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Background: Left bundle branch block (LBBB) is a common complication of
the transcatheter aortic valve replacement (TAVR), and its impact on prognosis
is controversial.

Methods: A comprehensive electronic search was conducted in databases (PubMed,
Embase, Cochrane Library, and The Web of Science), from the date of database
establishment till March 2021, to screen for studies on new-onset LBBB after TAVR.
We next performed a meta-analysis to evaluate the effect of new-onset LBBB after TAVR
on patient prognosis, based on the Preferred Reporting Iltems for Systematic Reviews
and Meta-Analyses (PRISMA) statement.

Results: A total of 17 studies, including 9205 patients, were eligible for our analysis.
Patients with new-onset LBBB had elevated all-cause mortality risk verses patients
without new-onset LBBB, during all follow ups. The relevant data are as follows:
30-day (RR:1.71; 95%Cl:1.27-2.29; P < 0.001), 1-year (RR:1.31; 95%Cl:1.12-1.52;
P < 0.001), and 2-year (RR:1.31; 95%CI:1.09-1.56; P = 0.003) follow ups.
Likewise, new-onset LBBB patients also experienced increased cardiovascular mortality,
compared to non-new-onset LBBB patients, but only in the 1-year follow up (RR:1.49;
95%Cl:1.23-1.82; P < 0.001). Hospitalization for heart failure was dramatically
elevated in patients with new-onset LBBB verses non-new-onset LBBB, in all
follow ups. The relevant data are as follows: 30-day (RR:1.56; 95%CI:1.13-2.12;
P = 0.007), 1-year (RR:1.35; 95%CI:1.08-1.68; P = 0.007), and 2-year (RR:1.49;
95%Cl:1.21-1.84; P < 0.001). Similarly, new-onset LBBB patients had higher
PPl risk than non-new-onset LBBB patients, in all follow ups. The relevant data
are as follows: 30-day (RR:3.05; 95%CI:1.49-6.22; P = 0.002), 1-year (RR:2.15;
95%CI:1.52-3.03; P < 0.001), and 2-year (RR:2.52; 95%CI:1.68-3.78; P < 0.001).
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Prognosis of New-Onset LBBB After TAVR

Conclusion: Patients with new-onset LBBB have worse prognosis after TAVR than
those without new-onset LBBB. Recognition of the adverse effects of post-TAVR
new-onset LBBB can lead to the development of new strategies that enhance

clinical outcomes.

Systematic Trial Registration: https://www.crd.york.ac.uk/prospero/display_record.
php?RecordID=197224, identifier: 19722.

Keywords: transcatheter aortic valve replacement, left bundle branch block, mortality, hospitalization for heart
failure, permanent pacemaker implantation

INTRODUCTION

With increase in life expectancy and a growing aged population,
aortic stenosis (AS) has become one of the most common
valvular heart diseases as of today (1). In fact, the current
prevalence of severe AS, among people >75 years of age, is 3.4%
(2). When symptomatic, the 2-year mortality rate is observed
in approximately 50% of severe AS cases (3). Because AS
involves a mechanical obstruction, drug treatments are often
ineffective, and valve replacement remains the only solution
that can improve clinical symptoms and prolong life (4). Since
its introduction in 2002, transcatheter aortic valve replacement
(TAVR) has gradually emerged as an alternative to in the
higher-risk population surgical aortic valve replacement (SAVR)
procedure for patients with severe AS (5-7).

Fortunately, the development of valve implantation
technology, the wide application of surgery, the accumulation
of experience of the operators, and the emergence of new
valve prosthesis have greatly reduced the incidence of serious
complications (8). However, conduction disturbance after TAVR
remains a highly common complication, mainly involving the
new-onset left bundle branch block (LBBB) and the high-grade
atrioventricular block (AVB), thereby requiring permanent
pacemaker implantation (PPI), with a 4-30% incidence of
the balloon-expandable valve and an 18-65% incidence of
self-expanding valve (9). LBBB can lead to electromechanical
asynchrony of the left ventricular activation, leading to
ventricular pathological remodeling and left ventricular
dysfunction. These pathological alterations can contribute to an
elevated heart failure risk and poor prognosis (10, 11).

Till date, the prognostic effect of the new-onset LBBB after
TAVR remains controversial. Conclusions from prior meta-
analysis results were contradictory, and the studies were only
conducted over 1 year of follow-up (12, 13). This may obscure
the true long-term effect of new-onset LBBB. High quality meta-
analysis is increasingly regarded as one of the key tools of
obtaining evidence for clinical efficacy (14). Our aim, therefore,
was to undertake a comprehensive and systematic overview of the
clinical outcomes of patients, with and without new-onset LBBB
following TAVR, during the 30-day, 1, and 2-year follow ups.

