table 1. Continued.

First author Publication Study type Quality Total sample Eventsample Meanage  Gender STS Score 30-day
year score size (n) size (n) (male %) all-cause
mortality (%)
Hamdan, A. [62] 2021 Retrospective  9/9 134 18 77.0 + 8.8 0.61 NA NA
Cohort
Pascual, I. [63] 2022 Prospective  8/9 444 54 82.4+7.6 0.52 45+24 1.8
Cohort
Toutouzas, K. [64] 2019 RCT Low 171 41 81.7+72 0.53 NA 0
Risk
Gama, F. [16] 2022 Prospective ~ 9/9 273 57 84 [80-87] 0.39 NA NA
Cohort
Leclercq, F. [65] 2020 RCT Low 236 29 NA NA NA 1.7
Risk
Maier, O. [66] 2022 Retrospective  7/9 759 35 81.6 £5.6 0.49 49+39 0.1
Cohort
Chiam, P. T. L. [67] 2021 Retrospective  7/9 873 82 80+ 7.2 0.46 NA 4.9
Cohort
Havakuk, O. [68] 2016 Retrospective  7/9 324 81 83.2+ 6.6 0.42 NA 2.5
Cohort
Bernhard, B. [69] 2022 Retrospective  7/9 2213 453 82.1 + 6.1 0.49 NA 33
Cohort
Doldi, P. M. [70] 2022 Retrospective  7/9 122 25 832 +6.6 0.80 3.3 [2.2-4.6] 0.8
Cohort
Siontis, G. C. M. 2014 Retrospective  9/9 353 89 82.0+ 74 0.54 144 +10.2 NA
[10] Cohort
Kim, W. J. [71] 2015 Retrospective  8/9 117 23 81.2 £5.1 0.51 NA NA
Cohort
Maan, A. [72] 2015 Retrospective  9/9 110 31 83.6 + 7.1 0.54 4.04 NA
Cohort [1.40-26.96]
Monteiro, C. [73] 2017 Retrospective  8/9 670 135 NA 0.59 NA 25.8
Cohort
Rampat, R. [74] 2017 Retrospective  7/9 201 64 812+ 7.7 0.51 NA NA
Cohort
van Gils, L. [75] 2017 Retrospective  8/9 306 126 83+ 7 0.63 6.3[4.1-10.2] 7
Cohort
Tacovelli, F. [76] 2018 Retrospective  9/9 86 8 81.7+5.0 0.42 20.23 £+ 14.62 0
Cohort
Costa, G. [4] 2019 Prospective ~ 9/9 1116 145 809 +53 0.42 44+34 4.7
Cohort
Jilaihawi, H. [77] 2019 Retrospective  9/9 248 24 832+69 0.57 6.0+29 1.2
Cohort
Katchi, F. [15] 2019 Retrospective  9/9 136 51 84+ 8 0.47 6 [4-8] NA
Cohort
Meduri, C.U. [78] 2019 RCT Low 912 245 82 +8 0.49 NA 8.4
Risk
Bisson, A. [14] 2020 Retrospective  9/9 49201 11010 824+ 7 0.51 NA 3.5
Cohort
Droppa, M. [79] 2020 Retrospective  9/9 1745 191 80.6 + 6.9 0.49 NA 2
Cohort
Du, F. [80] 2020 Retrospective  8/9 256 38 76.5 £ 6.1 0.42 7.1+£59 33
Cohort
Krishnaswamy, A. 2020 Retrospective  9/9 284 19 81.4 0.54 5.57+£3.83 0.4
[81] Cohort
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Table 1. Continued.

First author Publication Study type Quality Total sample Eventsample Meanage  Gender STS Score 30-day
year score size (n) size (n) (male %) all-cause
mortality (%)

Eliav, R. [82] 2021 Retrospective  8/9 338 83 NA 0.49 NA 3.8
Cohort

Nai Fovino, L. [12] 2021 Retrospective  7/9 728 112 81.2 0.54 4.06 NA
Cohort [77.9-84.7] [2.56-7.45]

Hokken, T.W. [83] 2021 Retrospective  8/9 653 120 80.6 0.52 3.0[1.94.8] NA
Cohort [74.7-84.8]

Nicolas, J. [84] 2021 Retrospective  8/9 922 120 824 +0.2 NA NA NA
Cohort

Hioki, H. [85] 2022 Retrospective  9/9 754 31 85 [82-88] 0.29 6.60 NA
Cohort [4.58-9.92]

Pascual, I. [86] 2022 Prospective ~ 9/9 226 40 83.5+6.0 0.60 NA 5.3
Cohort

Pascual, I. [63] 2022 Prospective ~ 7/9 444 79 82.4+7.6 0.52 45+24 42
Cohort

RCT, Randomized controlled trial; STS, Society of Thoracic Surgeons; NA, not available.

The difference between MS length and implantation depth
(AMSID) was also significantly associated with PPM im-
plantation (OR, 1.36; 95% CI, 1.22-1.50, p < 0.0001), with
high heterogeneity (I2 = 41.82). There was no significant
publication bias, and the sensitivity analysis confirmed the
robustness of this association. Predilation was another sig-
nificant risk factor (OR = 1.37, 95% CI: 1.10-1.71, p =
0.0045), with no observed heterogeneity. Potential publi-
cation bias was noted, and the sensitivity analysis indicated
poor robustness.

3.5 Post-Procedural Factors

Only one post-procedural risk factor met the inclusion
criteria. New-onset LBBB was identified as a significant
post-procedural risk factor for PPM implantation (OR =
2.26, 95% CI: 1.66-3.07, p < 0.0001), with no observed
heterogeneity (/2 = 0). This finding highlights the impor-
tance of monitoring for new-onset LBBB after TAVR. How-
ever, it should be noted that a potential publication bias was
observed, and the sensitivity analysis indicated a limited ro-
bustness of this association.

3.6 Temporal Trend Analysis

A temporal trend analysis based on the year of pub-
lication was performed to evaluate changes in the 30-day
PPM implantation rate following TAVR (Fig. 4). Meta-
regression revealed a significant decreasing trend in over-
all PPM implantation rates over time (coefficient =—0.008,
95% CI: —=0.015 to —0.001, p = 0.023). Specifically, a no-
table decline was observed in the self-expanding valve sub-
group (coefficient = —1.571, 95% CI: -2.620 to —0.521, p
= 0.004), whereas no significant temporal change was ob-
served for the balloon-expandable valve subgroup (coeffi-
cient =—-0.248, 95% CI: —1.408 to 0.911, p = 0.666).
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3.7 Subgroup Analysis by Study Type

Subgroup analysis by study design was performed to
investigate the potential impact of different study method-
ologies (RCT, prospective cohort, retrospective cohort) on
reported risk factors for PPM implantation. The overall
PPM rates did not significantly differ among these study
types (Kruskal-Wallis test: statistic =4.00, p=0.261). Fur-
thermore, subgroup analyses for specific risk factors (e.g.,
baseline RBBB, self-expanding valve use, increased im-
plantation depth, baseline LBBB, low implant depth, MAC,
and pre-dilation) did not reveal significant heterogeneity
between RCTs and observational studies, with all risk fac-
tors demonstrating non-significant differences across dif-
ferent study designs (all p > 0.05).

4. Discussion
4.1 Overview

This study aimed to investigate the risk factors for
PPM implantation within 30 days of TAVR to provide evi-
dence for perioperative management [87]. Our findings in-
dicated that baseline factors such as RBBB and first-degree
AVB were associated with an increased risk of PPM implan-
tation, whereas a longer MS length was associated with a
lower risk. Procedural factors, including increased implant
depth, low implant depth, use of self-expanding valves, and
predilation, were associated with a higher risk of PPM im-
plantation. Conversely, a lower AMSID and the use of the
COT could reduce the risk of PPM implantation. Postoper-
ative new-onset LBBB was a risk factor for increased PPM
implantation. Sex, MAC, and baseline LBBB were not as-
sociated with PPM implantation. Fig. 5 illustrates the over-
all forest plot of various risk factors associated with PPM
implantation within 30 days post-TAVR.
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4.2 Baseline Risk Factors

Identifying high-risk patients for PPM implantation
before intervention is crucial, as it can significantly influ-
ence the treatment strategy and patient’s prognosis. Our
meta-analysis found that baseline RBBB increased the risk
of PPM implantation by approximately 5.5 times, which
is much higher than that of other risk factors. This in-
creased risk was likely because valve implantation could
easily damage the left bundle branch. If patients with a pre-
existing RBBB developed LBBB after TAVR, the incidence
of chronic arrhythmias and high-grade AVB increased [6,7].
However, our study found that the baseline LBBB was not
associated with an increased need for PPM implantation af-
ter TAVR. This finding may further indicated why patients
with a baseline RBBB were more prone to PPM implanta-
tion due to the damage to the LBBB caused by the valve
deployment and positioning during the procedure. Addi-
tionally, first-degree AVB significantly increased the risk
of PPM implantation, indicating that preoperative attention
to conduction abnormalities was necessary.

