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BACKGROUND Bradyarrhythmias leading to permanent pacemaker
(PPM) implantation continue to be a complication after transcatheter aortic valve replacement (TAVR).
OBJECTIVE The purpose of this study was to assess the prevalence
of bradyarrhythmias using an electrocardiographic (ECG) extended
rhythm recording in patients pre- and post-TAVR and whether
they can predict the need for PPM.
METHODS This was a prospective single-center study in patients
undergoing TAVR. Patients received an ECG patch for 2 weeks
pre-, immediately post-, and 2–3 months post-TAVR. Caring physicians were blinded to the results of the patch except when predeﬁned urgent arrhythmias were detected. The main outcome was
the need for PPM implantation after TAVR.
RESULTS We enrolled 110 patients, of whom 96 underwent TAVR
and were included in the ﬁnal analysis. Bradyarrhythmias, deﬁned
as a pause of 3 seconds or more, occurred in 5.2%, 12.7%, and
7% of patients pre-, immediately post-, and 2–3 months postTAVR, respectively. PPM implantation occurred in 12 patients

Introduction
Transcatheter aortic valve replacement (TAVR) has emerged
as one of the most important advances in the ﬁeld of valvular
heart disease, allowing for a minimally invasive method to
replace aortic valves in patients with severe aortic stenosis.
Several randomized controlled trials have been performed
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(12.5%), of whom 9 (9.4%) underwent implantation during their index hospitalization while 3 (3.1%) required implantation postdischarge for indications other than heart block. No patients
required PPM after receiving an ECG patch 2–3 months post-TAVR.
Signiﬁcant baseline predictors for the need for PPM included the
presence of right bundle branch block and increased QRS duration.
Bradyarrhythmias detected by the ECG patch did not predict the
need for PPM at either the index hospitalization or the follow-up
period.
CONCLUSION Bradyarrhythmias are common and can be detected
with extended ECG monitoring before and after TAVR; however, in
our study they did not predict the need for PPM after TAVR
(ClinicalTrials.gov identiﬁer: NCT03180073).
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to prove the efﬁcacy and safety of TAVR throughout the
spectrum of surgical risk.1–5 Because of these pivotal trials
and expanded Food and Drug Administration approval, the
number of TAVR procedures being performed has increased.
One of the most important complications post-TAVR is
the disturbance of the conduction system of the heart because
of the proximity of the left and right bundles along with the
atrioventricular (AV) node to the implantation site of the
new aortic valve.6 Valve implantation can lead to edema or
mechanical trauma, resulting in electrical conduction injury
necessitating implantation of a permanent pacemaker
(PPM).6 This is especially germane given the expanded indications for TAVR in intermediate and low surgical risk patients. Studies have shown that PPM can lead to a lesser
left ventricular ejection fraction improvement and increased
risk of heart failure rehospitalizations post-TAVR.7
A large previous meta-analysis deﬁned a variable rate of
PPM implantation after TAVR from 2% to 51% in 41 large
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studies.8 The authors found that signiﬁcant predictors for
PPM implantation post-TAVR included male sex, baseline
conduction disturbances such as ﬁrst-degree AV block and
right bundle branch block (RBBB), and intraprocedural AV
block.8 However, there is limited knowledge of whether
baseline rhythm monitoring pre-TAVR can predict the
need for PPM implantation post-TAVR and of the utility of
extended rhythm monitoring post-TAVR as patients may
develop late AV block and may need PPM after discharge
from the hospital. The purpose of our study was to determine
the prevalence of bradyarrhythmias in patients undergoing
TAVR and whether pre- and post-TAVR extended rhythm
monitoring would aid in the prediction of conduction disturbances and PPM implantation risk.

