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Incidence of Conduction Disorders and Requirements for Permanent Pacemaker After
Transcatheter Aortic Valve Implantation
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Colafranceschi, Clara Weksler, Leandro Cordeiro Dias Rodrigues, Gustavo de Castro Lacerda
Instituto Nacional de Cardiologia (INC - MS), Rio de Janeiro, RJ - Brazil

Abstract
Background: Transcatheter aortic valve implantation (TAVI) has become a therapeutic option for high-risk or nonoperable patients with severe symptomatic aortic stenosis. Atrioventricular conduction disturbances requiring
permanent pacemaker (PPM) are a common and clinically important complication.
Objectives: To evaluate the incidence of conduction disorders (CDs) after TAVI and the need for subsequent PPM
implantation. To identify the predictors of postoperative PPM implantation.
Methods: Retrospective study. All patients who underwent TAVI in a public hospital from December/2011 to
June/2016 were included. Multivariate analysis was conducted to establish the predictor of permanent pacemaker
implantation. Survival curves were constructed by the Kaplan-Meyer method. Statistically significant variables
were those with p value < 0.05.
Results: 64 patients with AS underwent TAVI. Eleven patients were excluded. TAVI induced a new CD in
40 (77%) of the remaining 53 patients. The most common new CDs were 3rd degree AV block (32%) and left bundle
branch block (30%). Sixteen patients (30,2%) underwent PPM implantation during the index hospitalization.
On univariate analysis the risk factors for PPM implantation were CoreValve® use (OR: 1,76; P = 0,005), larger
prosthesis implantation (P = 0,015), presence of a QRS ≥ 120 ms (OR: 5,62; P = 0,012), and 1st degree AV block
(OR: 13; P = 0.008). On multivariate analysis the presence of 1st degree AV block predicted the need for PPM.
Conclusion: TAVI induced CDs requiring PPM in 30% of the patients. The presence of 1st degree AV block
predicted the need for PPM. (Int J Cardiovasc Sci. 2019;32(5):492-504)
Keywords: Atrioventricular Block; Bundle-Branch Block; Aortic Valve Stenosis/therapy; Transcatheter Aortic
Valve Implantation/methods.

Introduction
Aortic stenosis (AoS) is the most common valve
disease in developed countries, affecting approximately
3% of the population older than 75.1 In Brazil, with an
increase in life expectancy, a significant increase in cases
of degenerative AoS is expected for the coming years.2
The mortality rate of patients with symptomatic
AoS is approximately 50% in the first 2 years with
no surgical treatment.3,4 Aortic valve replacement is
associated with low mortality when performed in

patients without severe comorbidities.5 However, at
least 30% of symptomatic patients with severe AoS are
not operated because of the presence of comorbidities,
ventricular dysfunction or old age.6,7 A less invasive
form of treatment would be an attractive alternative for
patients with high surgical risk.
Transcatheter aortic valve implantation (TAVI) is
a recently developed technique for the treatment of
symptomatic patients with severe AoS considered to
be inoperable or at high surgical risk.8-13 The 2 types
of aortic valve prosthesis most used for percutaneous
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implantation are: A CoreValve® (self-expanding) and
Sapien® (balloon-expandable).11,12-16
Percutaneous implantation has evolved a lot over the
past years, but it presents some challenges. Conduction
disorders requiring permanent pacemaker implantation
are among the main complications of the procedure.
TAVI is associated with a greater need for pacemakers
compared to surgery, particularly when the CoreValve®
prosthesis is used.17-24
In addition to the greater need for permanent pacemaker
implantation, a higher incidence of intraventricular
conduction disorders has been demonstrated, notably left
bundle branch block (LBBB) after TAVI. Several authors
have shown that the development of LBBB after TAVI is
associated with a greater need for pacemaker, ventricular
dysfunction and increased long-term mortality.25-27
The objectives of this study are to determine the
incidence of new conduction disorders and the need for
a permanent pacemaker after TAVI, to identify predictors
of the need for a permanent pacemaker, and to conduct an
exploratory analysis to describe the long-term mortality
of patients who developed conduction disorders.

