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ABSTRACT
Transcatheter aortic valve implantation (TAVI) has emerged as an alternative for multimorbid patients not 
suitable for open heart surgery. The vicinity of the conduction system, especially the atrioventricular node 
and His bundle to the non-coronary and right coronary aortic cusp, predisposes these patients to conduction 
abnormalities. However, due to the shape of both available transcatheter aortic valves (CoreValve and 
Edwards SAPIEN valve) these rates are different. To date, there is no clear information about the true rate 
of atrioventricular block, the significance of left bundle branch block as well as the transient or permanent 
nature of these conduction disorders. Due to this, the rate of subsequent pacemaker implantation exceeds 
up to 50%, which itself may be associated with worse clinical outcomes. Thus, there is a need for further 
data from large-scale series with a glance to the true rate of clinically relevant conduction disorders.

INTRODUCTION

Calcific aortic stenosis is the most frequent 
expression of valvular heart disease in the Western 
world. Population-based observational studies 
have revealed that 1-2% of patients over 65 years 
have moderate to severe aortic stenosis.1 Increased 
valve cusp thickness due to fibrosis and lipid 
accumulation, but without left ventricular outflow 
tract obstruction, is known as aortic valve sclerosis 
(Figure 1). It is a progressive disease that starts 
with initial changes in the cell biology of the valve 
leaflets, which develop into atherosclerotic-like 
lesions and aortic sclerosis, and eventually lead to 
calcification of the valve, causing left ventricular 
outflow tract obstruction. Even mild aortic stenosis 
is associated with adverse outcomes, with a 50% 
increased risk of cardiovascular death.2 There are no 
known therapies that slow disease progression. Thus, 
current guidelines consider aortic valve replacement 
as a class I indication for symptomatic patients,3,4 
facing, however, the fact that one-third of patients 
are considered to have an unacceptably high risk for 
open surgery.5 Current treatment options for those 
patients include medical treatment and percutaneous 

balloon aortic valvuloplasty, although neither has 
been shown to reduce long-term mortality of 
medically treated patients with symptomatic aortic 
stenosis, with a 1 and 5-year survival rate of 60% and 
32% respectively, and only minor short-term benefits 
were reported after balloon aortic valvuloplasty.6-8 
The search for a less invasive treatment option for 
patients with severe aortic stenosis was pioneered 
by Andersen et al.,9 subsequently, the feasibility 

Figure 1. Calcific aortic valve stenosis in long-axis 
and short axis. The non-coronary cusp calcification 
extends to subvalvular regions, where the conduction 
system is located within the triangle of Koch.
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of percutaneous prosthetic valve delivery was 
demonstrated by others10-13 and in 2000 Bonhoeffer 
et al.14 described the first successful implantation of 
a catheter-based stent valve in a pulmonary conduit. 
Transcatheter aortic valve implantation (TAVI) has 
recently been developed to minimise surgical risk 
in high-risk patients with severe symptomatic aortic 
stenosis who are refused for conventional open 
aortic valve replacement. The anatomical proximity 
of the conduction system to the aortic annulus 
atrioventricular block, with subsequent pacemaker 
requirement, was described in 6% of cases after 
surgical aortic valve replacement, but varies after 
TAVI between 5.7% and 42.5%, while new left bundle 
branch block occurs in up to 50-70%15-19 (Figure 2). 
Better prediction of pacemaker requirement would 
be of considerable benefit in patients undergoing 
TAVI with respect to potential needs and duration of 
postoperative monitoring.