MATERIALS AND METHODS

This study was conducted, according to the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)

guidelines. The complete study protocol is registered in the
PROSPERO international database (CRD42020197224) (15, 16).
Additionally, the methodological quality was assessed with A
Measurement Tool to Assess Systematic Reviews (17, 18).

Search Strategy

The PubMed, Cochrane Library, Web of Science, and EMBASE
databases were systematically searched from the establishment
of the databases till the end of March 2021, using keywords
“transcatheter aortic valve implantation,” “transcatheter aortic
valve replacement,” “TAVI] “TAVR. “bundle-branch block,
“heart bundle branch block,” and “LBBB.” To ensure no relevant
publications were overlooked, we also manually searched for

qualifying publications in the reference lists of eligible articles.

Inclusion and Exclusion Criteria

The authors screened the titles and study abstracts, based on
the inclusion/exclusion criteria. Publications encompassing the
following criteria were included in this meta-analysis: (1) AS
patients who received TAVR; (2) contained new-onset LBBB
incidence report; (3) examined the clinical outcomes of interest
in a > 1-year follow up study; and (4) consisted of non-new-
onset LBBB controls. Among the publications excluded from
the meta-analysis were conference reports, reviews, case reports,
summaries, editorials, and studies published in a language other
than English.

Data Extraction

Based on the PRISMA statement, two authors extracted
patient data, including first author, region, year, study type,
number of patients, inclusion and exclusion criteria, gender,
age, past history, echocardiography data, NYHA grade, logistic
EuroSCORE, STS-PROM, valve type, access site, follow-up time,
all-cause mortality, cardiovascular mortality, hospitalization for
heart failure and PPI, and studied the data using standardized
data extraction tables. To ensure accuracy, the data was further
verified by a third author.

Quality Assessment

The Newcastle Ottawa scale was employed for the assessment of
eligible publication, and it primarily focused on the selection of
study group, comparability between groups, and determination
of exposure. We assigned a score of 0-9 for each study, following
the evaluation. Higher scores represented higher study quality.
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Definitions and Outcomes

The primary outcome of this study was all-cause mortality
during the 30-day, 1, and 2-year follow ups after TAVR.
Secondary outcomes examined were cardiovascular mortality,
hospitalization rate for heart failure, and PPI during the 30-day,
1, and 2-year follow ups post TAVR.

Statistical Analysis

Continuous variables are represented by standardized mean and
standard deviation, and categorical variables are expressed by
percentages. We employed the random-effects model to compute
risk ratio (RR) and 95% confidence interval (CI). We also used
Cochran’s Q statistic and I? to test the heterogeneity across
studies. When P < 0.10 or I? > 50%, the heterogeneity of
the study was considered significant. The publication bias was
visually evaluated using a funnel plot, and Egger’s test was used
to quantify publication bias. The robustness of the results and the
effect of potential effect modifiers were examined with sensitivity
analysis. All P-values were two-sided and P<0.05 was considered
statistically significant. Statal5.0 statistical analysis software was
used for data analysis.

RESULTS

Characteristics of Eligible Studies

As illustrated in Figure 1, a total of 1,888 articles were selected
in the preliminary search. In addition, 8 suitable articles
were obtained from the reference lists of the above-mentioned
publications. Upon elimination of duplicate studies, 1,195
publications were screened by title and abstract. Among them,
54 were read in full to evaluate inclusion in the meta-analysis,
38 were eliminated, due to the following reasons: 15 publications
were without a control group, 21 did not have an outcome of
interest, and 2 were non-English. Finally, 9,205 patients, in 17
publications (19-35), met the inclusion criteria for the final meta-
analysis. Details of the updated eligible publications are reported
in Table 1.

Baseline Characteristics of the Eligible
Cohorts

Table 2 summarizes the baseline and procedural characteristics
of patients included in the selected publications. There were no
significant differences in the STS score and logistic EuroSCORE
between the two groups (Figure2). Generally, the most
commonly used vascular access is the TF-TAVR approach.
Among all studies, three employed balloon-expandable valves,
three others employed self-expanding valves, and the remaining
employed multiple categories of valves.

Assessment of Risk of Bias

Based on the Newcastle Ottawa scale (Table 1), the quality of
the selected publications was generally high. No evidence of
publication bias was found, as evidenced by the funnel plot and
Egger’s test.

All-Cause Mortality

All-cause mortality was the primary outcome of our meta-
analysis. At the 30-day follow up, 11 publications reported an
association between new-onset LBBB and all-cause mortality. In
particular, patients with new-onset LBBB after TAVR had a higher
risk of all-cause mortality than those without new-onset LBBB
(RR:1.71; 95%CI:1.27-2.29; P < 0.001; I’ = 21.3%). At the 1-year
follow up, 17 publications reported all-cause mortality, and the
patients with new-onset LBBB had a higher all-cause mortality
(RR:1.31; 95%CI:1.12-1.52; P < 0.001; I? = 33.7%) relative to
those without. Finally, at the 2-year follow up, 6 publications
reported all-cause mortality, with an increased risk of all-cause
mortality among the new-onset LBBB patients vs. non-new-
onset LBBB patients after TAVR (RR:1.31; 95%CI:1.09-1.56;
P < 0.001; I’ = 28.7%) (Figure 3). No significant heterogeneity
was observed among the publications. Additionally, sensitivity
analysis, performed by one by one exclusion study, failed to alter
the conclusion of our analysis.