Patients with longer MS had a lower risk of PPM im-
plantation, which might be related to anatomical factors.
Typically, the His bundle originates from the atrioventricu-
lar node, traverses the central fibrous body, and extends into
the membranous septum, coursing below the junction of the
noncoronary and right coronary cusps, with a total length of
approximately 20 mm [88]. As the His bundle and left bun-
dle branch are close to the aortic annulus, some conduction
abnormalities during surgery are secondary to mechanical
damage to the aortic root, leading to tissue inflammation,
edema, or ischemia [89]. A longer MS suggests a greater
distance from the annulus to the His bundle, reducing the
likelihood of valve-induced compression and thus lowering
the risk of conduction block [8,9].

Interestingly, other meta-analyses have reported that
male patients have a higher risk of PPM implantation af-
ter TAVR [10,90], whereas some have found that female
patients are more likely to develop new-onset LBBB [6].
However, in our study, which analyzed studies that adjusted
for sex in multivariate analyses, we found that sex was not
associated with the risk for PPM implantation. These re-
sults were consistent across the included studies, indicat-
ing no heterogeneity. Some studies have suggested that the
higher risk in males may be due to the more frequent use
of oversized valves and the higher prevalence of baseline
comorbidities [91]. The effect of sex on the risk of PPM
implantation remains controversial and warrants further in-
vestigation.

4.3 Procedural Risk Factors

Except for baseline factors, procedure-related risk fac-
tors were crucial for outcomes. Our findings were con-
sistent with those of previous studies indicating that the
use of self-expanding valves significantly increased the risk
of PPM implantation after TAVR [6,89,90]. This increase
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might be due to mechanical damage or pressure exerted on
the conduction system, leading to tissue inflammation, is-
chemia, edema, and subsequent conduction abnormalities
[2,11,12,92]. Similarly, predilation procedures also ele-
vated the risk of conduction abnormalities by 1.37 times,
although the funnel plot indicated potential publication bias
for predilation. Predilation should not be performed rou-
tinely unless necessary. Valve implantation depth was an-
other critical factor that influenced outcomes. As previ-
ously mentioned, the cardiac conduction system was as-
sociated with the MS length. Our meta-analysis indicated
that valve implantation depth was closely related to the
occurrence of conduction abnormalities, which supported
the mechanism underlying these post-TAVR complications.
Consequently, the measurement of AMSID has been pro-
posed to predict the risk of PPM implantation. Both MS
length and valve implantation depth could be measured,
and our meta-analysis confirmed that AMSID was signif-
icantly associated with PPM implantation, which provided
valuable insights into treatment strategies. Preoperative CT
assessment of MS length allows calculation of AMSID,
which guides individualized valve depth positioning.

In recent years, the COT has been proposed as a novel
projection method for valve deployment. This technique
involved overlapping the right and left coronary cusps to
eliminate parallax, thereby facilitating accurate assessment
of implantation depth and reducing the risk of conduction
abnormalities [93]. Our study demonstrated that the COT
significantly reduced the risk of PPM implantation after
TAVR, with no heterogeneity observed among the included
studies. COT is beneficial for high-risk patients, especially
those with RBBB or first-degree AVB, to mitigate conduc-
tion injury.

4.4 Postoperative Risk Factors

Among the postoperative factors, only new-onset
LBBB met the inclusion criteria. New-onset LBBB was
common after TAVR, and we found that it increased the
risk of PPM implantation by 2.26 times. Although one-
third of patients could reach a resolution of LBBB within 30
days postoperatively as myocardial injury, inflammation,
or edema subsided, it is important to note that new-onset
LBBB implied the cardiac conduction system had been af-
fected [94]. Therefore, monitoring for conduction block
complications in these patients should be warranted, and
continuous electrocardiogram monitoring might be reason-
able for this patient group [87,95]. However, it should be
paid attention that potential publication bias was observed
in our study and the robustness of the findings was limited,
necessitating cautious interpretation and further research on
the relationship between new-onset LBBB and the need for
PPM implantation after TAVR.

4.5 Temporal Trend Analysis

The temporal trend analysis demonstrates a significant
overall decline in the incidence of PPM implantation fol-
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lowing TAVR over recent years, particularly pronounced
in self-expanding valve cohorts. This trend likely reflects
technological advancements, such as the adoption of the
cusp overlap technique, improved procedural optimization,
and iterative upgrades in valve design, all contributing to
more precise valve positioning and reduced conduction dis-
turbances [93]. However, no significant temporal change
was identified in balloon-expandable valve cohorts, possi-
bly indicating a plateau in technological advancements or a
consistent patient selection approach in this subgroup.

4.6 Limitations

Our study has several limitations. First, as this is the
first meta-analysis to focus on the perioperative period of
TAVR, we excluded high-quality studies whose endpoints
did not align with our criteria. Second, we only included
studies that performed multivariate adjustments for risk fac-
tors to eliminate confounding effects. Consequently, com-
pared with previous meta-analyses, only 13 factors met our
criteria; however, this provided stronger evidence regard-
ing the impact of these factors on PPM implantation af-
ter TAVR. Third, although some variables such as BMI
[13,14], choice of oversized valves [4], and changes in QRS
duration [15,16], have been identified in previous studies
as potentially related to conduction abnormalities, we re-
quired a minimum of three studies for each variable to en-
sure reasonable evaluation. Owing to differences in defi-
nitions among studies, some variables were ultimately not
included in our analysis [96]. Lastly, although the number
of eligible RCTs included in our meta-analysis was limited,
we employed rigorous quality assessment tools for obser-
vational studies and conducted subgroup analyses based on
study design. The results showed that the estimated effects
of risk factors were largely consistent across study types,
thereby strengthening the reliability of our overall findings.

5. Conclusions

This study fills a critical evidence gap by systemat-
ically evaluating perioperative predictors of PPM implan-
tation within 30 days post-TAVR—a pivotal timeframe for
early clinical decision-making. Compared to prior meta-
analyses that focused on long-term outcomes or mixed
timeframes, our study provides actionable insights for im-
mediate post-TAVR management. We identified several
key risk factors for PPM implantation, including baseline
RBBB, first-degree AVB, shorter MS, use of self-expanding
valves, predilation, lower valve implantation positions, and
new-onset LBBB. However, the use of COT and a lower
AMSID appeared to have protective effects, findings that
had not been previously emphasized in pooled analyses.
These results underscore the importance of preoperative as-
sessment and procedural planning to mitigate conduction
disturbances and optimize patient outcomes.
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tum; COT, Cusp overlap technique; AMSID, Differ-
ence between membranous septum length and implanta-
tion depth; OR, Odds ratio; CI, Confidence interval; COP,
Cusp-overlap projection.

Availability of Data and Materials

Data extracted from included studies, data used for all
analyses, analytic code, and other materials used in the sys-
tematic review are available upon request from the corre-
sponding author.

Author Contributions

XP, NC, PL: study design, data collection, funding
acquisition, writing—original draft. XP, FHZ, NC, XHZ,
ML.: data collection, data analysis. HPZ: methodology, data
analysis, supervision, funding acquisition, writing—review
& editing. All authors contributed to editorial changes in
the manuscript. All authors read and approved the final
manuscript. All authors have participated sufficiently in
the work and agreed to be accountable for all aspects of the
work.

