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Summary
Background The permanent pacemaker (PPM) implantation and pacemaker dependency rates after transcatheter
aortic valve replacement (TAVR) are highly variable as some of the conduction disturbances are reversible. It remains
poorly investigated how to optimise temporary pacing in these patients. This study aimed to explore the potential
reduction in the PPM implantation rate using temporary-permanent pacemaker (TPPM) as a 1-month bridge.

Methods This is a prospective, multicentre, single-arm, observational study. Consecutive patients undergoing TAVR
from March 1, 2022 to March 1, 2023 in 13 tertiary hospitals in China were screened. Patients who developed high-
degree atrioventricular block, complete heart block, or first-degree atrioventricular block plus new onset left bundle
branch block during the TAVR procedure or within 1 month after TAVR were included to receive TPPM. Patients
with pre-existing PPM implantation or indications for PPM implantation before the TAVR procedure were
excluded. Patients with TPPM were monitored to determine whether the conduction disturbances persisted or
recovered. The primary endpoint was the rate of freedom from indications for PPM implantation 1 month after
TAVR. This study is registered with ChiCTR, ChiCTR2200057931.

Findings Of 688 patients who have undergone TAVR, 71 developed conduction disturbance and met the inclusion
criteria, 1 patient withdrew due to noncompliance, 70 patients received TPPM and completed follow-up. There were
41 (58.6%) men and 29 (41.4%) women in the study, with a mean age of 74.3 ± 7.3 years. At 1 month follow-up, 75.7%
(53/70) of the patients with TPPM did not require PPM implantation. For 688 patients who have undergone TAVR,
the rate of PPM implantation at 1 month was 2.47% (17/688, 95% CI 1.55%–3.92%), representing a significant
reduction in self-comparison with the rate at 48 h after TPPM (2.47% vs. 8.28% [95% CI 6.45%–10.58%],
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P < 0.0001). Similar results were obtained in the subgroup analysis of patients with HAVB/CHB. Multivariate
analysis revealed the baseline PR interval, difference between the membranous septum length and implantation
depth, and timing of postprocedural conduction disturbance occurrence were independent predictors of freedom
from indications for PPM implantation at 1 month after TAVR.

Interpretation Using TPPM as a 1-month bridge allows for a buffer period to distinguish whether conduction
disturbances are reversible or persistent, resulting in a significant reduction in the PPM implantation rate after
TAVR when compared with the current strategy. However, this is an observational study, the results need to be
confirmed in a randomized trial.

Funding Beijing Science and Technology Plan 2022 from Beijing Municipal Science & Technology Commission.

Copyright © 2024 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Transcatheter aortic valve replacement; High-degree atrioventricular block; Permanent pacemaker;
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Research in context

Evidence before this study
We searched PubMed for studies published until March 24,
2024, using search terms transcatheter aortic valve
replacement (TAVR), high degree atrioventricular block,
permanent pacemaker (PPM), temporary pacemaker with
search terms found in abstract, title or MESH headings. We
also searched references listed in the identified papers.
Previous studies have indicated PPM implantation is one of
the most common complications after TAVR. However,
conduction disturbances after TAVR are often transient and
pacemaker dependency rates in patients who received PPM
implantation after TAVR are highly variable. Prolonged ECG
monitoring and temporary pacing after TAVR may help
reduce PPM implantation but temporary pacing methods
currently used are not suitable for prolonged waiting period.
Notably, the temporary-permanent pacemaker (TPPM)
involving active fixation pacing lead and an external pulse
generator secured to the skin surface may have advantages,

whether using TPPM as a 1-month bridge after TAVR can
reduce PPM implantation is unknown.

Added value of this study
This study adds important insights into the use of TPPM by
providing prospective data in a multicentre setting. TPPM
allows for a valuable buffer period to distinguish between
patients who really require PPM implantation and those who
will recover naturally, and significantly reduces the rate of
PPM implantation after TAVR when compared to current
strategies.