Methodology
Retrospective study. The study included all patients
undergoing TAVI in a major public cardiology
hospital from December 2011 to June 2016. TAVI was
recommended for patients with severe AoS considered
to be inoperable or at high surgical risk by a Heart
Team of clinical cardiologists, interventional surgeons
and cardiac surgeons. The decision of surgical risk was
obtained by calculating the EuroSCORE I.28 The decision
on the best form of treatment — clinical, surgical or
TAVI — was taken by the Heart Team, considering
the risk assessed by Euroscore and other variables not
considered in the score but increased the surgical risk,
such as the presence of porcelain aorta, fragility level,
hostile chest and cirrhosis of the liver.
The feasibility of TAVI was determined after analysis
of tomographic images from aortic measurements, aortic
ring diameter, coronary artery height and femoral artery
caliber. Some factors involved in planning the procedure,
such as the best access route and the type and size of the
prosthesis to be implanted, were defined by the surgical
and interventional team after analysis of tomographic
images. The prostheses used were CoreValve ® from
Medtronic, Sapien® from Edwards and Inovare® from

Braile. The access routes were transfemoral, transapical,
transaortic and the subclavian artery. Transfemoral
access was the preferred route in the absence of severe
iliac or femoral artery disease. The transapical access
route was recommended for patients with inadequate
vascular access. The prostheses used for transapical
access were Sapien® and Inovare®. All implants were
performed under general anesthesia. Temporary
transvenous pacemaker was implanted in all patients
before the procedure and maintained for at least 48 hours.
The study was approved by the local research ethics
committee and all patients undergoing TAVI signed an
informed consent.
All data were collected by the first author of
this manuscript by reviewing medical records. The
electrocardiograms available in the medical records
were ordered according to the dates they were taken.
These electrocardiograms were divided into 4 groups:
Pre-TAVI ECGs, ECGs taken after TAVI but still in the
intensive care unit, ECGs after TAVI taken at the ward
and ECGs taken at outpatient follow-up. The ECGs
were analyzed independently by the author and a
second cardiologist. The electrocardiographic reports
followed the criteria defined by the Brazilian Guidelines
on Electrocardiography.29
The criterion used to recommend a permanent
pacemaker still in the operating room after the TAVI
was implanted was the presence of high-grade AVB
or intrinsic rhythm of less than 40 beats per minute
during inhibition of the temporary pacemaker.
Recommendations of a permanent pacemaker while
in hospital were determined by a team of clinical
cardiologists, electrophysiologists and intensivists,
considering the Brazilian and European guidelines for
the implantation of artificial cardiac pacing devices.30,31

Statistical analysis
Statistical analysis was performed using SPSS and
Microsoft Excel.
The dichotomous variables possibly predicting the
need for permanent pacemaker implantation during
hospital stay were determined by preparing contingency
tables and determining the odds ratio. The P value was
calculated using Fisher’s exact test. Every association
with P < 0.05 was considered significant.
The continuous variables of normal distribution that
were predictors of the need for permanent pacemaker
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implantation during hospital stay were presented as
mean ± standard deviation, distribution variables other
than normal were presented as median ± interquartile
range. Distribution of the continuous variables of patients
who underwent permanent pacemaker implantation
during hospital stay were compared using unpaired t
test (used in normal distribution variables) or using the
Mann-Whitney test (used in variables with distribution
other than normal). Variables with p value < 0.05 were
considered statistically significant.
For the multivariate analysis, logistic regression
that included the variables with P value < 0.25 in the
univariate analysis was used. The selection of variables
in the model was performed using the step-wise method.
Survival curves and pacemaker-free survival
were constructed using the Kaplan-Meier method.
Comparisons between the survival curves of patients
undergoing implantation of different types of prostheses,
and patients with conduction disorders or patients
with no conduction disorders were compared using the
Log-rank test. Again, results with P value < 0.05 were
considered statistically significant.

