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ABSTRACT

Background Cardiac conduction disorders (CCD) and requirement for perma-
nent pacemaker implantation (PPI) are not uncommon after surgical aortic valve 
replacement and have important clinical implications. We aimed to investigate 
the incidence of CCD after percutaneous aortic valve implantation (PAVI) and to 
identify possible clinical factors associated with their development.

Methods We studied 34 patients (mean age 80±8 years, 18 male) who 
underwent PAVI with the CoreValve bioprosthesis (CoreValve Inc, Irvine, CA). 
Electrocardiographical evaluation was performed pre- and postprocedurally, and 
at 1 week and 1 month follow-up. Other clinical variables were obtained from the 
medical history, echocardiography and angiography. 

Results  After PAVI, 7 patients required PPI, all of whom developed total 
atrioventricular block within three days postprocedurally. A smaller left ventricu-
lar outflow tract diameter (20.3±0.5 vs. 21.6±1.8 cm; p=0.01), more left-sided heart 
axis (-20±29 vs. 19±36°; p=0.02), more mitral annular calcification (10±1 vs. 5±4 mm; 
p=0.008) and a smaller post-implantation indexed effective orifice area (0.86±0.20 
vs. 1.10±0.26 cm2/m2; p=0.04) were associated with PPI. The incidence of new left 
bundle branch block (LBBB) was 65% and was associated with a deeper implanta-
tion of the prosthesis: 10.2±2.3 mm in the new LBBB group versus 7.7±3.1 mm in 
the non-LBBB group (p=0.02). 

Conclusion Percutaneous aortic valve implantation with the CoreValve pros-
thesis results in a high incidence of total atrioventricular block requiring perma-
nent pacemaker implantation and new onset left bundle branch block. Pre-existing 
disturbance of cardiac conduction, a narrow left ventricular outflow tract and the 
severity of mitral annular calcification predict the need for permanent pacing, 
while the only factor shown to be predictive for new onset LBBB is the depth of 
prosthesis implantation.
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Introduction

Due to the close proximity of the aortic valve to the atrioventricular (AV) node and 
bundle of His, the development of new cardiac conduction disorders (CCD) fol-
lowing surgical aortic valve replacement (SAVR) is not uncommon. The incidence 
of cardiac conduction disorders after SAVR requiring a permanent pacemaker 
implantation (PPI) on short-term ranges from 3 to 6%.1-3 New bundle branch block 
(BBB) after SAVR is even more common and has recently been reported as high as 
18%.4 

Cardiac conduction disorders following SAVR have important clinical implica-
tions. Persistent AV block after SAVR requiring PPI increases mechanical ventila-
tion times, intensive care unit stay, and overall hospital stay.5-7 Also, development 
of new BBB after SAVR is associated with higher rates of complete AV block, 
syncope and sudden cardiac arrest at long-term.4

Percutaneous aortic valve implantation (PAVI) is an alternative therapy for pa-
tients with aortic valve stenosis who have a high risk for serious complications 
after SAVR. Many reports have been published about its feasibility and safety.8-13 
However, the occurrence of CCD during or after PAVI has only been reported 
briefly in some of these studies. The issue of CCD following PAVI and its possible 
predicting factors have been addressed recently.14-16 The incidence of PPI after 
PAVI in these reports ranges from 20 to 33% and that of new LBBB from 40 to 50%.
In this study, we aim to report the incidence and timing of cardiac conduction 
problems during and after PAVI. Secondly, we aim to identify the possible fac-
tors associated with these conduction problems in order to obtain insight into the 
mechanisms of their development.

Methods

No extramural funding was used to support this work. The authors are solely re-
sponsible for the design and conduct of this study, all study analyses, the drafting 
and editing of the paper and its final contents.

