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Transcatheter aortic valve replacement (TAVR) has developed into an established therapy for patients with
severe aortic stenosis (AS) across the spectrum of surgical risk. Despite improvements in transcatheter heart
valve (THV) technologies and procedural techniques, cardiac conduction disturbances, including high
degree atrioventricular block (AVB) requiring permanent pacemaker (PPM) implantation and new-onset left
bundle branch block (LBBB), remain frequent complications. TAVR-related conduction disturbances occur
due to injury to the conduction system from interactions with interventional equipment and the transcatheter
valve stent frame. Risk factors for post-TAVR conduction disturbances have been identified and include
clinical characteristics, baseline electrocardiogram findings (right bundle branch block), anatomic factors,
and potentially modifiable procedural factors (type of transcatheter valve, depth of implantation, over-sizing).
New-onset LBBB and PPM implantation after TAVR have been shown to be associated with adverse longterm clinical outcomes, including mortality and heart failure hospitalization. These clinical consequences are
likely to be of increasing importance as TAVR is utilized in younger and lower risk population. This review
provides an updated overview of the literature regarding the incidence, predictors, and clinical outcomes of
TAVR-related conduction disturbances, as well as proposed strategies for the management of this frequent
clinical challenge.
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Introduction
As transcatheter aortic valve replacement (TAVR) has
matured into an established therapy for patients with
severe aortic stenosis (AS) across the spectrum of surgical
risk, the rates of most procedural complications have
decreased with improvements in technology and procedural
techniques (1-4). However, cardiac conduction disturbances
remain a frequent complication of TAVR, ranging from
relatively benign intraventricular conduction delay to
more significant left bundle branch block (LBBB) and high
degree or complete atrioventricular block (AVB) requiring
permanent pacemaker (PPM) implantation. The occurrence
of conduction disturbances during TAVR is due to a
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complex interplay of patient, device and procedural factors.
The prevention and management of these conduction
abnormalities remains an important clinical challenge in
contemporary practice. In this article, we review the current
state of knowledge regarding the incidence and clinical
implications of conduction disturbances after TAVR and
explore related patient management strategies.
Anatomic relationships and mechanisms of
conduction disturbances
The atrioventricular (AV) conduction system arises from the
atrioventricular node (AVN), which lies in the superficial
paraseptal endocardium of the inferior right atrium within
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Figure 1 Anatomic relationship of the aortic valve with the
cardiac conduction system. The aortic root opened from the left
ventricle is shown. The conduction bundle exits below the base
of the interleaflet triangle separating the noncoronary and right
coronary leaflets. L, left coronary leaflet; LM, left main coronary
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hematoma and ischemia. For example, one autopsy study of
a patient who developed complete AVB after TAVR showed
localized hematoma within the ventricular septum at the
site of prosthesis expansion, and microscopic examination
revealed compression of the bundle of His by the
hematoma (10). Another pathological study of a patient who
developed persistent AVB requiring PPM after TAVR, who
then died of unrelated causes, showed both macroscopic
and microscopic evidence of ischemic injury of the basal left
septum involving the conducting tissues just apical to the
THV. Studies have shown that conduction abnormalities
typically develop during the TAVR procedure, in
descending order of frequency, during balloon pre-dilation,
THV expansion, THV positioning, balloon catheter
positioning, and wire-crossing of the aortic valve (11). Less
commonly, conduction disturbances may occur in a delayed
fashion after the conclusion of the TAVR procedure (12,13).

artery; N, noncoronary leaflet; R, right coronary leaflet; RCA,
right coronary artery. Reprinted with permission from Ferreira
et al. 2010 (6).

the triangle of Koch (5). From here, the penetrating bundle
of His enters the central fibrous body and traverses beneath
the membranous septum before crossing to the left side of
the heart. The branching bundle emerges on the crest of the
muscular ventricular septum and gives rise to the left bundle
branch and its fascicles. In this location, the His bundle and
proximal left bundle branch are closely related to the base of
the inter-leaflet triangle between the non-coronary and the
right coronary leaflets of the aortic valve (Figure 1) (7). The
anatomic proximity of this portion of the conduction system
to the distal landing zone of the transcatheter heart valve
(THV) in the left ventricular outflow tract (LVOT) renders
it vulnerable to injury during TAVR. Importantly, interindividual variability in the anteroposterior relationship of
the AVN to the apex of the triangle of Koch and the length
and depth of the His bundle and proximal left bundle
may modulate patient susceptibility to conduction system
damage (8).
TAVR-related conduction disturbances, including
high degree AVB and LBBB, have been shown to occur
due to direct or indirect injury to the conducting tissues
from interactions with interventional equipment and the
THV stent frame (8,9). Elegant pathological studies have
demonstrated several specific mechanisms of TAVR-related
conduction system injury, including direct compression,

© Annals of Cardiothoracic Surgery. All rights reserved.