Methods
The Brady-TAVR study was a prospective single-center
study (ClinicalTrials.gov identiﬁer: NCT03180073) and
was approved by Cleveland Clinic’s Institutional Review
Board. The study adhered to the ethical guidelines of Helsinki Declaration for human research and CONSORT
guidelines for clinical trials. The study sought to prospectively enroll a total of 100 patients who would undergo
extended continuous rhythm monitoring for 2 weeks before
valve replacement using an electrocardiogram (ECG) patch
(iRhythm Inc., San Francisco, CA). The ECG patch is a
Food and Drug Administration–approved, single-patientuse ECG monitor that is applied to the left upper chest
and records and stores up to 14 days of continuous beatto-beat ECG data. Patients would then be admitted for their
TAVR and then monitored overnight on telemetry with data
and ECGs recorded. Upon discharge from the hospital, patients would receive another ECG patch for a 2-week monitoring period. At 2–3 months, patients would follow-up in
clinic and be provided a third ECG patch for 2 weeks.
We screened patients between the ages of 18 and 90 years
who were being evaluated for TAVR and did not have preexisting cardiac implantable electronic devices (CIEDs). Patients who were unable to follow-up at the Cleveland
Clinic or did not consent were excluded from the study.
The main end point of interest was to assess the prevalence
of bradyarrhythmias before the TAVR procedure and
whether these bradyarrhythmias predict the need for PPM
post-TAVR. Secondary outcomes included prevalence of
bradyarrhythmias and conduction injuries in the hospitalization period, in the 2 weeks immediately after discharge, and
in the 2 weeks after follow-up visit at 2–3 months to assess
for late bradyarrhythmias post-TAVR. All ECG patch reports
were additionally reviewed by blinded independent boardcertiﬁed cardiologists at the Cleveland Clinic who veriﬁed
the accuracy of the reports. Caring physicians of study patients including interventional cardiologists and electrophysiologists were blinded to the results of the ECG patch in
deciding the need for PPM implantation unless an urgent
life-threatening ﬁnding was found by the iRhythm team
or the blinded reviewers at which point the principal

Heart Rhythm, Vol 19, No 3, March 2022
investigator (PI) notiﬁed the caring physician, and the management was left at the discretion of the primary team. A
list of urgent notiﬁcation criteria is provided in Online
Supplemental Table 1.
For patients who underwent implantation of a CIED, the
indication, type of device, and procedural information were
also recorded. We also obtained device interrogation reports
in follow-up including underlying rhythm and percentage of
pacing required. Patients who underwent implantation of a
device for advanced heart block did not receive an ECG
patch upon discharge, but those who received a CIED for
other indications (sinus node dysfunction, implantable
cardioverter-deﬁbrillator for tachyarrhythmia) received an
ECG patch and all efforts were made to program their devices using different algorithms to minimize right ventricular pacing.
All continuous variables are presented as mean 6 SD. All
categorical variables are presented as absolute number and
percentage. P values to assess any differences across CIED
groups were generated using the c2 test for categorical variables or 1-way analysis of variance for continuous variables.
Only nonmissing values were reported. Missing data were
not imputed. For all analyses, a 2-tailed P value of less
than .05 was considered statistically signiﬁcant. All analyses
were performed using SAS version 9.2 (SAS Institute, Cary,
NC).

Results
Patient enrollment and follow-up
A total of 110 patients were enrolled from June 2017 to
August 2018 in the study (Figure 1). After enrollment, 14 patients (13%) were excluded, 7 withdrew from the study, 6 did
not end up undergoing TAVR, and 1 patient was incorrectly
consented but did not meet inclusion criteria. Therefore, of
the 110 patients, 96 (87%) were included in the ﬁnal analysis
having undergone a pre-TAVR ECG-patch recording and
TAVR. Of the 96 patients, 89 completed the study at a
follow-up visit 2–3 months after TAVR while 5 patients
withdrew secondary to patch discomfort and 2 patients failed
to follow-up.

Baseline characteristics
Detailed baseline characteristics of all the patients included in
the study are provided in Table 1. The mean age was 80.27 6
7.46 years, and 69 (71.9%) were male. Thirteen patients
(13.5%) had a history of cardiac surgery, with 7 (7.3%) having had a history of aortic valve procedures. There were no
signiﬁcant baseline demographic or clinical differences between patients who received a CIED during hospitalization,
those who received a CIED after discharge, and those who
did not receive a CIED throughout the study period.

ECG patch and pacemaker rates
All 96 patients underwent pre-TAVR ECG patch monitoring,
while 81 patients (84%) underwent posthospital discharge
ECG patch monitoring and 71 patients (74%) underwent
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Flow diagram of patient enrollment and follow-up in the Brady-TAVR study. ECG 5 electrocardiogram; TAVR 5 transcatheter aortic valve replace-

ECG patch monitoring after the 2-month follow-up visit postTAVR. Nine patients (9.4%) required PPM implantation
post-TAVR during the same hospitalization. Only 3 patients
(3.1%) required CIED implantation after their initial
discharge at a mean follow-up period of 33.67 6 26.0 days.
Table 1

Pre-TAVR baseline 12-lead ECG recording
The majority of patients were in sinus rhythm (82.1%) on the
pre-TAVR baseline 12-lead ECG recording (Table 2, top); 17
patients (17.9%) had baseline RBBB and 6 patients (6.3%)
had left bundle branch block (LBBB) on their baseline

Baseline patient characteristics stratiﬁed by the need for PPM post-TAVR

Variable

Total (N 5 96)

