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ABSTRACT

Introduction and objectives: Advances made in transcatheter aortic valve implantation (TAVI) valvular technology have resulted 
in better outcomes and fewer complications compared with older generations. We studied the rate and determinants of paravalvular 
leak (PVL) using Evolut PRO vs SAPIEN 3 valves as well as other perioperative and in-hospital outcomes. 
Methods: A total of 110 consecutive patients with severe aortic stenosis scheduled for transfemoral TAVI were randomly selected 
to receive the SAPIEN 3 (N =  59) or the Evolut PRO valve (N =  51). Annular dimensions were determined by transesophageal 
echocardiography guided balloon sizing. The following postoperative and in-hospital endpoints were assessed: PVL, conduction 
defects, valve embolization, need for a second valve, annular rupture, stroke, vascular complications, acute kidney injury, and 
in-hospital mortality. We also studied the possible anatomical determinants of PVL.
Results: There were no relevant baseline differences between the 2 groups regarding clinical and echocardiographic characteristics. 
In-hospital complications were comparable between both valves apart from a significantly higher rate of immediate postoperative 
PVL and at discharge (≥ grade II) between the Evolut PRO and the SAPIEN 3 valves (19.6% vs 6.8%) and (5.9% vs 1.7%), respectively. 
Of the anatomical variables described, the left ventricular outflow tract/ascending aorta angle, aortic angulation, and calcification 
had a significant impact on PVL in the Evolut PRO valves. The left ventricular outflow tract/ascending aorta angle revealed a 
negative correlation with implantation depth in the Evolut PRO valves but not in the SAPIEN 3 ones. 
Conclusions: Both valves demonstrated favorable comparable outcomes except for a significantly higher rate of PVL in patients 
implanted with Evolut PRO valves.
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Implante percutáneo de válvula aórtica con Evolut PRO comparada  
con SAPIEN 3: estudio comparativo aleatorizado

RESUMEN

Introducción y objetivos: Los avances en la tecnología de implante percutáneo de válvula aórtica (TAVI) han dado lugar a mejores 
resultados y menos complicaciones en comparación con las generaciones anteriores. Se estudió la incidencia y los determinantes 
de las fugas paravalvulares (FPV) con las válvulas Evolut PRO y SAPIEN 3, así como otros resultados periprocedimiento y 
hospitalarios.
Métodos: Se seleccionó aleatoriamente a 110 pacientes consecutivos con estenosis aórtica grave programados para TAVI transfemoral 
para recibir una válvula SAPIEN 3 (n =  59) o una Evolut PRO (n =  51). Las dimensiones anulares se determinaron mediante el 
dimensionamiento del balón guiado por ecocardiografía transesofágica. Tras el procedimiento y durante la hospitalización, se 
evaluaron los siguientes objetivos: FPV, defectos de conducción, embolización de la válvula, necesidad de una segunda válvula, 
rotura anular, accidente vascular cerebral, complicaciones vasculares, daño renal agudo y mortalidad intrahospitalaria. También se 
estudiaron los posibles determinantes anatómicos de la FPV.
Resultados: No hubo diferencias basales relevantes entre los 2 grupos en cuanto a las características clínicas y ecocardiográficas. 
Las complicaciones intrahospitalarias fueron comparables entre ambos tipos de válvulas, excepto una incidencia significativamente 
mayor de FPV (de grado II o superior) inmediata tras el procedimiento y al alta con las válvulas Evolut PRO en comparación con 
las SAPIEN 3 (19,6 frente a 6,8% y 5,9 frente a 1,7%, respectivamente). De las variables anatómicas, el ángulo entre el tracto de 
salida del ventrículo izquierdo y la aorta ascendente, la angulación aórtica y la calcificación tuvieron un impacto significativo en 
la FPV en las válvulas Evolut PRO. El ángulo entre el tracto de salida del ventrículo izquierdo y la aorta ascendente tuvo una 
correlación negativa con la profundidad de implantación en las válvulas Evolut PRO, pero no en las válvulas SAPIEN 3.
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INTRODUCTION

