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Abstract. – OBJECTIVE: The aim of the me-
ta-analysis was to assess post-procedural out-
come of the new generation of transcatheter 
aortic valve implantation (TAVI) devices, focus-
ing on the transfemoral and balloon-expandable 
SAPIEN 3 (Edwards Lifesciences Inc., Irvine, CA, 
USA), the self-expanding CoreValveTM Evolut se-
ries R and PRO (R/PRO)TM (Medtronic Inc., Min-
neapolis, MN, USA) and ACURATE neo™ tran-
scatheter aortic valve (Symetis SA, a Boston 
Scientific company, Ecublens, Switzerland).

MATERIALS AND METHODS: All observa-
tional studies were retrieved through PubMed 
computerized database from January 2014 un-
til June 30th, 2019. The risk difference (RD) with 
the 95% confidence interval (CI) was used to as-
sess the effectiveness of the intervention un-
der comparison. The primary end point was 30-
day mortality. Safety end points included: (i) 
stroke, (ii) moderate/severe paravalvular leak, 
and (iii) the need for new permanent pacemak-
er implantation.

RESULTS: Meta-analysis demonstrated no 
significant differences as regards to either 30-
day mortality or stroke for all the groups of pros-
theses under comparison. ACURATE neo was 
associated with significantly less new perma-
nent pacemaker implantation compared to SAPI-
EN 3 (RD: -0.06; 95% CI -0.08 to -0.03; p<0.0001; 
I2=0%) or to EVOLUT R/PRO (RD: -0.06; 95% CI 
-0.09 to -0.02; p=0.0009; I2=0%). A significant re-
duction of new permanent pacemaker need was 
observed in the group of patients implanted with 
SAPIEN 3 compared to EVOLUT R/PRO (RD: 
-0.07; 95% CI -0.09 to -0.04; p<0.00001; I2=7%). 
The occurrence of moderate/severe leak was 
significantly increased in the group of patients 
implanted with ACURATE neo vs. SAPIEN 3 (RD: 

0.04; 95% CI 0.02 to 0.05; p<0.00001; I2=0%). 
No significant differences were found between 
ACURATE neo vs. EVOLUT R/PRO (RD: -0.01; 
95% CI -0.04 to 0.02; p=0.69; I2=0%) and between 
SAPIEN 3 vs. EVOLUT R/PRO (RD: -0.01; 95% CI 
-0.04 to 0.01; p=0.28; I2=73%). 

CONCLUSIONS: The results of the meta-anal-
ysis show that: (1) ACURATE neo was associat-
ed with significantly less new permanent pace-
maker implantation than SAPIEN 3 and EVOLUT 
R/PRO; (2) SAPIEN 3 had significantly lower oc-
currence of moderate/severe valvular leak than 
ACURATE neo.

Key Words: 
Transcatheter Aortic Valve Implantation, TAVI, TAVR, 

Aortic stenosis, Prosthetic aortic valves, Meta-analysis. 

Introduction

Transcatheter aortic valve implantation (TAVI) 
is recognized as an effective therapy for the treat-
ment of aortic stenosis in high, intermediate, and 
even low-risk operable patients1,2. 

Recent randomized trials of TAVI showed 
that, in patients who were at intermediate or high 
risk for death with surgery, TAVI was either su-
perior or noninferior to standard therapies, in-
cluding SAVR3-14.

As a result of continuous TAVI evolution, sev-
eral new generation transcatheter heart valves 
have been developed incorporating features (i.e., 
lower profile, easier positioning, repositionability, 
and recoverability) addressed to minimize proce-
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dural complications such as paravalvular regur-
gitation, valve malpositioning, vascular compli-
cations, and conduction disorders and to improve 
clinical outcomes15-17.

The aim of the meta-analysis was to compare 
the clinical outcome of the new generation tran-
scatheter aortic valves, focusing on real life stud-
ies, either as a complement to Randomized Con-
trolled Trials (RCTs), and to provide new insight 
on the “effectiveness” of the treatments adminis-
tered in everyday clinical practice in patients with 
severe aortic stenosis, undergoing transfemoral 
TAVI.

Materials and Methods

This review and meta-analysis were performed 
in accordance with the PRISMA (Preferred Re-
porting Items for Systematic Reviews and Me-
ta-Analyses) statement18. 

