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Abstract

Purpose Limited evidence guides management of conduction abnormalities following TAVR. Standardized clinical pathways
may reduce variability in care while minimizing bradyarrhythmic morbidity, length of stay (LOS), and pacemaker (PPM)
implantation rates.

Methods A multidisciplinary consensus pathway to standardize post-TAVR management was developed. We evaluated (1)
pathway adherence; (2) LOS; (3) PPM implantation rates; (4) 1-month survival, and (5) late heart block. Exploratory analyses
evaluated factors associated with PPM implantation.

Results A total of 181 consecutive patients without prior PPM who underwent TAVR between February 2020 and February
2021 (mean age 77.9+9.1, 38% women) were included. Average LOS was 3.0 days (+2.7), and no deaths related to syncope/
bradyarrhythmia were reported by 1 month. Overall, 93% of the 181 patients were managed by pathway; deviations were
due to failure of discharge with a heart monitor when it was clinically indicated for either pre-existing RBBB or new PR
prolongation/new LBBB. PPM implantation occurred in 19 patients by discharge, and 21 by 1-month (13%). In our explora-
tory analysis, pre-existing RBBB, transient peri-procedural heart block, and LOTUS valves were associated with pacemaker
implantation: OR (CI) of 8.16 (3.06-21.78), 6.83 (1.94-24.03), and 8.32 (1.11-62.49), respectively.

Conclusions This report illustrates that a standardized protocol for the management of conduction abnormalities after TAVR
can be implemented with high compliance, safe management of conduction disturbance, and relatively short LOS with dis-
charge supported by ambulatory monitoring.
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1 Introduction

Transcatheter aortic valve replacement (TAVR) was first
introduced as an alternative for patients with severe aor-
tic stenosis at high or prohibitive surgical risk, but includes
nontrivial rates of permanent pacemaker implantation [1].
Over the past decade, TAVR volume has increased five-
fold, with over 72,000 cases performed in 2019 [2]. This
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significant rise in TAVR aligns with additional clinical tri-
als illustrating the safety and effectiveness of the procedure
in broader, lower-risk populations [3, 4]. Despite grow-
ing procedural experience and technological innovation in
valve design, rates of pacemaker implantation persist in the
6.5-17% range [2-5].

Pacemaker implantation varies across studies in part
because of population heterogeneity, differences in device
design, and variability in clinical decision-making for
patients with new conduction abnormalities. For example,
while selected patient and procedural factors appear associ-
ated with post-TAVR heart block [6], no established algo-
rithm accurately predicts progression of conduction disease
or its time course. Recent expert consensus guidelines sug-
gest maintaining transvenous temporary pacing for at least
24 h in higher risk patients [6], and advocate for prolonged
hospital monitoring of at least 2 days after TAVR in those
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with new or worsened conduction disturbances. However,
streamlined identification of high-risk patients, as well as
standardization of monitoring practices, is critical to con-
trol inpatient length of stay and costs associated with the
procedure.

To approach these knowledge gaps and standardize care
at our institution, we developed and implemented a clinical
protocol informed by cardiac electrophysiology, structural
heart disease, and cardiac surgery. This report describes our
multidisciplinary approach and the first 12 months of pro-
spective, consecutive evaluation aimed at defining adherence
to the protocol, observed permanent pacemaker implantation
rates, and safety.

2 Methods
2.1 Data source and patient population

This study was performed at Beth Israel Deaconess Medi-
cal Center (BIDMC), an academic referral center in Boston,
MA, with ethics approval provide by its institutional review
board. All consecutive patients who underwent TAVR at
BIDMC between 02/01/2020 and 02/28/2021 were evalu-
ated. Patients with permanent pacemakers prior to TAVR
were excluded. Clinical, electrocardiographic, and labora-
tory data were extracted from the online medical record.