Patients

We included a total of 34 consecutive patients who underwent a percutaneous 
aortic valve implantation using the third-generation percutaneous self-expanding 
CoreValve® prosthesis (CoreValve Inc, Irvine, CA). The indication for PAVI was 
a severe symptomatic aortic valve stenosis in patients who were rejected or had a 
high risk for conventional surgical aortic valve replacement. Clinical and anatomi-
cal criteria defined by CoreValve were applied for patient selection.11, 14 The Core- 
Valve prosthesis implantation was performed under general anesthesia, and has 
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been described in previous studies.10, 11 

Electrocardiographical evaluation

All patients underwent standard 12-lead resting electrocardiography the day be-
fore the procedure, almost every day after PAVI up to discharge from the hospital, 
and at one month follow-up. Also during PAVI continuous electrocardiographical 
monitoring was performed. 
Permanent pacemaker implantation was performed in case of the presence of com-
plete heart block or symptomatic bradycardia, persisting after at least the second 
postprocedural day. Other cardiac conduction abnormalities, such as left BBB, right 
BBB and left fascicular hemiblock were diagnosed by a cardiologist according to 
criteria recommended by the World Health Organization and the International 
Society and Federation for Cardiology Task Force.17 Left axis deviation was defined 
as a frontal mean QRS angle between -30 and -90 degrees. 

Evaluation of other parameters

Complete pre- and postprocedural transthoracic echocardiographic examina-
tions were performed in all patients, using the GE Vivid Dimension machine (GE 
Healthcare, Horten, Norway). Aortic (prosthetic) valve hemodynamics were as-
sessed before and after PAVI and included aortic valve effective orifice area (EOA), 
peak and mean aortic valve pressure gradient (AVPG), (paravalvular) aortic 
regurgitation (AR) grade and location of postimplantation paravalvular AR. In 
the preprocedural echocardiograph left ventricular outflow tract (LVOT) diameter 
and end-diastolic interventricular septal dimension (IVSd) were assessed in the 
parasternal long axis view. The severity of mitral annular calcification (MAC) was 
assessed in the apical four chamber view by measuring the largest diameter of echo 
dense calcium located at the posterior part of the mitral annulus. The prosthesis 
depth in the LVOT was assessed with direct post-implantation contrast angiog-
raphy and was defined as the distance between the lower end of the metal frame 
and the original aortic annulus level. Laboratory analysis included preprocedural 
NT-proBNP levels and postprocedural CK-MB peak levels.

Follow-up and study end-points 

Data collection was completed for every patient at one month follow-up or in case 
of death. End-points for this study were the development of high degree AV block, 
requiring permanent pacemaker implantation and the development of left bundle 
branch block. To assess the possible risk factors for developing new LBBB or PPI, 
pre-, peri-, and postprocedural variables were compared between two groups with 
or without the specific cardiac conduction disturbance.
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Statistical analysis

Statistical analysis was performed using the statistical software SPSS 16.0 for 
windows (SPSS Inc., Chicago, IL). Data are expressed as mean value ± standard 
deviation for continuous variables and as numbers with percentage for categorical 
variables. For comparison of continuous variables between two groups Student’s 
t-test was used, and for comparison of categorical variables, chi-square test and 
Fischer’s exact chi-square test were used. For comparison of variables, which were 
not normally distributed, non-parametric tests were used. P-values <0.05 were 
considered to be significant.

Results

Baseline clinical characteristics of the 34 patients are shown in Table 1. The mean 
age was 80±8 years and 18 (53%) patients were male. All patients had a severe 
symptomatic aortic valve stenosis and were at high risk for surgical AVR; 23 (71%) 
patients were considered inoperable. Two patients had a DDDR pacemaker im-
planted within two months before PAVI because of symptomatic bradycardia. Suc-
cessful aortic valve implantation was achieved in all 34 patients. One patient died 
a few hours after PAVI and could not be included in the analysis at the median 
follow-up timepoints of 1 week and 1 month. Another 6 patients died between 1 
week and 1 month after PAVI and were excluded for analysis at 1 month follow-up 
(Figure 1).
Aortic valve hemodynamics improved immediately after PAVI: the indexed EOA 
increased from 0.39±0.10 cm2/m2 at baseline to 1.03±0.25 cm2/m2 postprocedurally 
and the peak AVPG decreased from 79±25 to 22±8 mmHg (both p<0.0001). 