Cardiovascular Mortality

There was no statistically significant difference in the 30-
day (RR:1.28; 95%ClL:0.68-2.39; P = 0.445; I’ = 0%) and
2-year (RR:1.40; 95%ClL:0.63-3.10; P = 0.404; I’ = 74.8%)
cardiovascular mortality between patients with new-onset
LBBB and those without. However, the new-onset LBBB
was associated with significantly higher 1-year cardiovascular
mortality (RR:1.49; 95%CI:1.23-1.82; P < 0.001; I’ = 0%),
compared to the non-new-onset LBBB patients (Figure 4). We
observed significant heterogeneity (I’ = 74.8%) at the 2-year
follow-up. However, after excluding the studies one by one, the
results of sensitivity analysis remained the same.

Hospitalization for Heart Failure

During the 30-day, 1, and 2-year follow ups, the new-onset
LBBB patients after TAVR showed a dramatic increase in
hospitalization risk for heart failure, relative to non- new-
onset LBBB patients. The relevant data are as follows: 30-day
(RR:1.56; 95%CI:1.13-2.15; P = 0.007; I> = 0%), 1-year (RR:1.35;
95%Cl1:1.08-1.68; P = 0.007, I’ = 31.5%), 2-year (RR:1.49;
95%CI:1.21-1.84; P < 0.001; I = 0%) (Figure 5). Additionally,
no obvious heterogeneity was observed, and there was no obvious
change in sensitivity analysis.

PPI

The new-onset LBBB patients after TAVR were also more likely
to undergo PPI, during all follow ups, compared to the non-
new-onset LBBB patients. The relevant data are as follows: 30-
day (RR:3.05; 95%Cl:1.49-6.22; P = 0.002; I’ = 81.7%), 1-
year (RR:2.15;95%CI:1.52-3.03; P < 0.001; I’ = 70.2%), 2-year
(RR:2.52; 95%CI:1.68-3.78; P < 0.001; I* = 19.3%) (Figure 6).
Significant heterogeneity was observed among the two groups
(I’ = 81.7% and I’ = 70.2%), but the sensitivity analysis did not
markedly alter the results.
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TABLE 1 | Characteristics of included studies.

Reference Country Enrolment years New-onset LBBB definition Incidence of LBBB LBBB No LBBB Type of valve NOS
Houthuizen et al. (19) Netherlands 2005-2010 Postprocedural 32.9% 233 446 BEV and SEV 8
Franzoni et al. (20) Italy 2007-2011 Postprocedural 26.5% 63 175 BEV and SEV 7
Testa et al. (21) Italy 2007-2011 at discharge 22.5% 224 594 SEV 9
Houthuizen et al. (22) International 2006-2011 Persistent 12-month after TAVR 23.3% 111 365 BEV and SEV 8
Nazif et al. (23) International 2007-2009 At discharge or within 7 days of procedure 10.5% 121 1,030 BEV 9
Schymik et al. (25) Germany 2008-2012 At discharge 31.1% 197 437 BEV and SEV 8
Urena et al. (32) Canada, Spain NR At discharge or if LBBB and die before discharge 19.2% 79 589 BEV 9
Carrabba et al. (24) Italy NR At discharge 37% 34 58 BEV and SEV 8
Lopez-Aguilera et al. (26) Spain 2008-2014 At discharge 52% 80 73 SEV 9
Kessler et al. (30) Germany 2014-2016 At discharge Not applicable 264 264 BEV, SEV and MEV 9
Chamandi et al. (27) International 2007-2015 At discharge or if LBBB and die before discharge 20.1% 212 808 BEV, SEV and MEV 9
Eschalier et al. (28) France 2015-2017 Postprocedural persisting for more than 24 hours Not applicable 40 40 BEV and SEV 7
Nazif et al. (31) International 2011-2014 At discharge 15.2% 179 1,000 BEV 9
Jorgensen et al. (29) Denmark 2007-2017 Persistent LBBB without PPI within 30 days after TAVR 34.7% 237 447 BEV and SEV 8
Sasaki et al. (33) Japanese 2016-2018 Postprocedural 12.6% 29 201 BEV and SEV 8
Hamandi et al. (35) USA 2012-2016 At discharge 12.3% 52 372 BEV and SEV 7
Akdemir et al. (34) USA 2012-2015 At discharge 31.1% 47 104 BEV, SEV and MEV 8

PPI, permanent pacemaker implantation; LBBB, left bundle-branch block; BEV, balloon-expandable valve; SEV, self-expanding valve; MEV, mechanically-expandable valve; NOS, Newcastle-Ottawa Scale;, NR, not reported.
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TABLE 2 | Patient and procedural characteristics of included studies.