Results
Characteristics of the population and description of
the procedure
From December 2011 to June 2016, 64 patients
underwent TAVI at INC. Five patients with pacemakers
and 6 patients with biological aortic prosthesis dysfunction
were excluded before TAVI.
The mean age of the 53 patients included was 78.4
years and most of them were females (64.2%). The median
of the EuroSCORE was 10.8% (Interquartile range: 7.9516.8%). Mean ejection fraction was 58.8% with median of
62.4%. Table 1 shows the baseline characteristics of the
53 patients included in the study.
Table 2 describes the electrocardiographic findings of
52 of the 53 patients who underwent TAVI. The medical
records of one of the 53 patients had no electrocardiogram
available for analysis, but it was said that the patient was
in sinus rhythm. Fourteen patients (26.4%) had atrial
fibrillation and 39 were in sinus rhythm. The median PR
interval of these patients was 160 ms (Interquartile range:
160-200 ms). The median duration of QRS complexes was
100 ms (Interquartile range: 80-140 ms) and LBBB was in
17% of the cases (9/52).

Requirements for permanent pacemaker after TAVI

Table 1 - Characteristics of the 53 patients included in
the study
Number/total and (%)
Age (mean ± SD)
Male sex
Body mass index (mean ± SD)

78.4 ± 18.11
19/53 (35.8%)
26.13 ± 5.22

Cardiovascular risk factors:
Hypertension

47/53 (88.7%)

Diabetes

14/53 (26.4%)

Dyslipidemia

48/53 (71.7%)

Smoking

11/53 (20.8%)

Coronary artery disease

28/53 (52.2%)

History of myocardial infarction

5/53 (9.41%)

History of PCI

10/53 (18.9%)

History of CABG surgery

6/53 (11.3%)

Others comorbidities:
History of stroke or TIA

7/53 (13.2%)

Presence of porcelain aorta

12/53 (22.6%)

PASP > 50 mmHg

13/53 (24.5%)

COPD

19/53 (17.0%)

Creatinine > 2 mg/dl

4/53 (6.90%)

Pre-implantation symptoms:
History of syncope

9/53 (17.0%)

NYHA II

10/53 (18.9%)

NYHA III or IV

43/53 (79.1%)

Use of negative chronotropic
medication:

30/53 (56.6%)

Beta-blockers

25/53 (47.2%)

Calcium channel blocker

1/53 (1.90%)

Amiodarone

2/53 (3.80%)

Digoxin

5/53 (9.40%)

Etiology of valve disease:
Degenerative AoS

50/53 (94.3%)

Bicuspid aortic valve

3/53 (5.70%)

EuroSCORE:
EuroSCORE median [IQR]
EuroSCORE > 15%

10.8 [7.95 - 16.81]
15/53 (28.3%)
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Cont. Table 1 - Characteristics of the 53 patients
included in the study
Number/total and (%)
LV ejection fraction:
LVEF (mean ± SD)

58.83 ± 16.67

LVEF < 40%

9/53 (17.0%)

LV/AO gradients in mmHg:
Mean LV/AO grad (mean ± SD)

53.4 ± 18.7

Maximum LV/AO grad (mean
± SD)

80.8 ± 22.6

LV hypertrophy

44/53 (83.0%)

Mitral annulus calcification

28/53 (52.8%)

SD: standard deviation; IQR: interquartile range; PCI:
percutaneous coronary intervention; CABG: coronary artery
bypass grafting; TIA: transient ischemic attack; COPD: chronic
obstructive pulmonary disease; LV: left ventricle; FE: ejection
fraction; Grad: gradient; AO: aorta.

Table 2 - Echocardiographic characteristics of patients
Number/total and (%)
Cardiac rhythm
Sinus rhythm

39/53 (73.6%)

Atrial fibrillation or flutter

14/53 (26.4%)

HR (mean ± SD)

72 bpm ± 13.2

HR < 60 bpm

8/52 (15.1%)

Most patients (39 of 53 - 73.6%) had the CoreValve®
prosthesis implanted. Eight received Sapien® (15.1%)
and 6 received Inovare® (11.2%) (table 3). The sizes of the
prostheses used were: number 20 (1 Inovare® prosthesis),
number 23 (6 Sapien® prostheses), number 24 (1 Inovare®
prosthesis), number 26 (1 Sapien® prosthesis, 2 Inovare®
prostheses and 14 CoreValve® prostheses), number 28
(1 Inovare® prosthesis), number 29 (1 Sapien® prosthesis
and 19 CoreValve® prostheses), number 30 (1 Inovare®
prosthesis) and number 31 (6 CoreValve® prostheses).
Balloon pre-dilation was performed in only 30% of the
cases. In 7 patients, a second prosthesis was implanted
(CoreValve® in CoreValve®). The femoral artery was the
most used access route (81% of the cases) followed by
the transapical route.