PPM during
hospitalization (n 5 9)

PPM after
discharge (n 5 3)

No PPM (n 5 84)

P*

Age (y)
Sex: male
Body mass index (kg/m2)
Hypertension
Diabetes mellitus
Heart failure
Coronary artery disease
Stroke
PAD
ESRD on dialysis
History of endocarditis
History of cardiac surgery
History of aortic valve procedure
Creatinine level (mg/dL)
Hemoglobin level (g/dL)
Platelet count
LVEF (%)
Aortic valve annular calciﬁcation
Bicuspid aortic valve

80.27 6 7.46
69 (71.9)
41.63 6 44.08
77 (80.2)
32 (33.7)
89 (95.7)
54 (56.3)
11 (11.5)
10 (10.4)
1 (1.1)
0 (0.0)
13 (13.5)
7 (7.3)
1.24 6 0.78
12.91 6 1.67
187.6 6 65.49
57.01 6 9.82
59 (63.4)
5 (6.5)

81.95 6 4.81
6 (66.7)
29.34 6 5.32
7 (77.8)
2 (22.2)
7 (87.5)
4 (44.4)
1 (11.1)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1.14 6 0.33
13.53 6 0.76
202.9 6 39.31
57.11 6 11.21
4 (44.4)
1 (14.3)

81.94 6 3.92
3 (100)
31.03 6 2.69
3 (100)
2 (66.7)
2 (100)
3 (100)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
0 (0.0)
1.12 6 0.30
12.90 6 2.88
167.7 6 24.58
44.33 6 21.13
2 (66.7)
0 (0.0)

80.02 6 7.80
60 (71.4)
43.32 6 46.80
67 (79.8)
28 (33.7)
80 (96.4)
47 (56.0)
10 (11.9)
10 (11.9)
1 (1.2)
0 (0.0)
13 (15.5)
7 (8.3)
1.26 6 0.83
12.84 6 1.70
186.7 6 68.67
57.46 6 9.01
53 (65.4)
4 (6.0)

.932
.646
.778
1.00
.393
.371
.291
1.00
.706
1.00
NA
.582
1.00
.999
.505
.680
.443
.473
.721

Values are presented as mean 6 SD or n (%).
ESRD 5 end-stage renal disease; LVEF 5 left ventricular ejection fraction; NA 5 not available; PAD 5 peripheral arterial disease; PPM 5 permanent pacemaker; TAVR 5 transcatheter aortic valve replacement.
*The P value tests for any difference across groups. A c2 test was used for categorical variables, and 1-way analysis of variance was used for continuous variables.
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Table 2

Twelve-lead ECG and extended rhythm recording ﬁndings pre-TAVR stratiﬁed by need for PPM post-TAVR

Variable

PPM during hospitalization (n 5 9)

PPM after discharge (n 5 3)

No PPM (n 5 84)

95
78 (82.1)
1 (1.1)
16 (16.8)
185.2 6 36.4
19
18 (94.74)
1 (5.26)
109.0 6 25.1
95
71 (74.7)
6 (6.3)
17 (17.9)
1 (1.1)

8
6 (75.0)
0 (0.0)
2 (25.0)
222.2 6 65.1
2
2 (100.0)
0 (0.0)
121.0 6 25.75
9
3 (33.3)
2 (22.2)
4 (44.4)
0 (0.0)

3
1 (33.3)
0 (0.0)
2 (66.7)
190.0 6 0.0
0
0 (0.0)
0 (0.0)
147.3 6 32.1
3
1 (33.3)
0 (0.0)
1 (33.3)
1 (33.3)

84
71 (84.5)
1 (1.2)
12 (14.3)
181.8 6 31.82
17
16 (94.12)
1 (5.88)
106.5 6 23.65
83
67 (80.7)
4 (4.8)
12 (14.5)
0 (0.0)

78 (81.3)
16 (16.7)
1 (1.0)
1 (1.1)
25 (27.5)
162.1 6 33.8
46.4 6 8.6
71.7 6 9.0
5 (5.2)
6 (6.3)

7 (77.8)
2 (22.2)
0 (0.0)
0 (0.0)
6 (75.0)
169.6 6 48.7
42.2 6 9.4
70.9 6 9.0
0 (0.0)
1 (11.1)

1 (33.3)
2 (66.7)
0 (0.0)
0 (0.0)
2 (66.7)
174.0 6 35.8
49.7 6 4.2
76.7 6 9.2
0 (0.0)
0 (0.0)

70 (83.3)
12 (14.3)
1 (1.2)
1 (1.2)
17 (21.3)
160.9 6 32.2
46.8 6 8.6
71.6 6 9.0
5 (6.0)
5 (6.0)