Over the past decade, the self-expandable CoreValve (Medtronic 
Ltd, United States) and the balloon-expandable SAPIEN valve 
(Edwards Lifesciences Ltd, United States) were the valves most 
commonly used for transcatheter aortic valve implantation (TAVI).1 

There are few studies comparing Evolut PRO (Medtronic Ldt, United 
States) vs SAPIEN 3 (Edwards Lifesciences Ltd, United States), like 
the SMART trial for small aortic annuli2 and the ALSTER-TAVI 
all-comers registry.3 However, comparative randomized clinical trials 
are lacking. Therefore, we designed the present randomized study to 
provide a head-to-head comparison between these 2 valves regarding 
procedural data and in-hospital outcomes especially paravalvular leak 
(PVL). Although the transcatheter heart valves used in this trial are 
not the latest generation valves of the CoreValve and SAPIEN families 
(currently, the Evolut-Pro plus and the SAPIEN Ultra), this is the first 
randomized clinical trial to compare a self-expanding valve with an 
outer skirt to a balloon expandable valve (with an outer skirt too).

METHODS

Study population

A total of 110 consecutive patients with severe symptomatic aortic 
stenosis eligible for TAVI were randomly assigned to receive the 
Evolut PRO valve (51 patients) or the SAPIEN 3 valve (59 patients) 
at Duisburg Heart Center, Duisburg, Germany, from December 
2019 through May 2020. All patients undergoing TAVI for severe 
aortic stenosis with the SAPIEN 3 and the Evolut PRO via femoral 
access were included. Patients who underwent TAVI with other 
valve types like transapically implanted aortic valves, bicuspid 
aortic valves, and valve-in-surgical-bioprosthesis implantation were 
excluded. All procedures were performed after obtaining the 
patients’ written informed consent and in compliance with the 
national research committee ethical standards.

Procedural aspects

TAVIs were performed under local anesthesia and conscious seda-
tion. Femoral cutdown was used in all the patients. Annular dimen-
sions were obtained by transesophageal echocardiography-guided 
balloon sizing during the procedure. With this technique we were 
able to measure annuli with transesophageal echocardiography and 
then choose a balloon equal to annular size. Balloon inflation during 
rapid pacing and aortic angiography were performed with 3 
different possibilities in mind a) the balloon completely fills the 
annulus with no para-balloon leak or waisting indicative that 
annular size equals the balloon size; b) para-balloon leak is indica-
tive that the annulus is 1 mm to 2 mm larger than balloon size; c) 
balloon waisting is indicative that the annulus is 1 mm to 2 mm 

smaller than balloon size.4 Valve type (SAPIEN 3 or Evolut PRO) 
was randomly selected (using simple randomization method; 
Monday cases for Evolut and Thursday cases for SAPIEN). Valve 
size was based on the annular dimensions as suggested by the 
manufacturers. Based on annular diameter and the diameter of the 
valve finally selected, a so-called cover index was calculated.5

Endpoints

Our primary endpoints were PVL, in-hospital mortality, and the 
rate of permanent pacemaker implantation (PPI). The study 
secondary endpoints were valve embolization, need for a second 
valve, aortic rupture or dissection, stroke or transient ischemic 
attack, major vascular complications, and acute kidney injury. 
Endpoints were defined according to the Valve Academic Research 
Consortium-2 (VARC-2) definitions.6

PVL assessment

Immediate PVL was semi-quantitatively assessed using Seller’s 
criteria 7: 0/4 (absent); 1/4 (mild); 2/4 (moderate); 3/4 (moderate- 
to-severe); and 4/4 (severe).7 Transvalvular pressure gradients were 
obtained invasively using the pullback method. Aortic regurgitation 
index (AR index) was calculated.8 