Study Definition
We searched through PubMed computerized 

database for observational studies (Obs.) per-
forming a direct comparison of almost two of 
the newest heart valves: the balloon-expandable 
SAPIEN 3 (Edwards Lifesciences Inc., Irvine, 
CA, USA), the self-expanding CoreValveTM Evo-
lut series R, and PRO (R/PRO)TM (Medtronic Inc., 
Minneapolis, MN, USA) and ACURATE neo™ 
transcatheter aortic prosthesis (Symetis SA, a 
Boston Scientific company, Ecublens, Switzer-
land) in patients with severe aortic stenosis un-
dergoing transfemoral TAVI. The reference lists 
of the retrieved full-text articles were also exam-
ined to identify potentially relevant studies not 
selected by the electronic search. The search was 
restricted to English-language journals. Studies 
on patients undergoing direct aortic or transapical 
TAVI were excluded. The search was performed 
from January 2014 to June 30th, 2019. Two inves-
tigators independently performed the eligibility 
screening with the aim to include only studies 
that report 30-day mortality and/or at least one of 
the safety endpoints under evaluation. In case of 
disagreement, consensus was obtained after con-
sulting a third reviewer.

Outcomes
The primary end point was 30-day mortality. 

Safety end points included: (i) stroke, (ii) mod-
erate/severe paravalvular leak, and (iii) the need 
for new permanent pacemaker implantation. In-

deed, to avoid risk of bias, due to unobserved or 
inaccurately measured confounders, we included 
in the meta-analysis the data related to the overall 
population of patients from the selected studies.

Statistical Analysis
The meta-analysis was performed using Re-

view Manager (RevMan) [Computer program] 
Version 5.3. (Copenhagen: The Nordic Cochrane 
Centre, The Cochrane Collaboration, 2014) using 
the risk difference (RD) with the 95% Confidence 
Interval (CI), and the absolute risk reductions 
were calculated using the Mantel-Haenszel ran-
dom-effect model to take into account possible 
heterogeneity among studies. We performed the 
analysis using the risk difference instead of the 
relative risk because the differences between the 
absolute risks give a better representation of the 
effectiveness of the interventions under compar-
ison.

We evaluated the effectiveness of the prosthet-
ic implanted valves by comparing the following 
groups of patients: (i) ACURATE neo vs. SAPI-
EN 3, (ii) ACURATE neo vs. EVOLUT R/PRO, 
and (iii) SAPIEN 3 vs. EVOLUT R/PRO. 

A Forest plot was used for a graphical presen-
tation of the results. The selected studies were 
examined to assess the homogeneity/heterogene-
ity of the results by visually inspecting the CIs 
of the risk estimates in the different studies and 
computing the Cochran’s Q test and I2 statistics19. 
A bidirectional α error of < 0.05 was defined as 
statistically significant. 

Results

Of 1,686 studies identified for screening, the 
systematic review selected 15 Obs.20-34 that meet 
the inclusion criteria and were included in the 
meta-analysis (Figure 1). The selected studies 
included 9,100 patients. Specifically, ACURATE 
neo was implanted in 2,294 patients, EVOLUT 
R/PRO in 2,742 patients and SAPIEN 3 in 4,064 
patients (Table I). Six studies compared the ACU-
RATE neo vs. SAPIEN 320-24 and/or EVOLUT R/
PRO21,24,25, and 11 studies SAPIEN 3 vs. EVOLUT 
R/PRO21,24,26-34. Two studies included all the TAVI 
valves under evaluation21-24. The characteristics of 
the selected studies are reported in Table I.

Meta-analysis demonstrated no significant dif-
ferences as regards to either 30-day mortality and 
stroke for all the groups of prostheses under com-
parison. In particular:
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- 30-day mortality was lower, non-signifi-
cantly, in the comparison between SAPIEN 
3 (RD: 0.01; 95% CI -0.01 to 0.02; p=0.31; 
I2=0%) or EVOLUT R/PRO (RD: 0.01; 95% 
CI -0.00 to 0.03; p=0.12; I2=0%) vs. the ACU-
RATE neo (Figure 2). Again, a lower mortal-
ity, not significant, was observed in the com-
parison between SAPIEN 3 vs. EVOLUT R/
PRO (RD -0.00; 95% CI -0.01 to 0.01; p=0.59; 
I2=0%) (Figure 2). 

- the occurrence of stroke was similar in all 
the comparisons (Figure 3). 