Electrocardiographical cardiac conduction parameters
The baseline electrocardiographical cardiac conduction parameters of the 34 
patients and the postprocedural changes in cardiac conduction at three different 
timepoints are shown in Table 2. Preprocedurally, 14 patients were in atrial fibrilla-
tion and 12 patients had one or more CCD’s, with left axis deviation being the most 
frequent conduction problem (7 patients), followed by first degree AV block (5 
patients) and right BBB (3 patients) and left BBB (2 patients). The two patients with 
a previously implanted permanent pacemaker had neither an atrial nor a ventricu-
lar paced rhythm at baseline. 
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 Table 1. Baseline characteristics (n=34) 
      

Age, yrs 80.4 ± 8.0  
BMI, kg/m2 27.2 ± 5.4  
BSA, m2 1.88 ± 0.22  
Male gender 18 ( 53 )  
Clinical history     

Hypertension 18 ( 53 )  
Diabetes Mellitus 11 ( 32 )  
Hypercholesterolemia 7 ( 21 )  
CAD 16 ( 47 )  
Previous PCI 9 ( 27 )  
CABG 4 ( 12 )  
Atrial fibrillation 14 ( 42 )  
Permanent PM 2 ( 6 )  
COPD 7 ( 21 )  

NYHA class ≥ 3 24 ( 74 )  
Rejected for surgery 23 ( 71 )  
EuroSCORE 14.3 ± 10.1  
STS score 5.0 ± 2.8  
Heart rate limiting medication     

Betablocker 17 ( 50 )  
Digoxin 8 ( 24 )  
Nondihydropyridin CCI 5 ( 15 )  

     

Preoperative variables     
AVA, cm2 0.73 ± 0.20  
Indexed EOA, cm2/m2 0.39 ± 0.10  
AVPG max, mmHg 78 ± 25  
AVPG mean, mmHg 51 ± 20  
AR grade ≥ 2 8 ( 24 )  
Impaired systolic LVF 6 ( 18 )  
          

Values are n (%) or mean ± SD (range). BMI, body mass 
index; BSA, body surface area; CAD, coronary artery 
disease; PCI, percutaneous coronary intervention; CABG, 
coronary artery bypass graft; PM, pacemaker; COPD, 
chronic obstructive pulmonary disease; NYHA, New York 
Heart Association; STS, society of thoracic surgeons; CCI, 
calcium channel inhibitor; AVA, aortic valve area; EOA, 
effective orifice area; AVPG, aortic valve pressure gradient; 
LVMI, left ventricular mass index; AR, aortic regurgitation; 
LVF, left ventricular function. 
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Baseline 

Direct post 

1 week 

1 month 

34 patients with 
intrinsic rhythm 

7 patients 
PM rhythm 1 patient dead 

7 patients dead 

31 patients 
Intrinsic rhythm 

26 patients 
Intrinsic rhythm 

20 patients 
Intrinsic rhythm 

7 patients 
PM rhythm 

3 patients 
PM rhythm 

Figure 1: Schematic representation of the patients included in this study and their heart rhythm status 
at baseline, direct after percutaneous aortic valve implantation and 1 week and 1 month after the proce-
dure. PM: pacemaker.

Directly after PAVI, there was a large increase in the prevalence of CCD’s. The 
prevalence of LBBB increased from 6% at baseline to 71% directly after implanta-
tion (p<0.0001). This was also expressed in the increase of QRS duration from 
102±25 to 140±26 ms (p<0.0001). 
In total, 7 (21%) patients developed high degree AV block after PAVI requiring 
permanent pacemaker implantation. Clinical and electrophysiological details of 
these patients are shown in Table 3. Three patients developed persisting high de-
gree AV block direct after balloon valvuloplasty during PAVI, requiring ventricu-
lar pacing and eventually permanent pacemaker implantation. In the other four 
patients high degree AV block developed between one and three days post-PAVI. 
Thus, the prevalence of persisting high degree AV block requiring permanent 
ventricular pacing increased from 0% at baseline to 19% at discharge after PAVI 
(p=0.01; not shown in table). The prevalence of first degree AV block and left axis 
deviation did not statistically significantly increase after PAVI. 
Except from a decrease of the PQ time from 226±68 to 193±36 ms (p=0.02) in 15 
patients with sinus rhythm, no significant changes in the prevalence of CCD and 
electrocardiographical measures for cardiac conduction were observed between 1 
week and 1 month post-PAVI.
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Table 2. Changes in electrocardiographical parameters for cardiac conduction after percutaneous aortic valve 
implantation (n=34) 

 Baseline Direct post 1 week 1 month 
 (n=34) P-value* (n=34) P-value* (n=33) P-value* (n=27) 

Atrial fibrillation 14/34 ( 42) 0.2 12/34 ( 35) 0.2 13/33 ( 39)§ 0.3 9/27 ( 33)\\ 
Conduction disorder 12/34 ( 35) <0.0001 29/34 ( 85) 0.08 31/33 ( 94)§ 0.2 23/27 ( 85)\\ 