Study Male Age,y STS score Logistic EuroSCORE LVEF DM HTN NYHA Il or IV CAD COPD Transfemoral
Houthuizen et al. 44/48 82+2/81+2 NR 16 +£4/16+4 NR 28/21 NR NR 48/46 26/26 NR
Franzoni et al. 48/56 79+7/80+7 10+£11/8+7 23+16/22 £ 15 52 £12/53 £ 12 35/25 83/73 67/64 51/35 NR NR
Testa et al. 42/47 82+5/82+7 NR 23 +£10/24 £ 12 53 +£11/51 £ 13 25/24 NR 72/76 NR NR 90/88
Houthuizen et al. 57/40 80 +£5/81+7 NR 16+ 11/16 £ 11 NR 81/10 NR 81/81 52/53 33/26 82/58
Nazif et al. 43/44 84 +7/84+7 11+4/11+4 26 + 15/25 + 16 54 +£11/55 + 12 45/37 94/92 93/96 80/75 42/45 50/57
Schymik et al. 33/41 82 +6/82+6 NR 23 +£17/21 £ 16 59 + 13/59 + 13 37/32 NR NR 59/55 11/13 NR
Urena et al. 49/49 78+9/81+8 8+58+5 21 £14/21 £ 14 56 + 11/56 + 13 44/29 90/80 7977 73/68 28/27 38/57
Carrabba et al. 53/52 81 +£6/81+7 NR 18 +£12/21 £ 16 48 £12/48 + 15 41/24 56/62 NR 24/31 2117 NR
Lopez-Aguilera et al. 45/59 78 £5/77 £ 6 10 £ 11/12 £ 11 15+ 9/18 £ 13 58 + 15/56 + 13 26/26 63/47 NR 28/25 84/71 NR
Kessler et al. 46/46 81 +6/80+6 7+£5/7T+5 13+ 13/13 £ 12 59 + 14/57 + 16 27/30 NR NR 61/58 63/62 100
Chamandi et al. 56/57 80+7/81+8 7+£5/7T+5 NR 60 + 13/56 + 13 39/34 NR 78/69 40/42 33/28 92/82
Eschalier et al. 53/63 82 +5/82+5 NR 183+9/13+7 NR 33/30 93/70 30/40 60/50 15/15 80/73
Nazif et al. 53/54 81+7/82+7 6+2/6+2 5+4/6+5 60 + 10/59 + 11 45/36 94/93 81/75 72/75 32/31 84/83
Jorgensen et al. 53/50 81 +£3/81+2 NR NR 55+ 3/55 + 4 22/20 81/77 67/63 52/50 24/21 98/89
Sasaki et al. 24/37 84 +£5/84+6 5+3/6+6 NR 64 + 12/64 + 10 28/24 83/80 17/19 NR 10/11 NR
Hamandi et al. 42/53 83 +7/81+9 8+4/7+4 NR 57 +£9/54 + 13 50/45 98/94 83/82 NR 25/22 94/83
Akdemir et al. 53/46 80+ 11/79+9 NR NR 53 £ 11/56 + 11 36/28 81/95 NR 83/72 28/29 100

Data were given as mean + SD, n, or n (%). CAD, coronary artery disease; HTN, hypertension; LVEF, left ventricular ejection fraction; EuroSCORE, European system for cardiac operative risk evaluation; STS, the Society of Thoracic

Surgeons risk score; COPD, chronic obstructive pulmonary disease; DM, diabetes mellitus; NR, not reported.
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FIGURE 1 | A flow diagram of the study selection process, based on the PRISMA statement.

DISCUSSION

Till date, our meta-analysis and systematic review offers the
greatest relationship between new-onset LBBB and patient
prognosis, and is the first to conduct pooled analyses of long-
term prognosis of new-onset LBBB after TAVR. Our analysis
demonstrated 2 main findings: (1) patients with new-onset LBBB,
but not without new-onset LBBB, experience an increased risk
of all-cause mortality, hospitalization for heart failure, and PPI
at the 30-day, 1 and 2-year follow ups post TAVR; and (2)
patients with new-onset LBBB also have an increased risk of
cardiovascular mortality 1 year after TAVR, as opposed to those
without new-onset LBBB.