Indeed, the need for new permanent pacemak-
er implantation was significantly reduced in the 
patients implanted with ACURATE neo with re-
spect to SAPIEN 3 (RD: -0.06; 95% CI -0.08 to 
-0.03; p<0.0001; I2=0%) and EVOLUT R/PRO 
(RD: -0.06; 95% CI -0.09 to -0.02; p=0.0009; 
I2=0%). A significant lower need for new per-
manent pacemaker was observed also in patients 
implanted with SAPIEN 3 compared to EVO-
LUT R/PRO (RD: -0.07; 95% CI -0.09 to -0.04; 
p<0.00001; I2=7%) (Figure 4). 

On the contrary, the occurrence of moderate/
severe postprocedural leak increased significant-

ly in the comparison between ACURATE neo 
vs. SAPIEN 3 (RD: 0.04; 95% CI 0.02 to 0.05; 
p<0.00001; I2=0%) (Figure 5). While the occur-
rence of postprocedural leak in the comparison 
between ACURATE neo vs. EVOLUT R/PRO 
was similar (RD: -0.01; 95% CI -0.04 to 0.02; 
p=0.69; I2=0%). Also, the comparison between 
SAPIEN 3 vs. EVOLUT R/PRO, did not show 
significant differences, but high heterogeneity 
(I2=73%) values were observed (Figure 5). 

Discussion

The technological progress and the most ac-
curate indications to TAVI have not completely 
solved the post-procedural adverse events, such as 
the need for new permanent pacemaker implanta-
tion35, the periprosthetic leak31,36, and stroke37. New 
generation of TAVI devices have been designed to 
reduce the profile of the delivery catheter, enable 
repositioning and the ability to recover, facilitate 
the technical procedure, and reduce TAVI-related 
complications17. However, Evidence-Based Med-
icine and Clinical Research on their safety and 

Figure 1. Flow-chart of the study selection process.
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effectiveness are limited and studies are mainly 
designed to compare the balloon-expandable vs. 
self-expandable valves without making a head-
to-head comparison of the latest generation of 
prostheses26,34. Three trials, the SCOPE I (Clin-
icalTrial.gov Identifier: NCT03011346), SCOPE 
II (ClinicalTrial.gov Identifier: NCT03192813), 
designed to perform an head-to-head comparison 
of the latest valve prostheses (ACURATE neo vs. 
SAPIEN 3 and ACURATE neo vs. EVOLUT R/
PRO, respectively) and the ACURATE IDE (Clin-
icalTrial.gov Identifier: NCT03735667) designed 
to compare the ACURATE neo with Edwards 
SAPIEN 3 and Medtronic CoreValve Evolut R 
or Evolut PRO are still ongoing (see: https://clini-
caltrials.gov). Therefore, due to the lack of RCTs, 
we designed our meta-analysis to evaluate 30-day 
mortality and postprocedural adverse events in 

some new TAVI devices as SAPIEN 3, EVOLUT 
series (R/PRO) and the ACURATE neo from the 
real world observational data. Indeed Obs. can 
provide information on the daily clinical practice 
in the overall population undergoing transfemoral 
TAVI without rigorous exclusion criteria. 

The main finding from our meta-analy-
sis comes from: (i) a significant lower need for 
new pacemaker implantation in the group of pa-
tients implanted with ACURATE neo compared 
to SAPIEN 3 (p<0.0001) and EVOLUT R/PRO 
(p=0.0009) and, (ii) a significant higher postpro-
cedural leak in the group of patients implanted 
with ACURATE neo compared to SAPIEN 3 
(p<0.00001).

SAPIEN 3 and EVOLUT R/PRO heart valves 
did not show differences in the incidence of leak 
after TAVI (Figure 5). However, a higher occur-

Figure 2. Mortality at 30-day. ACURATE neo vs. (i) SAPIEN 3, (ii) EVOLUT R/PRO. SAPIEN 3 vs. EVOLUT R/PRO. 
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rence of new permanent pacemaker implantation 
was observed in the group of patients implanted 
with the EVOLUT R/PRO valve (p<0.00001) 
(Figure 4).

Moreover, we have to emphasize that: (i) we 
included in the meta-analysis all data available 
from Obs., (ii) patient population were homoge-
neous each other, as demonstrated by the I2 statis-
tics equal to 0 in many comparisons (Figure 2-5).

Indeed, despite the risks of bias due to unmea-
sured confounders, Obs. often provide the best 
available evidence of treatment effectiveness38. 
Anglemyer et al39, analyzing the impact of the 
study design, Obs. vs. RCTs, on the estimate of 
the measure of effect, found that there was in-
creasing evidence that in most cases RCTs and 
non-randomized studies yielded similar findings, 
when the studies had homogeneous data. 

