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Introduction
The first transcatheter aortic valve replacement (TAVR) de-
vice was approved in 2011. According to a report from the
Society of Thoracic Surgeons/American College of Cardiol-
ogy TVT registry, more than 276,000 TAVR procedures
were performed since approval of the device.1 One of the
most common complications of TAVR is the development
of conduction abnormalities after valve deployment. Despite
technological advances in the procedure and improvement in
operators’ experience, conduction disturbances including
high-grade atrioventricular block (HG AVB) are considered
the most common complication.2 Approximately, 15% of
TAVR patients require a permanent pacemaker (PPM)
because of HG AVB after the procedure.3 The deployed
TAVR valve can cause conduction abnormalities through
damage to the atrioventricular (AV) node, His bundle, or in-
frahisian system.

Delayed HGAVB is defined as HGAVB that occurs more
than 2 days after TAVR or after hospital discharge.3 The per-
centage of patients requiring a PPM after TAVR has re-
mained consistent since the start of its commercial use. The
notable change lies in the demographic requiring the pace-
maker—inpatient vs outpatient—because of the trend toward
early discharge after TAVR.4 A 30-day event monitor is rec-
ommended to detect patients in need of a PPM. Identifying
those at higher risk for developing HGAVB after discharging
post-TAVR is crucial for patient safety. Electrophysiological
study (EPS), the day after post-TAVR, has emerged as a po-
tential risk assessment method for earlier detection of HG
AVB before hospital discharge.5,6 The role of EPS after
TAVR to guide PPM has not been studied in a randomized
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prospective clinical trial. The 2020 American College of Car-
diology expert consensus document on the management of
conduction disturbances in patients undergoing TAVR sug-
gests a potential role for EPS in patients with new left bundle
branch block (LBBB), new right bundle branch block
(RBBB), old or new LBBB with an increase in PR duration
.20 ms, an isolated increase in PR duration �40 ms, an in-
crease in QRS duration �22 ms in sinus rhythm, and atrial
fibrillation with a ventricular response,100 bpm in the pres-
ence of old or new LBBB.3

Ambulatory electrocardiographic (ECG) monitoring has
been recommended to detect delayed HG AVB post-
TAVR. The European Society of Cardiology 2021 guidelines
recommend ambulatory ECG monitoring or EPS for patients
who develop persistent new LBBBwith QRS.125ms or PR
.240 ms with no further prolongation during .48 hours af-
ter TAVR procedure as a Class IIa recommendation. In addi-
tion, they recommend ambulatory ECGmonitoring or EPS as
a Class IIb recommendation for patients with pre-existing
conduction abnormality and prolongation of QRS (.20
ms) or PR (.20 ms).7

We present 3 cases of HG AVB after TAVR procedures
and negative EPS. The patients developed HG AVB on
ambulatory ECGmonitoring and required PPM implantation.
Case reports
Patient 1
A 94-year-old woman with a history of severe aortic valve
stenosis, severe mitral valve stenosis, hypertension, and
hyperlipidemia underwent a TAVR procedure with a 23-
mm SAPIEN Ultra valve (Edwards Lifesciences Corpora-
tion, Irvine, CA). She developed transient complete heart
block (,1 minute) during the procedure. Furthermore, the
patient had a new-onset LBBB (QRS 142 ms) after the pro-
cedure. She was observed for 24 hours on inpatient telemetry
with no significant abnormalities. EPS performed the next
day showed normal AH (90 ms), His-ventricular (HV)
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KEY FINDINGS

- The development of high-grade atrioventricular block
(HG AVB) remains a significant complication post–
transcatheter aortic valve replacement (TAVR), with an
incidence of 10%–15% in patients monitored after the
procedure.

- Most post-TAVR conduction disturbances, including HG
AVB, occur within the first 30 days of the procedure,
although delayed-onset cases have been reported.

