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High Self-expandable Valve Implantation with the Cusp-Overlap
Technique, a Strategy to Reduce the Need for Pacemaker in
Transcatheter Aortic Valve Implantation. 30-day Outcome
Implante alto de las válvulas autoexpandibles con la técnica de “Cusp-Overlap”, una
estrategia para disminuir la necesidad de marcapasos en el implante percutáneo de válvula
aórtica. Evolución a 30 días
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ABSTRACT
Background: The aim of this study was to analyze whether higher transcatheter aortic valve implantation with self-expandable
valves using the right and left cusp overlap strategy decreases the need for permanent pacemaker.
Methods: A total of 164 consecutive patients undergoing TAVI with self-expandable valves were analyzed: 101 (61.6%) implanted
with the conventional technique (CON) using the three-cusp coplanar view, and 63 (38.4%) using the right and left cusp overlap
(COVL) technique. The primary endpoint (PEP) was the need for permanent pacemaker (PPM) at 30 days.
Results: Mean age, prevalence of male gender, hypertension, prior coronary artery bypass graft surgery (CABG), and history of
stroke, kidney function or hemodialysis was not different between groups. Patients in the COVL group had more diabetes, coronary
percutaneous transluminal coronary angioplasty (PTCA) and prior infarct, and pre-TAVI PTCA was similar, with higher STS score
(6.3±2.2 vs. 5.8±2.4; p=0.05). The presence of atrial fibrillation was greater in the COVL group, without differences in right or left
bundle branch or atrioventricular block.
There was no difference in aortic valve area, mean gradient and left ventricular ejection fraction.
At 30 days, the need of PPM was significantly reduced with the COVL technique (6.3%% vs. 17.8%; p=0.03). No difference was
observed in mortality, stroke, major bleeding, acute myocardial infarction or aortic regurgitation, and the presence of new-onset
complete left bundle branch block was lower in the COVL group (4.8% vs. 12.9%; p=0.08).
Conclusions: Use of the COVL technique, which allows higher self-expandable valve implantation during TAVI, was feasible and
safe, decreasing the need for PPM without increasing complications.
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RESUMEN
Objetivo: Analizar si el implante más alto en el implante percutáneo de válvula aórtica (TAVI) con válvulas auto-expandibles utilizando la superposición de las cúspides derechas e izquierdas disminuye la necesidad de marcapasos definitivo.
Material y Métodos: Se analizaron 164 pacientes consecutivos que recibieron TAVI con válvulas auto- expandibles; en 101(61,6%) de
ellos se implantaron utilizando la vista coplanar de las tres cúspides, a la cual llamamos técnica convencional (CON) y en 63 (38,4%)
utilizamos la técnica COVL, con superposición de las cúspides derecha e izquierda. El punto final primario (PFP) fue la necesidad de
marcapasos definitivo (MCPD) a 30 días.
Resultado: No hubo diferencias entre los grupos en la edad media, prevalencia de sexo masculino, hipertensión, cirugía de revascularización previa, antecedente de accidente cerebrovascular (ACV), función renal, o hemodiálisis. Los pacientes en el grupo COVL
tuvieron más diabetes, angioplastia coronaria (ATC) e infarto previo. La ATC pre-TAVI fue similar, con mayor score STS (6,3±2,1 vs.
5,8±2,4 vs; p=0,05). La presencia de fibrilación auricular fue mayor en el grupo COVL sin diferencia en bloqueo auriculoventricular,
de rama derecha o izquierda.
No hubo diferencia en el área valvular aórtica, gradiente medio y fracción de eyección ventricular izquierda.
A 30 días se observó una reducción significativa del PFP en la estrategia COVL, (6,3% vs. 17,8%, p=0,03). No hubo diferencia en
mortalidad, ACV, sangrado mayor, infarto agudo de miocardio o regurgitación aórtica. Hubo tendencia a menor presencia de nuevo
bloqueo competo de rama izquierda en el grupo COVL (4,8% vs 12,9%, p=0,08) respectivamente.
Conclusiones: El uso de la técnica de COVL, que permite un implante más alto en el TAVI con válvulas autoexpandibles, demostró
en esta serie ser factible y seguro, con disminución de la necesidad de MCPD sin aumento de las complicaciones.
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Abbreviations
vAF