Implications of all the available evidence
This study is hypothesis generating, and the results need to
be confirmed in a randomized trial. Furthermore, the need for
an innovative pacing device for a prolonged bridge window
after TAVR is warranted based on safety and necessity
considerations.
Introduction
Transcatheter aortic valve replacement (TAVR) is a
therapeutic approach for patients with severe aortic
stenosis.1 With the expanding indications for TAVR, the
focus has shifted toward minimising procedure-related
complications. New-onset conduction disturbances that
require permanent pacemaker (PPM) implantation are
common complications and cause major concerns.2

Conduction disturbances may occur due to TAVR-
related injury. However, the damage is often reversible
as it is partly caused by edema and inflammation, which
can resolve over time.3 Consequently, the rates of post-
procedural conduction disturbances and PPM implan-
tation are highly variable in different trials. However,
the rates of 30-day PPM dependency after TAVR range
from 35% to 44%.4–6
Despite the rapid adoption of TAVR, there is a lack of
prospective trials investigating the optimal management
of patients with conduction disturbances after TAVR.
The guidelines for cardiac pacing recommend different
time thresholds for PPM implantation, ranging from
48 h to 7 days after TAVR.7,8 The current clinical
pathway on the management of conduction distur-
bances after TAVR primarily relies on expert opinion.9

Accordingly, the lack of clinical evidence and effective
strategies has resulted in extensive variations in PPM
implantation patterns, potentially leading to over-early
or unnecessary PPM implantation.

Notably, the temporary-permanent pacemaker
(TPPM) involving active fixation pacing lead and an
external pulse generator secured to the skin surface has
been used to provide a longer bridging period in patients
www.thelancet.com Vol 72 June, 2024
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with infected cardiac implantable electronic devices un-
dergoing lead extraction.10 Previous studies also reported
using TPPM may offer advantages in reducing rates of
PPM implantation in patients after TAVR. However, the
available data are still limited to case series or retro-
spective study.11,12 Therefore, this multi-centre study
aimed to explore the efficacy of the use of a TPPM in
reducing the rate of PPM implantation in a large patient
population. We investigated the occurrence and recovery
time of conduction disturbances for up to 30 days after
TAVR. Additionally, we conducted a self-comparison of
the rates of indications for PPM implantation at different
time points and evaluated the predictors of conduction
disturbance recovery in these patients.
Methods
Study design and patients
This prospective multi-centre single-arm study was
conducted in 13 tertiary hospitals in China
(ChiCTR2200057931). Patients who underwent TAVR
between March 1, 2022 and March 1, 2023 were evalu-
ated using 24-h continuous electrocardiography (ECG)
monitoring and post-procedural 12-lead ECG. The de-
cision to use TPPM was based on the following selection
criteria. Patients who developed high-degree atrioven-
tricular block (HAVB) or complete heart block (CHB) (a
minimum of 30 min duration of the HAVB/CHB
episode) during the TAVR procedure or within 1 month
after TAVR were included. HAVB was defined as any of
the following: second-degree atrioventricular block
(AVB) type 2 (Mobitz II); 2:1 AVB in the presence of a
QRS duration of ≥120 ms; or two or more consecutive
P-waves at a constant physiologic rate that do not
conduct to the ventricles. CHB was defined as P-waves
at a constant rate with a dissociated ventricular rhythm
(no association between P- and R-waves) or fixed slow
ventricular rhythm in the presence of atrial fibrillation.
Patients with first-degree AVB (PR interval ≥240 ms and
≥20 ms larger than baseline) plus new onset left bundle
branch block (LBBB) (QRS duration ≥150 ms) were also
included in this study since these patients were gener-
ally considered to be at a higher risk of delayed HAVB/
CHB and PPM was always implanted before discharge.
We excluded patients with pre-existing PPM implanta-
tion or indications for PPM implantation before the
TAVR procedure. The study was approved by the med-
ical ethics committees in each participating hospital,
and the patients provided written informed consent for
participation. This study followed the Strengthening the
Reporting of Observational Studies in Epidemiology
(STROBE) reporting guidelines.

Procedure
In this study, a balloon-expandable trans-catheter heart
valves (THV) SAPIEN 3 (Edwards Lifesciences) and four
www.thelancet.com Vol 72 June, 2024
self-expandable THVs including Evolut PRO (Med-
tronic), VenusA-Plus (Venus Medtech), TaurusElite
(Peijia Medical) and VitaFlow (CardioFlow Medtech) has
been used in this study. After TAVR, patients eligible for
enrollment received TPPM procedure. An active-fixation
pacing lead (St. Jude Medical, 2088 TC, US) permitting
bipolar stimulation was inserted through a 7- or 8-F peel-
away introducer sheath, and the electrode was positioned
in the right ventricular septum. The proximal end of the
lead was fixed to the skin surface using a suture sleeve
and connected to a pulse generator (Biotronik, Med-
tronic, or St. Jude Medical). The pulse generator was
secured on the skin surface next to the lead implantation
site and fixed using an adhesive dressing (Fig. 1). The
pacing threshold was acceptable when acute measure-
ments demonstrated a stable ventricular capture of <1 V/
0.48 ms and sensing values of >5 mV. The pacemaker
was initially set as a VVI model with a lower rate limit of
60 beats per min (bpm), the output was set to 3.5 times
the pacing threshold, and the sensitivity value was set at
half the sensing threshold. For all patients received a
TPPM, beta-blockers and all other drugs that can
decrease heart rate were discontinued.