Furthermore, we can witness the evolution of 
clinical research every day. Thus, it can be ob-

served that the acceptance of observational data 
occurs more and more frequently, both through 
the use of the registry and through the implemen-
tation of capillary networks that record the daily 
clinical practice40.

In conclusion our findings, showing adverse 
outcomes related to the need for new permanent 
pacemaker implantation and the occurrence of 
postprocedural moderate/severe aortic insuffi-
ciency, could be related to the structural diversity 
of valve prostheses. However, the issue seems to 
remain unresolved and warrants further investi-
gations. 

Our meta-analysis, based on data from Obs., 
could overestimate the treatments effect due to 
the lack of randomization41,42. RCTs on efficacy of 
the new generation of TAVI devices, considered 
a key tool for comparative effectiveness research, 
are still recruiting. Their findings may help pro-
vide answers to the limitations of Obs.

Figure 3. Incidence of stroke.
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Figure 4. The need for new permanent pacemaker implantation. 

Figure 5. Incidence of moderate/severe paravalvular leak. 
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Conclusions

The meta-analysis shows that: (i) ACURATE 
neo required significant less new permanent post-
procedural pacemaker implantation than SAPIEN 
3 and EVOLUT R/PRO, (ii) SAPIEN 3 had signif-
icant lower occurrence of moderate/severe valvu-
lar leak than ACURATE neo.

Conflict of interest
The authors declare no conflicts of interest.

References

 1) Mack MJ, HolMes DR, Webb J, cRibieR a, koDali sk, 
WilliaMs MR, leon Mb. Patient selection for tran-
scatheter aortic valve replacement. J Am Coll 
Cardiol 2013; 62 (17 Suppl): S1-10.

 2) seRgi D, acconcia Mc, Muscoli s, PeRRone Ma, caM-
MalleRi V, Di luozzo M, MaRcHei M, giannoni MF, 
baRillà F, gauDio c, cHioccHi M, RoMeo F, caRetta Q. 
Meta-analysis of the impact on early and late mor-
tality of TAVI compared to surgical aortic valve re-
placement in high and low-intermediate surgical 
risk patients. Eur Rev Med Pharmacol Sci 2019; 
23: 5402-5412. 

 3) leon Mb, sMitH cR, Mack M, MilleR Dc, Moses JW, 
sVensson lg, tuzcu eM, Webb Jg, Fontana gP, Mak-
kaR RR, bRoWn Dl, block Pc, guyton Ra, PicHaRD 
aD, baVaRia Je, HeRRMann Hc, Douglas Ps, PeteRs-
en Jl, akin JJ, anDeRson Wn, Wang D, Pocock s; 
PARTNER Trial Investigators. Transcatheter aor-
tic-valve implantation for aortic stenosis in pa-
tients who cannot undergo surgery. N Engl J Med 
2010; 363: 1597-1607. 

 4) sMitH cR, leon Mb, Mack MJ, MilleR Dc, Moses JW, 
sVensson lg, tuzcu eM, Webb Jg, Fontana gP, Mak-
kaR RR, WilliaMs M, DeWey t, kaPaDia s, babaliaRos V, 
tHouRani VH, coRso P, PicHaRD aD, baVaRia Je, HeR-
RMann Hc, akin JJ, anDeRson Wn, Wang D, Pocock 
sJ; PARTNER Trial Investigators. Transcatheter 
versus surgical aortic-valve replacement in high-
risk patients. N Engl J Med 2011; 364: 2187-2198. 

 5) leon Mb, sMitH cR, Mack MJ, MakkaR RR, sVensson 
lg, koDali sk, tHouRani VH, tuzcu eM, MilleR Dc, 
HeRRMann Hc, DosHi D, coHen DJ, PicHaRD aD, ka-
PaDia s, DeWey t, babaliaRos V, szeto Wy, WilliaMs 
MR, keReiakes D, zaJaRias a, gReason kl, WHisenant 
bk, HoDson RW, Moses JW, tRento a, bRoWn Dl, 
FeaRon WF, PibaRot P, HaHn Rt, JabeR Wa, anDeRson 
Wn, alu Mc, Webb Jg; PARTNER 2 Investigators. 
Transcatheter or surgical aortic-valve replace-
ment in intermediate-risk patients. N Engl J Med 
2016; 374: 1609-1620.