High burden of underlying conduction system disease
The high frequency of conduction disturbances following
TAVR may also be related to the high prevalence of baseline
conduction abnormalities in patients with severe AS
requiring treatment. It is likely that underlying degenerative
conduction system disease increases the susceptibility
of the conduction system to injury during TAVR. The
prevalence of conduction abnormalities varies widely in
different populations and is related to age and medical
comorbidities, including cardiovascular disease. LBBB is
relatively uncommon in healthy individuals (1.4% at age
67, 2.3% at age 75, and 5.7% at age 80), but occurs in up
to 25% of patients with chronic heart failure (14). Among
patients with AS, the prevalence of ventricular conduction
abnormalities increases with AS severity, with a reported
frequency of LBBB in 2.1%, 4.6% and 8.1% of patients
with mild, moderate and severe AS, respectively (15). In
patients undergoing TAVR, the prevalence of preexisting
LBBB ranges from 2% to 24% (16). The frequency of
pre-existing PPM also varies widely and appears to be
correlated with patient age, comorbidities and surgical risk.
In the PARTNER 1 and CoreValve US Pivotal trials that
enrolled patients with high or prohibitive surgical risk, the
prevalence of pre-existing PPM was 21% to 22% (2,4,17).
In contrast, in the PARTNER 3 and Evolut Low Risk trials,
which enrolled younger patients with fewer comorbidities,
the prevalence of PPM at baseline was between 2% and
3.4% (18,19).
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The high frequency of preexisting PPM and LBBB in
patients undergoing TAVR is also important to bear in
mind during analysis and discussion of new conduction
disturbances after TAVR. Unfortunately, many of the
existing TAVR studies have reported the incidence of new
PPM as a proportion of the entire study population, which
includes patients with preexisting PPM who are not at risk
for the outcome. This issue complicates comparisons of
new conduction disturbances across studies due to baseline
differences in study populations, but has recently improved
with increasing recognition of this problem. It is therefore
recommended that future authors exclude patients with
preexisting PPM from the calculation of new PPM rates
after TAVR and that this convention also be adopted for
other conduction disturbances.
PPM implantation after TAVR
High degree or complete AVB and other bradyarrhythmias
requiring PPM implantation occur in an estimated 3%
to 7% of patients undergoing isolated surgical aortic
valve replacement (SAVR) for AS (2,20). Early in the
TAVR experience, it was recognized that the rate of PPM
implantation was higher on average with TAVR than SAVR,
but with significant variability based on the THV system
used. Meta-analysis including more than 11,000 patients
treated with early generation THV platforms showed
average new PPM rates of 13% to 17% (16,21). The
requirement for PPM was lower (6%) with the balloonexpandable SAPIEN (ESV) (Edwards Lifesciences, Irvine,
CA, USA) THV and substantially higher (25–28%) with the
self-expanding CoreValve (MCV) (Medtronic, Minneapolis,
MN, USA) THV. The first generation mechanicallyexpandable Lotus valve (Boston Scientific, Marlborough,
MA, USA) was associated with an even higher new PPM
rate (greater than 30%) (22,23). The high degree of
variability in PPM requirement across THV platforms
has been attributed to differences in the mechanism of
expansion, stent frame properties, radial forces and depth of
implantation below the aortic valve annulus.
Recent evidence suggests that new PPM rates after
TAVR have evolved along with newer generation THV
systems and contemporary procedural techniques (Table 1).
Several early studies with the newer generation balloonexpandable Sapien 3 THV actually showed an increase in
the new PPM rate to 10% to 13% (24,56,57). However,
subsequent analyses suggested that this may have been
due to a learning curve related to differences in THV
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deployment and depth of implantation (27,58,59). More
recently, several contemporary studies with the SAPIEN
3 and SAPIEN 3 Ultra valves have demonstrated new
PPM rates as low as 4.4% to 6.5%, similar to the early
generation balloon-expandable valves (18,34,35). Recent
studies have also shown a reduction in the rate of new
PPM with the self-expanding Evolut R and PRO valves
(Medtronic, Minneapolis, MN, USA) to between 12% and
20% (19,42,60). Smaller series have suggested that it may
be possible to reduce PPM after TAVR with self-expanding
valves even further (less than 10%) with expert operators
and careful attention to best procedural practices (43,61).
Similarly, early results with the newer mechanicallyexpandable Lotus with Depth Guard and Lotus Edge THVs
have demonstrated lower PPM rates of approximately 15%
to 20% (23,55,62). Several other newer generation THVs
have also been associated with relatively low rates of new
PPM, including approximately 10% with the Acurate Neo
valve (Boston Scientific, Marlborough, MA, USA) and 15%
with Portico with FlexNav system (Abbott Vascular, Abbott
Park, IL, USA) (31,44,54). As TAVR continues to expand
into younger and lower risk patient populations, further
reduction of PPM rates to near those achieved with SAVR
will likely remain an important goal.
PPM indication and timing
The most common indication for PPM implantation after
TAVR is high degree or complete AVB, which is responsible
for 60% to 80% of cases, followed by first-degree AVB with
bundle branch block and sick sinus syndrome (63-66). The
vast majority of TAVR-related conduction disturbances
(>90%) occur within the first week after the procedure
and during the index hospitalization, and the median day
of PPM implantation is day 3 (63-65,67). “Delayed” high
degree AVB after the immediate post-procedure period
may occur in up to 7% of patients but has been shown to be
extremely rare in patients with a normal electrocardiogram
(EKG) [absence of preexisting right bundle branch block
(RBBB), new LBBB, and first-degree AVB] (68). In addition
to EKG, findings of both pre-existing RBBB and prolonged
HV interval by invasive electrophysiology study have also
been independently associated with mortality after TAVR,
presumably due to the risk of progression of complete
AVB (69-71).
Among patients with new PPM after TAVR, studies have
shown that only 40% to 70% are pacemaker-dependent at
1 year, regardless of the THV implanted (22,63). A large
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Table 1 Incidence of LBBB and PPM implantation with newer-generation THVs
Valve type