Outcomes
Follow-up visits were scheduled at 48 h, 1 week, 2
weeks, 3 weeks, 1 month, and 6 months after TPPM
implantation. Pacemaker interrogation, including the
assessment of threshold, sensing, impedance, and ven-
tricular pacing rate (VPR), was performed during the
first five visits. For patients who recovered from HAVB
and had a VPR of <10%, the rate limit of the pacemaker
was reduced by 10 bpm weekly to prevent unnecessary
pacing during nocturnal sinus bradycardia. Standard
aseptic disinfection procedures and weekly wound
dressing changes were performed to minimise the risk
of infection. Additionally, the data of 12-lead ECG,
pacemaker interrogation, and 24-h HOLTER moni-
toring were collected at 1 month to evaluate the in-
dications for PPM implantation; 12-lead ECG reading
and 24-h HOLTER monitoring were repeated at 6
months to confirm if the indications for PPM implan-
tation recurred. For patients who underwent PPM im-
plantation, ECG and pacemaker interrogation were
performed at 6 months to evaluate PPM dependency.

The primary endpoint was the rate of freedom from
indications for PPM implantation at 1 month after
TPPM use. Freedom from indications for PPM im-
plantation was defined as the absence of pacing signals
in the 12-lead ECG and 24-h HOLTER records at 1
month, meanwhile the pacemaker interrogation of the
previous week revealed a VPR of 0%. Otherwise, the
PPM should be implanted according to the latest
guidelines. The secondary endpoint was the rate of
freedom from indications for PPM implantation at 6
months after TPPM use.
3
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Fig. 1: Schematic illustration for TPPM procedure step by step. An active fixation, single-chamber pacemaker lead is fixated to the right
ventricular septum, the lead’s suture sleeve was sutured to the skin, and a pulse generator was connected to the lead and placed over the
patient’s skin using an adhesive dressing.
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Safety endpoints were defined as composite end-
points, including all-cause mortality, cardiovascular
mortality, and TPPM procedure-related adverse events,
such as infection, vascular access complications, cardiac
perforation, lead dislodgement, and thromboembolism.

Statistical analyses
Statistical analyses were performed using SPSS Statis-
tics for Windows (version 25.0; IBM Corp., Armonk,
New York). Continuous variables were expressed as
means ± standard deviations. Categorical data are rep-
resented as frequencies and percentages, and compari-
sons were made across groups using the t-test or
chi-square test, as appropriate. Willson method was
adopted to calculate the 95% confidence intervals (CI) of
the proportion. McNemar’s test was used in the self-
comparison of the rate of indications for PPM implan-
tation at different time points. Logistic regression was
used to estimate the independent effects of multiple
variables on 30-day freedom from indications for PPM
implantation. The results of the analysis are presented
as odds ratios and 95% CI. Statistical significance was
set at P < 0.05.

Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had access to dataset
and had final responsibility for the decision to submit
for publication.

Results
Of the 688 patients who underwent TAVR between
March 2022 and March 2023, those (N = 18) with a
previous PPM implantation or indications for PPM
implantation were excluded, and 71 met the inclusion
criteria. One patient dropped out due to noncompliance.
Finally, 70 patients received a TPPM and were enrolled
in this study (Fig. 2); 54 had CHB, 6 had HAVB, and 10
had first-degree AVB (PR interval ≥240 ms and ≥20 ms
larger than baseline) plus new onset LBBB (QRS dura-
tion ≥150 ms).

The mean age was 74.3 ± 7.3 years, 41.4% of par-
ticipants were female individuals, and the mean Society
of Thoracic Surgeons risk score was 4.0%. The baseline
clinical and ECG characteristics of the patients accord-
ing to PPM implantation at 1 month are shown in
Table 1. Compared with patients who underwent PPM
implantation, those free from PPM implantation
showed less frequent baseline first-degree AVB (9.4%
vs. 29.4%; P = 0.041) and tended to have a shorter PR
interval (169.3 ms vs. 187.4 ms; P = 0.031).