P*
.160

.104
1.00
.019
.001

.087
.062
1.00
1.00
.001
.785
.263
.574
1.00
.562

Values are presented as mean 6 SD or n (%).
AV 5 atrioventricular; CHB 5 complete heart block; ECG 5 electrocardiogram; IVCD 5 intraventricular conduction delay; LBBB 5 left bundle branch block; PPM 5 permanent pacemaker; RBBB 5 right bundle branch
block; TAVR 5 transcatheter aortic valve replacement.
*The P value tests for any difference across groups. A c2 test was used for categorical variables, and 1-way analysis of variance was used for continuous variables.
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Pre-TAVR 12-lead ECG ﬁndings
Atrial rhythm
Sinus rhythm
Atrial ﬂutter
Atrial ﬁbrillation
Baseline PR duration (ms)
AV conduction disturbance
First-degree AV block
Advanced or complete heart block
QRS duration (ms)
Bundle branch conduction
Normal (QRS duration , 120 ms)
LBBB
RBBB
IVCD
Pre-TAVR extended rhythm recording
Underlying rhythm
Sinus rhythm
Atrial ﬁbrillation
Atrial ﬂutter
Other
Bundle branch block/IVCD
Maximum heart rate (beats/min)
Minimum heart rate (beats/min)
Average heart rate (beats/min)
Pauses (.3 s) pre-TAVR
Second- or third-degree AV block
episode

Total (N 5 96)

AV 5 atrioventricular; BiV ICD 5 biventricular implantable cardioverter-deﬁbrillator; CHB 5 complete heart block; CIED 5 cardiac implantable electronic device; EF 5 ejection fraction; F 5 female; IVCD 5 intraventricular conduction delay; LBBB 5 left bundle branch block; M 5 male; NA 5 not available; PPM 5 permanent pacemaker; RBBB 5 right bundle branch block; RV 5 right ventricular; TAVR 5 transcatheter aortic valve
replacement.

NA
NA
1
29
9

83

M

Sapien S3

Sinus rhythm with RBBB No

No

Dual-chamber PPM

NA
2
BiV ICD
26
8

81

M

Sapien S3

Sinus rhythm with IVCD

No

No

EF 35%, LBBB (new),
a PR duration of 392 ms
CHB

30
Dual-chamber PPM
CHB
Yes
Sinus rhythm with RBBB No
23
7

83

F

Sapien S3

Atrial ﬁbrillation
No
Sinus rhythm with RBBB No
Atrial ﬁbrillation with
No
LBBB
26
23
34
4
5
6

86
85
85

M
F
M

Sapien S3
Sapien S3
Medtronic
CoreValve

1

3
1
2
Dual-chamber PPM
Dual-chamber PPM
Micra leadless PPM

NA

NA

RV pacing 99%

RV pacing 45.1%
RV pacing 99%
RV pacing 5.5%

Atrial ﬁbrillation
Sinus with CHB
AF with slow
ventricular
response
Sinus rhythm with
CHB
NA

3
Dual-chamber PPM
No
26
3

73

M

Sapien S3

No
No
No

1
3
Dual-chamber PPM
Dual-chamber PPM

CHB
LBBB (new) with a PR
duration of 282 ms
Sinus bradycardia with a
PR duration of 338 ms
and chronotropic
incompetence
CHB
CHB
CHB
No
No

Sinus rhythm
Sinus rhythm with ﬁrstdegree AV block
Sinus rhythm with LBBB
and second-degree
type I
Sapien S3
Sapien XT
23
29
F
M
84
74
1
2

Valve type

No
Yes (ﬁrstdegree)
Yes (seconddegree)

Type of device

64
149
28

RV pacing 99%
Sinus rhythm
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Reason for CIED

42

Sinus with CHB
Sinus rhythm

RV pacing 99%
RV pacing 36%
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29
35

Follow-up discharge Underlying rhythm Percent pacing
device check after
device check at
burden at
TAVR (d)
follow-up
follow-up
Days after TAVR
CIED implanted
AV block
Sinus pauses pre- pre-TAVR
TAVR Zio patch Zio patch
Pre-TAVR Zio patch
rhythm
Valve
Patient Age
size
no.
(y) Sex (mm)

Table 3

Clinical, procedural, and device characteristics of patients undergoing CIED implantation post-TAVR during the index hospitalization
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ECG. The only signiﬁcant predictors from baseline 12-lead
ECG variables for needing a CIED post-TAVR were
increased QRS duration and presence of RBBB.