Incidence of new conduction disorders and need
for pacemaker
Forty of the 52 patients (77%) developed new conduction
disorders after TAVI, with 23 new atrioventricular
conduction disorders, 13 new interventricular conduction
disorders and 4 new mixed conduction disorders (firstdegree AVB and concomitant LBBB). (Figure 1)
Twelve of the 52 (23%) ECG patients available for
analysis did not develop new conduction disorders after
TAVI. None of them died. Eight of these 12 patients had

Table 3 - Echocardiographic variables of the procedure
Number/total

7/41 (13.2%)

Type of prosthesis:

Median PR interval [IQR]

160 ms [160 – 200]

CoreValve®

39/53 (73.6%)

Median QRS duration [IQR]

100 ms [80 – 140]

Sapien®

8/53 (15.1%)

LBBB

9/52 (17.0%)

Inovare®

6/53 (11.2%)

RBBB

9/52 (17.0%)

Pre-dilatation with balloon

16/53 (30.2%)

LAHB

11/52 (20.8%)

Need for 2 valve (valve-in-valve)

7/53 (13.2%)

LPHB

0/52 (0%)

Prosthesis size in mm (mean ± SD)

27 ± 2.60

First-degree AV block

LBBB or RBBB
First-degree AVB or bundle branch
block

18/52 (34.0%)
20/52 (38.4%)

IQR: interquartile range; LBBB: left bundle branch block; RBBB:
right bundle branch block; LAHB: left anterior hemiblock; LPHB: left
posterior hemiblock; AVB: atrioventricular block.

nd

Access routes:
Femoral artery

43/53 (81.1%)

Transapical

6/53 (11.3%)

Transaortic

3/53 (5.70%)

Subclavian artery

1/53 (1.90%)
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normal AV and interventricular conduction before TAVI
and remained without any conduction disorders after
the procedure. Two patients had LBBB before TAVI and
remained with LBBB after the procedure. One patient
had an LAHB prior to TAVI and persisted with LAHB
after the procedure and one patient who had first-degree
AVB with RBBB maintained these electrocardiographic
abnormalities after implantation.
Of the 53 patients included in the study, 16 (30.18%)
had a permanent pacemaker implanted before discharge.
The pacemaker was implanted in the operating room
after TAVI in 11 of the 16 patients (68.7%). These 11
patients maintained complete atrioventricular block and
escape rhythm with enlarged QRS complexes during
pacemaker inhibition at the end of the procedure. In
5 patients, the pacemaker recommendation occurred
between the 3rd and the 8th day after the procedure.
CAVB was the recommendation of pacemaker implant
in 5 of the 6 patients. In 1 patient, the pacemaker was
recommended by second-degree AVB.
Four of the 53 patients (7.5%) died before discharge.
All deaths occurred in female patients. Three died of

52 patients undergoing
TAVI with ECG available
for analysis

complications related to the procedure in the first 24
hours of implantation and one death occurred 48 days
after TAVI due to cardiogenic shock. All patients who
died had developed new conduction disorders (Figure 1).

Predictors of the need for pacemaker
Forty-nine patients were discharged. Table 4 compares
the characteristics of the 16 patients who underwent
pacemaker implantation with the characteristics of the
33 who were discharged without the need for pacemaker
implantation. In the univariate analysis, the percentage of
patients with QRS complexes ≥ 120 ms and first-degree
AVB was higher in the group that was discharged with
permanent pacemaker than in those who did not need
this device. QRS ≥ 120 ms was present in 68.8% of the
patients who had pacemakers implanted and in 28.1%
of those who did not have pacemakers implanted
(odds ratio: 5.62; 95% CI 1.52 to 20.80; p = 0.012). Firstdegree AVB was found in 50% of the patients who had
pacemakers implanted and in 7.1% of those who did not
have it implanted. (Table 4)

All patients were
discharged. None had
pacemaker implanted.