LBBB is generally considered to be a marker of poor prognosis
(10, 36). Our analysis revealed that patients with new-onset LBBB
had a higher risk of all-cause mortality than those without new-
onset LBBB. The reason may be multifactorial. On one hand, the
adverse prognosis may be related to the ventricular asynchrony,
diastolic shortening, and ventricular septal motion abnormality,
caused by LBBB itself. With the progression of time, this can
lead to a reduction in LVEE resulting in asymmetric dilation,

hypertrophy of the heart, and ultimately heart failure (10).
Additionally, LBBB may also increase the risk of life-threatening
ventricular arrhythmias, severe bradyarrhythmias, and sudden
death (33). Previous studies investigating the effects of new-onset
LBBB after TAVR on patient prognosis provided inconsistent
results. For example, the meta-analysis by Regueiro et al. (12). did
not show an association between new-onset LBBB and all-cause
mortality (RR:1.21; 95%CI:0.98-1.50). However, a strong positive
association between new-onset LBBB and all-cause mortality risk
was reported (RR:1.32; 95%CI:1.17-1.49) in another study (13).
Similarly, several retrospective investigations reported that new-
onset LBBB after TAVR has no effect on long-term mortality
(26, 27, 30), while other studies suggested that LBBB is a marker
of enhanced long-term mortality after TAVR (22, 31). This
obvious discrepancy in conclusions may be due to the difference
in LBBB patient populations and insufficient follow-up time. To
circumvent these limitations, our meta-analysis was the first to
include a 2-year follow-up and demonstrated that LBBB after
TAVR was, in fact, associated with significant increases in all-
cause mortality, hospitalization for heart failure and PPI during
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FIGURE 2 | Forest plots illustrating the surgical risk score. (A) STS score; (B) Logistic EuroSCORE.
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Study %
ID RR (95% CI) Weight
30-day
Houthuizen, P. (2012) T 1.47 (0.94,2.31) 22.03
Franzoni, I. (2013) 2.78 (0.58, 13.41) 3.25
Testa, L. (2013) s 1.08 (0.58,2.01) 14.85
Houthuizen, P. (2014) | e 3.84 (1.83,8.05) 11.70
Nazif, T. M. (2014) —_— 1.15(0.46,2.87) 8.44
Schymik, G. (2014) | —_— 2.66 (1.17,6.06) 10.00
Lopez-Aguilera, J. (2016) T 0.91 (0.06, 14.33) 1.12
Kessler, M. (2018) _— 1.00 (0.36,2.81) 6.89
Chamandi, C. (2019) —— 2.61(1.31,5.19) 13.01
Nazif, T. M. (2019) 1.40 (0.40,4.90) 4.91
Hamandi, M. (2020) 0.95(0.22,4.05) 3.80
Subtotal (I-squared = 21.3%, p = 0.240) < 1.71(1.27,2.29) 100.00
1-year
Houthuizen, P. (2012) = 1.52 (1.13,2.04) 11.25
Franzoni, I. (2013) 0.85(0.41,1.79) 3.42
Testa, L. (2013) - 0.95(0.69, 1.31) 10.49
Houthuizen, P. (2014) | = 1.76 (1.19,2.60) 8.48
Nazif, T. M. (2014) — 0.94 (0.62, 1.42) 8.00
Schymik, G. (2014) | —— 1.60 (1.11,2.30) 9.12
Urena, M. (2014) — 0.98 (0.67,1.43) 8.78
Carrabba, N (2015) _— 0.97 (0.31,3.09) 1.56
Lopez-Aguilera, J. (2016) —_— 1.14 (0.32,4.09) 1.29
Kessler, M. (2018) T 1.27 (0.81,1.98) 7.17
Chamandi, C. (2019) > 1.40(1.02, 1.93) 10.41
Eschalier, R. (2019) 0.25(0.03,2.14) 048
Nazif, T. M. (2019) —— 1.54 (0.95,2.49) 6.50
Jorgensen, T. H. (2019) —_— 2.57 (1.52,4.36) 5.75
Sasaki, Kenichi (2020) 0.99 (0.24,4.14) 1.05
Hamandi, M. (2020) —_—1 1.19 (0.60,2.38) 3.82
Akdemir, B. (2020) B 1.55(0.63,3.82) 2.43
Subtotal (I-squared = 33.7%, p = 0.086) Lol 1.31(1.12,1.52) 100.00
2-year
Houthuizen, P. (2014) B 1.50 (1.12,2.02) 22.76
Lopez-Aguilera, J. (2016) — 1.83(0.72,4.61) 3.52
Kessler, M. (2018) F- 3 1.08 (0.83,1.42) 25.38
Chamandi, C. (2019) j 1.12 (0.86, 1.47) 25.54
Nazif, T. M. (2019) - 1.74 (1.22,2.49) 17.81
Sasaki, Kenichi (2020) —_— 1.12(0.52,2.43) 4.98
Subtotal (l-squared = 28.7%, p = 0.220) < 1.31 (1.09, 1.56) 100.00
NOTE: Weights are from random effects analysis
| I
.0292 No LBBB Worse 1 LBBB Worse 34.2
FIGURE 3 | Forest plot comparing all-cause mortality risk between patients with and without new-onset LBBB after TAVR.

all follow ups, and cardiovascular mortality, only at the 1-year
follow up.

