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A b s t r a c t

Transcatheter aortic valve implantation (TAVI) has become a safe and efficient alternative to cardiac surgery in patients with 
severe aortic stenosis. In many countries the number of performed TAVI procedures equals the number of surgical implantations. 
Indications for TAVI are becoming more liberal, allowing a wider spectrum of patients to benefit from the advantages of transcathe-
ter therapy. Due to its invasive nature, TAVI is associated with some complications such as conduction disturbances. Although these 
disturbances are usually not lethal, they have a great influence on patients’ state and long term-survival. The most relevant and 
common are His’ bundle branch blocks, atrioventricular blocks, and need for permanent pacemaker implantation. With the frequen-
cy at 10% to even 50%, conduction abnormalities are among the most important TAVI-related adverse events. Risk factors for con-
duction disturbances include age, anatomy of the heart, periprocedural factors, type of implanted valve, and comorbidities. Severity 
of occurring complications varies; therefore selection of a proper treatment approach is required. Considered as the most effective 
management, permanent pacemaker implantation turned out to negatively influence both recovery and survival. Moreover, there 
is no expert consensus on use of resynchronization therapy after TAVI. In this paper, the authors present a comprehensive analysis 
of the most common conduction disturbances accompanying TAVI, factors related to their occurrence, and treatment approach.
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Introduction
Introduced in 2002 by Alain Cribier, transcatheter 

aortic valve implantation (TAVI) has become a well-estab-
lished therapeutic option for high-risk patients or those 
unfit for open surgery with severe symptomatic aortic 
stenosis (AS) [1, 2]. The development of this method was 
appreciated by both the European Society of Cardiology 
(ESC) and the American Heart Association (AHA). Current 
ESC guidelines on the management of valvular heart dis-
eases recommend TAVI in patients with severe sympto-
matic AS who are not suitable for surgical aortic valve 
replacement (SAVR) as assessed by a  ‘heart team’ and 
who are likely to gain improvement in their quality of life 
(class of recommendation I, evidence level B) and allow it 
to be considered in high-risk patients with severe symp-
tomatic AS who may still be suitable for surgery, but in 
whom TAVI is favoured by a ‘heart team’ (class of recom-
mendation IIa, evidence level B) [3]. Similar indications 
are listed in the ACC/AHA guidelines with a  note that 
TAVI is not recommended in patients in whom existing 

comorbidities would preclude the expected benefit from 
correction of AS [4].

Transcatheter aortic valve implantation carries the 
burden of possibility of multiple complications associated 
with the same procedure, used prosthesis, and patient’s 
general state. The Valve Academic Research Consorti-
um (VARC) 2 criteria provide definitions of frequently 
encountered complications, including myocardial infarc-
tion, stroke, vascular and bleeding complications, renal 
insufficiency, paravalvular leak, and last but not least, ar-
rhythmias and conduction disturbances [5]. Among these 
complications, the development of post-procedural con-
duction disturbances may not be the strongest predictor 
of mortality but has a significant influence on long-term 
prognosis and patients’ quality of life [6, 7]. A list of these 
abnormalities is presented in Table I.

Two devices have been most frequently used in clin-
ical practice: the self-expanding Medtronic CoreValve 
prosthesis (CV – Medtronic Inc., Minneapolis, MN, USA), 
and the balloon-expandable Edwards SAPIEN/XT pros-
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thesis (ES – Edwards Lifesciences, Irvine, CA, USA). Due 
to the different expansion of these valves, the nature and 
frequency of conduction disturbances in these 2 cases 
are slightly different [8]. During the last few years, new 
TAVI devices have been presented, such as the Acurate 
(Symetis, Lausanne, Switzerland), Portico (St. Jude Medi-
cal, Saint Paul, MN, USA), Engager (Medtronic Inc., Minne-
apolis, MN, USA), Jena Valve (Jena Valve Technology, Mu-
nich, Germany), Lotus (Boston Scientific, Marlborough, 
MA, USA), and Direct Flow Medical (Direct Flow Medical 
Inc., Santa Rosa, CA, USA). However, the aforementioned 
prostheses will not be widely discussed in this article, 
due to the limited number of analyses and evidence con-
sidering their relation to conduction disturbances.

In this paper, the authors present a  review of the 
most frequent conduction disturbances related to TAVI, 
its risk factors, and the treatment approach.