PM rhythm 0/34 ( 0) 0.08 3/34 ( 9) 0.05 7/33 ( 21)§ 1 7/27 ( 26)\\ 
1 AVB 5/20 ( 25) 0.3 9/22 ( 41)† 0.7 9/18 ( 50) 0.08 5/15 ( 33) 
Left axis deviation 7/34 ( 21) 0.08 10/31 ( 32)‡ 1 8/26 ( 31)¶ 0.6 5/20 ( 25)** 
RBBB 3/34 ( 9) 0.3 2/31 ( 6)‡ 1 2/26 ( 8)¶ 0.3 2/20 ( 10)** 
LBBB 2/34 ( 6) <0.0001 22/31 ( 71)‡ 0.2 21/26 ( 81)¶ 0.2 14/20 ( 70)** 

QRS angle, ° 11 ± 40 0.1 1 ± 44 0.3 2 ± 43 0.4 6 ± 45 
PQ interval, ms  178 ± 34 0.07 190 ± 40 0.09 226 ± 68 0.02 193 ± 36 
QRS duration, ms 102 ± 25 <0.0001 140 ± 26 0.3 143 ± 17 0.4 138 ± 25 
                

Values are n (%) or mean ± SD (range). * P values denote significance of Wilcoxon signed rank sum test or paired-samples t test for 
differences between adjacent time point for each variable. † Two patients converted to sinus rhythm after percutaneous valve implantation.  
‡ Three patients had a pacemaker rhythm. § One patient died before 1 week follow-up.  ¶ Seven patients had a pacemaker rhythm. \\ Seven 
patients had died at one month follow-up. ** Six patients had a pacemaker rhythm. PM, pacemaker; 1 AVB, 1st degree AV block; RBBB, right 
bundle branch block; LBBB, left bundle branch block.  

Table 3. Clinical and electrophysiological characteristics of the patients requiring 
permanent pacemaker implantation following percutaneous aortic valve 
implantation 
         

Patient 
no. 

Age 
(years) Sex Intrinsic 

rhythm 
Preprocedural 

CCD 
Indication for 

PPI 
Day 

of PPI 
Pacing 
mode 

% VP at 1 
month 

6 81 F SR 1 AVB, LAD Total AVB  
at day 3 9 DDDR 99 

8 81 M AF AIB, LAFB Total AVB  
at day 1 17 DDDR 100 

11 74 F AF None Total AVB 
periprocedural 3 VVIR 92 

15 84 F AF None Total AVB 
periprocedural 8 VVIR 100 

19 88 M AF None Total AVB  
at day 3 4 DDDR 95 

26 89 F SR AIB Total AVB  
at day 2 2 DDDR 90 

27 87 F SR 1 AVB Total AVB 
periprocedural 2 DDDR 100 

         

Values are n (%) or mean ± SD (range). CCD, cardiac conduction disorder; PPI, permanent pacemaker 
implantation; VP, ventricular pacing; F, female; SR, sinus rhythm; 1 AVB, first degree atrioventricular 
block; LAD, left axis deviation; M, male; AF, atrial fibrillation; AIB, aspecific interventricular block; 
LAFB, left anterior fascicular hemiblock. 

Identification of possible predictors for cardiac conduction disorders

Permanent pacemaker implantation was required in 7 patients before discharge 
and in 19 patients not. Seven patients were excluded for group analysis because of 
2 patients with preprocedural PPI and 5 patients who died before the need for PPI 
could be considered.
Of these excluded patients, one developed in-hospital total AV block, which was 
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treated with right ventricular pacing by means of a temporary pacemaker wire. 
This patient remained hospitalized and died eventually on the intensive care unit 
without PPI. Before discharge after PAVI, 18 patients had developed a new LBBB 
and 7 patients did not. The remaining eight patients were excluded for group 
analysis because of the presence of ventricular paced rhythm in 7 patients and pre-
existent LBBB in 2 patients. 