12 patients did not develop new conduction
disorders - (23%)

1 DEATH during
outpatient
follow-up

40 patients developed new conduction disorders - (77%)
4 patients developed NEW mixed
conduction disorders. All with first-degree
AVB and LBBB (7.8%)

23 patients developed new AV
conduction disorders (44.2%)

First-degree
AVB / 5 pat.
(9.6%)

Seconddegree AVB /
1 pat. (1.9%)

13 patients developed NEW
interventricular conduction
disorders (25%)

LBBB
16 pat.
(30.7%)

Complete
AVB / 17
pat. (32.7%)

RBBB
zero
patient

LAHB
1 pat.
(1.9%)

4 DEATHS

16 patients undergoing
permanent PACEMAKER
implantation before discharge

14 patients with new
LBBB were discharged
(10 LBBB and 4 LBBB +
first-degree AVB)

Figure 1 - New conduction disorders after transcatheter aortic valve implantation.
TAVI: transcatheter aortic valve implantation; dis.: disorder; LBBB: left bundle branch block; RBBB: right bundle branch block; LAHB: left anterior
hemiblock; IV: intraventricular; AV: atrioventricular; AVB: atrioventricular block; pat.: patients.
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Table 4 - Comparison of characteristics of patients who were discharged with and without permanent pacemaker
33 patients were discharged
without permanent pacemaker

16 patients had permanent pacemaker
implanted while in hospital

Odds ratio
(95% CI),
p value

79.09 ± 8.46

78.63 ± 8.4

0.857

Male sex

12/33 (36.4%)

7/16 (43.8%)

0.756

Hypertension

29/33 (87.9%)

14/16 (87.5%)

1.00

Diabetes

10/33 (30.3%)

3/16 (18.8%)

0.501

Dyslipidemia

22/33 (66.7%)

12/16 (75%)

0.743

Smoking

8/33 (24.2%)

2/16 (12.5%)

0.463

Coronary artery d.

17/33 (51.5%)

9/16 (53.3%)

0.771

History of myocardial
infarction

5/33 (15.2%)

0/16 (0.0%)

0.158

History of PCI

6/33 (18.2%)

4/16 (25%)

0.708

6/33 (19%)

0/16 (0.0%)

0.158

History of syncope

7/33 (21.2%)

1/16 (6.3%)

0.245

Neg. chron. medication

19/33 (57.6%)

9/16 (56.3%)

1.00

Median Euroscore [IQR]

10.9 [8.57 - 17.65]

10.25 [6.92 - 14.20]

0.675

HR (mean ± SD)

72.78 ± 11.29

73.43 ± 16.8

0.870

HR < 60 bpm

4/32 (12.5%)

4/16 (25%)

0.413

QRS duration in ms
Median [IQR]

100 [80 – 120]

140 [100 to 160]

0.013

QRS ≥ 120 ms

9/32 (28.1%)

11/16 (68.8%)

5.62 [1.52 - 20.80]
p = 0.012

Median PR interval [IQR]

160 [160 – 200]

190 [160 to 250]

0.984

Atrial fibrillation or flutter

7/33 (21.2%)

6/16 (37.5%)

0.304

First-degree AV block

2/28 (7.1%)

5/10 (50.0%)

13.00 [1.95 - 86.80]
p = 0.008

LBBB

4/32 (12.5%)

5/16 (31.3%)

0.137

RBBB

3/32 (9.4%)

5/16 (30.0%)

0.096

LAHB

5/32 (15.6%)

5/16 (31.3%)

0.266

LVEF (mean ± SD)

58.78 ± 17.82

55.65 ± 14.88

0.540

Max AO LV grad
(mean ± SD)

80.0 ± 23.1

80.0 ± 20.4

0.989

HVE on Echo

26/33 (78.8%)

15/16 (93.8%)