In case of significant PVL ≥ grade II, if needed, balloon postdilatation 
using the VACS III or NUCLEUS balloon (NuMED, United States) 
or else implantation of second valve was used. TTE was performed 
at discharge to quantify PVL according to the main VARC-2 criteria.9

Assessment of anatomical factors possibly associated with PVL 

The following measurements were supported by Philips software 
(Philips Medical, The Netherlands): the left ventricular outflow 
tract/ascending aorta (LVOT/AAo) angle was defined as the angle 
between the axis of the first 4 cm of the ascending aorta (contact 
surface with the upper part of the prosthesis), and the LVOT axis 
(the valve landing zone) indicated by a line perpendicular to the 
plane of the aortic valve annulus).10 

Aortic angulation (AA) angle was defined as the angle between the 
horizontal plane and the plane of aortic annulus.11 We categorized 
it into < 48° and ≥ 48°.12

Both angles were measured in the optimal fluoroscopic deployment 
position with all 3 coronary cusps in the same plane (figure 1). Valve 
implantation depth was assessed in the deployment position on the 
fluoroscopy from the native aortic annular margin on the side of both 
the non-coronary cusp (NCC) and left coronary cusp to the proximal 
edge of the deployed valve on the corresponding side13 (figure 2). 

Abbreviations

AS: aortic stenosis. PVL: paravalvular leak. TAVI: transcatheter aortic valve implantation. VARC: Valve Academic Research Consortium.

Conclusiones: Ambas válvulas demostraron resultados favorables comparables, excepto por una incidencia significativamente mayor 
de FPV en los pacientes con válvulas Evolut PRO.

Palabras clave: Estenosis aórtica. Implante percutáneo de válvula aórtica. TAVI. SAPIEN 3. Evolut PRO.
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Aortic root calcification was fluoroscopically assessed as inexistent, 
mild (small, isolated calcification spots), moderate (multiple large 
calcification spots) or severe (extensive calcification).13 Presence or 
absence of LVOT and mitral annular calcification were also noted.

Statistical analysis

Data was collected and analyzed using the SPSS (Statistical Software 
Package for the Social Sciences, version 20, IBM, and Armonk, 
United States). Continuous data was expressed as mean ± SD or 
median (range). Nominal data was expressed as frequency (percentage). 
For the comparison of nominal and continuous data, the chi-square 
test and the Student’s t test were used, respectively. Pearson 
correlation was used to assess the correlation between implantation 
depth with LVOT and AA angles based on the type of valve. The 
level of confidence was kept at 95% and hence, P values < .05 were 
considered statistically significant. Univariable logistic regression 
analysis was performed for predictors of significant PVL. ROC anal-
ysis was performed for the optimum cut-off value of the LVOT/AAo 
angle for the outcome of significant PVL. 

Regarding sample size, assuming a 1:1 ratio in treatment assign-
ments and an estimated rate of a composite primary endpoint (PVL, 
in-hospital mortality and rate of pacemaker implantation) of 8% in 
each study group, we estimated that a total of 52 patients were 
required in each group for the study to reach an 80% statistical 
power % at a 1-sided alpha level of 0.05

RESULTS

Baseline characteristics

A total of 110 consecutive patients with severe symptomatic aortic 
stenosis eligible for TAVI were randomly assigned to receive the 
Evolut PRO (51 patients) or the SAPIEN 3 valve (59 patients). There 
was no crossover between both study arms. Baseline clinical 

characteristics were comparable between both types of valves apart 
from a significantly higher body mass index among SAPIEN 3 
patients and a significantly high baseline right bundle branch block 
in the SAPIEN group (table 1).

Figure 1. Measurement of different angles. AA, aortic angulation (49.62º).  
B: LVOT/AAo angle (18.74º). AAo, ascending aorta; LVOT, left ventricular 
outflow tract. 