Table 4. Pre-, peri- and postprocedural data of patients (n=27) 
        

   No PPI (n=20)   PPI (n=7)   P-value  

Age, years  78.3 ± 8.1  83.4 ± 5.3  0.1  
Male gender  12 ( 60 )  2 ( 29 )  0.2  
BMI, kg/m2  26.8 ± 6.1  30.2 ± 3.9  0.2  
BSA, m2  1.90 ± 0.24  1.92 ± 0.22  0.8  
NT-proBNP, μg/L  2940 ± 4016  3782 ± 6682  0.7  
Preprocedural conditions            

Hypertension  9 ( 45 )  5 ( 71 )  0.4  
Diabetes  9 ( 45 )  1 ( 14 )  0.2  
Coronary artery disease  9 ( 45 )  2 ( 29 )  0.7  
AR grade ≥ 2  5 ( 25 )  2 ( 29 )  1  
Rate limiting medication  15 ( 75 )  3 ( 43 )  0.2  

Preprocedural variables            
LVOT, mm  21.6 ± 1.8  20.3 ± 0.5  0.01  
Indexed EOA, cm2/m2  0.40 ± 0.11  0.35 ± 0.08  0.2  
Max AVPG, mmHg  72 ± 24  89 ± 17  0.1  
IVSd, cm  1.63 ± 0.26  1.55 ± 0.36  0.5  
Mitral annular calcification, mm  5 ± 4  10 ± 1  0.008  

Preprocedural EKG            
Atrial fibrillation  6 ( 30 )  4 ( 57 )  0.4  
PQ duration, ms  173 ± 29  210 ± 59  0.1  
QRS angle, °  19 ± 36  -20 ± 29  0.02  
QRS duration, ms  101 ± 27  101 ± 19  1  
Conduction disorder  8 ( 40 )  3 ( 43 )  1  
1 AVB  3/14 ( 21 )  2/3 ( 67 )  0.2  
LBBB  2 ( 10 )  0 ( 0 )  1  
RBBB  2 ( 10 )  0 ( 0 )  1  
Left axis deviation  4 ( 20 )  2 ( 29 )  0.6  

Periprocedural variables            
29 mm prosthesis  9 ( 45 )  2 ( 29 )  0.7  
Prosthesis depth, mm  9.5 ± 2.7  9.2 ± 3.2  0.8  
Balloon diameter, mm  23 ± 3  23 ± 2  0.7  
Postdilatation  3 ( 15)  0 ( 0 )  0.5  

Postprocedural variables            
Indexed EOA, cm2/m2  1.10 ± 0.26  0.86 ± 0.20  0.04  
Max AVPG, mmHg  21 ± 9  24 ± 4  0.2  
AR grade ≥ 2  8 ( 40 )  4 ( 57 )  0.7  
AR located posteriorly  6 ( 30 )  5 ( 71 )  0.08  
CK-MB peak level, μg/L  18 ± 13  16 ± 8  0.6  

            

Values are n (%) or mean ± SD (range). PPI, permanent pacemaker implantation; BMI, body mass 
index; BSA, body surface area; PCI, percutaneous coronary intervention; CABG, coronary artery 
bypass graft; AR, aortic regurgitation; LVOT, left ventricular outflow tract; EOA, effective orifice 
area; AVPG, aortic valve pressure gradient; IVSd, interventricular septal dimension; EKG, 
electrocardiograph; 1 AVB, 1st degree AV block; LBBB, left bundle branch block; RBBB, right 
bundle branch block. 
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Table 5. Pre-, peri- and postprocedural data of the patients (n=25) 
        

   No LBBB (n=7)  New LBBB (n=18)  P-value  

Age, years  80.3 ± 8.0  80.0 ± 9.0  0.9  
Male gender  5 ( 71 )  9 ( 50 )  0.4  
BMI, kg/m2  24.4 ± 3.4  27.6 ± 6.0  0.2  
BSA, m2  1.86 ± 0.21  1.88 ± 0.23  0.8  
NT-proBNP, μg/L  1912 ± 877  6096 ± 11068  0.3  
Associated conditions            

Hypertension  3 ( 43 )  9 ( 50 )  1  
Diabetes  2 ( 29 )  7 ( 39 )  1  
Coronary artery disease  3 ( 43 )  11 ( 61 )  0.7  
AR grade ≥ 2  2 ( 29 )  5 ( 28 )  1  
Rate limiting medication  4 ( 57 )  14 ( 78 )  0.4  