Types of disturbances
Atrioventricular block
Atrioventricular block (AVB) is a  conduction defect 

affecting impulses from the atria to the ventricles. Atrio-
ventricular conduction abnormalities are well-known 
complications among patients undergoing SAVR as a re-
sult of AV node damage. Therefore it is no surprise when 
AVB occurs also after TAVI [9]. There is an analysis re-
porting even 1st degree AVB as a predictor of new PPM 
implantation at 30 days after TAVI [10].

His bundle-related disturbances and 
intraventricular conduction defects
According to the anatomical localization of the defect, 

a few types of His bundle-related disturbances should be 
mentioned: left bundle branch block (LBBB), right bun-
dle branch block (RBBB), left anterior hemiblock (LAH), 
and left posterior hemiblock (LPH). These disturbances 
are related to abnormal wall motion, causing a decrease 
in regional ejection fraction and an overall reduction in 
global ejection fraction (EF). Studies suggest that LBBB is 
the most frequent cause of such electromechanical con-
traction asynchrony and, in consequence, clinical deteri-
oration [11]. New-onset LBBB after TAVI can be the cause 
of failure of left ventricular ejection fraction to improve 

in short- and long-term follow-up, despite the procedural 
success [7, 12, 13]. Some authors suggest that TAVI-in-
duced LBBB increases the rate of all-cause and cardio-
vascular mortality [14, 15]. Due to its frequency, with 
a range of 7% to 65%, LBBB is one of the most relevant 
TAVI complications [16].

Pacemaker implantation
Permanent pacemaker requirement has been report-

ed as a major complication of TAVI with a crude incidence 
rate of 15% [17]. Nonetheless, permanent stimulation is 
the most effective treatment of conduction disturbanc-
es. Therefore in this paper PPM implantation will be dis-
cussed in the treatment section.

Risk factors for conduction disturbances
Anatomical factors
The anatomy of the heart and its conduction system 

is intrinsically associated with the types of complications 
after invasive and surgical procedures. The AV node lies 
in the floor and the bundle of His courses from the AV 
node adjacent to the tricuspid valve and then down the 
interventricular septum. In the septum the His bundle di-
vides into left and right branches coursing further down 
the septum and then spreading throughout the cardiac 
muscle via Purkinje fibres. The aortic valve annulus lies 
close to the parts of the conduction system, which puts 
the system at risk during aortic valve procedures [18]. 
In TAVI, in contrast to the surgical method, there is no 
replacement of a  native valve but only implantation of 
a  new prosthesis. During the procedure, high pressure 
is produced by valve expansion, resulting in trauma and 
ischemia of the conduction pathways. The trauma also 
causes oedema around the conduction tissue, which is 
associated with an increased leucocyte count after TAVI 
[19, 20]. The pressure on the valvular apparatus and ad-
jacent tissues is produced not only during the actual im-
plantation but also during the balloon valvuloplasty per-
formed before and/or after the device insertion. Size of 
the balloon catheter is adjusted accordingly on the basis 
of imaging studies, which cannot always provide accu-
rate measurements. Studies have shown that the over-
sizing of the balloon used (high balloon/annulus ratio) 
is an independent predictor for a new AVB after TAVI but 
without an influence on PMM requirement in multivariate 
analysis [19, 21]. Bleiziffer et al. also reported the link be-
tween the balloon size and the incidence of new conduc-
tion disturbances [21]. Similarly to this, a too large valve 
implanted into a small annulus was reported as a factor 
increasing the frequency of conduction disturbances. The 
implanted aortic prosthesis also generates pressure on 
structures located below the annulus, e.g. the interven-
tricular septum. Compression depends not only on the 
size of the device but also on left ventricle outflow tract 
(LVOT) thickness. One of the TAVI-related studies showed 

Table I. Transcatheter aortic valve implantation- 
related conduction disturbances and arrhythmias 
(according to VARC-2 [5])

•	Implant-related new or worsened cardiac conduction disturbanc-
es (atrioventricular (AV) block of any degree, His’ bundle branch 
and fascicular blocks, other intraventricular conduction defects) 
transient or persistent.