Author, year

N

Surgical risk of
study population

Persistent newonset LBBB, %

30-day
PPM, %

SAPIEN 3

Kodali et al., 2016, (24)

1,078

Intermediate

N/A

10.1

583

High

N/A

13.3

245

All-comers

N/A

14.3

Abramowitz et al., 2016, (25)
Husser et al., 2016, (26)

SAPIEN 3 Ultra

Evolut R

c

184

All-comers

16

N/A

De Torres-Alba et al., 2016, (27) 162

All-comers

13

N/A

Wendler et al., 2017, (28)

All-comers

N/A

1,947

12.0
c

c

Gonska et al., 2017, (29)

335

All-comers

23.5

Finkelstein et al., 2019, (30)

223

All-comers

22.2

N/A

Lanz et al., 2019, (31)

364

All-comers

N/A

9.0

Mack et al., 2019, (18)

496

Low

22.0

6.6

Nazif et al., 2019, (32)

589

Intermediate

20.7

Deharo et al., 2020, (33)

10,459

All-comers

N/A

20.5

Nazif et al., 2020, (34)

1,324

All-comers

N/A

6.2

b,c

Saia et al., 2020, (35)

139

All-comers

N/A

4.4

c

Nazif et al., 2020, (34)

1,324

All-comers

N/A

6.4

b,c

Popma et al., 2017, (36)

241

High

N/A

16.4

Grube et al., 2017, (37)

1,038

All-comers

N/A

19.7

Sorajja et al., 2017, (38)

3,810

All-comers

N/A

18.3

Reardon et al., 2017, (39)

864

Intermediate

N/A

25.9

Noble et al., 2017, (40)

317

All-comers

N/A

22.1

Popma et al., 2019 , (19)

1,468

Low

N/A

17.4

Finkelstein et al., 2019, (30)

512

All-comers

28.6

17.5

Deharo et al., 2020, (33)

10,459

All-comers

N/A

25.9

Zaid et al., 2020, (41)

