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ABSTRACT

OBJECTIVES The aim of this study was to use a 12-lead electrocardiogram obtained immediately post–transcatheter

aortic valve replacement (TAVR) to identify predictors of late high-degree conduction defect (HD-CD) within 30 days

after TAVR.

BACKGROUND There are limited data on risk factors for the development of late HD-CD and the need to retain the

temporary pacemaker after TAVR.

METHODS A single-center study was conducted including 467 consecutive patients, without pre-procedural pace-

makers, undergoing TAVR.

RESULTS Self-expandable, mechanical, or balloon-expandable heart valves were implanted in 328 (70%), 61 (13%),

and 78 (17%) patients, respectively. For patients in sinus rhythm without right bundle branch block, late HD-CD

developed in 0 of 70 patients (0%; 95% confidence interval [CI]: 0% to 5.1%) with PR interval <200 ms and QRS

interval <120 ms and in 5 of 109 patients (4.6%; 95% CI: 1.5% to 10.4%; all with sufficient escape rhythm) with PR

interval <240 ms and QRS interval <150 ms. Late HD-CD developed in 14 of 101 patients (13.9%; 95% CI: 7.8% to

22.2%; 6 with insufficient escape rhythm [5.9%; 95% CI: 2.2% to 12.5%]) with PR interval $240 ms or QRS

interval $150 ms. Furthermore, late HD-CD developed in 3 of 49 patients (6.1%; 95% CI: 1.3% to 16.9%; all with suf-

ficient escape rhythm) and in 3 of 30 patients (10.0%; 95% CI: 2.1% to 26.5%; 2 with insufficient escape rhythm [6.7%;

95% CI: 0.8% to 22.1%]) with atrial fibrillation and no right bundle branch block with QRS interval <140 and $140 ms,

respectively.

CONCLUSIONS On the basis of immediate post-TAVR 12-lead electrocardiography, removing the temporary pacemaker

immediately following TAVR is potentially safe in patients without right bundle branch block who are: 1) in sinus

rhythm with PR interval <240 ms and QRS interval <150 ms; or 2) in atrial fibrillation with a QRS interval <140 ms.

(J Am Coll Cardiol Intv 2018;11:1509–18) © 2018 by the American College of Cardiology Foundation.

D uring the past decade, transcatheter aortic
valve replacement (TAVR) has advanced
from being indicated in symptomatic pa-

tients with severe aortic valve stenosis and extreme
or high surgical risk to recently also being indicated

in patients with intermediate surgical risk (1,2).
Through optimized treatment of complications and
simplified care after TAVR, the length of hospitaliza-
tion has been reduced significantly, decreasing the
cost of TAVR without compromising patient safety

ISSN 1936-8798/$36.00 https://doi.org/10.1016/j.jcin.2018.04.011

From the aDepartment of Cardiology, Rigshospitalet, Copenhagen University Hospital, Copenhagen, Denmark; and the bSection of

Biostatistics, University of Copenhagen, Copenhagen, Denmark. Dr. Jørgensen has received a research grant from Edwards

Lifesciences. Dr. Søndergaard has received consulting fees and institutional research grants from Abbott, Boston Scientific,

Edwards Lifesciences, Medtronic, and Symetis. Dr. Svendsen is on the advisory board with Medtronic; has received speaker fees

from Medtronic and Biotronik; and an institutional research grant from Medtronic, Biotronik, and Gilead. All other authors have

reported that they have no relationships relevant to the contents of this paper to disclose.

Manuscript received February 16, 2018; revised manuscript received March 26, 2018, accepted April 10, 2018.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 1 , N O . 1 5 , 2 0 1 8

ª 2 0 1 8 B Y T H E AM E R I C A N C O L L E G E O F C A R D I O L O G Y F O UN DA T I O N

P U B L I S H E D B Y E L S E V I E R

https://doi.org/10.1016/j.jcin.2018.04.011
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jcin.2018.04.011&domain=pdf


(3–5). However, the risk for conduction de-
fects following TAVR requiring implantation
of a permanent pacemaker (PM) has
remained relatively stable or even increased
despite newer generation device (6,7). The
risk for late conduction defects after TAVR
mandates post-procedural telemetry and/or
temporary pacing, but consensus on this
practice does not exist (1,2,8). On the basis
of the first electrocardiogram obtained in
the intensive care unit after TAVR, Togg-
weiler et al. (9) suggested that the presence
of sinus rhythm with PR interval <200 ms
and QRS interval <120 ms, or atrial fibrilla-
tion (AF) with ventricular rate $60 beats/
min and QRS interval <120 ms after TAVR
were predictors of freedom from late conduc-
tion defects after TAVR, indicating no need
for post-procedural telemetry or temporary
pacing. Furthermore, it was recommended

to keep the temporary PM in patients with very high
risk for late conduction defects, that is, those with
right bundle branch block (RBBB) or undefined very
long PR interval.