Ethics Approval and Consent to Participate
Not applicable.

Acknowledgment
Not applicable.

Funding

This study was supported by the Non-profit Central
Research Institute Fund of Chinese Academy of Medical
Sciences (2024-JKCS-04).

Conflict of Interest

The authors declare no conflict of interest.

Declaration of AI and AI-Assisted
Technologies in the Writing Process

During the preparation of this work the authors used
ChatGpt-40 in order to check spell and grammar. After us-
ing this tool, the authors reviewed and edited the content as
needed and takes full responsibility for the content of the
publication.

Supplementary Material

Supplementary material associated with this article
can be found, in the online version, at https://doi.org/10.
31083/RCM39299.

&% IMR Press


https://doi.org/10.31083/RCM39299
https://doi.org/10.31083/RCM39299
https://www.imrpress.com

References

(1]

(2]

(3]

(4]

(3]

(6]

(7]

(8]

(9]

[10]

[11]

[12]

Li SX, Patel NK, Flannery LD, Selberg A, Kandanelly RR, Mor-
rison FJ, et al. Trends in Utilization of Aortic Valve Replacement
for Severe Aortic Stenosis. Journal of the American College of
Cardiology. 2022; 79: 864-877. https://doi.org/10.1016/j.jacc
.2021.11.060.

Rodés-Cabau J, Ellenbogen KA, Krahn AD, Latib A, Mack M,
Mittal S, et al. Management of Conduction Disturbances As-
sociated With Transcatheter Aortic Valve Replacement: JACC
Scientific Expert Panel. Journal of the American College of
Cardiology. 2019; 74: 1086-1106. https://doi.org/10.1016/j.ja
cc.2019.07.014.

Chamandi C, Regueiro A, Auffret V, Rodriguez-Gabella T,
Chiche O, Barria A, et al. Reported Versus “Real” Incidence of
New Pacemaker Implantation Post-Transcatheter Aortic Valve
Replacement. Journal of the American College of Cardiology.
2016; 68: 2387-2389. https://doi.org/10.1016/j.jacc.2016.08.
065.

Costa G, Zappulla P, Barbanti M, Cirasa A, Todaro D, Rapis-
arda G, et al. Pacemaker dependency after transcatheter aortic
valve implantation: incidence, predictors and long-term out-
comes. Eurolntervention: Journal of EuroPCR in Collabora-
tion with the Working Group on Interventional Cardiology of
the European Society of Cardiology. 2019; 15: 875-883. https:
//doi.org/10.4244/E1J-D-18-01060.

Szotek M, Druzbicki L., Sabatowski K, Amoroso GR, De
Schouwer K, Matusik PT. Transcatheter Aortic Valve Implan-
tation and Cardiac Conduction Abnormalities: Prevalence, Risk
Factors and Management. Journal of Clinical Medicine. 2023;
12: 6056. https://doi.org/10.3390/jcm12186056.

Ullah W, Zahid S, Zaidi SR, Sarvepalli D, Haq S, Roomi S, et al.
Predictors of Permanent Pacemaker Implantation in Patients Un-
dergoing Transcatheter Aortic Valve Replacement - A System-
atic Review and Meta-Analysis. Journal of the American Heart
Association. 2021; 10: €020906. https://doi.org/10.1161/JAHA
.121.020906.

Grubb KJ, Gada H, Mittal S, Nazif T, Rodés-Cabau J, Fraser
DGW, et al. Clinical Impact of Standardized TAVR Technique
and Care Pathway: Insights From the Optimize PRO Study.
JACC. Cardiovascular Interventions. 2023; 16: 558-570. https:
//doi.org/10.1016/j.jcin.2023.01.016.

Hamdan A, Guetta V, Klempfner R, Konen E, Raanani E, Glik-
son M, et al. Inverse Relationship Between Membranous Septal
Length and the Risk of Atrioventricular Block in Patients Un-
dergoing Transcatheter Aortic Valve Implantation. JACC. Car-
diovascular Interventions. 2015; 8: 1218-1228. https://doi.org/
10.1016/j.jcin.2015.05.010.

Hokken TW, Muhemin M, Okuno T, Veulemans V, Lopes BB,
Beneduce A, et al. Impact of membranous septum length on
pacemaker need with different transcatheter aortic valve replace-
ment systems: The INTERSECT registry. Journal of Cardio-
vascular Computed Tomography. 2022; 16: 524-530. https:
//doi.org/10.1016/j.jcct.2022.07.003.

Siontis GCM, Jiini P, Pilgrim T, Stortecky S, Biillesfeld L, Meier
B, et al. Predictors of permanent pacemaker implantation in pa-
tients with severe aortic stenosis undergoing TAVR: a meta-
analysis. Journal of the American College of Cardiology. 2014;
64: 129-140. https://doi.org/10.1016/j.jacc.2014.04.033.
Maeno Y, Abramowitz Y, Kawamori H, Kazuno Y, Kubo S,
Takahashi N, et al. A Highly Predictive Risk Model for Pace-
maker Implantation After TAVR. JACC. Cardiovascular Imag-
ing. 2017; 10: 1139-1147. https://doi.org/10.1016/j.jcmg.2016.
11.020.

Nai Fovino L, Cipriani A, Fabris T, Massussi M, Scotti A,
Lorenzoni G, et al. Anatomical Predictors of Pacemaker De-
pendency After Transcatheter Aortic Valve Replacement. Circu-

&% IMR Press

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

lation. Arrhythmia and Electrophysiology. 2021; 14: ¢009028.
https://doi.org/10.1161/CIRCEP.120.009028.

Ahmad M, Patel IN, Loc BL, Vipparthy SC, Divecha C, Barzallo
PX, et al. Association Between Body Mass Index and Permanent
Pacemaker Implantation After Transcatheter Aortic Valve Re-
placement (TAVR) with Edwards SAPIEN™ 3 TAVR Valves:
A Single-Center Experience. Cureus. 2019; 11: e5142. https:
//doi.org/10.7759/cureus.5142.

Bisson A, Bodin A, Herbert J, Lacour T, Saint Etienne C,
Pierre B, et al. Pacemaker Implantation After Balloon- or Self-
Expandable Transcatheter Aortic Valve Replacement in Patients
With Aortic Stenosis. Journal of the American Heart Asso-
ciation. 2020; 9: e015896. https://doi.org/10.1161/JAHA.120.
015896.

Katchi F, Bhatt D, Markowitz SM, Szymonifka J, Cheng EP,
Minutello RM, et al. Impact of Aortomitral Continuity Calcifi-
cation on Need for Permanent Pacemaker After Transcatheter
Aortic Valve Replacement. Circulation. Cardiovascular Imag-
ing. 2019; 12: e009570. https://doi.org/10.1161/CIRCIMAGIN
G.119.009570.

Gama F, Gongalves PDA, Abecasis J, Ferreira AM, Freitas
P, Gongalves M, et al. Predictors of pacemaker implantation
after TAVI in a registry including self, balloon and mechan-
ical expandable valves. The International Journal of Cardio-
vascular Imaging. 2022; 38: 225-235. https://doi.org/10.1007/
s10554-021-02365-2.

Kim WK, Méllmann H, Liebetrau C, Renker M, Rolf A, Si-
mon P, et al. The ACURATE neo Transcatheter Heart Valve:
A Comprehensive Analysis of Predictors of Procedural Out-
come. JACC. Cardiovascular Interventions. 2018; 11: 1721—
1729. https://doi.org/10.1016/j.jcin.2018.04.039.

Abramowitz Y, Maeno Y, Chakravarty T, Kazuno Y, Taka-
hashi N, Kawamori H, et al. Aortic Angulation Attenuates Pro-
cedural Success Following Self-Expandable But Not Balloon-
Expandable TAVR. JACC. Cardiovascular Imaging. 2016; 9:
964-972. https://doi.org/10.1016/j.jcmg.2016.02.030.

Dhakal BP, Skinner KA, Kumar K, Lotun K, Shetty R, Kazui
T, et al. Arrhythmias in Relation to Mortality After Tran-
scatheter Aortic Valve Replacement. The American Journal of
Medicine. 2020; 133: 1336-1342.e1. https://doi.org/10.1016/j.
amjmed.2020.03.032.