194

All-comers

20.6

N/A

Forrest et al., 2020, (42)

11,295

All-comers

N/A

19.6

a

c

18.4

b

N/A

c

b

c

Table 1 (continued)
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Table 1 (continued)
Valve type

Author, year

N

Surgical risk of
study population

Persistent newonset LBBB, %

30-day
PPM, %

Evolut PRO

Jilaihawi et al., 2019, (43)

149

All-comers

N/A

7.4

Pagnesi et al., 2019, (44)

258

All-comers

N/A

13.2

Zaid et al., 2020, (41)

202

All-comers

17.8

N/A

Forrest et al., 2020, (42)

2,065

All-comers

N/A

17.1

Lotus Edge

Van Mieghem et al., 2019, (23)

50

All-comers

N/A

20.0

Acurate Neo

Hamm et al., 2017, (45)

120

All-comers

N/A

9.6

Toggweiler et al., 2017, (46)

175

All-comers

10.3

N/A

Möllmann et al., 2018 (47)

1,000

High

N/A

8.3

Lanz et al., 2019, (31)

367

All-comers

N/A

10.0

Pagnesi et al., 2019, (44)

1,089

All-comers

N/A

8.8

b,c

Brinkert et al., 2020, (48)

203

All-comers

N/A

3.0

b

Manoharan et al., 2016, (49)

100

High

N/A

9.8

Möllmann et al., 2017, (50)

222

High

N/A

13.5

Linke et al., 2018, (51)

209

High

N/A

13.6

Søndergaard et al., 2018, (52)

941

High

N/A

18.7

Walther et al., 2018, (53)

198

High

28.3

Fontana et al., 2019, (54)

750 (Portico)

High

N/A

27.7

Fontana et al., 2019, (54)

100 (Portico
with FlexNav)

High

N/A

14.6

Portico with FlexNav

c

b,c

c

c

b

c

c

c

15.2

Table 1 (continued)
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Table 1 (continued)
Valve type

Author, year

N

Surgical risk of
study population

Persistent newonset LBBB, %

30-day
PPM, %

JenaValve

Silaschi et al., 2016, (55)

180

High

N/A

19.4

Representative studies were restricted to those published after 2016 and with sample size ≥100 (unless only smaller were available). KMa
estimated event rates of 30-day PPM were presented when possible. , rates of PPM reported in this study were not separated by valve
b
c
type; , reported rate is the proportion of patients with new PPM (not KM estimated); , patients with PPM or LBBB at baseline (depending
on the outcome of interest) were excluded. LBBB, left bundle branch block; PPM, permanent pacemaker; THV, transcatheter heart valve.

study of patients who underwent TAVR with a balloonexpandable valve found that the proportion of patients
with new PPM who had ventricular pacing on EKG was
only 47% at discharge/7 days, 51% at 30 days, 47% at
6 months and 50.5% at one year. Thus, recovery of the
conduction system to the point that the patient does not
require continuous pacing occurs in approximately 50%
of PPM recipients and in the majority of cases, occurs
within the first month after valve implantation (63). Other
studies have also suggested that only approximately half of
patients who receive PPM after TAVR with self-expanding
and mechanically-expandable valves were pacemaker
dependent by 1 month (22). Although the appropriate level
of pacemaker dependency after TAVR has not been defined
(even small percentages of pacing could be lifesaving if for
complete AVB), this may argue for a more conservative
approach to PPM implantation during the post-TAVR
period as a means to decrease new PPM rates in appropriate
patients. Predictors of long-term PPM-dependency that
may also be useful in this regard include high grade AVB
after TAVR, baseline RBBB, female sex, and depth of
implantation (22).
Predictors of PPM
Substantial research has focused on the identification
of predictors of cardiac conduction disturbances after
TAVR. These risk factors can be broadly categorized as
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clinical, electrocardiographic, anatomic, or procedural in
nature (Figure 2). Several of the earliest recognized and
most reproducible risk factors for new PPM after TAVR
have included preexisting RBBB, use of a self-expanding
THV, and depth of implantation below the aortic annulus
plane (13). An influential meta-analysis from 2014 confirmed
RBBB [risk ratio (RR), 2.89; P<0.01] and the use of a selfexpanding valve (RR, 2.54; P<0.01) as potent risk factors
for PPM, and also identified male sex, first-degree AVB,
and left anterior hemiblock as predictors (16). Also in 2014,
an analysis of almost 2,000 patients from the PARTNER
trial integrated additional echocardiographic variables and
identified prosthesis diameter over-sizing relative to the
LVOT and left ventricle end-diastolic diameter, in addition
to RBBB, as risk factors for PPM (63). Multiple additional
studies have now confirmed THV depth of implantation
as the most important modifiable procedural predictor of
PPM across different THV platforms (23,27,58,72).
With the widespread adoption of cardiac computed
tomography (CT) imaging with three-dimensional
reconstruction of the aortic valve complex for TAVR
procedural planning, studies have increasingly focused
on anatomic risk factors for conduction disturbances.
Important new predictors of PPM after TAVR have
included THV over-sizing relative to the annulus or LVOT
area, calcium location and burden, and membranous septum
length (MSL), a surrogate for the depth below the aortic
valve annulus at which the conduction system crosses to
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Prognostic implications of PPM
Clinical/Demographic
Sex
Advanced Age
Diabetes mellitus
CAD or prior CABG