- Patients with new-onset left bundle branch block or
pre-existing right bundle branch block would benefit
from long-term ambulatory event monitoring despite
negative electrophysiological study (EPS) results
because some cases of HG AVB are detected months
after the procedure

- EPS has limited diagnostic accuracy, especially in older
patients, and may not reliably predict HG AVB risk post-
TAVR, thus highlighting the need for additional moni-
toring, such as ambulatory event monitoring or
implantable loop recorder, to detect late-onset con-
duction disturbances in high-risk patients.
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(39 ms) intervals, normal AV nodal Wenckebach cycle
length (370 ms), and no infrahisian block. She was dis-
charged home with a 30-day cardiac event monitor. After
discharge, the patient experienced intermittent episodes of
HGAVB, including 4:1 block, on day 8 post-TAVR. The pa-
tient and her family were immediately contacted, and she was
taken to the local hospital for placement of a PPM.
Patient 2
An 87-year-old woman with a history of severe aortic valve
stenosis, heart failure with preserved left ventricular ejection
fraction (55%), type 2 diabetes mellitus, hypertension, and
end-stage renal disease on hemodialysis underwent a
TAVR procedure with a 23-mm SAPIEN 3 Ultra valve. A
few months before the TAVR, she had undergone AV valvu-
loplasty and developed first-degree AV block (220 ms) and
LBBB (QRS 152 ms). Follow-up 30-day cardiac event
monitor did not show any episodes of HG AVB. The
TAVR procedure was uneventful, with no change of her
baseline LBBB and first-degree AV block. She was observed
on telemetry for 24 hours after the procedure, with no signif-
icant events noted. EPS performed 48 hours after the TAVR
showed upper normal AH (131 ms) and HV (61 ms) inter-
vals, normal AV nodal Wenckebach cycle length (450 ms)
(Figures 1A and 1B), and no infrahisian block. The patient
was discharged home with a 30-day cardiac event monitor
24 hours after her EPS. Inpatient cardiac telemetry did not
show any abnormalities after the EPS. Two weeks later,
she was admitted to the intensive care unit with hypoxic res-
piratory failure. During her hospital stay (day 24 post-
TAVR), she developed sustained complete AV block
requiring emergent transvenous pacemaker (Figure 1C).
The patient received a leadless pacemaker the following
day. She was discharged in stable condition.
Patient 3
A 93-year-old man with a history of severe aortic stenosis,
abdominal aortic aneurysm status post–endovascular aneu-
rysm repair (EVAR), hypertension, hyperlipidemia, and
chronic kidney disease stage 3b underwent a TAVR proced-
ure with a 26-mm SAPIEN 3 valve. ECG performed before
the procedure showed normal sinus rhythm with complete
RBBB pattern. During the procedure, he developed transient
complete heart block for 5 minutes immediately after valve
deployment. A temporary lead was placed. The patient was
back in sinus rhythm with his baseline RBBB. He was
observed on telemetry for 24 hours, with no significant
events. Subsequent EPS demonstrated normal AH (95 ms)
and HV (46 ms) intervals, normal AV nodal Wenckebach
(513 ms) (Figures 2B and 2C), and no infrahisian block.
The patient was discharged home with a 30-day event
monitor. Five days later (day 7 post-TAVR), he developed
several back-to-back episodes of HG AVB (4:1 and 5:1
AVB) (Figure 2C). He was admitted for a leadless pacemaker
insertion. The patient was discharged home in stable condi-
tion.
Discussion
The development of HGAVB after TAVR remains one of the
most significant complications of TAVR procedures.We pre-
sent the cases of 3 patients at our hospital who developed HG
AVB within 30 days of the TAVR procedure. Our patients
had different conduction system abnormalities, such as intra-
procedural transient complete heart block, pre-existing
RBBB, pre-existing LBBB, and new-onset LBBB.