All patients underwent preprocedural contrast-
enhanced cardiac computed tomography, and two
www.thelancet.com Vol 72 June, 2024
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Fig. 2: Patients flowchart. Abbreviations: TAVR, transcatheter aortic valve replacement; ECG, electrocardiography; PPM, permanent pacemaker;
TPPM, temporary-permanent pacemaker; LBBB, left bundle-branch block; HAVB, high degree atrioventricular block; AVB, atrioventricular block;
CHB, complete heart block.

All patients
(N = 70)

Free from PPM
implantation
(N = 53)

PPM implantation
(N = 17)

p value

Demographics

Age, years 74.3 ± 7.3 73.8 ± 7.4 76.1 ± 7.1 0.25

Female sex 29 (41.4%) 22 (41.5%) 7 (41.2%) 0.98

Male sex 41 (58.6%) 31 (58.5%) 10 (58.8%) 0.98

STS score, % 4.0 ± 1.4 3.9 ± 1.3 4.1 ± 1.8 0.77

Aortic valve regurgitation 22 (31.4%) 16 (30.2%) 6 (35.3%) 0.69

Hypertension 49 (70.0%) 35 (66.0%) 14 (82.4%) 0.20

Diabetes 16 (22.9%) 12 (22.6%) 4 (23.5%) 0.94

CAD 35 (50.0%) 27 (50.9%) 8 (47.1%) 0.78

CVD 11 (15.7%) 8 (15.1%) 3 (17.6%) 0.80

CKD 6 (8.6%) 3 (5.7%) 3 (17.6%) 0.12

PCI 13 (18.6%) 11 (20.8%) 2 (11.8%) 0.41

CABG 2 (2.9%) 0 (0%) 2 (11.8%) 0.090

Electrocardiogram

First-degree AVB 10 (14.3%) 5 (9.4%) 5 (29.4%) 0.041

LBBB 6 (8.6%) 5 (9.4%) 1 (5.9%) 0.65

RBBB 14 (20.0%) 9 (17.0%) 5 (29.4%) 0.27

Atrial fibrillation 6 (8.6%) 5 (9.4%) 1 (5.9%) 0.65

Heart rate, bpm 72.7 ± 14.7 72.3 ± 15.4 73.8 ± 13.0 0.71

PR interval, ms 173.8 ± 29.3 169.3 ± 28.8 187.4 ± 27.4 0.03

QRS duration, ms 116.4 ± 26.9 115.7 ± 27.3 118.7 ± 26.4 0.70

Values are mean ± SD, n (%). RBBB, right bundle branch block; AS, aortic valve stenosis; AR, aortic
valve regurgitation; CAD, coronary artery disease; CVD, Cerebrovascular disease; CKD, chronic kidney
disease; PCI, percutaneous coronary intervention; CABG, coronary artery bypass grafting;
AVB, atrioventricular block; LBBB, left bundle-branch block; RBBB, right bundle branch block;
PPM, permanent pacemaker.

Table 1: Characteristics of the trial population at baseline.

Articles
experienced structural interventional cardiologists per-
formed all measurements. No difference was observed
in imaging characteristics between the groups.

TAVR was performed through femoral access in all
patients using the cusp-overlapping projection tech-
nique. Self-expandable valves were used in most pa-
tients, with no significant differences in valve
oversizing of the annulus or left ventricular outflow
tract (LVOT) between the groups. Compared with pa-
tients with PPM implantation, patients who achieved
freedom from indications for PPM implantation
showed higher implantation depth under non-coronary
cusp (5.7 vs. 7.5; P = 0.022), smaller difference between
the membranous septum length and implantation
depth (ΔMSID) (2.9 vs. 4.7 mm; P = 0.040), and a lower
percentage of ΔMSID ≥3 mm (43.2% vs. 85.7%;
P = 0.0070) (Table 2).

HAVB/CHB occurred after the procedure in 41.4%
of patients, with similar rates between the groups.
However, patients who achieved freedom from in-
dications for PPM implantation were more likely to
experience a later occurrence of postprocedural HAVB/
CHB (4.5 days vs. 1.4 days, P = 0.036). Regarding the
reasons for TPPM use, CHB was more frequent in pa-
tients who underwent PPM implantation (100% vs.
69.8%, P = 0.010); first-degree AVB plus LBBB was
more frequent in patients who achieved freedom from
indications for PPM implantation (18.9% vs. 0%,
P = 0.053). The TPPM procedure was easy to perform,
with an average duration of 28.6 min and a radiation
www.thelancet.com Vol 72 June, 2024 5
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All patients
(N = 70)

Free from PPM
implantation
(N = 53)

PPM
implantation
(N = 17)