A B

Figure 2. Measurement of implantation depth in the Evolut PRO value. A: 
[A = 1.17 mm associated with the NCC, and B = 4.91 mm associated with the 
LCC], and SAPIEN 3. B: [A = 5.65 mm associated with the NCC, and B = 7.31 
mm associated with the LCC]. Note high implantation associated with the 
NCC due to increased LVOT/AAo angle in the Evolut PRO (A) but not in the 
SAPIEN 3 valve (B). AAo, ascending aorta; LCC, left coronary cusp; LVOT, left 
ventricular outflow tract; NCC, non-coronary cusp.

A B

Table 1. Patient characteristics associated with the type of valve implanted

Type of valve
P

Evolut PRO (N = 51) SAPIEN 3 (N = 59)

Age (years) 82.6 ± 6.4 81.2 ± 5.8 .22

Sex .39

Male 54.9 59.3

Female 45.1 40.7

Body mass index (kg/m2) 26.4± 4.7 28.7 ± 4.7 .01a

Body surface area (m2) 1.9 ± 0.4 1.9 ± 0.2 .08

Peripheral artery disease 11.8 6.8 .28

Hypertension 76.5 83.1 .26

Diabetes mellitus 29.4 37.3 .25

Ischemic heart disease 62.0 45.8 .06

Previous revascularization 
(PCI/CABG)

41.2 37.3 .53

Previous history of stroke 5.9 5.1 .58

Previous pacemaker 9.8 6.8 .40

Chronic chest disease 9.8 23.7 .31

NYHA class .09

II 13.7 15.3

III 86.3 78.0

IV 0.0 6.8

STS score 3.8 ± 2.6 3.5 ± 2.2 .51

STS class (%) .65

Low (< 4%) 58.8 66.1

Intermediate (4% to 8%) 35.3 27.1

High (> 8%) 5.9 6.8

ECG findings .95

Sinus 43.1 45.8

Paced 7.8 6.8

Atrial fibrillation 49.0 47.5

Total preoperative 
conduction defects

19.6 22.0 .47

Baseline RBBB 0.0 16.9 .001b

Unless otherwise indicated, data are expressed as no. (%). Preoperative conduction 
defects included atrioventricular block, intraventricular conduction delay, left anterior 
hemiblock, left bundle branch block, and RBBB. CABG, coronary artery bypass graft; 
COPD, chronic obstructive pulmonary disease; OSAS, obstructive sleep apnea 
syndrome; PCI, percutaneous coronary intervention; RBBB, right bundle branch block; 
STS, Society of Thoracic Surgery risk score. 
a Significant P values.
b Highly significant P values.
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Echocardiographic and fluoroscopic findings

The baseline echocardiographic and fluoroscopic findings of both 
groups were comparable (table 2).

Procedural data in relation to the type of valve used

There were few differences in procedural data related to valve 
design and sheath size as shown on table 3.

Outcomes in association with the type of valve used

There was a significant difference in PVL (both immediate and at 
hospital discharge) and consequently more balloon postdilatation in 

Table 2. Echocardiographic and fluoroscopic data among the different study 
groups

Type of valve
P

Evolut PRO (N = 51) SAPIEN 3 (N = 59)

Mean PG (mmHg) 42.3 ± 7.7 42.8 ± 9.9 .78

Maximum PG (mmHg) 68.5 ± 10.5 67.3 ± 12.0 .56

Aortic valve area (mm) 0.9 ± 0.7 0.9 ± 0.2 .46

Ejection fraction (%)

Class of ejection fraction 48.4 ± 11.7 50.9 ± 11.7 .25
.76

Preserved (> 50%) 62.7 67.8

Mildly impaired (40%  
to 50%)

17.6 15.3

Moderately impaired 
(30% to 40%)

9.8 11.9

Severely impaired (< 30%) 9.8 5.1

Flow gradient (%)

HFHG 74.5 71.2 .91

LFLG/Impaired EF 19.6 22.0

LFLG/Preserved EF 5.9 6.8

Aortic measurements  
(by TEE)