Preprocedural variables            
LVOT, mm  21.7 ± 1.8  21.6 ± 1.9  0.8  
Indexed EOA, cm2/m2  0.38 ± 0.05  0.43 ± 0.10  0.2  
Max AVPG, mmHg  80 ± 20  74 ± 29  0.6  
IVSd, cm  1.60 ± 0.13  1.69 ± 0.37  0.4  
Mitral annular calcification, mm  4 ± 2  6 ± 5  0.1  

Preprocedural EKG            
Atrial fibrillation  2 ( 29 )  7 ( 39 )  0.7  
PQ duration, ms  173 ± 19  178 ± 23  0.7  
QRS angle, °  16 ± 44  23 ± 37  0.7  
QRS duration, ms  111 ± 34  93 ± 15  0.2  
Conduction disorder  2 ( 29 )  5 ( 28 )  1  
1 AVB  1/5 ( 20 )  2/11 ( 18 )  1  
RBBB  2 ( 29 )  1 ( 6 )  0.2  
Left axis deviation  1 ( 14 )  3 ( 17 )  1  

Periprocedural variables            
29 mm prosthesis  3 ( 43 )  8 ( 44 )  1  
Prosthesis depth, mm  7.7 ± 3.1  10.2 ± 2.3  0.02  
Balloon diameter, mm  24 ± 3  23 ± 2  1  
Postdilatation  2 ( 29 )  1 ( 6 )  0.2  

Postprocedural variables            
Indexed EOA, cm2/m2  1.19 ± 0.27  1.04 ± 0.25  0.3  
Max AVPG, mmHg  19 ± 10  22 ± 9  0.5  
AR grade ≥ 2  4 ( 57 )  6 ( 33 )  0.4  
AR located posteriorly  4 ( 57 )  3 ( 17 )  0.1  
CK-MB peak level, μg/L  22 ± 19  26 ± 22  0.6  

            

Values are n (%) or mean ± SD (range). PPI, permanent pacemaker implantation; BMI, body mass 
index; BSA, body surface area; PCI, percutaneous coronary intervention; CABG, coronary artery 
bypass graft; AR, aortic regurgitation; LVOT, left ventricular outflow tract; EOA, effective orifice 
area; AVPG, aortic valve pressure gradient; IVSd, interventricular septal dimension; EKG, 
electrocardiograph; 1 AVB, 1st degree AV block; RBBB, right bundle branch block. 

  

The differences in pre-, peri- and postprocedural variables between the groups 
with and without the specific CCD are shown in Table 4 for PPI and in Table 5 for 
new LBBB.
A smaller LVOT diameter (20.3±0.5 versus 21.6±1.8 mm; p=0.01), a more calcified 
mitral annulus (10±1 versus 5±4 mm; p=0.008) and a smaller postimplantation in-
dexed EOA (0.86±0.20 versus 1.10±0.26 cm2/m2; p=0.04) were associated with PPI. 
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From the baseline electrocardiographical parameters for cardiac conduction, only 
a more left-sided QRS axis was shown to be associated with PPI (-20±29 versus 
19±36°; p=0.02). 
The only variable which differed significantly between the new LBBB and no LBBB 
group was prosthesis depth: 10.2±2.3 versus 7.7±3.1 mm (p=0.02). 

Discussion

In our study, we found that the incidence of permanent pacemaker implantation 
due to total atrioventricular block after percutaneous implantation of the Core-
Valve aortic valve prosthesis, was 21%. In all patients the cardiac conduction 
disorders requiring PPI occurred within the first 3 days after PAVI. Associated 
predictors of PPI were a smaller left ventricular outflow tract, more mitral annu-
lar calcification, preexisting left heart axis, and a postprocedural smaller effective 
orifice area. We also found a new left bundle branch block incidence after PAVI of 
65%, occurring immediately after valve expansion, which was related to a deeper 
position of the valve prosthesis in the LVOT.    
The high incidence in our study of high degree AV block after PAVI requiring PPI, 
is comparable with the incidences reported in recent studies.14-16 Three of our PPI 
patients developed total AV block directly after balloon valvuloplasty during PAVI 
and in the other four patients high degree AV block occurred between 1 and 3 days 
post-implantation, which means that the indication for PPI is clearly early postpro-
cedurally.  
The patients requiring PPI had a significantly smaller preprocedural LVOT diame-
ter compared with those without PPI, while baseline indexed EOA was not signifi-
cantly different. Since the body mass index and body surface area did not differ 
significantly between both groups, a smaller LVOT diameter in the group requiring 
PPI could be the result of more fibrous thickening or calcification of the endocardi-
um in the subaortic valvular region. Similarly, in patients who underwent surgical 
aortic valve replacement, annular calcification extending to the subaortic level was 
a strong predictor for PPI, whereas calcification of the aortic valve itself was not.1, 2 
This relationship between excessive calcific depositions near the conduction tissue 
and the development of AV conduction problems following PAVI is further sup-
ported by our finding of significantly more mitral annular calcification in the PPI 
group versus the non-PPI group (Figure 2). The association between MAC and PPI 
after surgical AVR has been reported previously and was explained by the close 
proximity of the atrioventricular node and bundle of His to the cardiac fibrous 
skeleton.18 Degenerative calcification of the aortic and mitral annulus is probably a 
diffuse process, in which the cardiac conduction system is often involved as well, 
making it prone to injury when exposed to compressing or stretching forces during 
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percutaneous or surgical AVR.