2.2 Management protocol

A clinical protocol for managing post-TAVR patients at our
institution was developed as a collaboration between car-
diac electrophysiology, structural heart disease, and cardiac
surgery. Figure 1 summarizes the clinical protocol for man-
aging patients who underwent TAVR in accordance with
pre-, peri-, and post-TAVR conduction abnormalities. All
patients had temporary balloon-tipped pacing wires placed
via the femoral vein for TAVR deployment. Patients with
persistent complete atrioventricular (AV) block, defined as
block that persisted beyond the end of the TAVR procedure,
were referred for immediate pacemaker implantation, either
before the patient left the hybrid operating suite or immedi-
ately after. Temporary pacemaker was placed if a permanent
one could not be placed immediately following TAVR (e.g.,
if cardiac electrophysiology was not immediately available).
Patients with transient complete AV block, defined as com-
plete AV block that resolved prior to the end of the case,
would instead undergo monitoring in the cardiac critical care
unit (CCU). Patients with recurrent complete AV block were
then referred for permanent pacemaker implantation.
Those with no evidence of heart block but pre-exist-
ing right bundle branch block (RBBB), new left bundle
branch block (LBBB), or new PR or QRS prolongation
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were monitored on telemetry and discharged with a 14-day
Ziopatch mobile telemetry cardiac monitor. In addition,
patients with new wide LBBB > 160 ms were offered a
diagnostic EP study with direct evaluation of the conduc-
tion system. Patients with PR prolongation but not wid-
ened LBBB did not undergo EPS. In these cases, by pro-
tocol patients with a prolonged HV interval > 65 ms were
referred for pacemaker implantation.

2.3 Variables

We collected data according to patients’ demographic
and clinical characteristics, procedural details, and diag-
nostic tests. Demographic details included age, sex, body
and mass index. Clinical variables ascertained included
hypertension, diabetes, presence of coronary artery dis-
ease, heart failure, chronic kidney disease, and Soci-
ety for Thoracic Surgeons severity score. We recorded
echocardiographic data including ejection fraction and
aortic valve parameters. Lastly, procedure data included
TAVR valve type, valve size, and whether procedure was
valve-in-valve.

ECGs were performed prior to all TAVRs and imme-
diately following the procedure, and on the day of dis-
charge. Patients underwent 1-month follow-up either in
the BIDMC TAVR clinic or with their local cardiologist,
where a repeat ECG was done. As a result of the COVID-
19 pandemic, several patients underwent 1-month fol-
low up via telehealth visits and therefore were unable to
receive an ECG at that time.

We prospectively characterized several outcomes of
interest prior to implementing the clinical protocol and ini-
tiating data collection. The primary clinical outcome was
permanent pacemaker implantation prior to hospital dis-
charge and at 1-month post-TAVR. Pre-specified second-
ary outcomes included delayed/late heart block, defined as
heart block developing at least 2 days following TAVR or
post-discharge. We also evaluated the ventricular pacing
percentage for those patients that underwent pacemaker
implantation; this was performed at their pacemaker clinic
follow-up, which took place 1-4 weeks after implanta-
tion. Adverse events were noted including new conduc-
tion abnormalities and death prior to hospital discharge
and at 1-month post-TAVR, including cause of death and
whether this was correlated to conduction abnormality or
procedural complication. Total length of stay and number
of days spent in the critical care unit were also recorded.

In addition, we evaluated compliance with the clini-
cal protocol and, for patients whose actual management
appeared to differ, identified the specific ways in which
actual versus recommended management diverged.
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Fig. 1 Management pathway for patients undergoing TAVR

2.4 Statistical analysis

For variables describing the study population, categorical
data were expressed as frequencies and percentages and
continuous data as means and standard deviations. Cat-
egorical data were compared between the pacemaker and

non-pacemaker groups using Fisher exact test, while two-
sided r-test was used to compare numerical data between
these two groups. The proportion of patients receiving per-
manent pacemakers was identified, as well as their timing
post-TAVR. Study adherence was evaluated by comparing
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the number of patients with protocol-concordant manage-
ment to the overall cohort.

In an exploratory analysis, we evaluated the association
between selected clinical factors (including pre-existing
RBBB and AV delay, new LBBB, transient heart block,
and valve type) and permanent pacemaker implantation at
1 month follow-up using unadjusted logistic regression to
generate odds ratios (OR) and 95% confidence intervals (CI).
Given the size of the study cohort, we decided a priori not to
attempt multivariable regression to avoid model overfitting.
All statistical analyses were performed using the Stata 13.0
software (College Station, TX).