On the basis of criteria from immediate post-TAVR
12-lead electrocardiography (ECG), the aim of the
present prospective study was to predict the risk for
late high-degree conduction defects (HD-CDs) with
sufficient and insufficient escape rhythm after TAVR
and the subsequent need to keep a temporary PM in
place during the first post-procedural days.

METHODS

The study was a prospective single-center registry,
including all consecutive patients treated with TAVR
at Rigshospitalet, Copenhagen University Hospital,
Denmark, between August 2015 and September 2017.
Patients with permanent PMs before TAVR or peri-
procedural complications leading to death were
excluded. Baseline and follow-up data up to 30 days
post-TAVR were collected from electronic patient
records. A 12-lead electrocardiogram was recorded in
all patients both pre-TAVR and immediately post-
TAVR before leaving the catheterization laboratory.

PROCEDURE. All TAVR patients at Rigshospitalet
have a transfemoral pacing electrode placed in the
right ventricle and connected to a temporary PM at
the start of the procedure. Since August 2015, the
majority of TAVR patients have their temporary

PMs removed before leaving the catheterization lab-
oratory and are subsequently monitored with telem-
etry. In case of periprocedural HD-CD or if the risk for
late HD-CD is assessed to be high on the basis of im-
mediate post-TAVR ECG, the transfemoral temporary
PM is kept in place or replaced with a transjugular
temporary PM during further observation.

CONDUCTION DEFECTS. On the basis of a class I/II
indication for pacing in case of intermittent brady-
cardia (8), HD-CD was defined as second-degree
atrioventricular block (AVB) type 2 or third-degree
AVB or AF with bradycardia. Periprocedural HD-CD
was defined as HD-CD that developed during or
immediately after TAVR in the catheterization labo-
ratory, and late HD-CD was defined as HD-CD that
developed after the patient left the catheterization
laboratory and up to 30 days post-procedure.

Every pre-TAVR and immediate post-TAVR elec-
trocardiogram was analyzed. A PR interval $200 ms
was defined as first-degree AVB and a QRS
interval $120 ms as bundle branch block and further
classified as left bundle branch block (LBBB) and
RBBB (9,10). The DPR and DQRS intervals refer to the
difference of the PR and QRS intervals between im-
mediate post-TAVR and pre-TAVR ECG, respectively.
Late HD-CD was further categorized into HD-CD with
sufficient escape rhythm or HD-CD with insufficient
escape rhythm if the episode of late HD-CD resulted
in syncope, need for cardiopulmonary resuscitation,
unknown symptomatology, or recorded use of the
temporary PM, which was typically set to a backup
pace rate of 40 beats/min.

For patients without RBBB on immediate post-
TAVR ECG, the risk for late HD-CD was analyzed in
intervals of 20 ms, starting from the cut point of
normal PR and QRS intervals of 200 and 120 ms,
respectively (10).

STATISTICAL ANALYSIS. Data are presented as
counts and percentages for categorical variables and
mean � SD or median (interquartile range [IQR]) for
continuous variables. Risk for late HD-CD in sub-
groups was calculated with exact binomial confidence
limits. Pre-TAVR and immediate post-TAVR electro-
cardiographic characteristics were investigated as
predictors of late and also periprocedural HD-CD in
simple logistic regression analysis. For multiple lo-
gistic regression analysis, the subset of patients in
sinus rhythm and without RBBB was selected. The set
of predictor variables included for late HD-CD was
pre-TAVR and immediate post-TAVR electrocardio-
graphic characteristics, Society of Thoracic Surgeons
score, and valve type. Odds ratios and area under the
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AF = atrial fibrillation

AUC = area under the

receiver-operating

characteristic curve

AVB = atrioventricular block

CI = confidence interval

ECG = electrocardiography

HD-CD = high-degree

conduction defects

IQR = interquartile range

LBBB = left bundle

branch block

OR = odds ratio

PM = pacemaker

RBBB = right bundle

branch block

TAVR = transcatheter aortic

valve replacement
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