0.245

Mitral annulus calcification

15/33 (45.5%)

10/16 (62.5%)

0.363

Clinical variables:
Age (mean ± SD)

History of CABG surgery

Echocardiographic variables:

Echocardiographic variables:
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Cont. Table 4 - Comparison of characteristics of patients who were discharged with and without permanent pacemaker
33 patients were discharged
without permanent pacemaker

16 patients had permanent pacemaker
implanted while in hospital

Odds ratio
(95% CI),
p value

21/33 (63.6%)

16/16 (100%)

1.76 [1.33 - 2.33]
p = 0.005

3/33 (9.1%)

4/16 (25%)

0.195

27/33 (81.8%)

15/16 (93.8%)

0.401

26.87 ± 2.50

28.56 ± 1.96

Variables related to the implant:
CoreValve® implant
2nd valve required
Femoral access
Prosthesis size in mm

IQR: interquartile range; LBBB: left bundle branch block; RBBB: right bundle branch block; LAHB: left anterior hemiblock; LPHB: left posterior
hemiblock; AVB: atrioventricular block.

The CoreValve® implant was associated with the
pacemaker implant in a statistically significant way in
the univariate analysis (odds ratio: 1.76; (95% CI: 1.33
to 2.33; p = 0.005). All patients undergoing permanent
pacemaker implantation were CoreValve® patients.
Larger prostheses were also associated with a greater
need for permanent pacemaker implantation (Table 4).
In the multivariate analysis, the only variable
considered to be an independent predictor of the need
for pacemaker implantation after TAVI was the presence
of first-degree AVB before implantation of the prosthesis.
(Odds ratio: 13.00; 95% CI 1.95 to 86.80; p = 0.008).
Survival of patients undergoing TAVI: Median
follow-up of the 53 patients undergoing TAVI was 363
days with an interquartile range of 86.5 to 755.5 days.
During this follow-up, 13 (24.5%) died (4 during index
admission and 9 at outpatient follow-up). Eight of the 9
patients who died during follow-up had either LBBB or
permanent pacemaker. The survival of patients who did
not develop new conduction disorders was higher than
those with new conduction disorders, but this result was
not statistically significant (p = 0.26). (Figure 2)
Nineteen (35.8%) of the 53 patients had pacemakers
implanted throughout the study (16 during index
admission and 3 at outpatient follow-up). Pacemaker-free
survival was significantly lower in the group of patients
who had CoreValve® implanted, in patients who had
first-degree AVB before TAVI and in those with QRS
complex greater than 120 ms before TAVI. Pacemakerfree survival was also lower in patients who had RBBB
prior to TAVI. This result was not statistically significant
(p = 0.08) (Figures 3 and 4).

Discussion
The benefits of TAVI include: improved functional
class and quality of life, increased ejection fraction and
increased short- and long-term survival.9-12 Despite some
favorable clinical outcomes, complications such as the
development of LBBB and AVB requiring pacemakers
are a source of concern.
The high incidence of conduction disorders after
TAVI can be explained by the anatomical proximity
of the conduction system to the aortic valve.32 TAVI
involves the exclusion of valve tissue by the prosthesis
and compression of the annulus and adjacent structures,
including the fibrous skeleton of the heart and the
conduction system. A necropsy study of a patient who
had CAVB after TAVI demonstrated the presence
of a hematoma in the interventricular septum that
compressed the bundle of His.33
In this study, 77% of the patients developed new
conduction disorders during index admission. These
findings are identical to those described by Fraccaro et
al. in 64 patients undergoing TAVI,24 and very similar to
those described in the studies by Calvi et al., who found
new conduction disorders in 68% of the 30 patients who
underwent the procedure.23
In this study, it was found that 30.7% of the patients
developed LBBB. This finding is similar to that
described by Houthuizen et al., who found a new LBBB
in 34% of the 679 patients who underwent TAVI.25
The incidence of LBBB after TAVI can range from 4 to
65% depending on the prosthesis used. According to
Martinez et al., the frequency of a new LBBB after the
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Survival

Survival
Censored

Without new conduction disorders
With new conduction disorders
0 = censored
1 = censored