Atrial fibrillation

IS

AMI

Acute myocardial infarction

LBBB Left bundle branch block

Implant success

CABG Coronary artery bypass graft surgery

PEP

Primary endpoint

CO

PPM

Permanent pacemaker

Conventional strategy; 3-cusp coplanar view

COVL Right and left cusp overlap

PTCA Percutaneous transluminal coronary angioplasty

CS

Clinical success

RBBB Right bundle branch block

ECG

Electrocardiogram

TAVI

INTRODUCTION

Transcatheter aortic valve implantation (TAVI) has
shown its benefit in high-risk or inoperable patients
(1,2), those at intermediate risk (3,4) and also in lowrisk patients (5,6). Although with higher experience
and the development of technology complications
have been decreasing, conduction disorders and the
need for permanent pacemaker (PPM) implantation
are still an important limitation for self-expandable
valves, associated with higher mortality rate, (7) in
addition to the need for generator change and the
risk, though low, of infective endocarditis or severe
tricuspid regurgitation. (8)
The development of new-onset complete left bundle branch block (LBBB) after TAVI has also been related to worse long-term outcomes. (9)
Conduction disorders, lack of durability beyond 10
years and costs are perhaps the ultimate limitations
for a massive use of this technique.
OBJECTIVES

In this analysis we compared the need for PPM or
new-onset LBBB after self-expandable valve implantation using the conventional coplanar implantation
technique with 3-cusp view (CON), versus the recently described technique of a higher implant in the left
ventricular outflow tract using a radiological view at
the time of implantation where the right and left cusp
are overlapped, called Cusp-overlap (COVL). This
strategy allows a better view of the left ventricular
outflow tract, and hence greater precision at the time
of device deployment, reducing the need for PPM at
30 days and the development of new-onset LBBB, due
to less interaction with the conduction system.
METHODS

A total of 164 consecutive patients receiving TAVI with
self-expandable valves from August 2019 to May 2021 were
analyzed. They were divided into two groups: the first 101
patients (61.6%) received implants with the conventional
technique (CON) and the following 63 (38.4%) using the
COVL strategy. Patients with surgical bioprosthesis, prior
PPM, bicuspid aortic valve or TAVI with balloon-expandable
valve were excluded from the study.
Implant success (IS) was defined as gradient <10 mmHg
at the end of the procedure in the absence of severe regurgitation and clinical success (CS) as IS in the absence of death,
acute myocardial infarction (AMI), stroke or urgent valve
surgery.
The primary endpoint (PEP) was the need for PPM at

Transcatheter aortic valve implantation

30 days, and in addition, mortality and the incidence of AMI,
stroke, major vascular complication, major bleeding, moderate or severe aortic regurgitation, new-onset LBBB and
hospital length of stay were analyzed. Events were defined
according to the Valve Academic Research Consortium criteria. (10,11)
All patients were evaluated by the hospital “Valve Heart
Team”, with echo Doppler, coronary angiography with aortogram, and a multi-slice computed tomography angiography with 3D reconstruction of aortic valve, thoracic aorta,
abdominal aorta, and subclavian, iliac and femoral arteries
with intravenous contrast material.
An ECG was recorded prior to TAVI, repeated at 24
hours and another at 30 days.
Anesthesia was conscious sedation, except for those in
whom a percutaneous femoral access was used, where general anesthesia was employed. All patients received dual antiplatelet therapy with aspirin and clopidogrel, except in cases
receiving anticoagulants, where only clopidogrel was indicated. Anticoagulation with heparin 100 U/Kg was used during the procedure, with values controlled during its course.
In patients receiving CON strategy implants, the valve
was positioned and implanted using the coplanar 3-cusp
projection according to the computed tomography angiography and usually corrected by left anterior oblique, slightly
cranial, angiographic projection. The implantation was
performed having as objective an implant depth of approximately 4 mm below the aortic annulus, under high stimulation frequency (180 bpm) with temporary pacemaker, at the
operator’s discretion.
In those receiving the COVL strategy implant, a previous detailed analysis of the computed tomography angiography was performed, identifying the projection where there
was right and left cusp overlap, in opposition to the noncoronary cusp, and this was chosen as the implantation projection. In case of difficulties or differences, corrections were
made according to the previous angiography. When this was
not feasible, positioning was performed using two pigtail or
Amplatz AL2 catheters placed in the right and left sinuses,
and then the angiographic projection showing cusp overlap
was sought.
The objective was the implantation approximately 2-3
mm below the aortic annulus with respect to the non-coronary sinus. At the time of deployment, overstimulation with
temporary pacemaker at 120 beats per minute was used to
achieve system stability.
Both pre-dilation with balloon diameter below that of
the aortic annulus, as post-dilation, were performed according to the operator´s criterion.
A PPM was implanted in patients presenting complete
atrio-ventricular block (AVB) 24 hours after implantation
or in those presenting conduction disorders, including complete right bundle branch block (RBBB) and first-degree
AVB, and who after the implantation presented high-degree
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AVB that did not reverse after 24 hours.
Clinical follow-up was performed in the outpatient clinic,
requiring an ECG and color Doppler echocardiogram.
Ethical considerations