In a study that evaluated the utility of ambulatory event
monitoring in identifying delayed HG AVB, Ream et al8 re-
ported a 10% (12/118 patients with monitoring data) inci-
dence of delayed HG AVB among patients who underwent
TAVR. Moreover, they found that patients with RBBB,
either at baseline or after TAVR, had a 26-fold increased
odds of developing HG AVB.8 One of our reported patients
(patient 3) had complete RBBB before the TAVR procedure.
Despite a negative EPS, the patient had intermittent HGAVB
on a 30-day monitor. Our case series presents a high-risk
group of patients with pre-existing (RBBB), intraprocedural
(transient complete heart block), or postprocedural (persis-
tent LBBB) conduction abnormalities. These patients would
benefit from ambulatory event monitoring despite a negative
EPS.

The majority of post-TAVR conduction disturbances
occur within 30 days of valve implantation. However, cases
of delayed post-TAVR HG AVB occurring several months
after the procedure have been reported.9,10 Despite being
relatively rare, very delayed post-TAVR HG AVB can
have grave consequences. A study evaluating the role of
intracardiac monitoring in detecting HG AVB in patients



Figure 1 Baseline electrophysiological study (A), atrioventricular nodal Wenckebach (B), and 12-lead electrocardiogram showing high-grade atrioventricular
block (C) in patient 2.
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with new-onset persistent LBBB found that most HG AVB
cases occurred in the early post-TAVR phase (50% within
the first month and 80% within 4 months) with only 1 event
after 12 months.11 There might be a subset of patients with
Figure 2 Baseline electrophysiological study (A), atrioventricular nodal Wencke
graphic tracings (C) in patient 3.
periprocedural conduction abnormalities (such as post-
TAVR LBBB or pre-existing RBBB) who would benefit
from long-term intracardiac monitoring despite a negative
EPS and negative 30-day monitoring.
bach (B), and high-grade atrioventricular block on ambulatory electrocardio-
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There has been a shifting trend in the timing of PPM im-
plantation in patients undergoing TAVR. A study evaluated
the trends in PPM implantation during index TAVR hospital-
ization and during a subsequent hospitalization after TAVR.4

Mazzella et al4 found a trend of decreased length of stay for the
index TAVR hospitalization from 2012 to 2017. Moreover,
they observed an increase in the proportion of PPM implants
during a subsequent hospitalization after discharge from
TAVR. This trend is suggestive of a growing cohort of patients
at high risk for adverse complications as outpatients. These
data shed light on the importance of outpatient rhythm moni-
toring after discharge from TAVR hospitalization.

Two of our reported patients had intraprocedural temporary
complete heart block. Patient 1 had a short episode that lasted
,1 minute, and patient 2 had an episode that lasted for 5 mi-
nutes. Both patients recovered their AV conduction and had no
more episodes of HG AVB on 24-hour telemetry monitoring.
There is an increased association between the development of
intraprocedural transient HG AVB and the incidence of later
sustained HG AVB requiring PPM implantation. El-Sabawi
et al12 examined the temporal incidence and predictors of
HG AVB after TAVR. They evaluated 953 patients who un-
derwent TAVR between February 2012 and June 2019. Of
those patients, 10.5% (100 patients) had intraprocedural HG
AVB. Of the 100 patients, 40 developed transient HG AVB.
Six of these patients had a PPM placed prophylactically
because of concern of HG AVB recurrence. Among the re-
maining patients, 16 of 34 (47.1%) had HG AVB within 30
days. Of those patients, 68.8% (11 patients) had RBBB on
their pre-TAVR ECG (P 5 .04).12 These data show that pa-
tients who develop transient intraprocedural HG AVB are at
higher risk for delayed HG AVB. Our data demonstrate that
patients with pre-existing RBBB, new-onset LBBB, or tran-
sient intraprocedural AV block are at higher risk for HG
AVB despite a negative EPS closer to discharge. It could be
that EPS, within 24 hours of discharge, is too early to detect
delayed intervals associated with HG AVB.