EKG
Pre-existing RBBB
First degree AVB
Left anterior hemiblock
Prolonged QRS

LBBB
PPM

Anatomic
Membranous septum length
Calcium burden and location
LVOT or annulus area
LVOT ellipticity

Procedural
THV system
Depth of implantation
Larger THV size
Prosthesis over-sizing
(relative to annulus or LVOT)
Pre- or Post-dilation

Figure 2 Predictors of PPM implantation and new-onset LBBB
after TAVR. Risk factors for new PPM and LBBB after TAVR can
be divided into broad categories, including clinical or demographic,
EKG, Anatomic and Procedural. The list is not intended to be
exhaustive and not all risk factors apply to both PPM and LBBB.
AVB, atrioventricular block; CABG, coronary artery bypass graft;
CAD, coronary artery disease; EKG, electrocardiogram; LBBB,
left bundle branch block; LVOT, left ventricular outflow tract;
PPM, permanent pacemaker; RBBB, right bundle branch block;
TAVR, transcatheter aortic valve replacement; THV, transcatheter
heart valve.

the left side of the heart (73,74). For example, one CTbased study found that the volume of calcium in the left
coronary cusp and RBBB were independent predictors of
PPM, while another identified the volume of calcium in the
LVOT below the left and right coronary cusps and depth of
implantation as independent predictors (58,74,75). Another
recent CT study identified calcium volume below the noncoronary cusp and short MSL as predictors of PPM with
the balloon-expandable THV and combined these with
RBBB to create a risk score for PPM after TAVR (58,74).
Jilaihawi et al. subsequently confirmed that implantation
depth greater than MSL was independently associated with
new PPM with a self-expanding THV and demonstrated
the potential utility of an implantation technique based on
MSL in reducing PPM (43). Continued research in this area
should facilitate ongoing efforts to reduce new PPM during
TAVR to the extent possible.
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The long-term clinical impact of PPM implantation after
TAVR remains controversial. On the one hand, PPM
exerts an obvious protective effect with respect to AVB
and potentially life-threatening bradyarrhythmias. On
the other hand, chronic right ventricular pacing has been
shown to result in ventricular dyssynchrony, which may
lead to adverse left ventricular remodeling and reduced
ejection fraction (76). Several randomized trials in other
patient populations have demonstrated deleterious effects
of chronic right ventricular pacing, including increased
risk of atrial fibrillation, ventricular arrhythmia and heart
failure (77-79). In the TAVR population, new PPM has also
been associated with a reduction in LV stroke volume and
poorer recovery of left ventricular systolic dysfunction at six
months to 1 year (64,80).
A recent, large meta-analysis, including more than
22,000 TAVR patients demonstrated that new PPM was
associated with a modest, but statistically significant increase
in 1 year all-cause mortality (RR, 1.09; P=0.04) but not
cardiac mortality (RR, 0.84; P=0.13). New PPM was also
associated with an increase in heart failure hospitalization
at 1 year (RR, 1.18; P=0.02). These findings echo those
of the MOST and DAVID trials, which first showed an
increased risk of heart failure hospitalization with chronic
RV pacing in patients with PPM (78,79). It is also likely
based on experience with other populations of patients
with PPM that there will be additional long-term adverse
consequences to PPM after TAVR, such as lead dysfunction,
need for generator replacement, infection and tricuspid
valve regurgitation. Future long-term studies will be needed
to identify these late complications of PPM after TAVR,
which are likely to become increasingly relevant as TAVR is
utilized in younger, lower risk populations.
Economic implications
In the current era of increased focus on resource utilization,
it is also important to consider the fact that TAVR-related
PPM is an important driver of peri-procedural costs.
Studies have shown that PPM implantation after TAVR is
associated with longer duration of both intensive care unit
and overall hospital stay (81,82). Several recent analyses
have also shown the negative impact of new PPM on the
cost effectiveness of TAVR (83,84). The costs associated
with PPM are likely to further increase over time in
younger patients who may require future PPM-related
interventions.
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New-onset LBBB after TAVR
Incidence
New LBBB is relatively infrequent following SAVR for
isolated AS with reported rates of only 4% to 8% (18,85).
However, new-onset LBBB occurs much more frequently
after TAVR, with reported rates ranging from 4% to 60% in
the first generation THV systems (73). Similar to PPM, the
incidence of new LBBB varies with the THV platform used