•	New permanent pacemaker (PPM) implantation.
•	New-onset atrial fibrillation or flutter.
•	Any new arrhythmia resulting in hemodynamic instability or re-

quiring therapy.
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that narrow LVOT correlates with increased frequency of 
intraventricular conduction disturbances. Furthermore, 
the LVOT/annulus ratio was an independent predictor for 
PPM implantation, independently of the thickness of the 
interventricular septum [22].

The unfavourable anatomy of the structures above 
the aortic annulus could also influence the conduction 
abnormalities. Pereira et al. reported a possible relation-
ship between the ventricular pacing needs and the annu-
lus-to-aorta angle, with an angle above 30° as a predictor 
for pacing percentages above 10%. They also reported 
that the porcelain (highly calcified) aorta can influence 
the development of PPM dependency at follow-up [23].

The degenerative type AS is most often caused by 
calcifications located in the valvular structures. Increas-
ing area of calcifications causes thickening of coronary 
cusps and decreases the distance between the noncor-
onary cusp and the left bundle branch [24, 25]. Non-
coronary cusp thickness above 8 mm was identified as 
a  predictor for PPM implantation with 75% sensitivity 
and 100% specificity [26]. The severity of mitral annular 
calcification was also described as predicting the need 
for permanent pacing [27].

Type of device and implantation procedure
The anatomy of the heart is associated with the type 

of the implanted valve. The two most widely used valves 
(CV and ES) have substantial construction differences. CV 
is a device with a self-expanding, nitinol frame, whereas 
ES is balloon-expandable and has a lower profile. Due to 
the self-expanding nature of the nitinol stent, the radi-
al force is essentially dependent on the diameter of the 
LVOT, while for the balloon-expandable valve the radial 
force produced is influenced by both the geometry and 
stiffness of the heart tissue [28]. Piazza et al. demon-
strated that the occurrence of new-onset LBBB can be 
predicted on the basis of depth of CV implantation and 
the diameter of the prosthesis inflow portion [29]. Due to 
its size, the CV causes higher mechanical stress on the in-
terventricular septum and the conduction pathways. De-
spite the shorter device frame and lower compression on 
the subvalvular septum, also ES implantation can result 
in LBBB occurrence [30]. In the study of Gutiérrez et al., 
a lower (ventricular) position of the valve relative to the 
anterior mitral leaflet was associated with a higher inci-
dence of new LBBB [31]. However, still use of the CV pros-
thesis remains a stronger predictor for new-onset LBBB, 
with a  4-fold increase in frequency of LBBB compared 
with the ES device [32]. A few studies pointed out that, 
in the case of both CV and ES, too deep implantation was 
associated with increased LBBB occurrence [16, 27, 33]. 
Pereira et al. described the cut-off point for depth of CV 
implantation as 10.1 mm in LVOT with 87.5% sensitivity 
and 74% specificity for PPM requirement [23]. In the case 
of ES valves, higher (more aortic) implantation was also 
associated with lower risk of PPM requirement [34]. 

Too deep implantation occurs more frequently in the 
case of CV than ES implantation. Lenders et al. showed 
that use of a newer delivery system may help to solve 
this problem. In a  study conducted using an Accutrack 
system, the authors reported a  significant decrease in 
new LBBB occurrence or new PPM implantation in com-
parison with procedures performed with the old delivery 
system [10]. 

CV implantation is also an independent risk factor for 
high-grade AVB occurrence and need for PPM implanta-
tion [17, 35]. These observations are supported by data 
from large registries in which CV implantation is asso-
ciated with more frequent development of conduction 
abnormalities [14, 36]. Conduction disturbances occur-
ring after ES device insertion are mostly temporary and 
infranodal [37].

In the section describing anatomical factors influenc-
ing conduction abnormalities the device/annulus ratio 
was mentioned. Oversizing of the prosthesis may result 
in new-onset disturbances, but even without mismatch, 
large devices are a more frequent cause of postprocedur-
al LBBB. This relation is more noticeable in the case of the 
CV than the ES [32].

Unlike the CV and ES prostheses, the evidence con-
cerning development of conduction disturbances asso-
ciated with other prosthesis types is scarce. The highest 
rate of implanted prostheses occurs in the first gener-
ation Acurate device, with the frequency of new PPM 
implantation at 10% to 21% [38, 39]. Available analyses 
show a similar percentage of PPM implantations in the 
case of other new prostheses, e.g. Direct Flow Medical or 
Jena Valve [6, 39, 40]. The new version of the Acurate de-
vice (Symetis Acurate Neo) implanted via the transfem-
oral route seems to be less harmful for the conduction 
system. In the published data the periprocedural PPM 
implantation rate was not higher than 9% [41–43].