P value

Bicuspid aortic valve 27 (38.6%) 22 (41.5%) 5 (29.4%) 0.37

Bicommissural non-Raphe type 3 (4.3%) 3 (5.7%) 0 (0%) 0.32

Bicommissural Raphe type 11 (15.7%) 7 (13.2%) 4 (23.5%) 0.31

Tricommissural 13 (18.6%) 12 (22.6%) 1 (5.9%) 0.12

Left-right coronary cusp fusion 16 (22.9%) 12 (22.6%) 4 (23.5%) 0.94

Aortic annulus, mm 24.9 ± 2.6 24.8 ± 2.6 25.4 ± 2.4 0.41

LVOT, mm 24.8 ± 3.2 24.7 ± 3.4 25.2 ± 2.5 0.57

Aortic valve Calcium, mm3

Under the LCC 71.5 ± 104.4 70.9 ± 107.3 73.6 ± 98.1 0.93

Under the RCC 71.6 ± 131.5 70.8 ± 139.4 74.3 ± 107.1 0.92

Under the NCC 125.9 ± 187.5 122.1 ± 196.5 137.7 ± 160.1 0.77

Membrane septum length, mm 3.0 ± 2.1 2.9 ± 2.2 3.0 ± 1.6 0.90

Pre-dilatation (%) 47 (67.1%) 36 (67.9%) 11 (64.7%) 0.81

Post-dilatation (%) 27 (38.6%) 21 (39.6%) 6 (35.3%) 0.75

Self-expandable valve 68 (97.1%) 52 (98.1%) 16 (94.1%) 0.39

Oversizing of the aortic annulus (%) 10.9 ± 8.1 10.8 ± 7.9 11.0 ± 9.0 0.94

Oversizing of LVOT (%) 12.5 ± 9.7 12.6 ± 9.3 12.4 ± 11.1 0.95

Implantation depth under the NCC, mm 6.2 ± 2.8 5.7 ± 2.9 7.5 ± 2.0 0.022

ΔMSID, mm 3.4 ± 3.1 2.9 ± 3.2 4.7 ± 2.5 0.040

ΔMSID ≥3 mm 54.9% 43.2% 85.7% 0.0070

LVOT, left ventricular outflow tract; LCC, left coronary cusp; RCC, right coronary cusp; NCC, non-coronary cusp;
ΔMSID, difference between implantation depth and membranous septum length.

Table 2: Imaging and TAVR procedural characteristics.

Occurrence of conduction
disturbance

Intraprocedural

Postprocedural, days

Time from TAVR to TPPM

Reason of TPPM

CHB

HAVB

First-degree AVB + LBB

Threshold, v

Time, min

X ray, mGy

TAVR, transcatheter aortic v
in Table 1.

Table 3: TPPM procedura
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dose of 37.8 mGy, with no difference between the
groups (Table 3).

Patients with TPPM were discharged 3 days (me-
dian) after the procedure, the conduction disturbance
was still present in 71.4% (50/70) of the patients at
discharge. TPPMs were used for 36 ± 13 days. At 1
month follow-up, 75.7% (53/70) of patients were free
from indications for PPM implantation. The recovery of
conduction disturbances did not occur overnight; 13
All patients
(N = 70)

Free from PPM
implantation
(N = 53)

PPM
implantation
(N = 17)

P value

41 (58.6%) 29 (54.7%) 12 (70.6%) 0.25

3.9 ± 3.0 (N = 29) 4.5 ± 3.0 (N = 24) 1.4 ± 0.9 (N = 5) 0.036

, days 2.3 ± 3.2 2.5 ± 3.5 1.6 ± 2.2 0.31

54 (77.1%) 37 (69.8%) 17 (100%) 0.010

6 (8.6%) 6 (11.3%) 0 (0%) 0.15

B 10 (14.3%) 10 (18.9%) 0 (0%) 0.05

0.75 ± 0.23 0.73 ± 0.23 0.79 ± 0.24 0.44

28.6 ± 8.9 27.7 ± 9.1 31.4 ± 8.0 0.28

37.8 ± 46.3 36.8 ± 46.6 40.7 ± 48.1 0.83

alve replacement; TPPM, temporary permanent pacemaker; other abbreviations as

l characteristics.
patients recovered within 48 h after TPPM, 18 recovered
at 1-week visit, 10 recovered at 2-week visit, 8 recovered
at 3-week visit, and 4 recovered at 1 month follow-up
(Fig. 3).

A subgroup analysis of patients with HAVB/CHB
was performed; 71.7% (43/60) of patients were free
from indications for PPM implantation, and the num-
ber of recoveries at the scheduled follow-up visits was
13, 13, 7, 6, and 4, respectively (Fig. 3).