The study was conducted according to the Declaration of
Helsinki principles and the International Conference on
Good Clinical Practice regulations. In addition, all patients
signed the informed consent of the Hospital to perform the
procedure.
Statistical analysis

Continuous variables are presented as mean and standard
deviation and categorical variables as absolute value and
percentage. Student’s t test was used to compare continuous
variables and the chi-square test or Fisher test for categorical variables. Statistical significance was established for p
<0.05.
RESULTS

Groups were similar in age (79.8±7.9 years in the
CON group vs. 80.4±6.7 years in the COVL group)
and prevalence of male gender (48.5% vs. 53.9%).
Presence of diabetes, prior percutaneous coronary intervention and atrial fibrillation (AF) was greater in
those receiving the COVL strategy, while the presence
of previous infarction was higher in those receiving
the CON technique.
The STS score was 5.8±2.4 in the CON group vs.
6.3±21.2 in the COVL group (p=0.05), and no significant differences were found in left ventricular ejection fraction (LVEF), aortic valve area, transvalvular
gradients, and LV outflow tract calcification, though
aortic valve calcification was greater in those receiving the COVL strategy according to the computed tomography evaluation (3289.7±925.6 vs. 3231.2±1040
Agatston U)
Femoral access was used in all patients of the CON
group and in 61 of the COVL group; in two patients
of the latter group a subclavian access was used. Predilation was more frequently employed in the COVL
strategy (79.3 % vs. 57.4% , p=0.0003) without differences in the use of post-dilation.
All valves implanted were self-expandable (Table
2). Percutaneous closure was used for the vascular access in 99% vs. 95% (PROSTAR XL® ABBOTT Vascular, Santa Clara, California and Proglide®, ABBOTT
Vascular, Santa Clara, California) of patients. There
were no cases of valve displacement towards the aorta
after final deployment (“Pop-Out”) (Table 1). Table 2
describes the type and number of the valve implanted
in each strategy.
Implant success was achieved in all cases and CS
in 95.1% vs. 92.1% (p=0.43). At 30 days, the PEP occurred less frequently in the COVL strategy (6.3% vs
17.8%; p=0.03) (Figure 1). Comparing CON vs. COVL,
mortality was 4.9% vs. 4.8% (p=0.95), stroke 0% vs.
1.6% (p=0.2), major bleeding 2% vs. 1.6% (p=0.85),
vascular complications 2% vs. 4.8% (p=0.31), moderate aortic regurgitation 2% vs 1.6% (p=0.85), and
new-onset LBBB 12.9% vs. 4.8% (p=0.08) (Figure 2).
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No patient presented AMI or severe aortic regurgitation (Table 3).
Among the four patients who required PPM in the
COVL group, one presented prior trifascicular block,
one AF plus complete RBBB, one AF plus complete
LBBB and one sinus rhythm without conduction abnormalities.
DISCUSSION

According to different publications, the need for PPM
after TAVI with self-expandable valve implantation
has been reported between 10% and 34%, depending
on the valve type and generation, the operator’s and
center experience, prior conduction abnormalities, especially complete RBBB, anatomical characteristics,
as calcification severity, and procedure characteristics, among which implant depth (>6 mm) use of post
dilation and larger diameter valves (34 mmm) stand
out, all of which have prompted until now its no-recommendation in young patients or in those at low surgical risk. (12-14)
In our series, a high implant using the COVL
technique for self-expandable valve implantation was
related to a lower need for PPM and lower presence
of LBBB, without increasing major complications or
aortic regurgitation, coronary occlusion or valve embolization.
In patients requiring PPM after the implant, three
presented rhythm abnormalities and bundle branch
blocks prior to the implant, and only one was in sinus
rhythm without baseline electrocardiographic abnormalities.
It is important to avoid PPM implantation, since
in addition to increasing long-term mortality according to some reports, (15) it generates increased costs
and an additional procedure to that of TAVI. Also, not
using a PPM not only reduces the need for new procedures to change the generator, and hence the costs,
but also the risk of infective endocarditis and eventually the presence of tricuspid regurgitation caused by
the cables, (8) which may sometimes be severe or massive. As we know, this situation is complex and usually
requires hospitalizations by right heart failure producing limitations to the pharmacological treatment,
in some cases with the requirement of surgical repair
or eventually percutaneous treatment, which is currently under development without robust evidence to
support it.
The reduction in the need for pacemaker is essential, as TAVI indications are progressing for the
treatment of lower-risk groups and younger patients.
(16-18)
Different analyses have shown that implant depth
and presence of LV outflow tract calcification are related to greater need for PPM, and thus a better visualization of the LV outflow tract in the COVL group
allows a more accurate implantation, reducing the incidence of a deep implant (19,20)
Our analysis also showed greater pre-dilation in
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Table 1. Population characteristics