Pre-TAVR extended rhythm ECG patch recording
Pre-TAVR ECG patch ﬁndings are presented in Table 2, bottom. Patients were mostly in sinus rhythm (81.3%) and had a
mean heart rate of 71.7 6 9.0 beats/min. Atrial ﬁbrillation
(AF) was the underlying rhythm in 16 patients (16.7%).
Twenty patients (21.1%) had at least 1 episode of AF
recorded with a mean percentage burden of 86.8 6 32.9 of
overall rhythm, with 19 of them having had a history of
AF. Sixty-eight patients (70.8%) had at least 1 episode of supraventricular tachycardia with a mean longest duration of
55.3 6 315.8 seconds. Forty-nine patients (51.0%) had episodes of nonsustained ventricular tachycardia with a mean
longest duration of 5.0 6 2.9 seconds. Five patients (5.2%)
had pauses (deﬁned as .3 seconds) with a mean longest duration of 3.60 6 0.45 seconds. The longest pause recorded on a
pre-TAVR ECG patch was 4.40 seconds. Of the 5 patients
with pauses, 3 patients had AF/ﬂutter with slow conduction,
1 patient had a sinus pause, and the last patient was noted to
have advanced heart block, which triggered the urgent notiﬁcation criterion. Upon review, this patient had advanced heart
block during sleep and therefore was thought to be vagally
mediated and no PPM was implanted. ECG patch recordings
pre-TAVR did not predict the need for PPM implantation
other than the presence of bundle branch block or intraventricular conduction delay, which was already captured on
the pre-TAVR 12-lead ECG recording.

Procedural data and PPM implantation during the
same hospitalization
All 96 patients successfully underwent TAVR without the
need for conversion to open heart surgery. The majority of
cases were successful with the deployment of the ﬁrst valve
device (96.9%), and most patients had placement of the Edwards Sapien valve (Edwards Lifesciences Corp., Irvine, CA;
94.7%). Nine patients (9.4%) required a CIED during hospitalization immediately after TAVR (Table 3). The majority of
patients (6 of 9 [66.7%]) received a PPM for a diagnosis of
complete heart block (CHB) after TAVR. Signiﬁcant intraprocedural ECG predictors for needing a pacemaker included
advanced heart block, wider QRS duration, and the presence
of bundle branch block/intraventricular conduction delay
(IVCD)/paced rhythm during TAVR. Upon discharge, the
majority of patients who received a PPM were in sinus
rhythm. A device check postdischarge was done in 7 of the
9 patients at a mean of 53.9 6 43.8 days post-TAVR. This
revealed that 4 of the 7 patients were being 99% RV paced.
The other 3 patients had RV pacing burdens of 5.5%, 36%,
and 45.1%.

Post-TAVR 12-lead ECG before discharge
Eighty-nine patients had a 12-lead ECG recorded before
discharge after having their TAVR. This ECG showed that
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the majority of patients were in sinus rhythm (84.3%). The
average PR duration was 181.9 6 32.4 ms, and the average
QRS duration was 118.8 6 32.4 ms. Most patients (59.6%)
had a normal QRS morphology without evidence of bundle
branch block or IVCD. Nine patients (10.1%) had LBBB
on their ECG, which was new in 6 of them after TAVR.
No patients with new LBBB had signiﬁcant bradyarrhythmias on the immediate post-TAVR extended ECG patch or
after a 2- to 3-month visit ECG patch. Only one of the patients with new LBBB after TAVR underwent placement
of a CIED given a reduced left ventricular ejection fraction
associated with LBBB. Sixteen patients (18.0%) had
RBBB on their ECG, which was new in only 3 patients.
One patient with the new RBBB had second-degree type I
on the postdischarge extended ECG recording, which was
thought to be vagally mediated, while the other 2 patients
did not have signiﬁcant bradyarrhythmias. None of these 3
patients required a CIED.