 6) kaPaDia sR, leon Mb, MakkaR RR, tuzcu eM, sVens-
son lg, koDali s, Webb Jg, Mack MJ, Douglas Ps, 
tHouRani VH, babaliaRos Vc, HeRRMann Hc, szeto 
Wy, PicHaRD aD, WilliaMs MR, Fontana gP, MilleR 

Dc, anDeRson Wn, akin JJ, DaViDson MJ, sMitH cR; 
PARTNER trial investigators. 5-year outcomes of 
transcatheter aortic valve replacement compared 
with standard treatment for patients with inopera-
ble aortic stenosis (PARTNER 1): a randomised 
controlled trial. Lancet 2015; 385: 2485-2491. 

 7) Mack MJ, leon Mb, sMitH cR, MilleR Dc, Moses JW, 
tuzcu eM, Webb Jg, Douglas Ps, anDeRson Wn, 
blackstone eH, koDali sk, MakkaR RR, Fontana gP, 
kaPaDia s, baVaRia J, HaHn Rt, tHouRani VH, babaliaR-
os V, PicHaRD a, HeRRMann Hc, bRoWn Dl, WilliaMs 
M, akin J, DaViDson MJ, sVensson lg; PARTNER 1 
trial investigators. 5-year outcomes of transcath-
eter aortic valve replacement or surgical aortic 
valve replacement for high surgical risk patients 
with aortic stenosis (PARTNER 1): a randomised 
controlled trial. Lancet 2015; 385: 2477-2484.

 8) Webb Jg, DosHi D, Mack MJ, MakkaR R, sMitH cR, 
PicHaRD aD, koDali s, kaPaDia s, MilleR Dc, baba-
liaRos V, tHouRani V, HeRRMann Hc, boDenHaMeR M, 
WHisenant bk, RaMee s, ManiaR H JR, keReiakes D, Xu 
k, JabeR Wa, Menon V, tuzcu eM, WooD D, sVens-
son lg, leon Mb. A randomized evaluation of the 
SAPIEN XT transcatheter heart valve system in 
patients with aortic stenosis who are not candi-
dates for surgery. JACC Cardiovasc Interv 2015; 
8: 1797-1806. 

 9) tHouRani VH, koDali s, MakkaR RR, HeRRMann Hc, 
WilliaMs M, babaliaRos V, sMalling R, liM s, MalaisRie 
sc, kaPaDia s, szeto Wy, gReason kl, keReiakes D, ai-
laWaDi g, WHisenant bk, DeViReDDy c, leiPsic J, HaHn 
Rt, PibaRot P, WeissMan nJ, JabeR Wa, coHen DJ, 
suRi R, tuzcu eM, sVensson lg, Webb Jg, Moses JW, 
Mack MJ, MilleR Dc, sMitH cR, alu Mc, PaRVataneni 
R, D’agostino Rb JR, leon Mb. Transcatheter aortic 
valve replacement versus surgical valve replace-
ment in intermediate-risk patients: a propensity 
score analysis. Lancet 2016; 387: 2218-2225. 

10) PoPMa JJ, aDaMs DH, ReaRDon MJ, yakuboV sJ, 
kleiMan ns, HeiMansoHn D, HeRMilleR J JR, HugHes 
gc, HaRRison Jk, coselli J, Diez J, kaFi a, scHReibeR 
t, gleason tg, conte J, bucHbinDeR M, Deeb gM, 
caRabello b, seRRuys PW, cHenoWetH s, oH Jk; 
CoreValve United States Clinical Investigators. 
Transcatheter aortic valve replacement using a 
self-expanding bioprosthesis in patients with se-
vere aortic stenosis at extreme risk for surgery. J 
Am Coll Cardiol 2014; 63: 1972-1981.

11) aDaMs DH, PoPMa JJ, ReaRDon MJ. Transcatheter 
aortic-valve replacement with a self-expanding 
prosthesis. N Engl J Med 2014; 371: 967-968. 

12) ReaRDon MJ, Van MiegHeM nM, PoPMa JJ, kleiMan 
ns, sønDeRgaaRD l, MuMtaz M, aDaMs DH, Deeb 
gM, Maini b, gaDa H, cHetcuti s, gleason t, HeiseR 
J, lange R, MeRHi W, oH Jk, olsen Ps, Piazza n, 
WilliaMs M, WinDeckeR s, yakuboV sJ, gRube e, Mak-
kaR R, lee Js, conte J, Vang e, nguyen H, cHang y, 
Mugglin as, seRRuys PW, kaPPetein aP; SURTAVI In-
vestigators. Surgical or transcatheter aortic-valve 
replacement in intermediate-risk patients. N Engl 
J Med 2017; 376: 1321-1331. 