and was lower in the early-generation, balloon-expandable
SAPIEN valves (~10% to 25%) than the self-expanding
CoreValve (~20% to 50%) (7,32,73,85,86). The incidence
of new LBBB with the first-generation, mechanicallyexpandable Lotus valve was even higher, ranging from 50%
to over 75% (87,88). As with other conduction disturbances,
the high variability in the rate of new-onset LBBB across
THV platforms is likely attributable to differences in
mechanism of expansion, radial forces exerted by the stent
frame, and depth in the LVOT (89).
As with PPM, the incidence of new-onset LBBB has
continued to evolve with changes in THV devices and
procedural techniques (Table 1). In several early studies,
a higher rate of new LBBB was reported with the newer
generation SAPIEN 3 valve compared with SAPIEN XT,
for example 20.7% vs. 9.7% in the PARTNER II experience
(32,90). As with PPM, this increase may have been due in
part to changes in depth of implantation, and the reported
rates of new LBBB after TAVR with SAPIEN 3 have
ranged from approximately 13% to 24%, similar to prior
generation SAPIEN valves (18,32,73). However, the rate of
new LBBB with SAPIEN 3 was also higher than expected
(24%) in the recently published PARTNER 3 low-risk trial,
warranting further investigation. Interestingly, the newer,
self-expanding Evolut R and Evolut R Pro THVs appear
to be associated with lower rates of new-LBBB than the
earlier generation CoreValve, ranging from 18% to 28%,
although further study is also necessary (30,41). Limited
data exist regarding the rates of new LBBB with other
newer generation THV systems.
Several studies have investigated the time course of new
LBBB development and potential resolution after TAVR.
Detailed analysis of serial EKGs has demonstrated that
new LBBB occurs at the time of the procedure in the vast
majority of cases and is frequently transient, resolving prior
to hospital discharge in more than a third of all cases (13,91).
Among patients with persistent LBBB, it appears to resolve
in another 40% by 30 days, after which the rate of LBBB
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remains stable through 1 year (12,32,92,93). Thus, newonset LBBB that persists until 30 days appears to become
chronic. Late-onset (post-discharge) LBBB is uncommon,
occurring in only 2% to 2.5% of patients at 30 days and
1 year (12,32).
Predictors of new LBBB
The occurrence of new-onset LBBB after TAVR is
attributable to injury to the left bundle branch at
the immediate exit of the bundle of His beneath the
membranous septum, as indicated by the typical pure
pattern of LBBB on the EKG (89). It is not surprising
that the predictors of new LBBB after TAVR closely
mirror those of AVB and PPM. Among the earliest and
most consistently identified independent predictors of
LBBB are the type of THV (self-expanding) and depth
of implantation (13,73,92,94,95). Additional clinical and
EKG predictors that have been identified in various studies
include female sex, diabetes mellitus, previous coronary
artery bypass grafting and pre-procedural conduction
disturbances (mainly prolonged QRS) (13,73,96,97). More
recent CT-based analyses have also demonstrated the
importance of anatomic risk factors, including short MSL,
LVOT ellipticity and calcium burden and location (41,98).
Finally, studies have highlighted important and potentially
modifiable procedural risk factors including depth of
implantation relative to the MSL, larger THV size, THV
over-sizing (relative to annulus or LVOT) and balloon postdilation (13,41,73,94).
Clinical impact of new LBBB
The prognostic importance of new-onset, persistent LBBB
after TAVR has been the subject of extensive debate. Several
early observational studies identified an association of new
LBBB with increased long-term (>1 year) all-cause and
cardiovascular mortality (12,73,96,97), while other studies
failed to detect such an association (13,81,91,92,99-101).
The disparate results of these initial studies may have been
due to differences in the definitions of LBBB, inadequate
duration of follow-up, and the inclusion of primarily high
risk patients with high overall mortality and multiple
competing risk factors. However, as the field has matured,
it has become increasingly clear that new LBBB after TAVR
is associated with adverse long-term outcomes, including
mortality. Recently, a large meta-analysis including almost
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8,000 patients demonstrated that new LBBB was associated
with an increased risk of both all-cause (RR, 1.32; P<0.001)
and cardiac mortality (RR, 1.46; P<0.001), as well as heart
failure hospitalization (RR, 1.35; P=0.02) at 1 year followup (81). Concerningly, a recent large analysis from the