Aortic valve area (mm) 0.7 ± 0.1 0.7 ± 0.2 .22

Annulus (mm) 23.8 ± 2.1 24.5 ± 1.9 .07

LVOT (mm) 21.1 ± 2.1 21.6 ± 2.4 .26

Sinus of Valsalva (mm) 30.7 ± 3.6 31.2 ± 3.8 .45

Sinotubular junction (mm) 25.9 ± 3.1 26.4 ± 3.5 .37

Ascending aorta (mm) 33.3 ± 5.9 33.7 ± 4.6 .68

Distance of STJ/LVOT 
(mm)

20.1 ± 10.5 19.4 ±3.2 .62

Aortic root calcification (%)

Annular calcification .49

Mild 66.7 71.2

Moderate 27.5 27.1

Severe 5.9 1.7

Sinotubular calcification 5.9 8.5 .44

LVOT calcification 19.6 11.9 .19

Mitral annular 
calcification 

15.7 18.6 .44

LVOT/AAo angle (°) 13.7 ± 5.1 13.9 ± 5.2 .84

AAo angle (°) 46.5 ± 9.4 47.5 ± 12.1 .62

AAo, ascending aorta; Ao, aorta; EF, ejection fraction; HFHG, high flow-high gradient; 
LFLG, low flow-low gradient; LVOT, left ventricular outflow tract; PG, pressure gradient; 
STJ, sinotubular junction; TEE, transesophageal echocardiography.

Table 3. Procedural data associated with each type of valve

Type of valve
P

Evolut PRO (N = 51) SAPIEN 3 (N = 59)

Route (%) .51

Right femoral 60.8 59.3

Left femoral 39.2 40.7

Annulus by TEE (mm) 23.8 ± 2.1 24.5 ± 1.9 .07

Balloon size (mm) 22.5 ± 1.9 22.6 ± 1.9 .63

Balloon sizing (mm) 23.4 ± 1.7 23.6 ± 1.9 .44

Valve size (%)

23 0.0 30.5

26 43.1 45.8

29 56.9 23.7

Sheath size (Fr) 16.0 14.5 ± 0.9 < .001

Sheath outer diameter 
(mm)

7.3 ± 0.1 6.2 ± 0.3 < .001

Femoral artery 
diameter (mm) 

7.9 ±1.1 8.2 ± 0.9 .20

Sheath femoral artery 
ratio

0.9 ± 0.1 0.8 ± 0.1 < .001

Cover index (%)

TEE 16.4 ± 5.6 5.2 ± 4.2 < .001

Balloon 18.3± 3.3 8.9 ± 3.3 < .001

Valve mean pressure 
gradient

9.8 12.2 .01

AR index (%) 28.4 ± 7.8 30.7 ± 7.4 .11

Implantation depth (mm)

LCC 5.8 ± 2.3 4.2 ± 1.7 < .001

NCC 6.3 ± 2.5 5.27 ± 1.7 .01

Amount of contrast (mL) 145.5 ± 48.8 128.6 ± 33.2 .03

Radiation (mGy) 4944.4 ± 2294.8 4557.8 ± 3133.9 .46

AR, aortic regurgitation; LCC, left coronary cusp; NCC, non-coronary cusp; TEE, trans-
esophageal echocardiography.
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the Evolute compared to the SAPIEN 3 group. The use of signifi-
cantly larger amounts of contrast with the Evolut PRO valves may 
explain the increased number of acute kidney injury described in 
this group compared to the SAPIEN valve group. Results were 
favorable to the SAPIEN 3 valve regarding the endpoints of stroke 
or in-hospital mortality. However, no statistically significant differ-
ences were reported. The rates of device success (absence of a 
significant PVL (≥ grade II) at hospital discharge, need for second 
valve implantation, valve embolization, the performance of the 
prosthetic heart valve, and mortality) were 86% and 98% with the 
Evolut PRO and SAPIEN 3 valves, respectively; P = .01 (table 4).