Ko E, Kang DY, Ahn JM, Kim TO, Kim JH, Lee J, et al. As-
sociation of aortic valvular complex calcification burden with
procedural and long-term clinical outcomes after transcatheter
aortic valve replacement. European Heart Journal. Cardiovascu-
lar Imaging. 2022; 23: 1502—1510. https://doi.org/10.1093/ehjc
i/jeab180.

Spargias K, Toutouzas K, Chrissoheris M, Synetos A, Halapas
A, Paizis I, ef al. The Athens TAVR Registry of newer genera-
tion transfemoral aortic valves: 30-day outcomes. Hellenic Jour-
nal of Cardiology: HJC = Hellenike Kardiologike Epitheorese.
2013; 54: 18-24.

Corcione N, Testa A, Ferraro P, Morello A, Cimmino M, Al-
banese M, et al. Baseline, procedural and outcome features of
patients undergoing transcatheter aortic valve implantation ac-
cording to different body mass index categories. Minerva Med-
ica. 2021; 112: 474-482. https://doi.org/10.23736/S0026-4806.
21.07379-1.

Stankowski T, Mangner N, Linke A, Aboul-Hassan SS, Gasior
T, Muehle A, et al. Cardiac conduction abnormalities in patients
with degenerated bioprostheses undergoing transcatheter aortic
valve-in-valve implantations and their impact on long-term out-
comes. International Journal of Cardiology. 2021; 330: 16-22.
https://doi.org/10.1016/j.ijcard.2021.02.029.

Folliguet TA, Teiger E, Beurtheret S, Modine T, Lefevre T, Van
Belle E, et al. Carotid versus femoral access for transcatheter

13


https://doi.org/10.1016/j.jacc.2021.11.060
https://doi.org/10.1016/j.jacc.2021.11.060
https://doi.org/10.1016/j.jacc.2019.07.014
https://doi.org/10.1016/j.jacc.2019.07.014
https://doi.org/10.1016/j.jacc.2016.08.065
https://doi.org/10.1016/j.jacc.2016.08.065
https://doi.org/10.4244/EIJ-D-18-01060
https://doi.org/10.4244/EIJ-D-18-01060
https://doi.org/10.3390/jcm12186056
https://doi.org/10.1161/JAHA.121.020906
https://doi.org/10.1161/JAHA.121.020906
https://doi.org/10.1016/j.jcin.2023.01.016
https://doi.org/10.1016/j.jcin.2023.01.016
https://doi.org/10.1016/j.jcin.2015.05.010
https://doi.org/10.1016/j.jcin.2015.05.010
https://doi.org/10.1016/j.jcct.2022.07.003
https://doi.org/10.1016/j.jcct.2022.07.003
https://doi.org/10.1016/j.jacc.2014.04.033
https://doi.org/10.1016/j.jcmg.2016.11.020
https://doi.org/10.1016/j.jcmg.2016.11.020
https://doi.org/10.1161/CIRCEP.120.009028
https://doi.org/10.7759/cureus.5142
https://doi.org/10.7759/cureus.5142
https://doi.org/10.1161/JAHA.120.015896
https://doi.org/10.1161/JAHA.120.015896
https://doi.org/10.1161/CIRCIMAGING.119.009570
https://doi.org/10.1161/CIRCIMAGING.119.009570
https://doi.org/10.1007/s10554-021-02365-2
https://doi.org/10.1007/s10554-021-02365-2
https://doi.org/10.1016/j.jcin.2018.04.039
https://doi.org/10.1016/j.jcmg.2016.02.030
https://doi.org/10.1016/j.amjmed.2020.03.032
https://doi.org/10.1016/j.amjmed.2020.03.032
https://doi.org/10.1093/ehjci/jeab180
https://doi.org/10.1093/ehjci/jeab180
https://doi.org/10.23736/S0026-4806.21.07379-1
https://doi.org/10.23736/S0026-4806.21.07379-1
https://doi.org/10.1016/j.ijcard.2021.02.029
https://www.imrpress.com

(25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

14

aortic valve implantation: a propensity score inverse probability
weighting study. European Journal of Cardio-thoracic Surgery:
Official Journal of the European Association for Cardio-thoracic
Surgery. 2019; 56: 1140-1146. https://doi.org/10.1093/ejcts/ez
z216.

Marie B, David CH, Guimbretiére G, Foucher Y, Buschiazzo A,
Letocart V, et al. Carotid versus femoral access for transcatheter
aortic valve replacement: comparable results in the current era.
European Journal of Cardio-thoracic Surgery: Official Journal
of the European Association for Cardio-thoracic Surgery. 2021;
60: 874-879. https://doi.org/10.1093/ejcts/ezab109.

Barki M, Ielasi A, Buono A, Maliandi G, Pellicano M, Bande M,
et al. Clinical Comparison of a Novel Balloon-Expandable Ver-
sus a Self-Expanding Transcatheter Heart Valve for the Treat-
ment of Patients with Severe Aortic Valve Stenosis: The EVAL
Registry. Journal of Clinical Medicine. 2022; 11: 959. https:
//doi.org/10.3390/jcm11040959.

Kroon HG, van Gils L, Ziviello F, van Wiechen MPH, Ooms
JFW, Rahhab Z, et al. Clinical consequences of consecutive
self-expanding transcatheter heart valve iterations. Netherlands
Heart Journal: Monthly Journal of the Netherlands Society of
Cardiology and the Netherlands Heart Foundation. 2022; 30:
140-148. https://doi.org/10.1007/s12471-021-01568-5.
Auffret V, Webb JG, Eltchaninoff H, Mufioz-Garcia AJ, Himbert
D, Tamburino C, et al. Clinical Impact of Baseline Right Bun-
dle Branch Block in Patients Undergoing Transcatheter Aortic
Valve Replacement. JACC. Cardiovascular Interventions. 2017,
10: 1564-1574. https://doi.org/10.1016/].jcin.2017.05.030.
Okuno T, Brugger N, Asami M, Heg D, Siontis GCM, Winkel
MG, et al. Clinical impact of mitral calcium volume in patients
undergoing transcatheter aortic valve implantation. Journal of
Cardiovascular Computed Tomography. 2021; 15: 356-365. ht
tps://doi.org/10.1016/j.jcct.2020.10.003.

Nazif TM, Williams MR, Hahn RT, Kapadia S, Babaliaros V,
Rodés-Cabau J, et al. Clinical implications of new-onset left
bundle branch block after transcatheter aortic valve replacement:
analysis of the PARTNER experience. European Heart Journal.
2014; 35: 1599-1607. https://doi.org/10.1093/eurheartj/eht376.
Haouzi A, Tuttle M, Eyal A, Tandon K, Tung P, Zimetbaum PJ,
et al. Clinical management of conduction abnormalities follow-
ing transcatheter aortic valve replacement: prospective evalua-
tion of a standardized management pathway. Journal of Inter-
ventional Cardiac Electrophysiology: an International Journal
of Arrhythmias and Pacing. 2022; 64: 195-202. https://doi.org/
10.1007/s10840-022-01156-6.

Tham JLM, Adams H, Paleri S, Wright C, Dimitriou J, New-
comb A, et al. Clinical outcomes of self-expandable vs. balloon-
expandable TAVI for severe aortic stenosis. Acta Cardiologica.
2020; 75: 218-225. https://doi.org/10.1080/00015385.2019.
1572959.

Schofer N, Deuschl F, Schon G, Seiffert M, Linder M, Schaefer
A, et al. Comparative analysis of balloon- versus mechanically-
expandable transcatheter heart valves considering landing zone
calcification. Journal of Cardiology. 2018; 71: 540-546. https:
//doi.org/10.1016/j.jjcc.2017.09.014.

Sawaya FJ, Spaziano M, Lefévre T, Roy A, Garot P, Hovasse T,
et al. Comparison between the SAPIEN S3 and the SAPIEN XT
transcatheter heart valves: A single-center experience. World
Journal of Cardiology. 2016; 8: 735-745. https://doi.org/10.
4330/wjc.v8.112.735.