Post-TAVR discharge extended rhythm ECG patch
recording
Eighty-one patients (84.4%) underwent the post-TAVR
discharge ECG patch recording. The majority of them were
in normal sinus rhythm (79.0%), while 15 patients (18.5%)
had AF as their underlying rhythm. Twenty-three patients
(29.1%) had at least 1 episode of AF on their ECG patch
with a mean burden of 74.5% 6 43.9%, and 19 of them
had a history of AF. Fifty-seven patients (70.4%) had at least
1 episode of supraventricular tachycardia with a mean
longest duration of 17.9 6 51.5 seconds. Forty-six patients
(56.8%) had episodes of nonsustained ventricular tachycardia with a mean longest duration of 4.6 6 2.8 seconds.
There were no new delayed bundle branch block or IVCD
present on the post-TAVR ECG patch that were not seen
immediately on the post-TAVR 12-lead ECG.
Ten of 79 patients (12.7%) had pauses (.3 seconds) with
a mean longest duration of 4.01 6 0.80 seconds with the
longest being 5.50 seconds. Of the 10 patients with pauses,
8 had AF/ﬂutter with slow conduction while 2 had sinus
pauses. The only variables from the post-TAVR ECG patch
recording that signiﬁcantly correlated with the need for CIED
after discharge (n 5 3) was the presence of bundle branch
block/IVCD (P 5 .024), which was also present on the
post-TAVR 12-lead ECG and therefore the patch did not
add additional value, and 1 pause of 5.5 seconds detected
was asymptomatic sinus pause and not due to conduction abnormality for which the patient underwent dual-chamber
pacemaker implantation.

Postdischarge CIED implantation
A total of 3 (3.5% of 85 patients with TAVR who did not
receive a CIED during hospitalization) underwent implantation of a CIED after discharge from the hospital at a mean of
33.7 6 26.1 days post-TAVR (Online Supplemental
Table 2). One patient had new LBBB after TAVR and
ejection fraction signiﬁcantly declined and so underwent
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implantation of a pacemaker with physiological pacing using
a His bundle pacing lead to restore synchrony and not due to
heart block. A second patient had a 5.5-second sinus pause
detected on the ECG patch, which triggered the PI to notify
the caring physician who decided on implantation of a dualchamber PPM. A third patient had a reduced ejection fraction
of 20% with a QRS duration of 174 ms and therefore
underwent implantation of a biventricular implantable
cardioverter-deﬁbrillator.

Two to 3 months follow-up and 12-lead ECG
A total of 89 patients were able to complete follow-up at a
time point 2–3 months after the TAVR procedure. Five patients (5.2%) withdrew from the study before their followup date, and 2 patients (2.0%) could not be contacted. Most
were in sinus rhythm (74.6%) with a mean PR duration of
179.9 6 33.89 ms and a QRS duration of 111.9 6 23.8
ms. Six (8.3%) had LBBB on their ECG, which was new
compared with the post-TAVR discharge ECG in 2 of the 6
patients, and 12 (16.7%) had RBBB on their ECG, which
was new in only 2 of the 12 patients compared with the
post-TAVR discharge ECG.

Two to 3 months post-TAVR extended rhythm ECG
patch recording
A total of 71 patients (all not having a CIED implanted) underwent 2–3 month post-TAVR ECG patch monitoring. It revealed that the majority were in sinus rhythm (81.7%) while
13 (18.3%) were in AF. Sixteen patients had AF detected by
their monitor with a mean burden of 86.00% 6 32.3%, all
with a history of AF. Pauses were detected in only 5 patients
with a mean duration of 3.55 6 0.47 seconds (7.0%). All
pauses in these patients were secondary to AF/ﬂutter with
slow conduction. No patients who underwent 2–3 months
post-TAVR ECG-monitoring received a subsequent CIED.

Summary of urgent notiﬁcations
Our study had 13 rhythm events that met the urgent notiﬁcation criteria. In addition to this, our blinded adjudicators notiﬁed the PI of 2 additional instances of worrisome recordings
that did not meet the urgent immediate notiﬁcation criteria but
were documented on the ﬁnal patch report. The PI notiﬁed the
caring team of each of these urgent notiﬁcations for review.
Of the 13 company-derived urgent notiﬁcations, 10 were secondary to AF with slow conduction with varying pauses from
3 to 5 seconds. Two patients had possible CHB, and 1 patient
had second-degree AV block Mobitz type II. For both CHB
notiﬁcations, these were thought to be secondary to vagally
mediated episodes. The patient with second-degree AV block
Mobitz type II upon further review was thought to be Mobitz
type I, and given the asymptomatic nature of the event, no
further treatment was pursued. As far as the 2 additional
events identiﬁed by the blinded adjudicators are concerned,
1 patient had a prolonged 5.5-second sinus pause for which
the caring physician was notiﬁed and decided on implanting
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a pacemaker. A second patient had AF with slow conduction
and did not require a PPM.
It is important to note that a total of 4 patients had asymptomatic second-degree AV block Mobitz type II that did not
meet the notiﬁcation criteria. Two patients on the pre-TAVR
ECG patch (one of them underwent an implantation of a PPM
after TAVR for CHB) and 2 patients on the 2- to 3-month
post-TAVR ECG patch (none of these patients underwent
CIED implantation during follow-up). There were no asymptomatic second-degree AV block Mobitz type II on the immediate post-TAVR ECG patch.