CON
101 patients

COVL
63 patients

Age (n, %)

79.8±7.9

80.4±6.7

0.41

Male gender (n, %)

49 (48.5)

34 (53.9)

0.37

Hypertension (n, %)

90 (89.1)

58 (92.1)

0.53

Diabetes (n, %)

21 (20.8)

22 (34.9)

0.04

Dyslipidemia (n, %)

69 (68.3)

52 (82.5)

0.04

Prior infarction (n, %)

23 (22.7)

9 (14.3)

0.0007

Prior CABG (n, %)

19 (18.8)

11 (17.5)

0.82

Prior PTCA (n, %)

32 (31.7)

31 (49.2)

0.001

Pre TAVI PTCA (n,%)

22 (21.8)

20 (31.7)

0.99

COPD (n, %)

19 (18.8)

13 (20.6)

0.77

Stroke (n, %)

5 (4.9)

3 (4.8)

0.61

60.1±19.3

61.3±17.9

0.4

3 (3)

1 (1.6)

0.57

GFR (ml/min), mean±SD
Dialysis (n, %)
STS score, mean±SD

5.8±2.4

6.3±2.1

0.05

Atrial fibrillation (n, %)

16 (15.8)

22 (34.9)

0.004

1st degree atrio-ventricular block (n, %)

17 (0.9)

1 (1.6)

0.73

RBBB (n, %)

10 (9.9)

6 (9.5)

0.93

LBBB (n, %)

10 (9.9)

6 (9.5)

0.93

Aortic valve area, cm2, mean± SD

0.71±0.15

0.69±0.14

0.4

Mean gradient, mm Hg, mean± SD

40.8±10.7

41.5±10.1

0.35

Severe LVOT calcification (n, %)
AVC (Agatston U) mean± SD
Femoral access (n, %)
Subclavian access (n, %)
Pre-dilation (n, %)

6 (5.9)

3(4.8)

0.78

3231.2±1040

3289.7±925.6

0.08

101 (100)

61 (95.2)

0.07

-

2 (3.17)

0.07

58 (57.4)

50 (79.3)

0.0003

Implanted valve (n,%)
101 (100)

51 (80.9)

0.000005

Portico®

-

8

0.0002

Accurate Neo®

-

4

0.01

25 (24.5)

16 (25.3)

0.92

-

-

-

100 (99)

60 (95.2)

0.12

Evolut® - Evolut. Pro®

Post-Dilation (n, %)
Pop-Out (n, %)
Percutaneous closure (n, %)

CON: conventional technique. COVL: right and left cusp overlap. CABG: coronary artery bypass graft surgery.
PTCA: percutaneous transluminal coronary angiography. TAVI: transcatheter aortic valve implantation. COPD:
chronic obstructive pulmonary disease. GFR: glomerular filtration rate. STS: Society of Thoracic Surgeons. AVB:
atrioventricular block. RBBB: right bundle branch block. LBBB: left bundle branch block. LVOT: left ventricular
outflow tract. AVC: aortic valve calcification. SD: standard deviation

those receiving the COVL strategy, something performed in many centers around the world, since it has
demonstrated not increasing stroke risk, and facilitates implantation with lower need for post-dilation.
This additional maneuver could have increased conduction abnormalities, but it was not observed.
The development of new-onset LBBB and its persistence added to the need for PPM implantation has
been associated with higher mortality and rehospitalizations for heart failure. Therefore, using strategies
that minimize risks of conduction abnormalities is
favorable for the reduction of these events and costs.
(21,22).
Presence of RBBB and pre-dilation of self-expandable valves were identified as strong predictors of
post-implant PPM. (23) For this reason, some investigators suggest not using these valves in these condi-

