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Abstract

Despite continued advancements in transcatheter aortic valve implantation (TAVI) techniques, the incidence of permanent pacemaker
implantation (PPI) remains substantial. Established predictors of PPI include advanced age, pre-existing electrocardiographic conduc-
tion abnormalities, prosthetic valve type, implantation depth, and anatomical parameters, such as membranous septum length, which
are currently under active investigation. In routine clinical practice, the management strategy often involves the temporary placement
of a transvenous pacemaker lead, followed by a period of observation. While widely implemented, this approach introduces clinical
uncertainty and may contribute to prolonged hospitalization, particularly given the not infrequent occurrence of delayed high-degree
atrioventricular (AV) block. A novel diagnostic method emerging from electrophysiological evaluation is rapid atrial pacing performed
post-TAVI, which aims to assess susceptibility to Wenckebach-type AV block. Two observational studies have evaluated this technique,
utilizing an upper pacing threshold of 120 beats per minute as a cutoff to identify patients at risk of requiring permanent pacing. More-
over, this method is cost-effective, technically straightforward, and time-efficient; preliminary findings suggest this technique possesses
a high negative predictive value. However, additional prospective data are required to validate the clinical utility of this technique and
inform the development of standardized implementation. An upcoming clinical study (NCT06189976) is anticipated to provide valuable
insights.
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1. Introduction

Despite considerable advancements in transcatheter
aortic valve implantation (TAVI), including refinements in
procedural techniques, device technology, and operator ex-
pertise, the requirement for permanent pacemaker implan-
tation (PPI) following the procedure remains a significant
limitation. According to data from the CENTER collabo-
ration, PPI rates demonstrate substantial variability, rang-
ing from 7.8% to 20.3%, with notable differences observed
across commercially available valve platforms [1]. While
PPI contributes to extended hospital stays and increased
healthcare expenditures, emerging evidence suggests that
its implications may extend beyond the perioperative pe-
riod. A recent meta-analysis reported an association be-
tween post-TAVI PPI and increased all-cause mortality, as
well as higher rates of rehospitalization during long-term
follow-up [2]. Conversely, findings from the SWEDE-
HEART registry indicated no significant difference in sur-
vival at a median follow-up of 2.7 years [3]. Nevertheless,
as TAVI is increasingly offered to younger and lower-risk

patient populations, the potential long-term consequences
of PPI necessitate further rigorous investigation. In support
of evolving practice trends, a large-scale registry of over
50,000 TAVI procedures using the self-expanding Evo-
lut (Medtronic, Minneapolis, MN, USA) platform demon-
strated a decline in both in-hospital (8.8%) and 30-day
(10.8%) PPI rates [4]. Despite those encouraging data, het-
erogeneity persists across studies. For instance, the recent
LANDMARK randomized controlled trial reported a 30-
day PPI incidence of 15% following implantation with the
Myval (Meril Life Sciences, Vapi, Gujarat, India) balloon-
expandable valve, underscoring the need for ongoing eval-
uation of device-specific outcomes [5].

2. Opinion

Clinicians must remain vigilant for signs indicative
of the need for PPI following TAVI, as the delayed onset
of high-degree atrioventricular (AV) block is not uncom-
mon. Predictive factors for PPI have been extensively in-
vestigated, with male sex and baseline electrocardiographic
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(ECG) conduction disturbances (CDs) identified as princi-
pal determinants [6]. Both pre- and post-procedural ECGs
may serve as valuable tools in stratifying PPI risk, offer-
ing either prognostic warning or reassurance to guide early
post-TAVI management [7]. Anatomical characteristics of
the left ventricular outflow tract, the coronary cusps, and
the membranous septum—each subject to interindividual
variability—also contribute to PPI risk, particularly when
considered alongside procedural variables such as implan-
tation technique and depth. In a study by Iacovelli et al.
[8], involving 86 patients, each additional millimeter of im-
plantation depth toward the left ventricular outflow tract
was associated with a 1.41-fold increase in the likelihood
of requiring PPI. The 2021 European Society of Cardiol-
ogy (ESC) guidelines on cardiac pacing and cardiac resyn-
chronization therapy, along with multiple expert consensus
documents, have proposed structured algorithms for PPI
decision-making following TAVI. However, these recom-
mendations have yet to be validated by large-scale random-
ized trials or robust observational datasets. Furthermore,
the heterogeneity of conduction disturbances contributes
to clinical uncertainty, as there is currently no consensus
on optimal management strategies [9,10]. Another criti-
cal consideration is the potential for recovery of the con-
duction system, as certain conduction abnormalities may
regress over time. This possibility supports the rationale

for a watchful waiting approach in selected cases, particu-
larly when early post-procedural conduction abnormalities
are not definitive.

Electrophysiological testing to assess the risk or ne-
cessity of PPI following TAVI is supported by current
guidelines and expert consensus statements. As a threshold-
based approach, it offers a structured and objective means
of risk stratification. While individualized clinical judg-
ment remains paramount, predefined electrophysiological
cut-offs can enhance decision-making confidence and facil-
itate standardized care. His-ventricular (HV) interval mea-
surements have been evaluated in various clinical studies.
The 2021 ESC guidelines recommend a threshold of 70
ms, whereas an observational study identified 55 ms as the
cut-off in patients presenting with left bundle branch block
[11]. Although HV interval assessment holds promise, its
broader adoption is limited by several factors: a lack of
consensus on definitive cut-offs, the limited availability
of electrophysiological testing equipment in catheterization
laboratories, and the general unfamiliarity of TAVI opera-
tors with these procedures. Furthermore, conduction distur-
bances following TAVI are often dynamic and may evolve
over time. High-degree atrioventricular block can present
in a delayed fashion, emerging hours to days after the pro-
cedure, or may resolve spontaneously as post-procedural
edema and inflammation of the tissue adjacent to the aortic

Fig. 1. Central illustration. Graphical illustration of rapid atrial pacing as a predictive tool for post-TAVI pacemaker implanta-
tion. TAVI, transcatheter aortic valve implantation.
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Fig. 2. Electrocardiographic recording demonstrating Wenckebach atrioventricular block induction during rapid atrial pacing.

valve subside [12]. This variability further complicates the
immediate post-TAVI decision-making process and under-
scores the need for ongoing monitoring and refined predic-
tive tools (Fig. 1).