3 Results

Of the 200 patients who underwent TAVR between February
2020 and February 2021, 19 were excluded due to pre-exist-
ing permanent pacemaker. Characteristics of the 181 patients
used for analysis are summarized in Tables 1 and 2. Overall,
the mean age was 77.9 (£9.1), 68 (38%) were women, and
common comorbidities included coronary artery disease

(52%), hypertension (80%), and hyperlipidemia (75%). The
most common type of valve utilized in our cohort was the
balloon expandable Edwards SAPIEN 3 (73%), followed by
the Medtronic CoreValve Evolut Pro+ (25%), and the Bos-
ton Scientific Lotus Edge (2%).

Dual-chamber pacemaker implantation for high grade or
complete heart block occurred in 19 patients by hospital dis-
charge, and 21 by 1-month follow-up (13%). Figure 2 shows
the distribution of pacemaker implantation timing after
TAVR. All pacemakers were implanted within 2 days of
heart block development. For patients with persistent heart
block during the TAVR, mean time to PPM was 0.7 days.
Patients had a temporary pacemaker in place prior to PPM
for an average of 1.1 days. Nine pacemakers were placed for
persistent complete heart block that arose during the TAVR
procedure and remained present at the procedure’s comple-
tion. Of those, 5 underwent permanent pacemaker directly
in the hybrid OR. The other 4 had temporary pacemakers
placed with subsequent permanent pacemakers; further
detailed chart review did not show a specific clinical reason
for undergoing temporary pacemaker placement first, other
than cardiac electrophysiology availability.

Table 1 Characteristics of
Patients Undergoing TAVR

overall and according to receipt

of permanent pacemaker
implantation (PPMI)

@ Springer

All Patients PPMI No PPMI p-value
(n=181) (n=21) (n=160) (PPPMI vs No
PPMI)
Age, years 779 (£9.1) 78.5 (£9.0) 77.8 (£9.1) 0.740
Female 68 (38%) 8 (38%) 60 (38%) 0.958
BMI, kg/m? 28.5 (£6.2) 28.2 (+4.6) 28.5 (£6.4) 0.819
CAD 94 (52%) 14 (67%) 80 (50%) 0.185
Prior MI 25 (14%) 1 (5%) 24 (15%) 0.074
Prior PCI 42 (23%) 6 (29%) 36 (23%) 0.882
Prior cardiac surgery 33 (18%) 4 (19%) 29 (18%) 0.960
Prior CABG 23 (13%) 4 (19%) 19 (12%) 0.353
Prior aortic valve surgery 14 (8%) 0(0%) 14 9%) 0.158
Heart failure 73 (40%) 11 (52%) 62 (39%) 0.269
Mean LVEF, % 56 (+12) 56 (+=13) 56 (=12) 0.744
Hypertension 145 (80%) 17 (81%) 128 (80%) 0.918
Diabetes mellitus 52 (29%) 10 (48%) 42 (26%) 0.042
Hyperlipidemia 136 (75%) 20 (95%) 116 (73%) 0.023
Peripheral vascular disease 21 (12%) 2 (10%) 19 (12%) 0.745
Atrial fibrillation 50 (28%) 7 (33%) 43 (27%) 0.545
Stroke 22 (12%) 5 (24%) 17 (11%) 0.082
COPD 19 (10%) 2 (10%) 17 (11%) 0.877
Chronic kidney disease 61 (34%) 6 (29%) 55 (34%) 0.584
Dialysis 4 (2%) 1(5%) 3(2%) 0.292
STS Score 3.49 (£2.98) 3.59 (£2.51) 3.47 (£3.02) 0.879
Sapien3 132 (73%) 17 (81%) 115 (72%) 0.379
Evolut Pro+ 45 (25%) 2 (10%) 43 (27%) 0.084
Lotus Edge 4 (2%) 2 (10%) 2 (1%) 0.015
Mean AVA, cm? 0.78 (£0.27) 0.77 (+0.19) 0.79 (+0.27) 0.808
Mean AV gradient, mmHg 43.5 (£ 14.3) 44.7 (£12.3) 43.4 (+14.6) 0.696
Peak AV gradient, mmHg 70.5 (£23.2) 75.5 (£21.6) 69.8 (+23.4) 0.297