13) gleason tg, ReaRDon MJ, PoPMa JJ, Deeb gM, 
yakuboV sJ, lee Js, kleiMan ns, cHetcuti s, HeRMill-



M.C. Acconcia, Q. Caretta, L. Monzo, G. Tanzilli, A. Sili Scavalli, D. Sergi, M. Di Luozzo, et al. 

8026

eR Jb JR, HeiseR J, MeRHi W, zoRn gl 3RD, taDRos P, 
Robinson n, PetRossian g, HugHes gc, HaRRison Jk, 
conte JV, MuMtaz M, oH Jk, Huang J, aDaMs DH; 
CoreValve U.S. Pivotal High Risk Trial Clinical In-
vestigators. 5-Year outcomes of self-expanding 
transcatheter versus surgical aortic valve replace-
ment in high-risk patients. J Am Coll Cardiol 2018; 
72: 2687-2696.

14) PetRonio as, caPRanzano P, baRbato e, Piazza n, 
bauMbacH a, HauDe M, WinDeckeR s. Current status 
of transcatheter valve therapy in Europe: results 
from an EAPCI survey. EuroIntervention 2016; 12: 
890-895.

15) caHill tJ, cHen M, HayasHiDa k, latib a, MoDine t, Pi-
azza n, ReDWooD s, sønDeRgaaRD l, PRenDeRgast bD. 
Transcatheter aortic valve implantation: current 
status and future perspectives. Eur Heart J. 2018; 
39: 2625-2634. 

16) tcHetcHe D, Van MiegHeM nM. New-generation 
TAVI devices: description and specifications. Eu-
roIntervention 2014; 10 Suppl U: U90-U100.

17) Van gils l, tcHetcHe D, latib a, sgRoi c, ManoHa-
Ran g, MöllMann H, Van MiegHeM nM. TAVI with 
current CE-marked devices: strategies for optimal 
sizing and valve delivery. EuroIntervention 2016; 
12: Y22-Y27.

18) MoHeR D, libeRati a, tetzlaFF J, altMan Dg; PRISMA 
group. Preferred reporting items for systematic 
reviews and meta-analyses: the PRISMA state-
ment. J Clin Epidemiol 2009; 62: 1006-1012.

19) Higgins JPt, gReen s (eDitoRs). Cochrane Hand-
book for Systematic Reviews of Interventions Ver-
sion 5.1.0 [updated March 2011]. The Cochrane 
Collaboration, 2011. Available from www.hand-
book.cochrane.org.

20) HusseR o, kiM Wk, PellegRini c, HolzaMeR a, WaltHeR 
t, MayR Pn, JoneR M, kasel aM, tRenkWalDeR t, Mi-
cHel J, RHeuDe t, kastRati a, scHunkeRt H, buRgDoRF 
c, HilkeR M, MöllMann H, HengstenbeRg c. Multi-
center comparison of novel self-expanding versus 
balloon-expandable transcatheter heart valves. 
JACC Cardiovasc Interv 2017; 10: 2078-2087. 

21) kiM Wk, bluMenstein J, liebetRau c, RolF a, gaeDe l, 
Van linDen a, aRsalan M, Doss M, tiJssen JgP, HaMM 
cW, WaltHeR t, MöllMann H. Comparison of out-
comes using balloon-expandable versus self-ex-
panding transcatheter prostheses according to 
the extent of aortic valve calcification. Clin Res 
Cardiol 2017; 106: 995-1004. 

22) MauRi V, DeuscHl F, FRoHn t, scHoFeR n, linDeR M, 
kuHn e, scHaeFeR a, RuDolPH V, MaDeRsHaHian n, 
conRaDi l, RuDolPH tk, scHäFeR u. Predictors of 
paravalvular regurgitation and permanent pace-
maker implantation after TAVR with a next-gen-
eration self-expanding device. Clin Res Cardiol 
2018; 107: 688-697. 

23) scHaeFeR a, linDeR M, seiFFeRt M, scHoen g, DeuscHl 
F, scHoFeR n, scHneebeRgeR y, blankenbeRg s, ReicHen-
sPuRneR H, scHaeFeR u, conRaDi l. Comparison of lat-
est generation transfemoral self-expandable and 
balloon-expandable transcatheter heart valves. In-
teract Cardiovasc Thorac Surg 2017; 25: 905-911. 