Multiple studies have evaluated the role of EPS in patients
with post-TAVR conduction abnormalities. A study by Ba-
dertscher et al13 assessed 107 patients undergoing TAVR
who had new-onset LBBB via HV interval measurement
pre- and post-valve deployment the day after TAVR. Of
the 107 patients, 50% (53 patients) developed new-onset
LBBB post–valve deployment, and infranodal conduction
delay was found in 45% (24 patients) during the procedure.
In patients with new-onset LBBB and no infrahisian conduc-
tion delay, the HV interval did not prolong in the EPS per-
formed the following day. During 30-day follow-up, 1
patient with new LBBB and a normal HV interval after
TAVR developed new HG AVB.13 These data represent a
single-center experience with the utility of EPS in patients
who developed post-TAVR LBBB. Our presented patients
demonstrate the heterogeneity of periprocedural TAVR con-
duction abnormalities, which can challenge the utility of stan-
dard periprocedural invasive electrophysiological testing.

In a prospective study that aimed to determine the utility
of pre- and post-TAVR HV interval in risk stratification of
post-TAVR HG AVB, Raad et al5 included 121 patients un-
dergoing EPS before and after TAVR. The incidence of HG
AVB was 10% (12 patients). Baseline RBBB, new persistent
LBBB, implant depth .4 mm, and post-TAVR HV interval
�65 ms were associated with high risk of post-TAVR HG
AVB. Additionally, there was no association between pre-
TAVR HV interval and the development of HG AVB after
TAVR.5

In another study that evaluated the safety and efficacy of
EPS (24 hours after TAVR) in patients with LBBB after
TAVR or a pre-existing LBBB, Knecht et al14 used an HV
interval (.55 ms) as a cutoff for PPM implantation. They
divided the cohort into 2 groups: patients with prolonged
HV interval requiring PPM implantation after TAVR; and
patients without a prolonged HV interval who were dis-
charged on an implantable loop recorder. HG AVB occurred
in 4 of the 41 patients in the implantable loop recorder group
(10%) compared to 8 of the 15 patients in the pacemaker
group (53%). Two of the cases of delayed HG AVB occurred
in TAVR patients with SAPIEN 3 valves (the first patient
developed HG AVB 3 days after TAVR and the second pa-
tient 158 days after TAVR).14 This study suggests that a sig-
nificant number of patients with underlying conduction
system disease develop HG AVB despite a normal HV inter-
val on EPS. Similar to our presented patients, there is a need
for further risk stratification of patients who develop peripro-
cedural TAVR conduction abnormalities.

Multiple studies and meta-analyses have shown an
increased association of HGAVBwith self-expanding valves
compared to balloon-expandable valves.15 All of our patients
received balloon-expandable valves, which are the valves
most commonly used at our institution.

EPS has limited diagnostic accuracy in the assessment of
syncope, especially in older patients.16 We report a cohort of
older patients with a mean age of 91 years. It is possible that
EPS has a reduced negative predictive value when performed
in older patients post-TAVR. Additionally, EPS was not per-
formed with pharmacologic testing using flecainide or procai-
namide, which could have unmasked underlying conduction
disturbances.17
Conclusion
Our cases highlight the importance of post-discharge rhythm
monitoring to detect late-onset HG AVB post-TAVR after
negative EPS and 24–48 hours of telemetry monitoring.
Negative EPS might not eliminate the need for ambulatory
event monitors to detect late-onset HG AVB post-TAVR
that requires emergent PPM. Currently, there is lack of pro-
spective randomized data evaluating the role of monitoring
after negative EPS in the management of patients with con-
duction system abnormalities after a TAVR procedure. Our
cases demonstrate the heterogeneity in the presentations of
patients with post-TAVR abnormalities, which speaks to
the potential of individualizing the management of those pa-
tients. An invasive EPS might not be a “one size fits all” for
all TAVR-related conduction abnormalities.
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