P <0.05
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Table 2 Electrocardiographic features of study population

All Patients
(n=181)

PPMI
(n=21)

No PPMI
(n=160)

p-value
(PPMI vs No
PPMI)

Baseline ECG features

No con- 109 (60%)
duc- 41 (23%)
tion 30 (17%)
abnor- 17 (9%)
mali- 14 (8%)
ties 187 (+38)

First 110 (+26)
degree
AV
delay

RBBB

LBBB

IVCD

Mean
PR
inter-
val,
ms

Mean
QRS
inter-
val,
ms

Discharge ECG features

No con- 66 (36%)
duc- 41 (23%)
tion 20 (11%)
abnor- 34 (19%)
mali- 14 (8%)
ties 190 (£38)

First 119 (£29)
degree
AV
delay

RBBB

LBBB

IVCD

Mean
PR
inter-
val,
ms

Mean
QRS
inter-
val,
ms

8 (38%)

7 (33%)
11 (52%)
1(5%)

0 (0%)
196 (+34)
124 (+30)

101 (63%)
34 21%)
19 (12%)
16 (10%)
14 (9%)
186 (+38)
108 (+25)

0.028
0.119
<0.001
0.439
0.158
0.322
0.008

1(5%)

9 (43%)

4 (19%)

3 (14%)

0 (0%)
204 (+20)
149 (+24)

65 (41%)
32 (20%)
16 (10%)
31 (19%)
14 (9%)
188 (+39)
115 (£27)

0.001
0.019
0.214
0.575
0.158
0.124
<0.001

RBBB, right bundle branch block; LBBB, left bundle branch block;
IVCD, intraventricular conduction block

P <0.05

Twelve total patients had transient peri-procedural com-
plete heart block. Of those, one underwent direct perma-
nent pacemaker placement in the hybrid OR (noted to have
complete heart block for 15 min during TAVR) and another

(with pre-existing RBBB and LAFB) underwent pacemaker
placement later that day. Three had temporary wires placed;
of those 2 had pre-existing AV delay and RBBB and, despite
AV recovery after TAVR, underwent pacemaker placement
as they were deemed high risk. One was noted to have low
valve implantation depth in relation to the membranous sep-
tum and developed high grade AV block following TAVR,
resulting in permanent pacemaker placement. No other
patients with transient heart block during the procedure
developed delayed heart block.

Four patients received pacemakers for advanced conduc-
tion disease arising after the procedure was completed, but
before 2 days had passed. One patient with no pre-procedure
conduction disease developed intermittently regularized
atrial fibrillation with ventricular rates in the 30 s (nar-
row QRS) the same day as the TAVR and had a pacemaker
placed that day. A second patient with atrial fibrillation and
LBBB at baseline developed regularized complete heart
block with a LBBB escape post-procedure (same day) and
received a pacemaker. A third patient with a pre-existing
RBBB had 2:1 and then complete heart block immediately
after the TAVR procedure but technically after the procedure
was completed; this patient received a permanent pacemaker
the same day. The fourth patient in this group had syncope
with 20 s of complete heart block and no ventricular escape
the day after their procedure, and had a pacemaker placed.

Three patients (2%) developed delayed complete heart
block (>2 days after TAVR) and all had received Sapien
valves. Two of those 3 patients developed heart block after
hospital discharge, and both had been discharged with
a cardiac monitor due to pre-existing RBBB. The first
patient developed pre-syncopal symptoms and heart block
17 days after TAVR, after his 2-week cardiac monitoring
period, which had shown no heart block or other conduc-
tion abnormalities. The second patient was found to have
heart block on cardiac monitoring 4 days after TAVR and
was asymptomatic.

