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Abstract. The aim of this study was to systematically search 
literature and conduct a meta‑analysis comparing the clinical 
efficacy and safety of Evolut R and Sapien 3 valves for trans-
catheter aortic valve implantation (TAVI). The PubMed, Biomed 
Central, Scopus, Cochrane library and Google scholar databases 
were searched for articles published up to June, 2019. A total of 
5 studies were included. In total, 795 patients underwent TAVI 
with Evolut R, while 665 patients received the Sapien 3 valve in 
the included studies. Overall device success with Evolut R was 
95.7% and with Sapien 3 was 94.2%. Pooled data indicated no 
significant differences between the 2 valves (OR, 1.12; 95% CI, 
0.66‑1.89; P=0.68; I2=0%). No significant differences were 
observed in the incidence of none to mild paravalvular leakage 
between the 2 groups (OR, 1.71; 95% CI, 0.83‑3.54; P=0.14; 
I2=0%). Both mean [random; mean difference (MD) = ‑3.96; 
95% CI, ‑4.61 to ‑3.31; P<0.00001, I2=0%] and peak (random; 
MD = ‑6.85; 95% CI, ‑8.22 to ‑5.48; P<0.00001, I2=0%) aortic 
valve gradients were significantly lower with Evolut R. No 
significant differences were observed in the 30‑day mortality 
(OR, 1.32; 95%  CI, 0.45‑3.87; P=0.62; I2=0%) or 30‑day 
stroke outcomes (OR, 0.76; 95% CI, 0.32‑1.81; P=0.54; I2=0%) 
between the 2 devices. On the whole, the findings of this study 
indicate that Evolut R and Sapien 3 valves may be comparable 
in terms of device success and short‑term complications. The 
differences between the 2 devices for post‑operative moderate 
to severe paravalvular leak and permanent pacemaker implanta-
tion remain unclear. There is thus a need for a large multi‑center 
randomized controlled trial to provide stronger evidence on this 
subject.

Introduction

Transcatheter aortic valve implantation (TAVI) is the recom-
mended treatment option in patients with severe aortic 
stenosis considered inoperable or at high surgical risk (1). The 
balloon‑expandable Edward Sapien (Edwards Lifesciences) 
and the self‑expandable Medtronic CoreValve (Medtronic) 
are the most commonly used aortic valves from the early 
generation (2). Studies have shown similar outcomes with both 
valves, in terms of mortality, rate of stroke and post‑operative 
functional status (3,4). However, one of the major shortcomings 
of these early generation valves is the presence of paravalvular 
leakage, which results in moderate‑severe aortic regurgitation 
and has been associated with an increased late mortality (5,6). 
With ongoing research and development with respect to TAVI, 
two competing newer generation valves, the Sapien 3 (Edwards 
Lifesciences) and CoreValve Evolut R (Medtronic) have been 
introduced and are widely used in the Unites States (7). The 
Sapien 3 is a balloon‑expandable valve, comprising a nickel 
cobalt chromium frame, tri‑leaflet bovine pericardial tissue 
valve and a polyethylene terephthalate sealing skirt. The 
Evolut R, is a self‑expanding valve comprising a tri‑leaflet 
porcine pericardial tissue valve mounted within a compressible 
Nitinol frame (8). Both have been designed to further reduce 
the rate of paravalvular leakage, conduction abnormalities and 
vascular complications associated with TAVI (9,10).

Schulz et al (11), in a single center cohort study, demonstrated 
a reduced rate of more‑than‑mild paravalvular regurgitation 
and a greater device success with Evolut R, as compared to the 
earlier generation CoreValve. Similarly, the results of the study 
by Nijhoff et al (12) indicated the superiority of Sapien 3 over its 
predecessor, in terms of improved valve patency and increased 
transfemoral access safety. With both the new‑generation valves 
becoming increasingly popular, it is important to determine 
whether any one of the valve results in superior outcomes over 
the other. While studies have compared the efficacy and safety 
of Evolut R vs. Sapien 3, there is a lack of level 1 evidence in 
the form of a systematic review and meta‑analysis. Hence, the 
aim of this study was to systematically search the literature and 
conduct a meta‑analysis comparing the clinical efficacy and 
safety of Evolut R and Sapien 3 valves for TAVI.
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Data and methods

This systematic review and meta‑analysis were conducted in 
accordance with the Meta‑analyses Of Observational Studies 
in Epidemiology (MOOSE) checklist  (13). The research 
question to be answered was the following: Whether there is 
any difference in the clinical efficacy and safety profiles of 
Evolut R and Sapien 3 valves for TAVI.