Abdel-Wahab M, Mehilli J, Frerker C, Neumann FJ, Kurz
T, Tolg R, et al. Comparison of balloon-expandable vs self-
expandable valves in patients undergoing transcatheter aor-
tic valve replacement: the CHOICE randomized clinical trial.
JAMA. 2014; 311: 1503-1514. https://doi.org/10.1001/jama
.2014.3316.

[36]

[37

—

[38

=

[39

—

[40

[l

[41

—

[42

—

[43

—

[44]

[45

—

[46

=

[47]

Vlastra W, Chandrasekhar J, Mufioz-Garcia AJ, Tchétché D,
de Brito FS, Jr, Barbanti M, et al. Comparison of balloon-
expandable vs. self-expandable valves in patients undergoing
transfemoral transcatheter aortic valve implantation: from the
CENTER-collaboration. European Heart Journal. 2019; 40:
456-465. https://doi.org/10.1093/eurheartj/ehy805.

Thiele H, Kurz T, Feistritzer HJ, Stachel G, Hartung P, Eitel L, ez
al. Comparison of newer generation self-expandable vs. balloon-
expandable valves in transcatheter aortic valve implantation: the
randomized SOLVE-TAVI trial. European Heart Journal. 2020;
41: 1890-1899. https://doi.org/10.1093/eurheartj/chaa036.
Lak HM, Chawla S, Gajulapalli RD, Verma BR, Ahmed T,
Agrawal A, et al. Comparison of Outcomes of Transcatheter
Aortic Valve Implantation in Patients With Versus Without Mi-
tral Annular Calcium. The American Journal of Cardiology.
2022; 180: 99-107. https://doi.org/10.1016/j.amjcard.2022.06.
039.

Abramowitz Y, Kazuno Y, Chakravarty T, Kawamori H, Maeno
Y, Anderson D, et al. Concomitant mitral annular calcification
and severe aortic stenosis: prevalence, characteristics and out-
come following transcatheter aortic valve replacement. Euro-
pean Heart Journal. 2017; 38: 1194-1203. https://doi.org/10.
1093/eurheartj/ehw594.

Schewel D, Schewel J, Schliiter M, Kreidel F, Schmidt T,
Schmoeckel M, et al. Correlation of tricuspid regurgitation
and new pacemaker implantation in patients undergoing tran-
scatheter aortic valve implantation. International Journal of
Cardiology. 2018; 261: 37-41. https://doi.org/10.1016/j.ijcard
.2018.03.030.

Simonato M, Webb J, Bleiziffer S, Abdel-Wahab M, Wood D,
Seiffert M, et al. Current Generation Balloon-Expandable Tran-
scatheter Valve Positioning Strategies During Aortic Valve-in-
Valve Procedures and Clinical Outcomes. JACC. Cardiovascu-
lar Interventions. 2019; 12: 1606—1617. https://doi.org/10.1016/
jj¢cin.2019.05.057.

Asmarats L, Gutiérrez-Alonso L, Nombela-Franco L, Regueiro
A, Millan X, Tirado-Conte G, et al. Cusp-overlap technique dur-
ing TAVI using the self-expanding Portico FlexNav system. Re-
vista Espanola De Cardiologia (English Ed.). 2023; 76: 767—
773. https://doi.org/10.1016/j.rec.2023.02.003.

Kiefer NJ, Salber GC, Burke GM, Chang JD, Guibone KA,
Popma JJ, et al. The Impact of Basal Septal Hypertrophy on Out-
comes after Transcatheter Aortic Valve Replacement. Journal of
the American Society of Echocardiography: Official Publica-
tion of the American Society of Echocardiography. 2019; 32:
1416-1425. https://doi.org/10.1016/j.ech0.2019.06.012.

Kroon HG, van Gils L, Ziviello F, van Wiechen M, Ooms J, Rah-
hab Z, et al. Impact of Baseline and Newly Acquired Conduction
Disorders on Need for Permanent Pacemakers With 3 Consecu-
tive Generations of Self-Expanding Transcatheter Aortic Heart
Valves. Cardiovascular Revascularization Medicine: Including
Molecular Interventions. 2022; 34: 40-45. https://doi.org/10.
1016/j.carrev.2021.01.025.

Mendiz OA, No¢ M, Fava CM, Gutiérrez Jaikel LA, Sztejf-
man M, Pleskovi¢ A, et al. Impact of Cusp-Overlap View for
TAVR with Self-Expandable Valves on 30-Day Conduction Dis-
turbances. Journal of Interventional Cardiology. 2021; 2021:
9991528. https://doi.org/10.1155/2021/9991528.

Mesnier J, Urena M, Chong-Nguyen C, Fischer Q, Kikoine J,
Carrasco JL, et al. Impact of Mitral Annular Calcium and Mitral
Stenosis on Outcomes After Transcatheter Aortic Valve Implan-
tation. The American Journal of Cardiology. 2021; 155: 103—
112. https://doi.org/10.1016/j.amjcard.2021.06.017.

Kim K, Ko YG, Shim CY, Ryu J, Lee YJ, Seo J, et al. Im-
pact of New-Onset Persistent Left Bundle Branch Block on Re-
verse Cardiac Remodeling and Clinical Outcomes After Tran-

&% IMR Press


https://doi.org/10.1093/ejcts/ezz216
https://doi.org/10.1093/ejcts/ezz216
https://doi.org/10.1093/ejcts/ezab109
https://doi.org/10.3390/jcm11040959
https://doi.org/10.3390/jcm11040959
https://doi.org/10.1007/s12471-021-01568-5
https://doi.org/10.1016/j.jcin.2017.05.030
https://doi.org/10.1016/j.jcct.2020.10.003
https://doi.org/10.1016/j.jcct.2020.10.003
https://doi.org/10.1093/eurheartj/eht376
https://doi.org/10.1007/s10840-022-01156-6
https://doi.org/10.1007/s10840-022-01156-6
https://doi.org/10.1080/00015385.2019.1572959
https://doi.org/10.1080/00015385.2019.1572959
https://doi.org/10.1016/j.jjcc.2017.09.014
https://doi.org/10.1016/j.jjcc.2017.09.014
https://doi.org/10.4330/wjc.v8.i12.735
https://doi.org/10.4330/wjc.v8.i12.735
https://doi.org/10.1001/jama.2014.3316
https://doi.org/10.1001/jama.2014.3316
https://doi.org/10.1093/eurheartj/ehy805
https://doi.org/10.1093/eurheartj/ehaa036
https://doi.org/10.1016/j.amjcard.2022.06.039
https://doi.org/10.1016/j.amjcard.2022.06.039
https://doi.org/10.1093/eurheartj/ehw594
https://doi.org/10.1093/eurheartj/ehw594
https://doi.org/10.1016/j.ijcard.2018.03.030
https://doi.org/10.1016/j.ijcard.2018.03.030
https://doi.org/10.1016/j.jcin.2019.05.057
https://doi.org/10.1016/j.jcin.2019.05.057
https://doi.org/10.1016/j.rec.2023.02.003
https://doi.org/10.1016/j.echo.2019.06.012
https://doi.org/10.1016/j.carrev.2021.01.025
https://doi.org/10.1016/j.carrev.2021.01.025
https://doi.org/10.1155/2021/9991528
https://doi.org/10.1016/j.amjcard.2021.06.017
https://www.imrpress.com

[48]

[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

scatheter Aortic Valve Replacement. Frontiers in Cardiovascular
Medicine. 2022; 9: 893878. https://doi.org/10.3389/fcvm.2022.
893878.

Ternacle J, Al-Azizi K, Szerlip M, Potluri S, Hamandi M, Blanke
P, et al. Impact of Predilation During Transcatheter Aortic Valve
Replacement: Insights From the PARTNER 3 Trial. Circulation.
Cardiovascular Interventions. 2021; 14: e010336. https://doi.or
2/10.1161/CIRCINTERVENTIONS.120.010336.

Fischer Q, Himbert D, Webb JG, Eltchaninoff H, Mufoz-
Garcia AJ, Tamburino C, et al. Impact of Preexisting Left Bun-
dle Branch Block in Transcatheter Aortic Valve Replacement
Recipients. Circulation. Cardiovascular Interventions. 2018;
11: €006927. https://doi.org/10.1161/CIRCINTERVENTIONS.
118.006927.