Two other patients in the cohort had pacemaker implanta-
tion within 1 month of hospital discharge, but one was for
sinus bradycardia and the other for CRT-D placement.

Thirty patients had a pre-existing RBBB, 40 developed a
new LBBB (4% were transient LBBB not present on ECG
immediately after TAVR) and 23 developed PR prolonga-
tion >20 ms. Within these groups, permanent pacemaker
implantation rate was 37%, 13%, and 17%, respectively.
Only one patient in the cohort underwent EPS for a wide
QRS post-TAVR > 160 ms and transient heart block. He was
found to have an HV interval of 75 ms and underwent pace-
maker placement as a result.

Ventricular pacing data was available for 18 of the
21 patients that underwent pacemaker implantation. All
patients were programmed with manufacturer-specific
algorithms intended to promote intrinsic conduction.
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Fig.2 Time from TAVR to
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Interrogation took place at 1-4 weeks and revealed
that only 1 patient had no ventricular pacing, 2 patients
had < 1% ventricular pacing, and mean ventricular pacing
for the other 15 patients was 72%. In our exploratory anal-
ysis, pre-existing RBBB, transient peri-procedural heart
block, and LOTUS valves were associated with pacemaker
implantation albeit with wide CI reflective of the mod-
est sample size, with OR (CI) of 8.16 (3.06-21.78), 6.83
(1.94-24.03), and 8.32 (1.11-62.49), respectively. Pre-
existing AV delay, new LBBB, and the Evolut valve were
not associated with new pacemakers (Table 3).

There were 7 deaths (4%) by 1 month follow-up. Two
patients died of post-procedural vascular complications.
There were no pacemaker implantation related complica-
tions. None of the deaths were linked to syncope or con-
duction abnormality. Average length of stay was 3.0 days
(+2.7). Twenty-three patients required hospitalization in
the critical care unit, and length of stay for those patients
was 3.0 days (£2.1).

Overall, 93% of the 181 patients were managed accord-
ing to our clinical pathway; those that were not were due
to failure of discharge with a heart monitor when it was

Table 3 Factors associated with permanent pacemaker implantation

Unadjusted OR (95% CI) p-value
Pre-existing RBBB 8.16 (3.06-21.78) <0.001
Transient heart block 6.83 (1.94-24.03) 0.003
Pre-existing AV delay 2.29 (0.79-6.61) 0.127

Sapien3 1.66 (0.53-5.21) 0.38
Evolut Pro+ 0.29 (0.64-1.28) 0.102
Lotus Edge 8.32 (1.11-62.49) 0.040
New LBBB 0.84 (0.27-2.66) 0.767
P <0.05
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clinically indicated for either pre-existing RBBB or new
PR prolongation/new LBBB.

4 Discussion

This single-center prospective evaluation of a standardized
protocol for the management of conduction abnormalities
after TAVR includes several key observations. First, a mul-
tispecialty protocol can be implemented with high compli-
ance, achieving standardization of care for a complex deci-
sion with important trade-offs. Second, this pathway yielded
moderate pacemaker implantation rates, while illustrating
the safety of early hospital discharge with a strategy of tar-
geted monitoring of high-risk patients. Lastly, our findings
support prior observations that delayed heart block after
TAVR is uncommon and typically identified by cardiac
monitoring among asymptomatic patients.

This study builds on prior reports seeking consensus to
address the management of conduction abnormalities after
TAVR [6-8]. Our pathway, compared to those outlined by
Rodés-Cabau, Josep et al., and Auffret, Vincent et al., makes
use of 14-day outpatient cardiac monitoring and favors
telemetry monitoring over maintaining transvenous pacing
for patients with new PR or QRS prolongation with pre-
existing conduction disease. Our approach may have facili-
tated shorter hospital stays (with an average LOS similar
to that reported in the 2019 TVT registry [2]) and fewer or
no days spent in the critical care unit for temporary pace-
maker monitoring, both of which were explicit targets in
our pathway’s initial formulation. Notably, ACC consensus
guidelines released halfway through our study highlight a
similar risk stratification of patients to that of our pathway,
but favor a more conservative management for those patients
with new or worsened conduction disturbance after TAVR
(PR or QRS interval increase > 10%), with concern that early
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discharge after TAVR is less likely to be safe [6]. Reassur-
ingly, we observed no morbidity or mortality correlated to
conduction abnormalities in the outpatient setting despite
early discharges.