Search strategy. An electronic search of the PubMed, Biomed 
Central, Scopus, Cochrane library and Google scholar data-
bases was performed for articles published up to June, 2019. 
Free text keywords and MeSH terms were used in various 
combinations. Search keywords included: ‘Transcatheter aortic 
valve SAPIEN 3’, ‘transcatheter aortic valve Evolut R’, ‘TAVI’, 
‘transcatheter aortic valve implantation’, ‘self‑expandable 
aortic valve’ OR ‘balloon expandable aortic valve’. The refer-
ences of included studies and review articles on the subject 
were hand searched for the identification of any additional 
studies.

Eligibility criteria. We searched for pertinent studies 
comparing the clinical efficacy and safety of Evolut R and 
Sapien 3 valves for TAVI. No restriction was placed on the type 
of study. Studies were included if they met the following speci-
fications: i) Compared outcomes following TAVI with Evolut R 
and Sapien 3 valves; and ii) predominant mode of TAVI was 
trans‑femoral route (>80%). The outcome assessment had to 
include any one of the following variables: Mortality, stroke, 
paravalvular leakage, major vascular complications and bleed-
ings, and pacemaker implantation. Studies excluded were the 
following: i) Studies not reporting separate outcome data for 
Evolut R and Sapien 3 valves; ii) duplicate reports; iii) case 
series and case reports with <10 patients; and iv) non‑English 
language studies and animal studies.

Data extraction and quality assessment. Two independent 
reviewers performed the literature search. Following the 
removal of duplicates, studies were scrutinized by their title 
and abstracts to determine whether they met the inclusion 
criteria. The full‑texts of the selected articles were then 
scanned for inclusion in the review. Any discrepancies were 
resolved by discussion. Data were extracted from the included 
trials by 2 independent reviewers using an abstraction form. 
The following details were sourced: Authors, publication 
year, sample size, demographic and baseline data of partici-
pants, TAVI procedural details, and outcomes assessed. Two 
reviewers independently assessed the risk of bias using the 
Newcastle‑Ottawa Scale for non‑randomized studies (14).

Statistical analysis. Outcome data are presented as either the 
means ± standard deviation (SD) for continuous variables or 
as the number of events per group for categorical variables. 
Data extracted were entered into Review Manager [RevMan, 
version 5.3; Nordic Cochrane Centre (Cochrane Collaboration), 
Copenhagen, Denmark, 2014] for meta‑analysis. Considering 
the heterogeneity amongst studies, a random‑effects model was 
used to calculate the pooled effect size. Categorical data were 
summarised using the Mantel‑Haenszel odds ratios (OR) and 
95% confidence intervals (CI). The mean difference (MD) with 

95% CI was used to pool continuous variables. Heterogeneity 
was calculated using the I2 statistic. I2 values of 25‑50% repre-
sented low, values of 50‑75% medium and >75% represented 
substantial heterogeneity. The influence of each study on the 
pooled effect size was analyzed using a sensitivity analysis. 
Using the one‑study‑out method, we assessed whether deleting 
each individually would significantly change the pooled results 
of the meta‑analysis.

Results

The search results are presented in Fig. 1. A total of seven 
articles were analyzed by their full text. Two studies were 
excluded. In one study (15), the outcome data for Evolut R 
and Sapien 3 valves were not presented separately. Another 
study (16) examined gender‑based differences in outcomes, in 
a cohort of Evolut R and Sapien 3 TAVI patients without any 
comparison between the 2 valves. A total of 5 studies (8,17‑20) 
met the inclusion criteria and were included in the systematic 
review and meta‑analysis. No randomized controlled trials 
were available for inclusion. Four (8,18‑20) were retrospective 
cohort studies, while one was a prospective study (17). The 
prospective study (17) compared outcomes between Evolut R 
and Sapien 3 valves in patients with large annuli (≥26 mm). 
None of the remaining studies used any exclusion criteria 
based on any patient characteristic.