Figure 2: Apical four chamber echocardiographical views of a patient with permanent pacemaker 
implantation (left side) and one without PPI after percutaneous aortic valve implantation (right side). 
Notice the difference between both patients in severity of mitral annular calcification, here measured as 
the diameter of echo dense calcium located at the posterior part of the mitral annulus. 

In our study, the three cases of early total AV block were the direct cause of bal-
loon valvuloplasty. The cause of the late cases of total AV block, occurring a few 
days after PAVI, is less clear, and may have been the result of prolonged or further 
postprocedural expansion of the CoreValve prosthesis. The significantly lower 
postprocedural effective orifice area in the PPI group compared with the non-PPI 
group could be a reflection of the smaller and more calcified aortic annulus in these 
patients, which prohibits full expansion of the valve prosthesis. 
In our study, preprocedural CCD was associated with PPI after PAVI, shown by 
the fact that the PPI group had a significantly more negative (left sided) deviated 
heart axis compared with the non-PPI group, indicating a conduction disturbance 
of the left anterior fascicle. Likewise, the association between preprocedural left 
axis deviation and LBBB and PPI after PAVI was recently described.15 Also in 
surgical aortic valve replacement, the presence of preoperative LBBB or RBBB were 
shown to be strong predictors of postoperative PPI.2, 19 
The postprocedural incidence of new LBBB in our study was 65%, which is com-
parable with previous studies which reported a new LBBB incidence of 40-60% 
after PAVI.14-16 All new left bundle branch blocks in our patients developed during 
the PAVI procedure and almost all  after expansion of the CoreValve prosthesis. 
Interestingly, deeper implantation of the prosthesis was shown to be the only fac-
tor associated with a higher chance of new onset LBBB. Thus, new onset LBBB can 
be attributed directly to the expanding valve prosthesis causing impingement of 
the left bundle conduction tissue. None of our patients with a new LBBB showed 
recovery of this conduction disorder at 1 month follow-up. 
The clinical significance of new LBBB after surgical aortic valve replacement has 
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been described previously.4, 20, 21 Whether new LBBB development after PAVI is 
associated with higher risk for complete AV block or sudden cardiac death at long-
term remains to be investigated.
There have been a few reports on the incidence of cardiac conduction disorders 
and permanent pacing after transcatheter implantation of the balloon-expandable 
Edwards SAPIEN prosthesis, reporting an incidence of AV conduction block 
requiring PPI from 0 to 6% and new onset LBBB of 3.3%.13, 22, 23 The much shorter 
Edwards SAPIEN prosthesis extending less into the left ventricular outflow tract 
can explain the lower incidence of cardiac conduction problems compared with the 
CoreValve prosthesis. 

Limitations

The occurrence of cardiac conduction disorders and requirement of permanent 
pacemaker implantation after PAVI was observed in a one month period. Whether 
there will be an improvement or worsening of cardiac conduction disorders on the 
long-term after PAVI remains to be investigated. 

Conclusion

We report the early occurrence and a high incidence of high degree atrioventricu-
lar block requiring permanent pacemaker implantation and new onset left bundle 
branch block following percutaneous aortic valve implantation with the CoreV-
alve prosthesis. The factors associated with permanent pacing are a smaller LVOT 
diameter, a more calcified mitral annulus, a more negative preprocedural heart 
axis and a smaller postoperative effective orifice area. The only factor shown to be 
predictive for new onset LBBB is the depth of the prosthesis implantation.
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