Survival

499

Days of follow up after TAVI
Figure 2 - Survival curves of the 53 patients undergoing TAVI and comparison between the survival of patients who developed and
who did not develop new conduction disorders.
TAVI: transcatheter aortic valve implantation; dis.: disorder.

implantation of a self-expanding prosthesis ranges from
22 to 65%, while with the use of a balloon-expandable
prosthesis, it ranges from 4 to 30.2%.34 In the study by
Testa et al., the onset of LBBB after TAVI was observed
in 43% of the 1,060 patients treated with the CoreValve®
prosthesis. According to this author, the presence of
LBBB is associated with a higher rate of pacemaker
implantation up to 30 days after TAVI.26
Sixteen of the 53 patients (30.2%) included in
this study had a permanent pacemaker implanted

during index admission. In a review of 42 studies, the
recommendation for pacemaker implantation after
TAVI ranged from 4 to 51%.19 The highest incidence
was described by Akin et al.17 and the lowest one was
found in the study by Eltchaninoff et al.16
The risk factors for the need for a permanent
pacemaker after TAVI found in this study in the
univariate analysis were: use of CoreValve® prosthesis,
implantation of larger prostheses, QRS complex ≥
120 ms and first-degree AVB. In this study, all of the 16
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Free from permanent pacemaker
implantation

Free from permanent pacemaker
implantation
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Days of follow up after TAVI
Figure 3 - Permanent pacemaker-free survival after transcatheter aortic valve implantation and comparison between pacemaker-free
survival in patients undergoing CoreValve® implant and in patients undergoing implantation of other prostheses.

patients who needed a pacemaker had the CoreValve®
prosthesis implanted. Other authors also demonstrated
that the need for a permanent pacemaker with the
CoreValve® prosthesis is significantly higher compared
to the Sapien® prosthesis.16-19,21-24 In the study by Piazza et
al., who used the CoreValve® prosthesis, the pacemaker
implant rate was 19% in 91 patients evaluated.22 In the
PARTNER study, which used Sapien® prostheses, this

rate was 3.8% in 699 patients evaluated up to 30 days
after the procedure.10 In the study by Aktug et al., 20 of
the 72 patients (28%) who had the CoreValve® prosthesis
implanted required a permanent pacemaker, whereas
only 4 of the 82 patients (5%) who had Sapien® implanted
required the device.35
Due to its longer length (53 to 55 mm), the CoreValve®
prosthesis extends from the ascending aorta to the LV
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Free from permanent pacemaker
implantation