A promising avenue for risk stratification of AV con-
duction disturbances following TAVI may lie in the simple
and widely applicable assessment of AV conduction using
rapid atrial pacing via a temporary pacemaker lead (Fig. 2).
In a study by Krishnaswamy et al. [13], rapid atrial pacing
was performed post-TAVI at rates ranging from 70 to 120
beats per minute in 284 patients. The investigators found
that the absence of pacing-induced Wenckebach-type AV
block was associated with a very low likelihood of subse-
quent PPI [13]. In contrast, a more recent study by Tan et al.
[14], involving 253 patients, reported that pacing-induced
Wenckebach—whether observed before or after TAVI—did
not reliably predict the need for PPI. Interpretation of these
divergent findings requires caution. All patients in the study
by Tan et al. [14] received balloon-expandable valves,
whereas 75.7% of patients in the Krishnaswamy et al. [13]
cohort did so, potentially accounting for some variability
in outcomes. Moreover, the overall PPI rate was lower in
the Tan et al. [14] study, and post-TAVI pacing tests were
not performed in cases with pre-existingAV conduction dis-
turbances (Table 1, Ref. [13,14]). Notably, the incidence
of new left bundle branch block (LBBB) was significantly
higher among patients with a positive rapid atrial pacing test
(21.3% vs. 9%, p < 0.007). Although these conflicting re-
sults do not yield definitive guidance, they offer important
insights into the potential utility of rapid atrial pacing as a
diagnostic tool. The test is time-efficient, low-cost, repro-
ducible, and does not significantly prolong procedural du-
ration. Given that the majority of TAVI procedures involve
the placement of a temporary right ventricular pacemaker
lead, transitioning to an atrial position post-implantation re-
quires only a minor adjustment. Furthermore, comparing

the Wenckebach cycle length before and after TAVI may
help identify intraprocedural changes in conduction. While
the optimal pacing threshold with strong negative predic-
tive value has yet to be firmly established, current evidence
provides a valuable foundation for future investigation into
standardized conduction assessment strategies post-TAVI.

3. Discussion
We propose that rapid atrial pacing represents a

promising strategy for risk stratification in patients under-
going TAVI and advocate its integration to inform deci-
sions regarding PPI. Although it introduces an additional
step to an already complex procedure, rapid atrial pacing
enhances the clinician’s diagnostic armamentarium. A pre-
dictive model incorporating established PPI risk factors,
such as advanced age, pre-TAVI electrocardiographic find-
ings, and prosthetic valve type, combined with post-TAVI
rapid atrial pacing, may yield substantial prognostic value
and warrants further investigation. Given that patient safety
remains paramount, the addition of an additional central
venous access to facilitate pacing may elevate the risk of
vascular complications and conflict with the contemporary
minimalist TAVI approach. Nonetheless, at our institutions,
the medial cubital vein is routinely utilized as an access site
for the pacemaker lead, minimizing procedural complexity
and associated risks.

4. Conclusion
Identifying and validating a reliable predictive tool is

imperative, given the persistently high rates of PPI and the
ongoing challenge of preventing delayed high-degree CD
after TAVI. Larger, well-designed studies are required to
determine the optimal pacing threshold and to rigorously
evaluate the clinical utility of rapid atrial pacing. An up-
coming observational study (NCT06189976) is anticipated
to provide critical insights into these issues.
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Table 1. Summarized data of the recent studies investigating rapid atrial pacing post-TAVI.
Krishnaswamy et al. [13], 2020 Tan et al. [14], 2023

RAP-induced Wenckenbach No RAP-induced Wenckebach p-value RAP-induced Wenckenbach No RAP-induced Wenckebach p-value

Duration of enrollment (months) 13 16
N 130 154 75 178
Age (years) 82 (76.2–86) 81 (74.5–84.9) 0.404 80.0 ± 8.9 77 ± 9.4 0.02
Female (%) 45.8 50.3 0.108 40 47.5 0.26
Valves implanted Sapien 3, CoreValve, Evolut–R, Lotus, Direct Flow Sapien 3, Sapien 3 Ultra
New persistent 1st degree AVB block 11.5 2.6 8 3.4 0.18
New persistent LBBB 9.2 9.7 21.3 9 0.007
Mortality (%) 0.8 0 0.458 1.3 1.1 1
PPI (%) 13.1 1.3 <0.001 13.3 8.4 0.23
Length of stay (days) 2.35 (1.7–5) 2.4 (1.7–4.7) 0.960 2.7 ± 4.5 2.3 ± 3.9 0.37
Follow-up length (days) 30 30
AVB, atrioventricular block; LBBB, left bundle branch block; PPI, permanent pacemaker implantation; RAP, right atrial pacing; TAVI, transcatheter aortic valve implantation.
Values are median (IQR), %, or mean ± SD. Statistically significant p values are highlighted with bold.
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Abbreviations
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ECG, electrocardiogram; ESC, European Society of Cardi-
ology; PPI, permanent pacemaker implantation; TAVI, tran-
scatheter aortic valve implantation.
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