Baseline and procedural characteristics. A total of 795 
patients underwent TAVI with Evolut R, while 665 patients 
received the Sapien  3 valve in the included studies. The 
baseline characteristics of the study participants are presented 
in Table I. With the exception of one study (20), there were 
minimal differences between the baseline characteristics of the 
2 groups. In the study by Finkelstein et al (20), the groups were 
not matched for age, sex, Society of Thoracic Surgeons (STS) 
score, hyperlipidemia, ischemic heart disease, New York Heart 
Association (NYHA) classification and left ventricular ejec-
tion fraction (LVEF). The procedural details of the included 
studies are presented in Table II. Two studies (17,18) utilized 
transfemoral access in all patients, while in the remaining 
studies, the transfemoral route was used in >89% of the study 
participants. One study (17) compared the 34 mm Evolut R 
valve with 29 mm Sapien 3 valve. Multiple different‑sized 
valves were used in the remaining studies. The authors' assess-
ment of the quality of the included studies is presented in 
Data S1.

Outcomes
Device success and post‑procedural echocardiogram 
outcomes. Data on the outcomes of the included studies are 
presented in Table III. Valve Academic Research Consortium‑2 
consensus document (VARC‑2) (21)‑defined device success 
was reported in all 5 studies. The overall device success with 
Evolut R was 95.7% (761/795) and that with Sapien 3 was 94.2% 
(627/665). Pooled data indicated no significant differences 
between the 2 valves (OR, 1.12, 95% CI, 0.66‑1.89; P=0.68; 
I2=0%) (Fig. 2). Data on post‑procedural LVEF were avail-
able from 3 studies. Meta‑analysis indicated no differences 
between the 2 groups (random; MD = ‑0.29; 95% CI, ‑1.74 to 
1.17; P=0.70; I2=0%) (Fig. 3A). The incidence of none to mild 
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paravalvular leakage did not differ between the 2 groups (OR, 
1.71; 95% CI, 0.83‑3.54; P=0.14; I2=0%) (Fig. 3B). In total, 
3.3% (26/794) patients had more than moderate paravalvular 
regurgitation with Evolut R, while the same was reported in 
1.4% (9/665) patients with Sapien 3. Pooled analysis did not 
demonstrate any statistically significant differences (OR, 1.95; 
95% CI, 0.62‑6.18; P=0.25; I2=28%) (Fig. 3C). Both the mean 
(random; MD = ‑3.96; 95% CI, ‑4.61 to ‑3.31; P<0.00001, 
I2=0%) (Fig. 3D) and peak (random; MD = ‑6.85; 95% CI, 

‑8.22 to ‑5.48; P<0.00001, I2=0%) (Fig. 3E) aortic valve gradi-
ents were significantly lower with Evolut R.

Immediate post‑operative complications. In total, 2.28% 
(5/219) of the patients had a life‑threatening bleed with 
Evolut R, while 2.2% (8/362) had the same experience with 
Sapien 3; no statistically significant differences were observed 
(OR, 1.16; 95% CI, 0.34‑3.93; P=0.82; I2=0%) (Fig. 4A). Data 
on major vascular complication was reported by 3 studies. 
With 5/219 events (2.3%) with Evolut R and 10/362 events 