24) costa g, zaPPulla P, baRbanti M, ciRasa a, toDaRo 
D, RaPisaRDa g, Picci a, Platania F, tosto a, Di gRa-
zia a, sgRoi c, taMbuRino c, calVi V. Pacemaker 
dependency after transcatheter aortic valve im-
plantation: incidence, predictors and long-term 
outcomes. EuroIntervention 2019 Jun 18. pii: 
EIJ-D-18-01060. [Epub ahead of print]

25) Pagnesi M, kiM Wk, conRaDi l, baRbanti M, steFanini 
gg, zeus t, PilgRiM t, scHoFeR J, zWeikeR D, testa l, 
taRaMasso M, HilDick-sMitH D, abizaiD a, WolF a, 
Van MiegHeM nM, seDagHat a, WöHRle J, kHogali s, 
Van DeR HeyDen Jas, Webb Jg, estéVez-louReiRo R, 
Mylotte D, MaccaRtHy P, bRugaletta s, HaMM cW, 
bHaDRa oD, scHäFeR u, costa g, taMbuRino c, can-
nata F, ReiMeRs b, VeuleMans V, asaMi M, WinDeckeR 
s, eitan a, scHMiDt a, biancHi g, beDogni F, saccocci 
M, Maisano F, alsanJaRi o, siQueiRa D, Jensen cJ, 
nabeR ck, ziViello F, sinning JM, seegeR J, RottbaueR 
W, bRouWeR J, alenezi a, WooD Da, tzalaMouRas 
V, RegueiRo a, coloMbo a, latib a. Transcatheter 
aortic valve replacement with next-generation 
self-expanding devices: a multicenter, retrospec-
tive, propensity-matched comparison of Evolut 
PRO versus acurate neo transcatheter heart 
valves. JACC Cardiovasc Interv 2019; 12: 433-
443.

26) abDelgHani M, MankeRious n, allali a, lanDt M, kauR 
J, suliMoV Ds, MeRten c, sacHse s, MeHilli J, neuMann 
FJ, FReRkeR c, kuRz t, el-MaWaRDy M, RicHaRDt g, 
abDel-WaHab M. Bioprosthetic valve performance 
after transcatheter aortic valve replacement with 
self-expanding versus balloon-expandable valves 
in large versus small aortic valve annuli: insights 
from the CHOICE trial and the CHOICE-extend 
registry. JACC Cardiovasc Interv 2018; 11: 2507-
2518. 

27) ben-sHosHan J, konigstein M, zaHleR D, MaRgolis g, 
cHoRin e, steinVil a, aRbel y, aViRaM g, gRanot y, 
baRkagan M, keRen g, Halkin a, banai s, Finkelstein 
a. Comparison of the Edwards SAPIEN S3 ver-
sus medtronic Evolut-R devices for transcatheter 
aortic valve implantation. Am J Cardiol 2017; 119: 
302-307.

28) eitan a, Witt J, stRiPling J, HaselbacH t, Riess Fc, 
scHoFeR J. Performance of the Evolut-R 34 mm 
versus Sapien-3 29 mm in transcatheter aortic 
valve replacement patients with larger annuli: 
early outcome results of Evolut-R 34 mm as com-
pared with Sapien-3 29 mm in patients with Annu-
li ≥26 mm. Catheter Cardiovasc Interv 2018; 92: 
1374-1379. 

29) enRíQuez-RoDRíguez e, aMat-santos iJ, JiMénez-Que-
VeDo P, MaRtín-MoRQuecHo i, tiRaDo-conte g, 
PéRez-Vizcayno MJ, góMez De Diego JJ, aRnolD R, al-
Dazábal a, RoJas P, De agustín a, Del tRigo M, gutiéR-
Rez H, san RoMán Ja, Macaya c, noMbela-FRanco l. 
Comparison of the hemodynamic performance of 
the balloon-expandable SAPIEN 3 versus self-ex-
pandable Evolut R transcatheter valve: a case-
matched study. Rev Esp Cardiol (Engl Ed) 2018; 
71: 735-742. 

30) gonska b, kessleR M, WöHRle J, RottbaueR W, seegeR 
J. Influence of permanent pacemaker implantation 



Effectiveness of the new generation TAVI valves

8027

after transcatheter aortic valve implantation with 
new-generation devices. Neth Heart J 2018; 26: 
620-627.