ANATOMICAL CONSIDERATION

The aortic valve is normally composed of three 
cusps or leaflets. The individual cusps are attached 
to the aortic wall in a semilunar fashion, ascending 
to the commissures and descending to the basal 
attachment of each cusp to the aortic wall. The 
valvar leaflets and their supporting sinuses, which 
together make up the root, are related to all four 
cardiac chambers. Within the right atrium, the 
atrioventricular node is located within the triangle 
of Koch. This important triangle is demarcated 

by the tendon of Todaro, the attachment of the 
septal leaflet of the tricuspid valve, and the orifice 
of the coronary sinus. The apex of this triangle is 
occupied by the atrioventricular component of the 
membraneous septum. The atrioventricular node 
is located just inferior to the apex of the triangle 
adjacent to the membranous septum, and therefore, 
the atrioventricular node is in close proximity to 
the subaortic region and membranous septum of 
the left ventricular outflow tract. Thus, pathologies 
involving the aortic valve can lead to complete heart 
block or intraventricular conduction abnormalities. 
The atrioventricular node continues as the bundle 
of His, piercing the membraneous septum and 
penetrating into the left through the central fibrous 
body. The branching bundle is intimately related to 
the base of the interleaflet triangle that separates 
the non-coronary and right coronary leaflets of the             
aortic valve.

CONDUCTION DISORDERS

Aortic valve disease has been associated with 
cardiac conduction system disease, as aortic 
stenosis and insufficiency have been associated 
with both prolonged atrioventricular conduction 
times and higher degrees of atrioventricular 
block.20-22 Due to the vicinity of the aortic valve and 
atrioventricular node, as well as His bundle, complete 
atrioventricular block was reported in 5.7%, new 
left bundle branch block occurred in 18% with an 
association to complete atrioventricular block, 
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Figure 2. Surface electrocardiogram of a patient before (A) and 2 days (B) after implantation of a 
CoreValve (A).
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syncope, and sudden cardiac arrest at long-term 
after open surgery.23,24 Such conduction disturbances 
are presumed to result from surgical trauma to the 
cardiac conduction tissue during debridement of 
the calcified annulus.23,24 Risk factors for complete 
atrioventricular block after surgical aortic valve 
replacement include previous aortic regurgitation, 
myocardial infarction, pulmonary hypertension, 
and postoperative electrolyte imbalance,24,25 while 
among electrocardiographic criteria right bundle 
branch block was the strongest predictor for 
pacemaker requirement.24,25 Several investigations 
report changes in surface electrocardiogram after 
TAVI.15,26-31 The incidence of permanent pacemaker 
implantation after TAVI with the CoreValve system 
has been reported in 20% to 42.5%, and that of a 
new left bundle branch block in 50% to 70% [5,26-
31]. Nevertheless, with the balloon-expandable, 
shorter Edwards SAPIEN prosthesis, which is 
placed in the aortic annulus without direct impact 
on left ventricular outflow tract, the incidence 
of atrioventricular conduction block requiring a 
pacemaker was reported between 0% to 6%, and 
new onset left bundle branch block of 3.3%.32,33 

Differences to surgical aortic valve replacement 
might be due to the different techniques. In surgical 
approach the valve is replaced by another. Thus, 

the amount of conduction damage is predictable 
because the local trauma is nearly the same in all 
patients. However, in TAVI the amount of local 
damage is dependent of local calcification, the height 
of implantation in left ventricular outflow tract, the 
extent of trauma during index procedure (balloon 
valvuloplasty, balloon-to-aortic annulus relation, 
post-TAVI dilatation) and from further aortic annulus 
geometry. Degenerative calcification of the aortic 
and mitral annulus is probably a diffuse process, 
in which the cardiac conduction system is often 
involved and making it vulnerable to injury when 
exposed to mechanical compression by the nitinol 
frame of the CoreValve, which seems to completely 
expand within the first 7-10 days.31 Jilaihawi et al. 
reported first that pacemaker requirement after 
TAVI correlates to left axis deviation at baseline, left 
bundle branch block, baseline thickness of the native 
non-coronary cusp and to diastolic interventricular 
septal dimension >17 mm.30 Similarly, Piazza et al. 
revealed no prosthesis-related left bundle branch 
block when the proximal end of the valve frame was 
positioned <6.7 mm from the lower edge of the non-
coronary cusp.27 In the study by Marcheix et al. 30% 
of patients required pacemaker implantation due to 
persistent atrioventricular block,34 whereas Zahn et 
al. reported a permanent pacemaker rate of 42.5% in 
the German Transcatheter Aortic Valve Intervention-
Registry.16 Different rates of pacemaker implantation 
might be due to different indications for pacing (e.g. 
complete atrioventricular block, new left bundle 
branch, prolonged atrioventricular conduction). 
However, to date there is no evidence about the 
occurrence of left bundle branch block. Additionally, 
there is no information about the true long-term 
occurrence of relevant conduction disturbances and 
the permanent or transient nature of conduction 
disorders. A comparison of hard endpoints like 
high-grade atrioventricular block would be more 
convincing. Other reasons for different pacemaker 
implantation rates might be the learning curve 
with high implantation techniques resulting in less 
compromise of the compact atrioventricular node. 