Free from permanent pacemaker
implantation

Without RBBB
With RBBB
0 = censored
1 = censored

QRS < 120 ms
QRS > 120 ms
00 - censored
1,00 - censored

Without first degree AV block
With first degree AV block
Censored
Censored

Free from permanent pacemaker
implantation

501

Days of follow up after TAVI
Figure 4 - Comparison between pacemaker-free survival in RBBB and non-RBBB patients, in patients with QRS > 120 ms and in those
with QRS < 120 ms and in patients with first-degree AVB and in those without first-degree AVB.
RBBB: right bundle branch block; AVB: atrioventricular block; TAVI: transcatheter aortic valve implantation.
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outflow tract. During implantation, the lower third of
the prosthesis may compress the interventricular septum
and the conduction system.19,22,24,36 The Sapien® prosthesis
extends a few millimeters below the annular plane. The
lower incidence of conduction disorders with the Sapien®
prosthesis is due to a higher implant and less extension
of the prosthesis in the LV outflow tract.19,22,24
The implantation of larger prostheses was associated
with a greater need for pacemakers in this study. The
mean prosthesis size of patients who had pacemaker
implanted was significantly higher than that of those who
did not have any pacemaker implanted. The implantation
of larger prostheses was also a predictor of the need
for pacemakers after TAVI in a multicenter study that
evaluated 243 patients in the UK.36
The presence of previous conduction disorders is a risk
factor for the development of AVB in both conventional
surgery and TAVI. 19,20 In this study, patients with
history of first-degree AVB had a 13-fold higher risk
of pacemaker implantation compared to those without
first-degree AVB. The presence of first-degree AVB before
TAVI was also a predictor of the need for pacemakers in
the FRANCE-TAVI Registry16 and in the studies by De
Carlo et al. and Bleiziffer et al.37,38
In this study, patients with QRS complex duration
≥120 ms had a 5-fold increased risk of pacemaker
implantation compared to those who did not have the
same ECG finding before TAVI. The presence of previous
conduction disorders was an independent predictor of
the need for pacemakers in a meta-analysis published
by Siontis et al.19
In the multivariate analysis, the only variable
considered to be an independent predictor of the need for
pacemaker implantation after TAVI was the presence of
first-degree AVB before implantation of the prosthesis. It
should be noted that this is a retrospective design study
that reports the initial experience of a single center with
a small sample size. Thus, the multivariate analysis
presented has low statistical power, which means that
there is a considerable chance of type II error. Despite
these limitations, the results found were similar to those
described in the literature.
Other factors associated with the development of
conduction disorders after TAVI, such as depth of selfexpanding prostheses and calcification in the outflow
tract were not evaluated in this study. The excessively
low valve implantation was associated with the
development of conduction disorders after TAVI in some
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series published in the literature.19,22,24 Piazza described a
significant correlation between the depth of the implant
in the LVOT and the onset of LBBB after implantation of
self-expanding prosthesis.22
History of conduction disorders after TAVI is not well
understood yet, because it is a relatively new technology
and further studies are required to say the best course
of action to be taken in the development of conduction
disorders. Implantation of permanent pacemaker after
TAVI is justified among seniors with cardiac structural
disease. Potential problems related to the use of
provisional transvenous pacemaker, such as ventricular
perforation, infection, prolonged immobilization and
longer hospital stay, contribute to reduced threshold
of indication of permanent artificial cardiac pacing.
It is known that displacement of the electrode of the
provisional pacemaker can cause catastrophic failures
with potentially serious consequences, exposing the
patient to the risk of asystole and death. These facts justify
the decision of implanting permanent pacemaker earlier,
a conduct supported by experts, but not based on the
results of randomized studies, as these are not available
in this particular situation.39
On the other hand, implantation of permanent
pacemaker is also not risk-free. Elderly patients with
multiple comorbidities have an increased risk of
hematoma, pocket infection and endocarditis. Besides,
cardiac pacing may lead to interventricular dyssynchrony
and worsening of long-term ventricular function.40 In
a sub-analysis of the PARTNER study, the presence of
pacemaker was an independent predictor of mortality
in one year.21
In this study, 8 of the 9 patients who died during
follow-up had either LBBB or permanent pacemaker.
Houthuizen et al. demonstrated an association between
new LBBB after TAVI and increased mortality.25 The
60% increase in 1-year mortality in patients who
developed new LBBB after TAVI in the study by
Houthuizen et al. suggests that the onset of LBBB after
TAVI is a serious complication, which attenuates the
benefit achieved by the procedure.
It should be noted that in this study the prostheses
used were first-generation prostheses. Despite the
technological development of the new prostheses and
the experience gained with the procedure, the incidence
of conduction disorders after TAVI is still a source of
concern and has inconsistent results depending on the
prosthesis used. The need for a permanent pacemaker
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is at least 2-fold higher after Sapien3® implantation
compared to the first generation Sapien® prosthesis.39 The
need for a permanent pacemaker using the Medtronic
Evolut® prosthesis is lower (11.7 - 25%) compared to
the CoreValve® prosthesis (9 - 38%), although with a
relatively high incidence.39
Conduction disorders requiring permanent
pacemaker implantation remain a common complication
after TAVI and may have a negative impact on the
patients’ prognosis.21,25,26,27,39 Strategies to reduce these
complications are of great importance before extending
TAVI to low-risk patients in whom these complications
may have an even greater impact on prognosis.

Conclusions
TAVI caused the development of conduction disorders
in the vast majority of patients. Seventy-seven percent
of the patients developed new conduction disorders, the
most frequent of which is complete AV block (32%) and
left bundle branch block (30%).

significance can be attributed to the relatively short
analysis time and small sample size.
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