31) Finkelstein a, steinVil a, RozenbauM z, Halkin a, ba-
nai s, baRbasH i, guetta V, segeV a, DanenbeRg H, 
oRVin k, assa HV, assali a, koRnoWski R. Efficacy 
and safety of new-generation transcatheter aortic 
valves: insights from the Israeli transcatheter aor-
tic valve replacement registry. Clin Res Cardiol 
2019; 108: 430-437.

32) stunDl a, lucHt H, sHaMekHi J, WebeR M, seDagHat a, 
MelleRt F, gRube e, nickenig g, WeRneR n, sinning 
JM. Early versus newer generation transcatheter 
heart valves for transcatheter aortic valve im-
plantation: echocardiographic and hemodynamic 
evaluation of an all-comers study cohort using the 
dimensionless aortic regurgitation index (AR-in-
dex). PLoS One 2019; 14: e0217544. 

33) VeuleMans V, PiayDa k, aFzal s, Polzin a, Quast c, 
Jung c, WestenFelD R, zeus t, kelM M, HellHaMMeR k. 
Cost-comparison of third generation transcathe-
ter aortic valve implantation (TAVI) devices in the 
German Health Care System. Int J Cardiol 2019; 
278: 40-45.

34) VlastRa W, cHanDRasekHaR J, Muñoz-gaRcia aJ, 
tcHétcHé D, De bRito Fs JR, baRbanti M, koRnoWski R, 
latib a, D’onoFRio a, RibicHini F, baan J, tiJssen JgP, 
tRillo-noucHe R, DuMonteil n, abizaiD a, saRtoRi s, 
D’eRRigo P, taRantini g, lunaRDi M, oRVin k, Pagnesi 
M, Del Valle R, MoDine t, Dangas g, MeHRan R, Piek 
JJ, DeleWi R. Comparison of balloon-expandable 
vs. self-expandable valves in patients undergoing 
transfemoral transcatheter aortic valve implanta-
tion: from the CENTER-collaboration. Eur Heart J 
2019; 40: 456-465. 

35) MangieRi a, Montalto c, Pagnesi M, lanzillo g, 
DeMiR o, testa l, coloMbo a, latib a. TAVI and post 

procedural cardiac conduction abnormalities. 
Front Cardiovasc Med 2018; 5: 85. doi: 10.3389/
fcvm.2018.00085

36) Wilczek k, Bujak k, Reguła R, chodóR P, osadnik T. 
Risk factors for paravalvular leak after transcath-
eter aortic valve implantation. Kardiochir Tora-
kochirurgia Pol 2015; 12: 89-94. 

37) VlastRa W, JiMenez-QueVeDo P, tcHétcHé D, cHan-
DRasekHaR J, De bRito Fs JR, baRbanti M, koRnoWski R, 
latib a, D’onoFRio a, RibicHini F, baan J, tiJssen JgP, 
De la toRRe HeRnanDez JM, DuMonteil n, saRMen-
to-leite R, saRtoRi s, Rosato s, taRantini g, lunaRDi 
M, oRVin k, Pagnesi M, HeRnanDez-antolin R, MoDine 
t, Dangas g, MeHRan R, Piek JJ, DeleWi R. Predic-
tors, incidence, and outcomes of patients under-
going transfemoral transcatheter aortic valve im-
plantation complicated by stroke. Circ Cardiovasc 
Interv 2019; 12: e007546. 

38) blonDe l, kHunti k, HaRRis sb, MeizingeR c, skolnik 
ns. Interpretation and impact of real-world clinical 
data for the practicing clinician. Adv Ther 2018; 
35: 1763-1774. 

39) angleMyeR a, HoRVatH Ht, beRo l. Healthcare out-
comes assessed with observational study designs 
compared with those assessed in randomized trials. 
Cochrane Database Syst Rev 2014; MR000034. 
doi: 10.1002/14651858.MR000034.pub2. 

40) taVazzi l. Big data: is clinical practice changing? 
Eur Heart J Suppl 2019; 21 (Suppl B): B98-B102.

41) satuRni s, bellini F, bRaiDo F, PaggiaRo P, sanDuzzi 
a, scicHilone n, santus Pa, MoRanDi l, PaPi a. Ran-
domized controlled trials and real life studies. Ap-
proaches and methodologies: a clinical point of 
view. Pulm Pharmacol Ther 2014; 27: 129-138.

42) søRensen Ht, lasH tl, RotHMan kJ. Beyond random-
ized controlled trials: a critical comparison of trials 
with nonrandomized studies. Hepatology 2006; 
44: 1075-1082.