Akin et al.35,36  was the first to describe intracardiac 
conduction abnormalities for better discrimination 
of new electrocardiographic changes on surface 
electrocardiogram, and to predict critical conduction 
delays  (Figure 3, 4). The evolution to complete 
atrioventricular block and to left bundle branch 
block took place over an observation period of 7 
days. Similarly, PQ interval and QRS duration, as well 
as AH and HV intervals prolonged. In the series of 
Akin et al, complete atrioventricular block was seen 

Figure 3. Setting of intracardiac measurements 
with a lead in right atrium, a lead in right ventricle 
and a lead in His bundle to measure intracardiac 
conduction.
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in 13.3%, while 8.9% suffered from type II second-
degree atrioventricular block; thus, 22.2% of patients 
developed an indication for permanent pacemaker 
implantation corroborating previous findings.27-29,37-41 
Their intracardiac measurements revealed that 
occurrence of first-degree atrioventricular block were 
predominantly due to prolongation of HV interval, 
which might be prognostically relevant.42 Scheinman 
et al. have shown that patients with an HV interval 
greater than 100 msec are a at high risk to develop 
complete atrioventricular block.42 Therefore, the 
possibility of progression of left bundle branch block 
to complete atrioventricular block should always 
be considered, and may explain the liberal use of 
pacemakers for conduction disorders observed in 
our series of TAVI patients. This liberal approach may 
be debatable, but in elderly patients with several 
comorbidities, preventive pacemaker insertion is 
justified by guideline recommendation.43 Piazza 
et al. showed that some of the initial conduction 
delay after TAVI was partially reversible at 1 month 
follow-up and presumably related to inflammation 
and oedema around the conduction pathways;27,31 
Akin et al. could not identify a single case of                   
conduction recovery. 

The multivariate analysis of Akin et al. revealed that 

only PQ duration >200 msec, a left bundle branch 
block and QRS duration >120 msec immediately 
(within 60 minutes) after CoreValve implantation, 
seem to predict critical atrioventricular conduction 
delay. Other baseline clinical and electrocardiographic 
parameters had no impact. The occurrence of above 
electrocardiographic findings soon after TAVI may 
reflect the extent of trauma from the procedure. 
Interestingly, the exact determination of both the 
amount of valve calcification and the height of 
implantation turned out to be non-reproducible 
although both parameters have been claimed to 
impact on conduction physiology.27,30 For example, 
the Edwards SAPIEN valve, shorter and less likely 
to extend into the left ventricular outflow tract, is 
obviously associated with a lower rate of complete 
AV block (0-6%).33,44 

As demonstrated by Akin et al., we believe that, 
regardless of favourable anatomy, only the extent of 
trauma predict the occurrence of critical conduction 
delay after TAVI. However, to diminish trauma to 
the conduction system by TAVI using the CoreValve 
revalving system may reduce the risk of conduction 
abnormalities. Such strategies may include limiting 
the depth of the valve within the left ventricular 
outflow tract and keeping the number of pre and 

Figure 4. Intracardiac traces in a patient with normal AH and HV conduction.
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