At the 6-month follow-up, no recurrence of HAVB/
CHB was observed in patients who achieved freedom
from indications for PPM implantation. Of the 17 pa-
tients who underwent PPM implantation, 15 were PPM-
dependent with high VPRs (average, 63.3%), while the
other two had intermittent HAVB with VPRs of <10%.

No adverse events occurred during the TPPM pro-
cedure, and no deaths were reported during the 6-
month follow-up. However, two adverse events related
to the TPPM procedure were observed during follow-up,
including one case of lead-related pericardial effusion
and one case of lead dislodgement: in the former case,
the lead was repositioned, allowing the patient to com-
plete the follow-up period without requiring PPM im-
plantation. In the latter case, the patient pulled out the
lead due to discomfort and underwent PPM implanta-
tion 5 days earlier than scheduled.

For the 688 patients who have undergone TAVR, the
rate of indication for PPM implantation was 10.8% (77/
688) at the time of enrollment to receive TPPM, as some
of the conduction disturbances recovered, the rate of
indication for PPM implantation reduced to 8.28% (95%
confidence interval [CI] 6.45%–10.58%) at 48 h and
further reduced to 2.47% (95% CI 1.55%–3.92%) at 1
month using TPPM for a prolonged bridge (McNemar’s
test P < 0.0001). Similar results were obtained in the
subgroup analysis of patients with HAVB/CHB, the rate
of indication for PPM implantation reduced from 8.72%
to 6.83% (95% CI 5.17%–8.96%) and further to 2.47%
(95% CI 1.55%–3.92%) (McNemar’s test P < 0.0001)
(Fig. 4).

For patients with TPPM, univariate analysis revealed
that the baseline PR interval, a ΔMSID of ≥3 mm, and
the timing of postprocedural conduction disturbance
occurrence were associated with freedom from in-
dications for PPM implantation at 1 month. Further-
more, a multivariate model revealed the baseline PR
interval and a ΔMSID of ≥3 mm were negative inde-
pendent predictors of the 1-month freedom from in-
dications for PPM implantation after TAVR, and a
delayed occurrence of postprocedural conduction
disturbance was a positive independent predictor of the
1-month freedom from indications for PPM implanta-
tion after TAVR (Table 4).

Before TAVR, among 53 patients who achieved
freedom from indications for PPM implantation, LBBB
was present in 5 (9.4%), RBBB in 9 (17.0%), first-degree
AVB in 5 (9.4%), and atrial fibrillation in 5 (9.4%); at the
www.thelancet.com Vol 72 June, 2024
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Fig. 3: Trends of freedom from indications for PPM implantation for patients who received TPPM during the bridge window. Abbre-
viations: PPM, permanent pacemaker; TPPM, temporary-permanent pacemaker; LBBB, left bundle-branch block; HAVB, high degree atrio-
ventricular block; AVB, atrioventricular block; CHB, complete heart block.
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1-month follow-up, 17 (32.1%) patients had LBBB, 16
(30.2%) had RBBB, 18 (34.0%) had first-degree AVB,
and 6 (11.3%) had atrial fibrillation (Fig. 5).

Discussion
In a pilot study by our group, which included fewer
cases, we showed that TPPM use is a reliable and safe
method for patients with conduction disturbances after
TAVR.13 However, no study has evaluated the rates of
Fig. 4: Self-comparison of the rate of indications for PPM implanta
PPM, permanent pacemaker; TPPM, temporary-permanent pacemaker;
block; AVB, atrioventricular block; CHB, complete heart block.

www.thelancet.com Vol 72 June, 2024
PPM implantation using TPPM in different patient
populations and no existing data has compared the rates
of PPM implantation achieved with TPPM to those
following current expert consensus. To the best of our
knowledge, this is the first study to systematically eval-
uate the clinical outcomes of TPPM implantation in a
multi-centre prospective population.

The main findings of this study can be summarized
as follows: 75.7% of patients who developed HAVB/
tion for all patients who have undergone TAVR. Abbreviations:
LBBB, left bundle-branch block; HAVB, high degree atrioventricular

7
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Univariate Multivariate

OR 95% CI P value OR 95% CI P value

Age (years) 0.956 0.887–1.031 0.25

Female sex 1.004 0.336–3.001 0.99

Baseline RBBB 0.491 0.138–1.741 0.27

Baseline first-degree AVB 0.250 0.062–1.005 0.05

PR interval, MS 0.977 0.956–0.999 0.04 0.947 0.907–0.989 0.013

Valve oversizing (%) 0.997 0.932–1.067 0.93

Lvot oversizing (%) 1.002 0.946–1.060 0.95

Implantation depth under
the NCC

0.873 0.695–1.097 0.24

ΔMSID 0.807 0.639–1.020 0.073

ΔMSID ≥3 mm 0.127 0.025–0.649 0.013 0.047 0.005–0.416 0.0060

Postprocedural AVB, days 1.609 1.011–2.561 0.045 2.152 1.127–4.108 0.020

OR, odds ratio; CI, confidence interval; other abbreviations as Table 1.