Figure 1. Search outcomes of the study.
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(2.8%) with Sapien 3, there were no statistically significant 
differences between the 2 groups (OR, 0.94; 95% CI, 0.32‑2.74; 
P=0.91; I2=0%) (Fig. 4B). A greater percentage [18% (133/738)] 
of patients underwent pacemaker implantation following TAVI 
with Evolut R, as compared to 12% (72/594) with Sapien 3. This 
difference, however, did not reach statistical significance (OR, 
1.57, 95% CI, 0.99‑2.49, P=0.06; I2=40%) (Fig. 4C). Pooled 
data from 3 studies on acute kidney injury with 13/219 (5.9%) 
events with Evolut R and 19/362 (5.2%) events with Sapien 3, 
did not reveal any significant differences between the 2 groups 
(OR, 1.00; 95% CI, 0.47‑2.14; P=1.00; I2=0%) (Fig. 4D). Data 
on stroke and immediate mortality were reported by 3 studies. 
With 5 cases of stroke in 219 patients (2.2%) in the Evolut R 
group and 5 cases of stroke in 362 patients (1.4%) in the Sapien 3 
group, no statistically significant differences were noted (OR, 
1.72; 95% CI, 0.41‑7.26; P=0.46; I2=0%) (Fig. 4E). Similarly, 
with 6 deaths out of the 657 patients (0.9%) with Evolut R and 
1 death out of the 402 patients (0.2%) with Sapien 3, the pooled 
analysis did not reveal any significant difference (OR, 2.15; 
95% CI, 0.36‑12.89, P=0.40; I2=0%) (Fig. 4F).

30‑day outcomes. At 30 days, there were 11 deaths out of 
the 694 patients (1.6%) with Evolut R and 6 deaths out of the 530 
patients (1.1%) with Sapien 3. The difference was not statisti-
cally significant (OR, 1.32; 95% CI, 0.45‑3.87; P=0.62; I2=0%) 
(Fig. 5A). Similarly, no differences was observed in the 30‑day 
stroke outcomes between the 2 groups (OR, 0.76; 95% CI, 
0.32‑1.81; P=0.54; I2=0%) (Fig. 5B). In total, 12 patients had 
a life‑threatening bleed out of 684 patients in the Evolut R 
group (1.8%), while 9 of the 427 patients experienced the same 
with Sapien 3 (2.1%). Meta‑analysis indicated no statistically 
significant differences (OR, 0.78; 95% CI, 0.31‑1.96; P=0.60; 
I2=2%) (Fig. 5C). In total, 3.8% patients (26/684) had major 
vascular complication with Evolut R, while 4.4% (19/427) had 
the same experience with Sapien 3. Pooled analysis failed to 
demonstrate any significant difference (OR, 0.91; 95% CI, 
0.49‑1.68; P=0.75; I2=0%) (Fig. 5D).

Sensitivity analysis. A sensitivity analysis was carried out 
wherein each study was sequentially removed from the 
meta‑analysis. It was found that when the results of the study 
by Ben‑Shoshan  et  al  (18) were removed, overall pooled 
estimate for pace‑maker implantation became statistically 
significant in favor of Sapien 3 (OR, 1.92; 95% CI, 1.02‑3.60; 
P=0.04; I2=47%) (Fig. 6A). In addition, the results for more 
than moderate paravalvular regurgitation became significant 
in favor of Sapien 3 (OR, 2.95; 95% CI, 1.15‑7.53; P=0.02; 
I2=0%) (Fig. 6B). No other outcomes were changed following 
the removal of any of the 5 included studies. Sensitivity 
analysis with fixed model also did not influence any of the 
outcomes.

Discussion

The primary objective of this study was to compare the 
clinical outcomes and safety profile of the newer genera-
tion Evolut R and Sapien 3 valves. An important criteria for 
such a comparison is to have baseline similarity between 
the 2 groups. Our literature search revealed only 5 studies 
reporting head‑to‑head comparison of the 2 devices. With 
the exception of one study  (19), there were some baseline 
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differences between the 2 groups, which could have affected 
the results of this meta‑analysis. Mindful of this disparity, 
the primary findings of this study can be summarized as 
follows: i) VARC‑2 success rates with both devices seem to 
be similar; ii) there seem to be no difference in the incidence 

of mild paravalvular leak with the 2 valves; however, evidence 
regarding moderate to severe paravalvular leak is not clear; 
iii) aortic valve gradients are significantly lower with Evolut R; 
iv) there seems to be no difference in the short‑term safety 
profile of the 2 devices.