Impact of anatomical factors on PVL 

Calcification and the LVOT/AAo angle had a greater impact on PVL 
in the Evolut PRO compared to the SAPIEN 3 valve. The LVOT/

AAo angle was categorized based on the receiver operating charac-
teristic (ROC)-derived cut-off value for the endpoint of significant 
PVL ≥  grade II: cut-off value  = 11º, 80% sensitivity, and 35.8% 
specificity, area under the curve (0.57; 95% confidence interval, 
0.474-0.666; P = .37.) On the other hand, the AA angle did not seem 
to be very relevant to PVL within the groups (table 5).

Table 6 shows the univariate analysis of predictors of ≥ grade II 
PVL immediately after the procedure. As demonstrated, moderate 
and severe valvular calcification, LVOT calcification, and the 
LVOT/AAo angle contribute to PVL significantly. 

Impact of LVOT/AAo and AA angles on implantation depth

There was a significant negative correlation between the implanta-
tion depth of the Evolut PRO valve at the NCC and LVOT/AAo 
angles (r = -0.38; P = .01). There was no such correlation with the 
SAPIEN 3 valve (table 7). 

DISCUSSION

In this study 2 important findings were made. First, implantation 
of the Evolut PRO valve was associated with a higher risk of 
significant PVL compared to the SAPIEN 3 valve. Secondly, the rate 
of PPI was equal in both groups. Otherwise, both types of valves 
yielded similar outcomes. 

Reducing PVL is an important challenge regarding TAVI as it is 
associated with worse outcomes especially with the current use of 
these devices in lower-risk patients.14 

A randomized comparison between the CoreValve and SAPIEN XT 
valves in the CHOICE trial revealed a lower rate of moderate-to-se-
vere PVL in the SAPIEN XT group.15 In the SOLVE-TAVI trial, the 
non-inferiority of 2 devices (SAPIEN 3 and Evolut R) was reported 
in terms of their primary efficacy composite endpoint (death, 
stroke, paravalvular regurgitation, and new pacemaker implanta-
tion).16 Currently, the SAPIEN 3 Ultra and Evolut PRO+ have been 
developed with early favorable outcomes.17

In our study, relevant PVL (≥ grade II) was more common in 
patients who received the Evolut PRO compared to the SAPIEN 3 
valve (9.6% vs 6.8%, respectively). Enríquez-Rodríguez et al. 
reported a lower rate (2.5%) of moderate to severe PVL with the 
SAPIEN 3 valves possibly due to the presence of an external sealing 
cuff.18 

Obviously, anatomical factors are important for the occurrence of 
PVL. We observed that larger LVOT/AAo angles were associated 
with a higher rate of PVL, particularly with the Evolut PRO valve. 
Sherif et al. demonstrated that the risk of PVL increases with larger 
LVOT/AAo angles.10 We also observed that the LVOT/AAo angle 
affects implantation depth in association with the NCC with the 
Evolut PRO, but not with the SAPIEN 3 valves. It is quite conceiv-
able that implantation depth impacts the rate of PVL.

Sherif et al. were the first ones to report on the association between 
increased AA angles and postoperative PVL with self-expanding 
valves.10 A subsequent retrospective study conducted by Abramowitz 
et al. described a higher rate of complications (eg, postoperative 
PVL in patients with horizontal aortas (defined by an AA ≥  48º 
as seen on the cardiac CT scan) who received self-expanding 
valves.11 We observed that AA angles impacted PVL in patients 
who received Evolut PRO valves even if these angles were < 48º 
with no significant differences in the rate of PVL for AA angles 
< 48º or ≥ 48º. 