Table 4: Univariate analysis of predictors of freedom from PPM after TAVR and multivariate
logistic regression model for patients who received TPPM.
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CHB after TAVR did not require PPM implantation
after a 1-month bridge with a TPPM. The rate of PPM
implantation was as low as 2.47%, indicating an
obvious reduction when compared with that of the
guideline recommended strategy (up to 48-h waiting
period). Among patients who did not require PPM
implantation, 18.6% recovered within 48-h bridge with
a TPPM and 57.1% recovered after 48-h bridge; inde-
pendent predictors of freedom from indications for
PPM implantation at 1 month after TPPM included the
baseline PR interval, a ΔMSID of ≥3 mm, and the
timing of postprocedural conduction disturbance
occurrence.
Fig. 5: Prevalence of conduction disturbances among patients who r
month after TAVR. Abbreviations: LBBB, left bundle-branch block
TAVR, transcatheter aortic valve replacement.
With the expanding indications for TAVR in younger
patients with a lower surgical risk, complications that
may affect long-term prognosis, such as conduction
disturbances and PPM dependency, become increas-
ingly clinically important. PPM implantation may
adversely affect left ventricular function and increase the
risk of heart failure or all-cause readmission.14 Recent
real-world registry data have shown a high rate of PPM
implantation after TAVR, particularly with self-
expanding valves, which have been linked to higher 1-
year mortality.15 Therefore, the decision to perform
PPM implantation after TAVR must be carefully
considered.16

Conduction disturbances after TAVR are due to
mechanical injury caused by the transcatheter valve
frame. However, this damage is often reversible, as it is
partly associated with edema and inflammation, which
can resolve over time.3 Furthermore, a recent multidis-
ciplinary expert consensus recommended a 48-h win-
dow after TAVR to confirm the indications for PPM
implantation.7 Although the timing of PPM implanta-
tion after TAVR varies between different centres, over
90% of PPM implantations were performed within 1
week after TAVR. However, conduction disorders may
resolve several days after TAVR. In this study, 18.6%
patients with HAVB/CHB recovered within 48-h bridge
with a TPPM and 31.4% of patients recovered after 1-
week bridge. Through self-comparison, it is shown
that the strategy using a TPPM for 1-month bridge could
reduce rates of PPM implantation compared to the
guideline-recommended strategy using a temporary
pacemaker for 48-h observation. Notably, the recovery
rate remained stable at 6 months, consistent with the
eceived TPPM and free from PPM implantation before and at 1-
; RBBB, right bundle-branch block; AVB, atrioventricular block;
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finding of a previous report.6 Consequently, the rate of
PPM implantation was reduced to 2.47% in the multi-
centre TAVR patient population, much lower than the
reported rates ranging from 9% to 35% in previous
literature.2,3

Prolonged ECG monitoring and temporary pacing
after TAVR can help reduce PPM implantation. How-
ever, patients are increasingly being discharged within
24–48 h after TAVR, and some experts have even
advocated same-day discharge in carefully selected pa-
tients.17,18 Currently, the temporary pacing methods
used during the perioperative period of TAVR are not
suitable for discharged patients and are associated with
a higher risk of infection, venous thrombosis, prolonged
hospitalization, and delayed rehabilitation; patients
should be bedridden until the pacing lead is removed to
avoid dislodgement.19 Accordingly, strategies that offer
pacing protection, improve mobility, shorten hospital
stay, and reduce the PPM implantation rate are vital to
advancing TAVR and preventing cardiac arrest events in
outpatients, which can result in sudden death.

The use of a TPPM has advantages in the manage-
ment of conduction disturbances after TAVR. The active
fixation lead offers a retractable helix with extraordinary
flexibility and an extended scope for regular monitoring
and pulse generator interrogation. Vascular access to the
internal jugular or subclavian veins enables rapid
ambulation after the procedure without increasing
hospitalization length while ensuring greater patient
comfort and mobility; patients undergoing TPPM im-
plantation can be discharged early to resume normal
daily activities.