Figure 2. Forrest plot of device success. 

Figure 3. (A) Forrest plot of deft ventricular ejection fraction. (B) Forrest plot of paravalvular leakage (not mild). (C) Forrest plot of paravalvular leakage 
(moderate to severe). (D) Forrest plot of mean aortic valve gradient. (E) Forrest plot of peak aortic valve gradient.
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All included studies reported outcomes based on the VARC‑2 
guidelines (21), which enabled the pooling of multiple variables. 
Device success rates, defined as the absence of procedural 
mortality, correct positioning of the valve, no prosthesis‑ patient 
mismatch, mean aortic valve gradient <20 mmHg or peak velocity 

<3 m/sec, and no moderate or severe prosthetic valve regurgita-
tion (21), were reported by all 5 studies. Our analysis revealed high 
rates of success with both devices, with no statistically significant 
difference between the 2 groups. These results are similar to 
studies comparing the former generation Sapien/Sapien XT and 

Figure 4. (A) Forrest plot of immediate post‑procedural life‑threatening bleed. (B) Forrest plot of immediate post‑procedural major vascular complication. 
(C) Forrest plot of immediate post‑procedural pacemaker implantation. (D) Forrest plot of immediate post‑procedural acute kidney injury. (E) Forrest plot of 
immediate post‑procedural stroke. (F) Forrest plot of immediate post‑procedural mortality.
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CoreValve devices, which too were comparable in terms of device 
success (4,22). Pooled device success rates from our analysis are 
also proportional with single arm trials. Kalra et al (23) reported 

a 91.3% success rate in 264 consecutive Evolut R implantations, 
while Husser et al (24) reported a success rate of 97.6% with 
Sapien 3 valve in 244 patients.

Figure 5. (A) Forrest plot of 30‑day mortality. (B) Forrest plot of 30‑day stroke. (C) Forrest plot of 30‑day life threatening bleed. (D) Forrest plot of 30‑day 
major vascular complication.

Figure 6. (A) Forrest plot for sensitivity analysis of immediate post‑procedural pacemaker implantation. (B) Forrest plot for sensitivity analysis of paravalvular 
leakage (moderate to severe).
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A significant complication of TAVI is para‑valvular 
leak that can lead to increased mortality for both the 
balloon‑expandable and the self‑expanding transcatheter 
heart valves  (25). A meta‑analysis of 12,926 patients by 
Athappan et al reported a 11.7% incidence of moderate to 
severe aortic regurgitation in patients treated with the earlier 
generation Sapien or CoreValve devices (6). To overcome this 
drawback, newer generation Evolut R and Sapien 3 valves 
were developed. These devices are equipped with features for 
repositionability and retrievability that allow for controlled 
deployment. While the Evolut R is equipped with a longer 
porcine pericardial sealing skirt, the Sapien 3 consists of 
an outer polyethylene terephthalate cuff to reduce paraval-
vular regurgitation (9,26). Researchers have reported up to a 
50% reduction in moderate to severe paravalvular leak with 
Evolut R, as compared to its predecessor, the CoreValve (27). 
Moderate to severe para‑valvular leak has reduced from 6.9% 
with SAPIEN XT to 1.6% with Sapien 3 (28). In this study, 
the incidence of moderate to severe paravalvular leak was 
found to be extremely low with a pooled frequency of 3.3% 
in the Evolut R group and 1.4% in the Sapien 3 group. The 
statistically significant differences between the 2 devices for 
this variable, are however, not clear. Finkelstein et al (20) 
found a higher rate of moderate to severe paravalvular 
leak in their cohort of Evolut R patients. The difference 
was significant for the angiographic outcome and only 
numerically higher for the echocardiography outcome. The 
only case‑matched study (19) in this review also reported a 
significantly increased incidence of moderate paravalvular 
leak with Evolut R. The lower rate of regurgitation with 
Sapien 3 was attributed to the valves' greater radial force and 
its adaptability to the aortic annulus (19). Robust evidence 
on the actual difference between the 2 valves can only be 
ascertained with prospective studies where the 2 groups 
are matched for annulus diameter, valve size and valve 
calcification and outcomes assessed at a central independent 
echocardiographic core laboratory.