Ojeda S, Hidalgo F, Romero M, Mazuelos F, Suarez de Lezo J,
Martin E, et al. Impact of the repositionable Evolut R CoreValve
system on the need for a permanent pacemaker after tran-
scatheter aortic valve implantation in patients with severe aor-
tic stenosis. Catheterization and Cardiovascular Interventions:
Official Journal of the Society for Cardiac Angiography & In-
terventions. 2020; 95: 783-790. https://doi.org/10.1002/ccd.
28327.

Rajah FT, Alaamiri AA, Mahmoodurrahman M, Alhowaish TS,
Aldosari SF, Hussain AO, et al. Incidence, predictors, and clini-
cal outcomes of permanent pacemaker insertion following tran-
scatheter aortic valve implantation in an Arab population. Jour-
nal of Interventional Cardiac Electrophysiology: an Interna-
tional Journal of Arrhythmias and Pacing. 2022; 63: 545-554.
https://doi.org/10.1007/s10840-021-01039-2.

Al-Azzam F, Greason KL, Krittanawong C, Williamson EE,
McLeod CJ, King KS, et al. The influence of native aortic valve
calcium and transcatheter valve oversize on the need for pace-
maker implantation after transcatheter aortic valve insertion. The
Journal of Thoracic and Cardiovascular Surgery. 2017; 153:
1056-1062.el. https://doi.org/10.1016/j.jtcvs.2016.11.038.
Kooistra NHM, van Mourik MS, Rodriguez-Olivares R, Maass
AH, Nijenhuis VJ, van der Werf R, et al. Late onset of new con-
duction disturbances requiring permanent pacemaker implanta-
tion following TAVI. Heart (British Cardiac Society). 2020; 106:
1244-1251. https://doi.org/10.1136/heartjnl-2019-315967.
Useini D, Schlomicher M, Aweimer A, Haldenwang P, Strauch
J, Patsalis P. Long-term Follow up after Transfemoral Tran-
scatheter Aortic Valve Implantation in Lower Risk Patients Us-
ing the Balloon-Expandable Bioprosthesis: Gender-Dependent
Outcomes. The Heart Surgery Forum. 2022; 25: E175-E180.
https://doi.org/10.1532/hsf.4451.

Chamandi C, Barbanti M, Munoz-Garcia A, Latib A, Nombela-
Franco L, Gutiérrez-Ibanez E, ef al. Long-Term Outcomes in Pa-
tients With New-Onset Persistent Left Bundle Branch Block Fol-
lowing TAVR. JACC. Cardiovascular Interventions. 2019; 12:
1175-1184. https://doi.org/10.1016/j.jcin.2019.03.025.

Collas VM, Dubois C, Legrand V, Kefer J, De Bruyne B, Dens
J, et al. Midterm clinical outcome following Edwards SAPIEN
or Medtronic Corevalve transcatheter aortic valve implantation
(TAVI): Results of the Belgian TAVI registry. Catheterization
and Cardiovascular Interventions: Official Journal of the Soci-
ety for Cardiac Angiography & Interventions. 2015; 86: 528—
535. https://doi.org/10.1002/ccd.25999.

Rheude T, Pellegrini C, Allali A, Bleiziffer S, Kim WK, Neuser
J, et al. Multicenter comparison of latest-generation balloon-
expandable versus self-expanding transcatheter heart valves:
Ultra versus Evolut. International Journal of Cardiology. 2022;
357: 115-120. https://doi.org/10.1016/j.ijcard.2022.03.043.
Pellegrini C, Kim WK, Holzamer A, Walther T, Mayr NP,
Michel J, et al. Multicenter Evaluation of Prosthesis Oversiz-
ing of the SAPIEN 3 Transcatheter Heart Valve. Impact on De-

&% IMR Press

[59]

[60

-

[61

—

[62]

[63

—

[64

[l

[65

—

[66

—

[67

—

[68

=

[69

—

[70

=

vice Failure and New Pacemaker Implantations. Revista Es-
panola De Cardiologia (English Ed.). 2019; 72: 641-648. https:
//doi.org/10.1016/j.rec.2018.06.005.

Giizel T, Demir M, Aktan A, Arik B, Argun L, fldinml K,
et al. A new trend to reduce adverse events in patients un-
dergoing transcatheter aortic valve implantation: cusp overlap
technique: a cross sectional study. Aging Clinical and Exper-
imental Research. 2023; 35: 375-385. https://doi.org/10.1007/
s40520-022-02307-5.

Habertheuer A, Gleason TG, Kilic A, Schindler J, Kliner
D, Bianco V, et al. Outcomes of Current-Generation Trans-
femoral Balloon-Expandable Versus Self-Expandable Tran-
scatheter Aortic Valve Replacement. The Annals of Thoracic
Surgery. 2021; 111: 1968-1974. https://doi.org/10.1016/j.atho
racsur.2020.08.010.

Dumonteil N, Terkelsen C, Frerker C, Collart F, Wohrle J, But-
ter C, et al. Outcomes of transcatheter aortic valve replacement
without predilation of the aortic valve: Insights from 1544 pa-
tients included in the SOURCE 3 registry. International Journal
of Cardiology. 2019; 296: 32-37. https://doi.org/10.1016/j.ijca
rd.2019.06.013.

Hamdan A, Nassar M, Schwammenthal E, Perlman G, Arow
Z, Lessick J, et al. Short membranous septum length in bicus-
pid aortic valve stenosis increases the risk of conduction dis-
turbances. Journal of Cardiovascular Computed Tomography.
2021; 15: 339-347. https://doi.org/10.1016/j.jcct.2020.10.002.
Pascual I, Hernandez-Vaquero D, Alperi A, Almendarez M,
Avanzas P, Kalavrouziotis D, et al. Permanent Pacemaker
Reduction Using Cusp-Overlapping Projection in TAVR: A
Propensity Score Analysis. JACC. Cardiovascular Interven-
tions. 2022; 15: 150-161. https://doi.org/10.1016/j.jcin.2021.
10.002.

Toutouzas K, Benetos G, Voudris V, Drakopoulou M,
Stathogiannis K, Latsios G, et al. Pre-Dilatation Versus No
Pre-Dilatation for Implantation of a Self-Expanding Valve
in All Comers Undergoing TAVR: The DIRECT Trial.
JACC. Cardiovascular Interventions. 2019; 12: 767-777.
https://doi.org/10.1016/j.jcin.2019.02.005.

Leclercq F, Robert P, Akodad M, Macia JC, Gandet T, Delseny
D, et al. Prior Balloon Valvuloplasty Versus Direct Transcatheter
Aortic Valve Replacement: Results From the DIRECTAVI Trial.
JACC. Cardiovascular Interventions. 2020; 13: 594—602. https:
//doi.org/10.1016/j.jcin.2019.12.006.

Maier O, Piayda K, BinnebdBel S, Berisha N, Afzal S, Polzin
A, et al. Real-world experience with the cusp-overlap de-
ployment technique in transcatheter aortic valve replacement:
A propensity-matched analysis. Frontiers in Cardiovascular
Medicine. 2022; 9: 847568. https://doi.org/10.3389/fcvm.2022.
847568.

Chiam PTL, Hayashida K, Watanabe Y, Yin WH, Kao HL, Lee
MKY, et al. Sex differences in patients undergoing transcatheter
aortic valve replacement in Asia. Open Heart. 2021; 8: e001541.
https://doi.org/10.1136/openhrt-2020-001541.

Havakuk O, Konigstein M, Ben Assa E, Arbel Y, Abramowitz
Y, Halkin A, et al. Steroid therapy and conduction distur-
bances after transcatheter aortic valve implantation. Cardiovas-
cular Therapeutics. 2016; 34: 325-329. https://doi.org/10.1111/
1755-5922.12202.

Bernhard B, Okuno T, Cicovic A, Stortecky S, Reichlin T, Lanz
J, et al. Systemic Corticosteroid Exposure and Atrioventricular
Conductance Delays After Transcatheter Aortic Valve Implan-
tation. Cardiovascular Revascularization Medicine: Including
Molecular Interventions. 2022; 37: 1-6. https://doi.org/10.1016/
j.carrev.2021.06.127.