Recently published data from studies investigating 
the Lotus prosthesis present a  rate of postprocedural 
PPM implantation similar to CV. In the REPRISE II study, 
28.6% of participants had a new PPM implanted during 
the perioperative period, mostly due to third-degree 
AVB. Overstretch of valve annulus or LVOT of ≥ 10% was 
identified as a strong independent predictor of the need 
for PPM implantation [44]. A  similar PPM implantation 
frequency was reported by Rampat et al. in the LOTUS 
UK registry [45]. Due to a relatively high rate of conduc-
tion disturbances accompanying the first generation of 
TAVI prostheses, the decrease in this complication rate 
was one of the reasons for the introduction of improved 
valves. Medtronic CoreValve Evolut R, a new version of 
CV, causes minimal conduction disturbances with a sig-
nificantly lower rate of conduction abnormalities [46]. 
These findings are consistent with our experiences, both 
with CV and Evolut R prostheses. Similar outcomes were 
reported in the case of the new Acurate valve genera-
tion, as was mentioned before [41]. Only in the case of 
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the new ES prosthesis generation (Sapien 3, ES3) was 
a  higher rate of postprocedural conduction abnormali-
ties and PPM implantations reported when compared to 
the Sapien XT devices. The longer stent of ES3, reaching 
deeper into the LVOT, could play a role, especially when 
low implantation was performed [34]. Height of implan-
tation and relation of the prostheses to the adjacent 
structures in the most frequently used valves are pre-
sented in Figure 1.

Rate of conduction disturbances and PPM implanta-
tions according to the valves used is presented in Table II. 
Data included in the table were obtained from published 
studies and registry analyses.

Actual implantation of the prosthesis is only one of 
several stages of the TAVI procedure. Other phases are: 
crossing of the aortic valve with a stiff wire, positioning 
and inflation of the balloon catheter (if necessary), and 
positioning of the device. Over a half of procedure-relat-

Figure 1. Most frequently used prostheses after implantation and their relation to the adjacent structures. 
Aortic annulus level was marked with blue lines, ascending aorta and coronary sinuses were marked with red 
dotted lines. A – CoreValve prosthesis, long stent of the valve may result in new conduction disturbances devel-
opment. B – CoreValve Evolut R prosthesis, with shorter stent than first generation of CV may cause less trau-
ma to the cardiac conduction system. C – SapienXT prosthesis, low profile allows the majority of abnormalities 
to be avoided. D – Symetis Acurate prosthesis, the part of the valve with thick struts is relatively short, which 
may correspond to rare occurrence of conduction disturbances. Source: authors’ own material

C

A

D

B
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ed conduction abnormalities occur the first time even 
before the device implantation. The majority of these 
disturbances are caused by balloon predilatation. Rapid 
inflation of the balloon catheter and high pressures may 
irreversibly damage the AV node [19]. Nevertheless, val-
vuloplasty is useful in the case of severe calcifications of 
aortic cusps and in proper selection of prosthesis size. 
The authors tend to carefully select patients requiring 
predilatation and not to overuse this technique. Postdila-
tation of the implanted prosthesis also results in devel-
opment of some new disturbances, pressing the valve 
closer to the AV node [32]. This may be however one of 
the simplest solutions in the case of severe perivalvu-
lar leak; therefore we believe that postdilatation may be 
used in a less restrictive manner than preprocedural val-
vuloplasty.

Due to the sheath and delivery system sizes, the de-
livery route in TAVI is related to some complications. They 

are mostly vascular or bleeding complications, not con-
duction disturbances. In a study conducted by Salizzoni 
et al. only the transapical access was related to postpro-
cedural LBBB occurrence [47].