Table 4. In-hospital outcomes in patients treated with the Evolut PRO vs the 
SAPIEN 3 valve

Type of valve
P

Evolut PRO (N = 51) SAPIEN 3 (N = 59)

Immediate PVL .01

No/trace 19 (37.3) 46 (78)

Grade I 22 (43.1) 9 (15.2)

≥ grade II 10 (19.6) 4 (6.8)

Balloon postdilatation 8 (15.7) 3 (5.1) .35

PVL at discharge .01

No/trace 26 (50.9) 49 (83.1)

Grade I 22 (43.1) 9 (15.3)

Grade II 2 (3.9) 1 (1.7)

Grade III 1 (2) 0

Grade IV 0 0

Overall new-onset 
conduction defects

9 (17.6) 10 (16.9) .56

New-onset LBBB 4 (7.8) 4 (6.7) .40

Postoperative pacemaker 
implantation

4 (7.8) 3 (5.1) .25

Vascular complications .66

Major vascular 
complications

2 (3.9) 2 (3.4)

Minor vascular 
complications

4 (7.9) 3 (5.1)

Bleeding complications 0 0

Acute kidney injury* 3 (5.9) 2 (3.4) .28

Stroke 1 (2) 0 .46

Valve embolization 1 (2) 0 .46

Need for second valve 2 (3.9) 0 .30

In-hospital mortality rate 2 (3.9) 0 .30

Data are expressed as no. (%). PVL, paravalvular leak. 
* Acute kidney injury including all stages of the disease.
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Table 5. Association between anatomical factors and PVL in patients treated with the Evolut PRO vs the SAPIEN 3 valves

P cP b P a
SAPIEN 3 Valve (N = 59)Evolut PRO valve (N = 51)

≥ Mild PVL< Mild PVL≥ Mild PVL< Mild PVL

.0122.077.962.737.3Number 

.2.03Annular calcification 

.00111.959.335.331.4Mild

.02410.216.921.65.9Moderate 

.0460.01.75.90.0Severe 

.323.001.048.53.417.61.7LVOT calcification 

.035.2.0013.415.315.70.0Mitral annular calcification 

.001.01LVOT/AAo anglea

.0021.725.415.717.6< 11°

.0320.352.547.119.6≥ 11°

.34.78AAo angle (%)

.00315.245.837.223.5< 48º

.0016.832.225.513.7> 48º

LVOT, left ventricular outflow tract; AAo, ascending aorta. 
An LVOT/AAo angle of 11º is the cut-off vale for the rate of PVL as detected by the ROC curve.
Data are expressed as percentage (%).
a P value within the Evolut PRO group.
b P value within the SAPIEN 3 group.
c P value from a chi-square score between both groups.

In this study we also observed 6 patients with AA angles ≤ 30º (3 
patients with Evolut PRO and 3 patients with SAPIEN 3). All of 
them were free of PVL immediately after valve deployment. One 
could speculate that AA angles ≤ 30º are the best for Evolut PRO 
valve implantation, but the small size of the sample prevents us 
from drawing any definitive conclusions.

In our study, the rates of device success determined by the absence 
of a significant PVL (≥ grade II) at hospital discharge, need for a 
second valve, valve embolization, the performance of the prosthetic 
heart valve, and the mortality rate according to VARC definition9 
were 86% and 98% with the Evolut PRO and SAPIEN 3 valve, 
respectively. Similarly, Li et. al found a high device success rate 
for both the SAPIEN 3 and the Evolut R valve (94% and 96%, 
respectively).19 

We found similar rates of postoperative conduction defects and 
PPI for both Evolut PRO and SAPIEN 3 valve types (7.8% and 
5.1%, respectively). Popma et al.20 and Vlastra et al.21 reported 
lower rates of PPI with new generation balloon expandable valves 
compared to new-generation self-expanding valves. The compa-
rable rates of conduction defects and PPI with either valve in our 
study was probably due to the lower implantation depth of Evolut 
PRO valves. 