The effect of new-onset LBBB after TAVR on heart failure-
driven hospitalization is also controversial. Some studies
reported no association between new-onset LBBB and increased
risk of hospitalization for heart failure after TAVR (21, 32).
Conversely, in a meta-analysis involving pooled data from
six studies, Faroux et al. (13). revealed that new-onset LBBB
significantly increased the incidence of 1-year hospitalization
for heart failure (RR1.35, 95%CI 1.05-1.72). Using extensive
overview of published reports, we compiled available evidence
on this issue, that revealed that the new-onset LBBB after TAVR
does, in fact, increase the rate of hospitalization for heart failure.
This may be related to the ventricular remodeling and left
ventricular functional deterioration, caused by LBBB. During the
6-12 months follow-ups, Nazif et al. (23) showed that LVEF failed
to improve after TAVR in the newly-onset LBBB patients and the

values remained lower than that in patients without LBBB (53 vs.
58%, p < 0.001). Moreover, Carabba et al. (24). demonstrated that
in patients without conduction disorders, LVEF was significantly
improved in the early stage after TAVR and gradually stabilized
over time. However, the recovery of cardiac function was slow in
patients with new-onset LBBB after TAVR, as opposed to patients
without new-onset LBBB, and LVEF showed a downward trend at
the 1-year follow-up.

Our study also demonstrated an increased risk of PPI in the
new-onset LBBB patients after TAVR, relative to non-new-onset
LBBB patients. This is consistent with other studies confirming
the effects of LBBB on PPI after TAVR. Data from two previous
meta-analyses confirmed a two-fold increase in the risk of 1-year
PPI in new-onset LBBB patients after TAVR, relative to non-
new-onset LBBB patients (12, 13). From an electrophysiological
point of view, the risk of LBBB progression to complete AVB
after TAVR is relatively high, due to the near complete disruption
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Study %
ID RR (95% CI) Weight
30-day
Testa, L. (2013) —_—— 0.76 (0.25, 2.28) 32.42
Nazif, T. M. (2014) —_— 1.16 (0.35, 3.82) 27.66
Chamandi, C. (2019) 3.05(0.83,11.26)  23.02
Nazif, T. M. (2019) 1.24 (0.27,5.70) 16.91
Subtotal (I-squared =0.0%, p = 0.455) <:> 1.28 (0.68, 2.39) 100.00
1-year
Houthuizen, P. (2012) == 1.91 (1:29; 2.85) 25.09
Franzoni, |. (2013) R — 0.93(0.31; 2.77) 3.31
Testa, L. (2013) — 0.98 (0.60, 1.60) 1658
Nazif, T. M. (2014) — 1.76 (1.00, 3.10) 12.34
Urena, M. (2014) —1— 1.22 (0.76, 1.95) 17.67
Carrabba, N. (2015) < 0.56 (0.02, 13.42) 0.39
Lopez-Aguilera, J. (2016) 1.83(0.17,19.71)  0.70
Chamandi, C. (2019) -T—= 1.48 (0.81, 2.70) 11.06
Nazif, T. M. (2019) — 2151(1.21; 3.81) 12.03
Sasaki, Kenichi (2020) 1.39(0.17,11.45)  0.89
Subtotal (I-squared = 0.0%, p = 0.530) O 1.49 (1.23, 1.82) 100.00
. No LBBB Worse
2-year
Chamandi, C. (2019) — 1.03 (0.62, 1.72) 42.63
Nazif, T. M. (2019) E = 2.43 (1.59, 3.71) 45.24
Sasaki, Kenichi (2020) 0.53 (0.07, 3.93) 12.13
Subtotal (I-squared =74.8%, p =0.019) <:> 1.40 (0.63, 3.10) 100.00
NOTE: Weights are from random effects analysis
I I
.0235 No LBBB Worse 1 LBBB Worse 42.5
FIGURE 4 | Forest plot comparing cardiovascular mortality risk between patients with and without new-onset LBBB after TAVR.

of the left bundle branch conduction in these patients, even
though the right bundle branch remains sufficiently activated
(33). Furthermore, TAVR is mostly implanted in elderly patients,
who have a high prevalence of conduction system dysfunctions,
along with an increased tendency to develop high AVB from
LBBB (37). Interestingly, in our meta-analysis, we discovered
that patients with new-onset LBBB had the highest risk of
early PPI, as opposed to non-new-onset LBBB patients. This
is likely due to the fact that doctors have a lower diagnostic
threshold, brought on by fear of progressing to high AVB (23).
Moreover, postoperative septal inflammation, compression, and
edema can increase the risk of early progression to high AVB,
while over time, compression and inflammation resolution can
reduce the risk of high AVB and therefore, reduce the demand for
PPI (34).