Electrophysiological factors
Pre-existing abnormalities in ECG play an important 

role in development of TAVI-related conduction distur-
bances. Abnormalities alone can be irrelevant for the 
prognosis, but in addition to the interventional proce-
dure such as TAVI, they affect procedural success and fol-
low-up. For example, isolated right bundle block is gener-
ally recognized as a benign condition, but it appears to be 
an independent predictor of development of new com-
plete AVB and PPM implantation [6, 30, 48]. The LBBB, 
known as a TAVI-related complication itself, is also a pre-
dictor for postprocedural AVB and need for PPM implan-

Table II. Postprocedural frequency of most common new conduction disturbances occurring after transcath-
eter aortic valve implantation according to the device implanted. Case reports and case series were not taken 
into consideration

Prosthesis Disturbances Clinical trials Registry analyses  
(> 100 participants)

Registry analyses  
(< 100 participants)

Core Valve LBBB N/A 38.8–50% [10, 32] 9–48% [19, 35, 48, 50]

High-grade AVB N/A 4.6–16% [10, 32] 5.7–27% [19, 33, 35, 50, 51]

PPM implantation 21.6% [63] 6.9–27.4% [10, 32, 55, 64] 5.6–55.9% [23, 33, 35, 48, 
50, 51]

CoreValve Evolut R LBBB N/A N/A 8.3% [46]

High-grade AVB N/A N/A 0 [46]

PPM implantation N/A N/A 0 [46]

Sapien 3 LBBB N/A 13% [34] N/A

High-grade AVB N/A 17.9% [34] N/A

PPM implantation N/A 7.2–19.1% [34, 64] N/A

Sapien/XT LBBB N/A 8.6–30.2% [12, 32, 34] 5.1–7.9% [35, 37, 65]

High-grade AVB N/A 1.3–12.6% [32, 34, 66] 2.6–5.1% [35, 65]

PPM implantation 3.4–8.5% [67–69] 1.3–12.2% [12, 32, 34, 66] 3.6–5.3% [35, 37, 65]

Symetis Acurate LBBB N/A N/A N/A

High-grade AVB 2.5% [70] N/A N/A

PPM implantation 2.5% [70] 10% [38] 21% [39]

Symetis Acurate 
Neo

LBBB N/A N/A N/A

High-grade AVB N/A N/A 0–8.7% [41–43]

PPM implantation N/A N/A 0–8.7% [41–43]

Lotus LBBB N/A 55.2% [45] N/A

High-grade AVB 26% [44] 20.2% [45] N/A

PPM implantation 28.6% [44] 38.1% [45] N/A

LBBB – left bundle branch block, AVB – atrioventricular block, PPM – permanent pacemaker,  N/A – not available.
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tation [49]. Jilaihawi et al. found a correlation between 
left axis deviation in baseline ECG, with or without LBBB, 
and need for PPM implantation [26]. One could suspect 
that any increase in QRS duration may have an influence 
on development of conduction disturbances. It was con-
firmed in a few studies where longer baseline QRS dura-
tion was identified as a factor associated with a higher 
rate of persistent LBBB and permanent pacemaking [12, 
29]. One of the studies described postprocedural QRS 
duration > 128 ms as associated with PPM requirement 
[33]. In studies using invasive electrophysiological stud-
ies to evaluate TAVI effects on the conduction system, 
also significant prolongation of His-ventricle interval and 
the Wenckebach point was found [37, 50].

Like the slower intraventricular conduction, the slow-
er heart rate influences the prognosis after TAVI. One 
analysis showed that patients with a  baseline or post-
procedural ventricular rate below 65/min had six-fold in-
creased risk for PPM requirement in contrast to patients 
with a higher heart rate. Baseline atrial fibrillation was 
also found as an independent risk factor for this compli-
cation [51].

In patients without electrocardiographic abnormali-
ties at admission, some disturbances can occur during 
the TAVI procedure. These abnormalities can be transient, 
but some of them may have an influence on short- and 
long-term prognosis. Transient episodes of AVB and LBBB 
occurring during implantation are in follow-up risk fac-
tors for complete AVB development and in consequence 
PPM requirement [21].

Other factors
In the analysis conducted by Piazza et al. male sex 

and history of myocardial infarction were independent 
risk factors for new-onset LBBB in univariable analysis 
but not predictors of new PPM [29]. However, the re-
quirement for PPM was significantly higher in patients 
with higher risk in the logistic EuroSCORE [52]. An asso-
ciation between high Logistic EuroSCORE and new-onset 
AVB or LBBB was not found, though [21, 32].