Discussion
Among our cohort of 96 patients undergoing TAVR, bradyarrhythmias were detected pre-TAVR using extended cardiac rhythm monitoring, with 5.2% of patients having pauses
of 3 seconds or more; however, the extended rhythm ECG
patch recordings did not predict the need for PPM implantation over conventional preoperative 12-lead ECG ﬁndings
such as RBBB or QRS duration. Both ECG-patch recordings
immediately post-TAVR and 2–3 months after TAVR did
not ﬁnd additional details that can help predict the need for
delayed CIED implantation due to heart block (Figure 2).
The rate and predictors of PPM after TAVR is well
described in the literature. Several previous studies have reported the rate of new PPM implantation after TAVR to be
around 9%–20%, with it being lower in balloonexpandable valves than in self-expanding valves.8–10 Our
ﬁndings are similar with a total rate of CIED implantation
of 12.5% during the entire study period, with 9.4% of
patients receiving a PPM before discharge from the
hospital.
Furthermore,
comparable
to
previous
studies,8,11,12 our study revealed that bundle branch block,
especially RBBB, was a strong predictor of conduction
disturbance and need for CIED implantation.
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To our knowledge, only 2 other groups have performed
prospective ambulatory rhythm monitoring to detect conduction disturbances needing PPM implantation after
TAVR.13,14 The PARE study looked at the utility of preTAVR extended 7-day monitoring in predicting adverse outcomes in potential patients undergoing TAVR.13 Around
20% of patients in the study had bradyarrhythmias deﬁned
as bradycardia or high-degree AV block, with 4 of the 22 patients having to undergo PPM implantation secondary to arrhythmias detected by the monitoring pre-TAVR.13 Unlike
the PARE study, our study used longer extended monitoring
(14 days vs 7 days), and more importantly, the primary caring
clinicians were blinded to the results of the rhythm patch unless they met predeﬁned urgent notiﬁcation criteria. Therefore, the ﬁndings raise the question of whether the
unblinded nature of the PARE study has resulted in overtreatment. Ream et al14 studied 170 patients who underwent
TAVR, with 118 having undergone monitoring with a 30day event monitor after TAVR. Twelve of the 118 patients
with monitors (10.2%) had high-grade AV block detected
by their monitor and ultimately underwent PPM implantation
after 2 or more days post-TAVR.14 Our delayed PPM implantation rates were lower, which could be secondary to
the low number of Evolut valves (Medtronic, Minneapolis,
MN) we implanted (5.3%) compared with this group, which
used them in 36 of 148 patients (24.3%) for their TAVR.
Furthermore, their cohort had a higher proportion of patients
with AF (44 of 148 [29.7%]) than did our cohort (16 of 95
[16.8%]). Another important limitation was that the data provided by Ream et al14 were retrospective in nature and therefore had natural biases associated with retrospective studies.
A recent scientiﬁc consensus statement on conduction
disturbances associated with TAVR provides guidance on
how to manage patients with conduction abnormalities
post-TAVR.15 The guidelines state that if the procedure is
performed without ECG changes and the patient did not
have RBBB at baseline, the patient does not need intensive

Figure 2 Prevalence and signiﬁcance of bradyarrhythmias detected by extended heart rhythm recording among patients with severe aortic stenosis before and
after undergoing transcatheter aortic valve replacement (TAVR). AF 5 atrial ﬁbrillation; CIED 5 cardiac implantable electronic device.
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monitoring and can be discharged.15 If the patient had preexisting RBBB or new ECG changes including LBBB or CHB,
they should have a temporary pacer in place and depending
on their trajectory receive a PPM or just be monitored.15
While the document provides great insight into what to do
with patients undergoing TAVR during the index hospital
stay, it acknowledges “To the best of our knowledge, no
studies to date have evaluated the application of a watchful
waiting period (with temporary pacing) in these patients.
In future studies, it would be important to properly collect
the timing of delayed high degree AV block/complete heart
block (in hospital and at follow-up) page 1099.”15 Our ﬁndings are in harmony with the recent guidelines and highlight
the importance of preprocedural RBBB in predicting the
need for PPM. However, our study showed a lower incidence
of pacemaker implantation that was the result of pre-TAVR
bradyarrhythmias or immediately postdischarge than did
other published data, raising the concern that when clinicians
are not blinded, extended monitoring pre-TAVR and postTAVR may lead to overtreatment without affecting outcomes associated with TAVR. Nevertheless, our study like
others is small in size and therefore multicenter trials are
needed to determine the need for pre- and postdischarge
TAVR extended rhythm monitoring. A delayed extended
monitor after 2–3 months of TAVR is unlikely to add any
additional value.
This study has several limitations. First, this is a single
high-volume institution with a large experience in TAVR
and therefore may not reﬂect the outcomes seen at other centers. Second, 94.7% of patients received an Edwards Sapien
valve and the results might vary in other populations receiving
different valves. Furthermore, some of our patients who ultimately underwent PPM implantation did not undergo monitoring with the ECG patch at follow-up time points, so we
were unable to fully assess their bradyarrhythmia proﬁle.