The incidence and risk factors of delayed heart block are
still not well understood and the optimal way to monitor
these patients in the era of early hospital discharge remains
an important clinical question. We report a rate of delayed
heart block of 2%, which is in fact lower than previously
reported rates ranging from 4.6 to 8% [9-11]. There may be
several reasons for the discrepancy in observed rates, includ-
ing variable definitions of delayed heart block by study, dif-
ferences in valve type and structural factors like implantation
depth, and, in our study, failure to detect asymptotic episodes
of heart block in low-risk patients who did not receive an
ECG at 1-month follow-up and were not discharged with a
cardiac monitor. Nevertheless, our study shows that delayed
heart block remains a rare complication, and that none of
the low-risk patients who were discharged without a car-
diac monitor had any morbidity or mortality related to heart
block.

Though modestly sized, our study highlighted several
potential risk factors for pacemaker implantation that may
merit continued prospective investigation. In our sample,
patients with pre-existing RBBB had 8 times higher odds of
pacemaker implantation than those without. Both patients
who developed heart block after their hospitalization also
had pre-existing RBBB, which has previously been identi-
fied as a predictor for delayed heart block specifically [10,
12]. Despite known risk factors such as Evolut valves and
new LBBB [8, 10, 13, 14] being common in our cohort, we
did not find an association between either and pacemaker
implantation. Lotus valve use was rare in our cohort, making
conclusions unreliable, but we found that these patients had
eightfold higher odds of pacemaker implantation. Reports
on Lotus valves are more sparse compared to the Sapien and
Corevalve systems, but two prior studies have in fact dem-
onstrated high pacemaker rates in this population as well,
approximating pacemaker rates of 30% [15, 16]. While the
Lotus Edge valve has since been recalled, we encourage
further investigation into the next generation of valves that
utilize similar delivery systems.

Our study includes specific limitations. First, the study
cohort, being at a large academic teaching hospital, is sub-
ject to referral bias and the results may not be generalizable
to other clinical settings. For example, our pathway favors
telemetry monitoring over maintaining transvenous pacing
in certain patients but doing so relies on a center’s ability to
establish emergency temporary pacing if needed. Second,
due to the COVID-19 pandemic, complete 1-month follow-
up data was not available as several of our patients under-
went telehealth follow-up visits and therefore were unable
to have ECGs performed. This, along with the possibility

of subclinical conduction disease occurring after the moni-
toring period, could result in under-detection of delayed
heart block in low-risk asymptomatic patients. However,
the risk of delayed heart block in a patient with a baseline
normal ECG and no new conduction abnormalities has been
reported to be < 1%; therefore, it is unlikely that cases in
our sample were missed. Third, our study was not powered
to detect correlations between risk factors and pacemaker
implantation, and, due to our overall small sample size, con-
clusions about risk factors should be interpreted as observa-
tional findings. Relatedly, due to evolving changes in TAVR
technology, operator experience, and patient selection fac-
tors, we a priori chose not to attempt comparisons across
institutions or within our own institutional practice (e.g.,
in a pre/post format) due to the difficult in drawing causal
inference regarding the impact of our pathway. Neverthe-
less, we hope these findings illustrate the feasibility of a
standardized protocol and provide a benchmark for future
work and expectations. For patients receiving pacemakers,
our description of pacing percentage at follow-up necessarily
provides only a snapshot of pacing-dependence given subtle
differences in programming, and the possibility that certain
conduction patterns such as paroxysmal AV block may yield
low pacing burdens despite representing true pacemaker-
dependence in clinical terms.

In summary, this report illustrates that a standardized
protocol for the management of conduction abnormalities
after TAVR can be implemented with high compliance, safe
management of conduction disturbance, and relatively brisk
discharge supported by ambulatory monitoring.
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