Doldi PM, Stolz L, Escher F, Steffen J, Gmeiner J, Roden D,
et al. Transcatheter Aortic Valve Replacement with the Self-

15


https://doi.org/10.3389/fcvm.2022.893878
https://doi.org/10.3389/fcvm.2022.893878
https://doi.org/10.1161/CIRCINTERVENTIONS.120.010336
https://doi.org/10.1161/CIRCINTERVENTIONS.120.010336
https://doi.org/10.1161/CIRCINTERVENTIONS.118.006927
https://doi.org/10.1161/CIRCINTERVENTIONS.118.006927
https://doi.org/10.1002/ccd.28327
https://doi.org/10.1002/ccd.28327
https://doi.org/10.1007/s10840-021-01039-2
https://doi.org/10.1016/j.jtcvs.2016.11.038
https://doi.org/10.1136/heartjnl-2019-315967
https://doi.org/10.1532/hsf.4451
https://doi.org/10.1016/j.jcin.2019.03.025
https://doi.org/10.1002/ccd.25999
https://doi.org/10.1016/j.ijcard.2022.03.043
https://doi.org/10.1016/j.rec.2018.06.005
https://doi.org/10.1016/j.rec.2018.06.005
https://doi.org/10.1007/s40520-022-02307-5
https://doi.org/10.1007/s40520-022-02307-5
https://doi.org/10.1016/j.athoracsur.2020.08.010
https://doi.org/10.1016/j.athoracsur.2020.08.010
https://doi.org/10.1016/j.ijcard.2019.06.013
https://doi.org/10.1016/j.ijcard.2019.06.013
https://doi.org/10.1016/j.jcct.2020.10.002
https://doi.org/10.1016/j.jcin.2021.10.002
https://doi.org/10.1016/j.jcin.2021.10.002
https://doi.org/10.1016/j.jcin.2019.02.005
https://doi.org/10.1016/j.jcin.2019.12.006
https://doi.org/10.1016/j.jcin.2019.12.006
https://doi.org/10.3389/fcvm.2022.847568
https://doi.org/10.3389/fcvm.2022.847568
https://doi.org/10.1136/openhrt-2020-001541
https://doi.org/10.1111/1755-5922.12202
https://doi.org/10.1111/1755-5922.12202
https://doi.org/10.1016/j.carrev.2021.06.127
https://doi.org/10.1016/j.carrev.2021.06.127
https://www.imrpress.com

[71]

[72]

(73]

[74]

[75]

[76]

[77]

(78]

[79]

[80]

(81]

16

Expandable Core Valve Evolut Prosthesis Using the Cusp-
Overlap vs. Tricusp-View. Journal of Clinical Medicine. 2022;
11: 1561. https://doi.org/10.3390/jcm11061561.

Kim WJ, Ko YG, Han S, Kim YH, Dy TC, Posas FEB, et al.
Predictors of Permanent Pacemaker Insertion Following Tran-
scatheter Aortic Valve Replacement With the CoreValve Revalv-
ing System Based on Computed Tomography Analysis: An
Asian Multicenter Registry Study. The Journal of Invasive Car-
diology. 2015; 27: 334-340.

Maan A, Refaat MM, Heist EK, Passeri J, Inglessis I, Ptaszek
L, et al. Incidence and Predictors of Pacemaker Implantation in
Patients Undergoing Transcatheter Aortic Valve Replacement.
Pacing and Clinical Electrophysiology: PACE. 2015; 38: 878—
886. https://doi.org/10.1111/pace.12653.

Monteiro C, Ferrari ADL, Caramori PRA, Carvalho LAF,
Siqueira DADA, Thiago LEKS, et al. Permanent Pacing After
Transcatheter Aortic Valve Implantation: Incidence, Predictors
and Evolution of Left Ventricular Function. Arquivos Brasileiros
De Cardiologia. 2017; 109: 550-559. https://doi.org/10.5935/ab
¢.20170170.

Rampat R, Khawaja MZ, Hilling-Smith R, Byrne J, MacCarthy
P, Blackman DJ, et al. Conduction Abnormalities and Perma-
nent Pacemaker Implantation After Transcatheter Aortic Valve
Replacement Using the Repositionable LOTUS Device: The
United Kingdom Experience. JACC. Cardiovascular Interven-
tions. 2017; 10: 1247-1253. https://doi.org/10.1016/j.jcin.2017.
03.044.

van Gils L, Tchetche D, Lhermusier T, Abawi M, Dumonteil N,
Rodriguez Olivares R, et al. Transcatheter Heart Valve Selection
and Permanent Pacemaker Implantation in Patients With Pre-
Existent Right Bundle Branch Block. Journal of the American
Heart Association. 2017; 6: €005028. https://doi.org/10.1161/
JAHA.116.005028.

lacovelli F, Pignatelli A, Giugliano G, Stabile E, Cicala M,
Salemme L, ef al. Prosthesis depth and conduction disturbances
after last generation balloon-expandable transcatheter aortic
valve implantation. Europace: European Pacing, Arrhythmias,
and Cardiac Electrophysiology: Journal of the Working Groups
on Cardiac Pacing, Arrhythmias, and Cardiac Cellular Electro-
physiology of the European Society of Cardiology. 2018; 20:
116-123. https://doi.org/10.1093/europace/euw3 10.

Jilaihawi H, Zhao Z, Du R, Staniloae C, Saric M, Neuburger
PJ, et al. Minimizing Permanent Pacemaker Following Repo-
sitionable Self-Expanding Transcatheter Aortic Valve Replace-
ment. JACC. Cardiovascular Interventions. 2019; 12: 1796—
1807. https://doi.org/10.1016/j.jcin.2019.05.056.

Meduri CU, Kereiakes DJ, Rajagopal V, Makkar RR, O’Hair
D, Linke A, et al. Pacemaker Implantation and Dependency Af-
ter Transcatheter Aortic Valve Replacement in the REPRISE
III Trial. Journal of the American Heart Association. 2019; 8:
€012594. https://doi.org/10.1161/JAHA.119.012594.

Droppa M, Rudolph TK, Baan J, Nielsen NE, Baumgartner H,
Vendrik J, et al. Risk factors for permanent pacemaker implan-
tation in patients receiving a balloon-expandable transcatheter
aortic valve prosthesis. Heart and Vessels. 2020; 35: 1735-1745.
https://doi.org/10.1007/s00380-020-01653-6.

DuF, Zhu Q, Jiang J, Chen H, Liu X, Wang J. Incidence and Pre-
dictors of Permanent Pacemaker Implantation in Patients Who
Underwent Transcatheter Aortic Valve Replacement: Observa-
tion of a Chinese Population. Cardiology. 2020; 145: 27-34.
https://doi.org/10.1159/000502792.

Krishnaswamy A, Sammour Y, Mangieri A, Kadri A, Karrthik
A, Banerjee K, et al. The Utility of Rapid Atrial Pacing Imme-
diately Post-TAVR to Predict the Need for Pacemaker Implan-
tation. JACC. Cardiovascular Interventions. 2020; 13: 1046—
1054. https://doi.org/10.1016/j.jcin.2020.01.215.

(82]

[83]

[84]

(86]

(87]

[88]

[89]

[90]

[91]

[92]

[93]

Eliav R, Elitzur Y, Planer D, Beeri R, Gilon D, Shuvy M, et
al. Predictors for permanent pacemaker implantation follow-
ing transcatheter aortic valve implantation: trends over the past
decade. Journal of Interventional Cardiac Electrophysiology: an
International Journal of Arrhythmias and Pacing. 2021; 62: 299—
307. https://doi.org/10.1007/s10840-020-00902-y.

Hokken TW, van Wiechen MP, Ooms JF, El Azzouzi I, de Ronde
M, Kardys 1, et al. Impact of Interventricular membranous sep-
tum length on pacemaker need with different Transcatheter aor-
tic valve implantation systems. International Journal of Cardiol-
ogy. 2021; 333: 152-158. https://doi.org/10.1016/j.ijcard.2021.
02.080.