Interestingly, the LBBB incidence in first-generation valvular
devices after TAVR is much higher (4-65%) than with SAVR
(2.3-8.6%) (38, 39). Possible reasons could include usage
of different surgical equipment, records of only transient
or persistent LBBB, differences in the risk of conduction
disturbances, and different time points of ECG collection (40).

New-onset LBBB with the SAPIEN 3 valve ranges from 6
to 29% and appears to be similar to the prior generation
valve, while New-onset LBBB rate with the CoreValve Evolut
R system seems to be lower than that reported with the prior
CoreValve system (9). The use of mechanically expandable
lotus valves confers the largest LBBB incidence after TAVR
(55-77%) (41-43). Most of the conduction disturbances (90%)
occur during the first week post valve implantation (44). New-
onset LBBB, on the other hand, can be transient, for instance,
in 19-34% of patients, it can disappear within the first few
days, but in most patients (62%), it can still be detected on
the 30-day follow up (21). However, it can also become a
long-lasting condition, as is seen in about 66% of patients
who suffer from new-onset LBBB for a year or the 0.8% of
patients who experience new-onset LBBB >1-year after TAVR
(37). Compared to the Edwards system, LBBB spontaneous
recovery was much less frequent than with the CoreValve
system (39 vs. 9.5%) (22). LBBB is an anatomic condition
that occurs due to the proximity of the aortic annulus to the
atrioventricular nodal-Hisian conduction system, which allows
the conduction tissue in the ventricle to be vulnerable to
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Study %
ID RR (95% CI) Weight
30-day
Testa, L. (2013) —_— 0.96 (0.31, 3.00) 8.08
Nazif, T. M. (2014) T 1.73 (0.96, 3.13) 29.71
Lopez-Aguilera, J. (2016) —_— 0.91 (0.19, 4.38) 4.22
Chamandi, C. (2019) 0.76 (0.09, 6.49) 2.27
Nazif, T. M. (2019) -1 1.34 (0.73, 2.47) 27.96
Sasaki, Kenichi (2020) > 13.86 (1.30, 148.09) 1.85
Hamandi, M. (2020) e 1.88 (1.00, 3.55) 25.91
Subtotal (I-squared = 0.0%, p = 0.473) <> 1.56 (1.13, 2.15) 100.00
1-year
Lopez-Aguilera, J. (2016) —_— 1.10 (0.35, 3.44) 3.29
Testa, L. (2013) el 0.96 (0.56, 1.63) 11.04
Nazif, T. M. (2014) —— 1.44 (1.02, 2.04) 17.79
Urena, M. (2014) - 1.35(0.78, 2.31) 10.80
Carrabba, N (2015) —_— 0.49 (0.11, 2.21) 1.96
Kessler, M. (2018) —r 0.80 (0.42, 1.51) 8.67
Chamandi, C. (2019) - 1.39 (0.80, 2.41) 10.54
Eschalier, R. (2019) 0.67 (0.12, 3.78) 1.52
Nazif, T. M. (2019) —— 1.48 (1.02, 2.15) 16.72
Jorgensen, T. H. (2019) - 1.83 (1.18, 2.84) 14.03
Sasaki, Kenichi (2020) 4.95 (1.68, 14.57) 3.64
Subtotal (I-squared =31.5%, p = 0.148) <> 1.35 (1.08, 1.68) 100.00
2-year
Lopez-Aguilera, J. (2016) _— 0.91 (0.38, 2.17) 5.91
Kessler, M. (2018) = 1.63 (1.1, 2.39) 30.08
Chamandi, C. (2019) ——— 1.56 (1.01, 2.43) 22.98
Nazif, T. M. (2019) —— 1.38 (0.97, 1.96) 35.83
Sasaki, Kenichi (2020) S s 2.17 (0.86, 5.47) 5.20
Subtotal (l-squared =0.0%, p = 0.680) <> 1.49 (1.21, 1.84) 100.00
NOTE: Weights are from random effects analysis
I |
.00675 No LBBB Worse 1 LBBB Worse 148
FIGURE 5 | Forest plot comparing hospitalization for heart failure risk between patients with andwithout new-onset LBBB after TAVR.

damage, during TAVR (45). Additionally, continuous radial
force, transient tissue inflammation, edema, and ischemia
are thought to contribute to the possible mechanisms of
abnormal conduction after TAVR (46). Multiple studies have
established that predictors like valve implantation depth (47),
mean aortic gradient (34), degree of annular calcification
(48), prosthesis type (25), and pre-existing right bundle
branch block (49), can play an important role in post-TAVR
conduction abnormalities.