PARTNER 2 trial that included intermediate risk patients
with 2 years follow-up also showed new LBBB after TAVR
to be a significant independent predictor of both all-cause
[hazard ratio (HR), 1.98; P<0.001] and cardiovascular (HR,
2.66; P<0.001) mortality (32). New-onset LBBB is therefore
likely to remain a matter of increasing concern as TAVR
expands to younger and lower-risk patients with fewer
additional risks and longer expected survival.
Beyond mortality, new-onset LBBB after TAVR has been
shown to be associated with increased duration of the index
hospitalization and higher rates of repeat hospitalization at
1 year and beyond following TAVR (32,92). New LBBB has
also been consistently associated with higher requirement
for PPM both at 30 days and at long-term follow-up
(32,73,92,101). Concerningly, the prospective, multicenter
MARE study, which employed implantable cardiac monitors
in 103 patients with persistent new-onset LBBB postTAVR, demonstrated significant bradyarrhythmic events
in 20% of patients, of which 76% of events were clinically
silent (93). These data raise the question of whether
more intensive, long-term monitoring may be justified in
patients with new LBBB or other significant conduction
disturbances after TAVR.
The specific mechanisms by which new LBBB after
TAVR increases mortality among patients with new-onset
LBBB after TAVR remains unclear. The most obvious
potential cause is progression of the conduction disturbance
to a life-threatening bradyarrhythmia, including highdegree or complete AV block. Indeed, one analysis of late
cardiac mortality after TAVR showed that new-LBBB,
particularly with QRS width greater than 160 milliseconds,
was an independent predictor of sudden cardiac death.
However, in the MARE study of 103 patients with
new LBBB, there was only a single episode of sudden
death, which occurred in a patient without any recorded
bradyarrhythmia. Another potential mechanism for
increased mortality is progression of heart failure, and
multiple studies have shown ventricular dyssynchrony and
worsened recovery of left ventricular systolic function in
patients with new LBBB after TAVR (13,32,82,92,100).
Intraventricular dyssynchrony has also been shown to
be an important factor in ventricular arrhythmogenesis
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and improved synchrony is associated with a reduction in
ventricular arrhythmic events (102). LBBB has also been
shown to have an impact on diastolic function in patients
with dilated cardiomyopathy, and diastolic dysfunction has
been described in patients with new-LBBB post-TAVR
(103,104). The complex interplay between these possible
mechanisms for adverse outcomes in patients with new
LBBB complicates therapeutic decision making and must be
an important focus for ongoing research.
Management of TAVR-related conduction
disturbances
The above-described predictors of cardiac conduction
disturbances may assist in identifying at-risk patients
prior the TAVR procedure. During the TAVR procedure,
particular attention should be paid to potentially modifiable
risk factors, including THV selection, THV sizing in
borderline zones, depth of implantation, and balloon preand post-dilation. As clinicians gain comfort with the
measurement of novel CT predictors, particularly MSL and
calcium distribution, these may further guide procedural
strategies. Patient-specific risk assessment for conduction
disturbances may also assist in subsequent post-procedural
management, for example by helping to determine the need
for maintenance of a temporary transvenous pacemaker and
patient candidacy for early hospital discharge.
The management of TAVR-related conduction
disturbances during the post-procedural period remains
controversial and highly variable across sites. For example,
the WoRldwIde TAVI ExperieNce (WRITTEN) survey
included 250 centers from 38 different countries and
found substantial variability in the use of post-procedural
EKG monitoring, temporary pacemakers and PPM
implantation (105). Important remaining questions
include the optimal indications and timing for PPM after
TAVR, management of new LBBB, and duration and
type of monitoring for patients with other conduction
disturbances. The need for an improved understanding of
PPM indications after TAVR is highlighted by the growing
body of literature suggesting that a significant proportion of
patients who receive PPM after TAVR are not pacemaker
dependent at follow-up (22,63,106). The rate of ventricular
pacing is likely even lower (<1%) among patients who
receive PPM for new-onset LBBB alone (100,101). The
appropriate use of other strategies, such as extended
inpatient or outpatient rhythm monitoring, temporary
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TAVR Candidate