Safety is crucial when considering TPPM use. A re-
view of 24 studies involving 770 patients reported 2.3%
cases of TPPM-related infections, with loss of capture
documented in only 1%, and the duration of TPPM use
varied from a few days to 336 days.20 The consensus
document of the European Heart Rhythm Association
recommends the use of a TPPM with an ipsilateral
active fixation strategy in patients requiring antibiotic
treatment before re-implantation.21 In our study, no
infection was encountered due to standard aseptic
disinfection procedures and weekly wound dressing
changes. Two adverse events were managed appropri-
ately, this highlights the importance of careful moni-
toring and management. In addition, cost-effectiveness
is a crucial factor. Although the initial cost of active
fixation leads is higher, the use of TPPM facilitates early
discharge and potential cost savings beyond 24 h.22

Another interesting finding is that all patients with
first-degree AVB plus LBBB ultimately do not require
the implantation of a PPM, which is inconsistent with
the previous position stating that these patients are at
high risk of delayed HAVB/CHB and need PPM im-
plantation before discharge9. If more clinical data con-
firms this finding, these patients would not need a PPM
www.thelancet.com Vol 72 June, 2024
or a TPPM, and remote ECG monitoring may suffice.
However, until then, we should proceed with caution to
ensure safety.

While predictors of conduction disorders leading to
PPM implantation after TAVR have been extensively
investigated, and previous studies have identified
several independent predictors of long-term pacemaker
dependency, including pre-existing RBBB, first-degree
AVB, and the ΔMSID,4–6 our study confirmed that the
baseline PR interval and a ΔMSID of ≥3 mm were in-
dependent predictors of PPM implantation; the timing
of postprocedural conduction disturbance occurrence is
an additional predictor of conduction disturbances re-
covery. These predictors provide valuable information
for risk stratification and personalized decision-making
regarding PPM implantation after TAVR.

At the anatomical level, the AV bundle penetrates the
central fibrous body and continues through the mem-
branous part of the interventricular septum, which is
situated below the right and noncoronary aortic cusps.
The valve stent frame may damage the branches
through direct mechanical interactions or by inducing
edema or inflammation. While a small (<1 mm) overlap
between the valve frame and AV bundle might cause
transient conduction abnormalities in the acute phase, a
more pronounced direct mechanical interaction
(≥3 mm) may be necessary to cause an irreversible AVB.

Notably, the timing of postprocedural conduction
disturbances was associated with conduction recovery.
This finding is consistent with that of a study by Costa,
who reported that PPM implantation on day 1 was a
predictor of PPM dependency. In contrast, PPM im-
plantation on days 2 and days 3–30 was not associated
with PPM dependency.4 One possible explanation is that
the later the postprocedural conduction disturbance oc-
curs, the more likely it is to be secondary to edema or
inflammation. Additionally, the continuous compres-
sion of the AV branch by self-expandable valves could
contribute to the later occurrence of postprocedural
conduction disorders. Notably, the likelihood of con-
duction disorder recovery increases as the interaction
forces diminish.

This study has generated a hypothesis, and the re-
sults need to be confirmed in larger cohort. Randomised
trials are also warranted to fully evaluate the use of
TPPM against traditional temporary pacing, and rec-
ommendations for the timing of PPM implantation af-
ter TAVR should be proposed on a safe and necessary
basis.

This study had certain limitations due to its single-
arm design, including selection and confounding bia-
ses. However, we attempted to mitigate these biases by
performing self-comparison and subgroup analyses,
which yielded consistent results. Given the limited
follow-up period and advanced age of our study popu-
lation, the potential impact of freedom from indications
9
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for PPM implantation on long-term survival, particularly
in younger patients undergoing TAVR, cannot be
definitively inferred. Additionally, the patients included
in this study primarily received self-expanding valves;
therefore, caution should be exercised when extrapo-
lating these results. Further, the high percentage of
bicuspid aortic valves is another study limitation of the
present study. Finally, patients who recovered from
HAVB or experienced late-onset HAVB beyond 6
months after TAVR could not be identified and long-
term drug therapy was not collected after 6 months.
Notably, conduction abnormalities occurring beyond 30
days after TAVR are rare; and as time passes, directly
attributing a TAVR procedure as the cause of PPM be-
comes more challenging.

In conclusion, using TPPM as a bridge pacing for a
prolonged window significantly reduced the rates of
PPM implantation after TAVR, which can be attributed
to the high rates of recovery within 1 month in patients
with conduction disturbances after TAVR.
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