Due to its long-term safety implications, TAVR is more
commonly used for low-to-intermediate risk patients. At
present, the management of LBBB after TAVR has not been
clearly defined by an international standard, so each treatment
center has developed its own management strategies. Hence,
it is necessary to improve identification of the predictive
biomarkers for LBBB, as prompt post-procedural identification
and treatment of new-onset LBBB can significantly reduce
post-procedural complications. TAVR-induced LBBB is often

related to a decrease in global longitudinal and radial systolic
function. Therefore, prompt cardiac resynchronization therapy
may restore inter-and intra-ventricular dyssynchrony and may
be effective in improving left ventricular function and reducing
rehospitalization incidence for heart failure. Moreover, given the
adverse effects of LBBB on ventricular remodeling, operators
need to take extra precaution to reduce the risk of LBBB induced
by TAVR. A recent study showed that preprocedural CT imaging
can help identify risk factors for conduction disturbances, such
as membranous septum length, device landing zone calcium,
and annular size (50). The Minimizing Depth According to the
Membranous Septum (MIDAS) approach, in which operators
attempted to position the self-expandable valve at a prerelease
depth in relation to the non-coronary cusp of length smaller
than that of the membranous septum, significantly reduced the
rate of new PPI (3.0 vs. 9.7%) and new-onset LBBB (9.0 vs.
25.8%) without valve embolization or a need of second valve (51).
Periprocedural planning based on the CT findings is important
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Study %
ID RR (95% CI) Weight
30-day
Testa, L. (2013) —_— 243 (1.09,5.43)  16.52
Nazif, T. M. (2014) —_—t 3.40(1.79,6.47)  17.87
Carrabba, N (2015) — 3.10 (1.70, 5.66) 18.19
Chamandi, C. (2019) —F——— 11.43(3.73,35.09) 13.78
Nazif, T. M. (2019) —_— 5.59 (2.25,13.88) 15.59
Hamandi, M. (2020) — T 0.72 (0.38, 1.33) 18.04
Subtotal (I-squared =81.7%, p = 0.000) e 3.05 (1.49, 6.22) 100.00
1-year
Testa, L. (2013) —= 1.08 (0.77, 1.50) 12.08
Nazif, T. M. (2014) — 3.10(1.80,5.31)  10.16
Schymik, G. (2014) T— 1.51 (0.97, 2.38) 11.01
Urena, M. (2014) —_— 497 (1.82,13.59) 6.27
Carrabba, N (2015) — 2.99 (1.69,5.27)  9.89
Lopez-Aguilera, J. (2016) +* 1.14 (0.32, 4.09) 4.72
Chamandi, C. (2019) —_— 3.46 (1.93, 6.23) 9.73
Nazif, T. M. (2019) —_— 2.68 (1.37,5.24) 8.95
Jorgensen, T. H. (2019) —_— 2.51(1.31, 4.82) 9.13
Sasaki, Kenichi (2020) 1.73(0.20, 14.97) 2.13
Hamandi, M. (2020) — 0.96 (0.58, 1.58)  10.54
Akdemir, B. (2020) —_— 4.43(1.40,13.97) 5.38
Subtotal (I-squared = 70.2%, p = 0.000) L 2.15(1.52,3.03)  100.00
2-year
Lopez-Aguilera, J. (2016) —_— 1.22 (0.44, 3.34) 14.28
Chamandi, C. (2019) — 3.18 (1.91, 5.28) 41.95
Nazif, T. M. (2019) —a— 2.79 (1.65, 4.73) 40.00
Sasaki, Kenichi (2020) 0.99 (0.13, 7.76) 3.77
Subtotal (I-squared = 19.3%, p = 0.294) 0 2.52 (1.68, 3.78) 100.00
NOTE: Weights are from random effects analysis
| I
.0285 No LBBB Worse 1 LBBB Worse 35.1
FIGURE 6 | Forest plot comparing PPI risk between patients with and without new-onset LBBB after TAVR.

to reduce the risk of conduction disturbances after TAVR. Lastly,
to reduce the occurrence of LBBB and prevent the potential
impact of LBBB on patient prognosis, the following steps are
encouraged: strictly screen patients before surgery; mastery of
indications; selection of optimal surgical approach and matching
valve system.

LIMITATIONS

Our meta-analysis had several potential limitations: (1)
we mostly analyzed observational studies, which may have
introduced bias; (2) we may have unintentionally introduced
information bias, due to the limited availability of original
data; moreover, we extracted some RR mortality data from the
Kaplan Meier curve, which may have reduced the accuracy
of our results; (3) our analysis of the mortality and PPI
risk in the new-onset LBBB patients post-TAVR showed

heterogeneity. However, the sensitivity analysis revealed no
change; (4) some of the publications, in our analysis, had
non-uniformity; (5) the publication selection process was limited
to the English language, which may have introduced potential
language bias.

CONCLUSIONS

Based on our meta-analysis, patients with new-onset LBBB after
TAVR had a higher risk of all-cause mortality, hospitalization
for heart failure, and PPI, compared to those without new-onset
LBBB. With TAVR indications expanding to patients with low
surgical risk, conduction block remains an ongoing problem, and
future efforts must be undertaken to identify factors associated
with the progression of conduction disturbances and strengthen
management to improve patient clinical outcomes.
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