Pre-procedural risk evaluation of conduction disturbances
Procedural aspects to minimize the risk of conduction disturbances

Procedural telemetry and 12-lead (6-lead) ECG at the end of the procedure

No ECG changes
No pre-existing RBBB

No ECG changes
Pre-existing RBBB

ECG changes
- Further ECG changes in the presence
of prior conduction disturbances
- New-onset LBBB
- HAVB/CHB

No temporary pacing
Telemetry for 24 hrs
(or at least overnight)
Temporary pacing for 24 hrs (or
at least overnight)

No further

Further evaluation/observation

evaluation/observation

(temporary pacing, EP studies,

PPM

continuous ECG monitoring)

*Consider earlier discontinuation of temporary pacing if regression of ECG changes in <24 h (except for pre-existing RBBB).

Figure 3 Expert panel algorithm for the management of conduction disturbances after TAVR. Algorithm on how best to manage conduction
disturbances that develop after TAVR. ECG, electrocardiogram; EP, electrophysiology; LBBB, left bundle branch block; PPM, permanent
pacemaker; RBBB, right bundle branch block; TAVR, transcatheter aortic valve replacement. Reprinted with permission from Rodés-Cabau
et al. 2019 (107).

pacing or electrophysiological study in at-risk patients, such
as those with new LBBB or pre-existing RBBB, also remains
unclear.
Recent efforts to address the inconsistencies in the
management of conduction disturbances include the
publication of various patient management algorithms (107).
For example, a Journal of the American College of Cardiology
(JACC) Scientific Expert Panel publication divided patients
with TAVR-related conduction disturbances into five groups
based on baseline and post-procedure EKG abnormalities,
and proposed practical management strategies for each
group (107). These groups included: no EKG changes in
patients without RBBB pre-TAVR, no EKG changes in
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patients with pre-existing RBBB, EKG changes in patients
with pre-existing RBBB or other conduction abnormalities,
new-onset LBBB, and high-degree AVB during the
procedure. Based on the risk of bradyarrhythmia requiring
pacemaker in each group, the algorithm provides guidance
regarding the duration of temporary pacing, telemetry
monitoring, and hospital discharge and consideration of
the need for PPM, electrophysiologic study, or outpatient
rhythm monitoring (Figure 3). Further study is required to
prospectively validate each of these management strategies
for TAVR-related conduction disturbances. In the interim,
a conservative approach can be recommended with
enhanced monitoring of TAVR recipients with conduction
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disturbances or risk factors for their development and
adoption of guideline-based recommendations for PPM
implantation.

2.

3.

Conclusions
TAVR is being increasingly utilized in the treatment of
patients with severe symptomatic AS across the spectrum
of surgical risk. Despite significant improvement in
device technologies and implantation techniques, cardiac
conduction disturbances, including new PPM and LBBB,
remain a frequent complication of the procedure. Recent
research has identified predictors of these conduction
disturbances that may assist in identifying at-risk patients.
The most recent evidence suggests a significant adverse
clinical impact of new LBBB after TAVR, while the impact
of PPM remains less clear, and further long-term studies are
required. The optimal management strategies for TAVRrelated conduction disturbances remain controversial, and
an individualized approach is recommended while awaiting
further research.
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