Conclusion
RBBB and QRS duration continue to be important predictors
for the need for post-TAVR PPM implantation. Bradyarrhythmias can be detected with extended cardiac monitoring
before and after TAVR, but in our study did they not predict
the need for PPM over baseline conduction disease as detected by an ambulatory 12-lead ECG. Future larger prospective studies are needed to conﬁrm the utility of pre-TAVR
and post-TAVR extended rhythm monitoring.
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Appendix
Supplementary data
Supplementary data associated with this article can be found
in the online version at https://doi.org/10.1016/j.hrthm.2
021.11.020.

References
1. Leon MB, Smith CR, Mack M, et al. Transcatheter aortic-valve implantation for
aortic stenosis in patients who cannot undergo surgery. N Engl J Med 2010;
363:1597–1607.
2. Leon MB, Smith CR, Mack MJ, et al. Transcatheter or surgical aorticvalve replacement in intermediate-risk patients. N Engl J Med 2016;
374:1609–1620.
3. Reardon MJ, Van Mieghem NM, Popma JJ, et al. Surgical or transcatheter aorticvalve replacement in intermediate-risk patients. N Engl J Med 2017;
376:1321–1331.
4. Mack MJ, Leon MB, Thourani VH, et al. Transcatheter aortic-valve replacement
with a balloon-expandable valve in low-risk patients. N Engl J Med 2019;
380:1695–1705.
5. Popma JJ, Deeb GM, Yakubov SJ, et al. Transcatheter aortic-valve replacement
with a self-expanding valve in low-risk patients. N Engl J Med 2019;
380:1706–1715.
6. Piazza N, de Jaegere P, Schultz C, Becker AE, Serruys PW, Anderson RH. Anatomy of the aortic valvar complex and its implications for transcatheter implantation of the aortic valve. Circ Cardiovasc Interv 2008;1:74–81.
7. Chamandi C, Barbanti M, Munoz-Garcia A, et al. Long-term outcomes in patients
with new permanent pacemaker implantation following transcatheter aortic valve
replacement. JACC Cardiovasc Interv 2018;11:301–310.
8. Siontis GC, J€uni P, Pilgrim T, et al. Predictors of permanent pacemaker implantation in patients with severe aortic stenosis undergoing TAVR: a meta-analysis. J
Am Coll Cardiol 2014;64:129–140.
9. Nazif TM, Dizon JM, Hahn RT, et al. Predictors and clinical outcomes of permanent pacemaker implantation after transcatheter aortic valve replacement: the
PARTNER (Placement of Aortic Transcatheter Valves) trial and registry.
JACC Cardiovasc Interv 2015;8:60–69.
10. Levack MM, Kapadia SR, Soltesz EG, et al. Prevalence and risk factors for permanent pacemaker implantation after aortic valve replacement. Ann Thorac Surg
2019;108:700–707.
11. Husser O, Pellegrini C, Kessler T, et al. Predictors of permanent pacemaker
implantations and new-onset conduction abnormalities with the Sapien 3
balloon-expandable transcatheter heart valve. JACC Cardiovasc Interv 2016;
9:244–254.
12. Erkapic D, De Rosa S, Kelava A, et al. Risk for permanent pacemaker after transcatheter aortic valve implantation: a comprehensive analysis of the literature. J
Cardiovasc Electrophysiol 2012;23:391–397.
13. Asmarats L, Nault I, Ferreira-Neto AN, et al. Prolonged continuous electrocardiographic monitoring prior to transcatheter aortic valve replacement: the PARE
study. JACC Cardiovasc Interv 2020;13:1763–1773.
14. Ream K, Sandu A, Valle J, et al. Ambulatory rhythm monitoring to detect late
high-grade atrioventricular block following transcatheter aortic valve replacement. J Am Coll Cardiol 2019;73:2538–2547.
15. Rodes-Cabau J, Ellenbogen K, Krahn A, et al. Management of conduction
disturbances associated with transcatheter aortic valve replacement: JACC Scientiﬁc Expert Panel. J Am Coll Cardiol 2019;74:1086–1106.