tions, (24,25) but preliminary reports show that using
this new strategy could overcome this limitation. (26)
In our series, pre-dilation was greater in patients
receiving COVL, without difference in post-dilation.
This group showed lower need for PPM and a trend to
lower incidence of new-onset LBBB.
Coronary occlusion could be a limitation in the case
of higher implants; in our case, there was only one,
probably not associated with valve positioning and
deployment, as it was an acute occlusion of the right
coronary artery stent in a patient who had undergone
angioplasty of that artery with two long stents before
TAVI, and was possibly related to a hypotensive episode during the procedure. Coronary access was easy
and the event was resolved with implantation of two
additional stents.
We believe that this strategy offers benefits, since
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Table 2. Type and size of the
implanted valve

CON
n (%)

COVL
n (%)

Evolute®/Evolute Pro®
23 n (%)

3 (3)

-

26 n (%)

18 (17.8)

7 (11.1)

0.24

29 n (%)

58 (57.4)

26 (41.3)

0.005

34 n (%)

22 (21.4)

18 (28.6)

0.3

25 n (%)

-

2 (3.2)

0.07

27 n (%)

-

3 (4.8)

0.02

29 n (%)

-

3 (4.8)

0.02

-

4 (6.3)

0.01

0.16

Portico®

Accurate®
Medium

CON: conventional technique. COVL: right and left cusp overlap.

Fig. 1. Primary endpoint
20
18

17.8%

16
p = 0.03

14
12

CON

10

COVL

8

6.3%

6
4
2
0
Permanent pacemaker
CON: conventional technique. COVL: right and left cusp overlap

Fig. 2. New-onset left bundle
branch block

14

12.9%

12
10
8

p = 0.08
CON

6
4.8%
4
2
0
CON: conventional technique. COVL: right and left cusp overlap

COVL
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CON
n (%)

Table 3. 30-day results

COVL
n (%)

Technical success (n, %)

101 (100)

63 (100)

-

Clinical success (n, %)

96 (95.1)

60 (92.1)

0.43

PPM (n, %)

18 (17.8)

4 (6.3)

0.03

5 (4.9)

3 (4.8)

0.95

AMI (n, %)

-

1 (1.6)

0.2

Coronary occlusion (n, %)

-

1 (1.6)

0.2

Stroke (n, %)

-

1 (1.6)

0.2

Major bleeding (n, %)

2 (2)

1 (1.6)

0.85

Vascular complication (n, %)

2 (2)

3 (4.8)

0.31

Moderate regurgitation (n, %)

2 (2)

1 (1.6)

0.85

-

-

-

LBBB (n, %)

13 (12.9)

3 (4.8)

0.08

Hospital length of stay, days, mean±SD

2.9±1.1

2.7±1.3

0.3

Death (n, %)

Severe regurgitation (n, %)

CON: conventional technique. COVL: right and left cusp overlap. PPM: permanent pacemaker. AMI: acute
myocardial infarction. LBBB: left bundle branch block. SD: standard deviation

it reduces hospital costs due to lower need of PPM
implantation and its eventual complications, and it
avoids the need for generator replacement, infective
endocarditis and tricuspid regurgitation associated
with PPM, that could be severe or massive, during
follow-up
Limitations

Among the limitations of our study, it is necessary to
point out that it was not a randomized study, but a
consecutive series of patients from a single center. In
addition, although we have some data showing greater implantation height with the COVL strategy, we do
not have a contrast injection in both projections (CON
and COVL) in all patients. Therefore, we have not reported these values, as this projection was not used in
most patients of the CON series and the left oblique
projection of the CON group was not performed in
many patients of the COVL series, due to restrictions
in the use of contrast material in elderly patients,
many of whom had prior kidney disease.
As it was a consecutive series of cases, the learning curve could have had some effect on the results;
however, all cases were managed by the same operators with an experience of more than 400 cases at the
beginning of the series.
Although the technique was initially described
for the Evolute® valve (Medtronic Inc. Minneapolis,
MN), in our series we have extended it to other selfexpandable systems.
CONCLUSION

In this study, high implantation of the percutaneous
aortic valve using the COVL technique was feasible
and safe, with lower need for PPM at 30 days and a
trend to lower incidence of new-onset LBBB. Further
research is necessary to support the routine use of this
strategy.
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