Nicolas J, Guedeney P, Claessen BE, Mehilli J, Petronio AS,
Sartori S, et al. Incidence, predictors and clinical impact of per-
manent pacemaker insertion in women following transcatheter
aortic valve implantation: Insights from a prospective multi-
national registry. Catheterization and Cardiovascular Interven-
tions: Official Journal of the Society for Cardiac Angiography
& Interventions. 2021; 98: E908—E917. https://doi.org/10.1002/
ccd.29807.

Hioki H, Watanabe Y, Kozuma K, Ryuzaki T, Goto S, Ino-
hara T, et al. Validation of reliability and predictivity of mem-
brane septum length measurements for pacemaker need after
transcatheter aortic valve replacement. Catheterization and Car-
diovascular Interventions: Official Journal of the Society for
Cardiac Angiography & Interventions. 2022; 100: 868-876.
https://doi.org/10.1002/ccd.30377.

Pascual I, Almendéarez M, Avanzas P, Alvarez R, Arboine LA,
Del Valle R, et al. Cusp-overlapping TAVI technique with a self-
expanding device optimizes implantation depth and reduces per-
manent pacemaker requirement. Revista Espanola De Cardiolo-
gia (English Ed.). 2022; 75: 412-420. https://doi.org/10.1016/].
rec.2021.05.009.

Batta A, Hatwal J. Risk of permanent pacemaker implantation
following transcatheter aortic valve replacement: Which factors
are most relevant? World Journal of Cardiology. 2024; 16: 49—
53. https://doi.org/10.4330/wjc.v16.i2.49.

Moreno R, Dobarro D, Loépez de Sa E, Prieto M, Morales C,
Calvo Orbe L, et al. Cause of complete atrioventricular block
after percutaneous aortic valve implantation: insights from a
necropsy study. Circulation. 2009; 120: ¢29—e30. https://doi.or
2/10.1161/CIRCULATIONAHA.109.84928]1.

Sammour Y, Krishnaswamy A, Kumar A, Puri R, Tarakji KG,
Bazarbashi N, ef al. Incidence, Predictors, and Implications of
Permanent Pacemaker Requirement After Transcatheter Aortic
Valve Replacement. JACC. Cardiovascular Interventions. 2021;
14: 115-134. https://doi.org/10.1016/j.jcin.2020.09.063.

Abu Rmilah AA, Al-Zu’bi H, Haq IU, Yagmour AH, Jaber SA,
Alkurashi AK, et al. Predicting permanent pacemaker implan-
tation following transcatheter aortic valve replacement: A con-
temporary meta-analysis of 981,168 patients. Heart Rhythm O2.
2022; 3: 385-392. https://doi.org/10.1016/j.hr00.2022.05.001.
Buja P, Napodano M, Tamburino C, Petronio AS, Ettori F, San-
toro G, et al. Comparison of variables in men versus women
undergoing transcatheter aortic valve implantation for severe
aortic stenosis (from Italian Multicenter CoreValve registry).
The American Journal of Cardiology. 2013; 111: 88-93. https:
//doi.org/10.1016/j.amjcard.2012.08.051.

Sandhu A, Tzou WS. A Disruptive Technology: Deter-
mining Need for Permanent Pacing After TAVR. Current
Cardiology Reports. 2021; 23: 53. https://doi.org/10.1007/
s11886-021-01481-8.

Sengupta A, Alexis SL, Lee T, Zaid S, Krishnamoorthy PM,
Khera S, et al. Cusp Overlap Technique: Should It Become the
Standard Implantation Technique for Self-expanding Valves?
Current Cardiology Reports. 2021; 23: 154. https://doi.org/10.

&% IMR Press


https://doi.org/10.3390/jcm11061561
https://doi.org/10.1111/pace.12653
https://doi.org/10.5935/abc.20170170
https://doi.org/10.5935/abc.20170170
https://doi.org/10.1016/j.jcin.2017.03.044
https://doi.org/10.1016/j.jcin.2017.03.044
https://doi.org/10.1161/JAHA.116.005028
https://doi.org/10.1161/JAHA.116.005028
https://doi.org/10.1093/europace/euw310
https://doi.org/10.1016/j.jcin.2019.05.056
https://doi.org/10.1161/JAHA.119.012594
https://doi.org/10.1007/s00380-020-01653-6
https://doi.org/10.1159/000502792
https://doi.org/10.1016/j.jcin.2020.01.215
https://doi.org/10.1007/s10840-020-00902-y
https://doi.org/10.1016/j.ijcard.2021.02.080
https://doi.org/10.1016/j.ijcard.2021.02.080
https://doi.org/10.1002/ccd.29807
https://doi.org/10.1002/ccd.29807
https://doi.org/10.1002/ccd.30377
https://doi.org/10.1016/j.rec.2021.05.009
https://doi.org/10.1016/j.rec.2021.05.009
https://doi.org/10.4330/wjc.v16.i2.49
https://doi.org/10.1161/CIRCULATIONAHA.109.849281
https://doi.org/10.1161/CIRCULATIONAHA.109.849281
https://doi.org/10.1016/j.jcin.2020.09.063
https://doi.org/10.1016/j.hroo.2022.05.001
https://doi.org/10.1016/j.amjcard.2012.08.051
https://doi.org/10.1016/j.amjcard.2012.08.051
https://doi.org/10.1007/s11886-021-01481-8
https://doi.org/10.1007/s11886-021-01481-8
https://doi.org/10.1007/s11886-021-01583-3
https://doi.org/10.1007/s11886-021-01583-3
https://doi.org/10.1007/s11886-021-01583-3

1007/311886-021-01583-3.

[94] Rodés-Cabau J, Urena M, Nombela-Franco L, Amat-Santos I,

Kleiman N, Munoz-Garcia A, et al. Arrhythmic Burden as De-
termined by Ambulatory Continuous Cardiac Monitoring in Pa-
tients With New-Onset Persistent Left Bundle Branch Block Fol-
lowing Transcatheter Aortic Valve Replacement: The MARE
Study. JACC. Cardiovascular Interventions. 2018; 11: 1495—
1505. https://doi.org/10.1016/j.jcin.2018.04.016.

&% IMR Press

[95]

[96]

Srinivasan A, Wong F, Wang B. Transcatheter aortic valve re-
placement: Past, present, and future. Clinical Cardiology. 2024;
47: €24209. https://doi.org/10.1002/clc.24209.

Chen S, Dizon JM, Hahn RT, Pibarot P, George I, Zhao Y, et
al. Predictors and 5-Year Clinical Outcomes of Pacemaker After
TAVR: Analysis From the PARTNER 2 SAPIEN 3 Registries.
JACC. Cardiovascular Interventions. 2024; 17: 1325-1336. ht
tps://doi.org/10.1016/j.jcin.2024.03.034.

17


https://doi.org/10.1016/j.jcin.2018.04.016
https://doi.org/10.1002/clc.24209
https://doi.org/10.1016/j.jcin.2024.03.034
https://doi.org/10.1016/j.jcin.2024.03.034
https://www.imrpress.com

	1. Introduction 
	2. Materials and Methods
	2.1 Search Strategy and Information Sources
	2.2 Inclusion and Exclusion Criteria
	2.3 Data Collection Process
	2.4 Quality Assessment
	2.5 Statistical Analysis

	3. Results
	3.1 Study Selection
	3.2 Study Characteristics
	3.3 Baseline Patient Factors
	3.4 Procedural Factors
	3.5 Post-Procedural Factors
	3.6 Temporal Trend Analysis
	3.7 Subgroup Analysis by Study Type

	4. Discussion
	4.1 Overview
	4.2 Baseline Risk Factors
	4.3 Procedural Risk Factors
	4.4 Postoperative Risk Factors
	4.5 Temporal Trend Analysis
	4.6 Limitations

	5. Conclusions
	Abbreviations
	Availability of Data and Materials
	Author Contributions
	Ethics Approval and Consent to Participate
	Acknowledgment
	Funding
	Conflict of Interest
	Declaration of AI and AI-Assisted Technologies in the Writing Process
	Supplementary Material