Patients’ age is one of the variables included in the 
logistic EuroSCORE formula. Age itself was also described 
as an independent predictor of conduction disturbances 
after TAVI. Patients older than 75 years have a significant-
ly higher rate of PPM implantation when compared to 
the younger group [51]. In a sub-analysis of the PARTNER  
trial, Nazif et al. also found that previous cardiac surgery 
was significantly more frequent in patients who devel-
oped LBBB after TAVI in comparison to patients without 
this abnormality [13].

Treatment approach
As the TAVI is a highly invasive procedure, continuous 

monitoring of patients after the implantation should be 
conducted. Close attention to rhythm and conduction 

disturbances, systemic blood pressure, fluid balance, and 
vascular accesses should be given. Duration of 48 h of 
such observation is considered as appropriate [53]. Careful 
monitoring during and after the procedure helps in faster 
identification and management of the conduction abnor-
malities. For a case of sudden high-degree AVB or brady-
cardia/bradyarrhythmia, a temporary electrode is implant-
ed to secure the patient during the procedure. In some 
cases, the electrode could stay in the right ventricle longer 
due to the occurrence of some rhythm abnormalities.

There are no unified guidelines on time of continuous 
monitoring after TAVI. Most of the disturbances occur 
within the first week after the procedure. Therefore some 
researchers recommend at least 7-day ECG monitoring 
[17]. ESC guidelines on cardiac pacing also recommend 
a 7-day period of clinical observation to assess the type 
and significance of disturbances. The observation peri-
od could be shortened in case of permanent or recurring 
complete AVB with slow escape rhythm. In such patients 
the PPM implantation can be performed earlier (class of 
recommendation I, evidence level C) [54]. There is a lack 
of consensus and data regarding PPM implantation in 
case of occurrence of TAVI-related 2nd degree AVB, bundle 
branch blocks or combination of AVB and bundle blocks, 
but most researchers recommend permanent pacing [17, 
54, 55]. Currently, the median time to the clinical deci-
sion of implantation is 5 days. Due to the possibility of 
resolution of conduction abnormalities, some authors 
recommend a longer observation period and a more con-
servative approach to PPM implantation [55].

While considering the PPM implantation after TAVI, 
one should also take into account an interventional pro-
cedure in a short period. In the analysis of Schwerg et al., 
PPM implantation on the day of TAVI compared to later 
implantation was not associated with additional compli-
cations [56].

The TAVI-related conduction disturbances may re-
solve not only during the hospital stay but also in a lon-
ger period. Results of the investigations concerning pa-
tients with PPM implanted after TAVI are not consistent. 
Nonetheless, a significant decrease in pacing dependen-
cy is observed [57, 58]. The lowest ventricular pacing rate 
was observed in patients in whom PPM implantation was 
performed due to bundle branch blocks [35, 55].

While some studies report that PPM appears to have 
a  neutral or even positive influence on survival, in the 
sub-analysis of the PARTNER trial the presence of PPM 
was associated with worse outcomes and higher 1-year 
mortality when compared to non-PPM patients [6, 59, 
60]. Considering this, a  careful analysis of PPM indica-
tions in each case should be performed. The authors be-
lieve that patient observation instead of premature PPM 
implantation is more appropriate, especially since the 
majority of conduction disturbances tend to disappear 
before discharge.
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Although many patients undergoing TAVI meet the 
criteria for cardiac resynchronisation therapy (CRT), there 
are limited data and experience considering the influence 
of resynchronisation on outcome. Only a few case reports 
concerning use of cardiac CRT devices in patients after 
TAVI are available [61, 62]. These papers describe very 
good outcomes of combined TAVI-CRT therapy; therefore 
further evaluation of resynchronisation therapy following 
TAVI should be performed, especially since LBBB was rec-
ognised as a mortality-affecting factor [15].

Conclusions
The development of TAVI is dynamic, and the grow-

ing number of patients suggests that in the immediate 
future the percentage of transcatheter procedures will 
be comparable to surgical ones. Indications for TAVI 
can also be expanded. Therefore, patients should be 
carefully screened for risk factors for conduction dis-
turbances in order to provide effective prevention and 
proper treatment. Pacemaker implantation is the most 
common treatment option for severe abnormalities, but 
data regarding its use and influence on outcome remain 
ambiguous. Guidelines or standardized protocols of man-
agement with conduction disturbances should also be 
developed in order to ensure optimal standards of care 
in every case.
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