Table 6. Univariate analysis of predictors of significant immediate postope-
rative PVL (grade ≥ 2)

Variable
Univariate

OR (95%CI) P

Severe calcification 35.000 (3.138-390.431) .004

LVOT calcification 10.921 (3.208-37.174) < .001

LVOT/AAo angle 1.047 (0.940-1.165) .003

AA 1.016 (0.967-1.067) .524

Valve type (Evolut PRO) 2.750 (0.872-8.669) .084

TEE cover index 1.099 (1.018-1.188) .016

Cover index by balloon sizing 1.108 (1.001-1.226) .049

LCC implantation depth 1.199 (0.953-1.510) .122

RCC implantation depth 1.167 (0.914-1.489) .215 

P value was significant if < .05. 95%IC, 95% confidence interval; AA, aortic angulation; 
AAo, ascending aorta; AR, aortic regurgitation; LCC, left coronary cusp; LVOT, left 
ventricular outflow tract; PVL, paravalvular leak; RCC, right coronary cusp; TEE, trans-
esophageal echocardiography.

Table 7. Correlation of implantation depth (in both valves) with the LVOT/AAo 
and AA angles

Type of valve

Evolut PRO SAPIEN 3

LCC NCC LCC NCC

LVOT/AAo angle (°) -0.23 (0.09) -0.38 (0.01) 0.09 (0.46) 0.16 (0.21)

AAo angle (°) 0.13 (0.33) 0.06 (0.65) 0.02 (0.87) 0.06 (0.61)

r indicates strength of correlation and P value indicates significance of correlation.  
P value was significant if < .05. AAo, ascending aorta; LCC, left coronary cusp; LVOT, 
left ventricular outflow tract; NCC, non-coronary cusp.
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Li et al. reported higher rates of postdilatation of up to 30% with 
the Evolut R compared to the SAPIEN 3 valve.19 This was not seen 
in our study (15.7% and 5.1%, respectively; P  =  .35). This was 
probably so thanks to the proper positioning of the Evolut PRO 
valve and routine predilatation in all our cases.

In this study, in-hospital mortality was similar in both valve groups. 
Li et al. also reported that mortality was not associated with the 
type of valve implanted.19 The CHOICE trial also showed a compa-
rable mortality rate with the use of older-generation valves (Core- 
Valve and SAPIEN XT).15

The rates of stroke were similar for both the Evolut PRO and the 
SAPIEN 3 valve and lower compared to those seen with older 
generation devices.15,19,22,23 The operators’ experience and improved 
delivery systems are likely to account for the reduced risk of 
thromboembolic complications. 

Regardless of the type of valve used, acute kidney injury seemed 
to be slightly more common in our study (5.9% and 3.5% for the 
Evolut PRO and the SAPIEN 3, respectively) than previously 
reported. Husser et al.24 noted a rate of 2.7% in SAPIEN 3 valves 
while Kodali et al.25 reported rates of 1.7%. However, large multi-
center studies usually have stricter inclusion criteria so the baseline 
kidney function of the patients included was better.19

Despite increased sheath/femoral artery ratios with the Evolut PRO 
valve, the rate of bleeding or vascular complications was similar 
compared to the SAPIEN 3 valve. Similar results were reported by 
Li et al.19 and Panchal et al.26

Limitations

This was a single-center study with a small sample size and limited 
statistical power. As routine computed tomography scan was not 
part of our study, specific information on the anatomy of the aortic 
root was not available and no adjustment was performed based on 
the annular dimensions or degree/distribution of aortic annular 
calcification. Also, angiography-based measurements of the LVOT/
AAo and AA angles may be inaccurate. However, this may have 
helped exclude selection bias as some operators are reluctant to use 
self-expanding valves in view of heavy calcifications or severe 
angulation. 

Follow-up was limited to the length of stay (average 1 week). 
However, this seems reasonable since we focused on procedural 
aspects. Furthermore, in comparable studies, in-hospital outcome 
and 30-day follow-up results were quite similar. 

CONCLUSIONS

This randomized study demonstrated comparable procedural and 
in-hospital outcomes for the Evolut PRO and SAPIEN 3 valves 
except for a significantly higher rate of PVL associated with the 
Evolut PRO valves. The PVL reported was associated with the 
LVOT/AAo angle in Evolut PRO group, which also impacted nega-
tively the implantation depth of this type of valve.
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