The difference in the hemodynamic performance of the 
earlier generation Sapien and CoreValve is well documented. 
In a case‑matched study, the self‑expanding CoreValve was 
associated with a significantly lower residual gradient as 
compared to the Sapien Valve (29). Similar to their predeces-
sors, our results indicate superior antegrade hemodynamic 
performance of Evolut R as compared to the Sapien 3 device. 
The difference is probably attributed to the supra‑annular 
position of the Evolut R leaflets, allowing lower resistance to 
the left ventricle outflow and gradients (19).

Pacemaker implantation following TAVI varies across 
studies and can be affected by institutional electrophysiology 
protocols  (30,31). Single arm studies report the incidence 
of permanent pacemaker implantation with Evolut  R 
to be 16.4‑19.7%  (23,26). Similarly, 14‑17% of patients 
require permanent pacemaker implantation with Sapien 3 
device (9,24). In this study, the pooled incidence of pacemaker 
implantation with Evolut R was slightly higher at 18% as 
compared to 12% with the Sapien 3 device. While the differ-
ence was not statistically significant, evidence in not strong 
since sensitivity analysis presented conflicting results. The 
additional skirt added to Sapien 3 device, to reduce paraval-
vular leakage, has been associated with increased need of 

post‑procedural pacemaker implantation. It is postulated that 
higher local trauma delivered to the conduction system with 
this addition results in greater requirement for pacemaker 
implantation  (20,32). On the contrary, the re‑sheathable 
delivery system of the Evolut‑R may allow more accurate valve 
positioning, potentially reducing trauma to the conduction 
system. More studies are required to validate the comparison.

Vascular complications following TAVI is another major 
problem, with initial rates of complications ranging from 1.9 
to 17.3% (33). Important predictors are small vessel diam-
eters, presence of severe calcifications and sheath‑to‑femoral 
artery ratio (33). Important changes in the design of the newer 
generation valves have been made. The 14F expandable sheath 
with Sapien 3 and the lower profile 14F equivalent sheath with 
the Evolut R device have significantly reduced the incidence 
of major vascular complications as compared to the earlier 
generation valves (23,24). Our review found that the incidence 
of major vascular complications and life‑threatening bleeds 
with both devices to be extremely low and comparable.

The short‑term mortality rates with earlier generation 
self‑expanding and balloon‑expanding valves have been 
reported to be 6.8 and 7.1%, respectively (34). These rates have 
significantly improved with both new‑generation devices. The 
overall pooled 30‑day mortality rates was found to be very 
low with no difference between Evolut R and Sapien 3 (1.6 vs. 
1.1%). 30‑day stroke outcomes also did not differ between the 
two devices.

The limitations of this study need to be enumerated. Firstly, 
this is a meta‑analysis of retrospective observational studies. 
An inherent drawback of observational studies is a greater 
probability of bias as compared to randomized controlled trials. 
Secondly, this is a study‑level meta‑analysis, a patient level 
meta‑analysis would have provided stronger evidence. Thirdly, 
the participants of the 2 groups were not matched for all base-
line characteristics. Only one‑study included case‑matched 
participants. The results of this analysis, therefore, must be 
interpreted with caution. Fourthly, only short‑term outcomes 
were compared as long‑term data was not available. Lastly, not 
all studies utilized transfemoral route in all patients. The use 
of other routes would have introduced bias in the results.

Despite the limitations, the consistency of the direction 
and magnitude of the overall effect, and stability of the results 
after sensitivity analysis, provide some support to the study's 
overall conclusions. To the best of our knowledge, this is 
the first systematic review and meta‑analysis comparing the 
Evolut R and Sapien 3 device. Our results indicate, Evolut R 
and Sapien 3 valves may be comparable in terms of device 
success and short‑term complications. The difference between 
the 2 devices for post‑operative moderate to severe paraval-
vular leak and permanent pacemaker implantation is not clear. 
There is a need for a large multi‑center randomized controlled 
trial to provide stronger evidence on this subject.
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