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ABSTRACT

OBJECTIVES This study sought to compare patient characteristics, procedural outcomes, and valve hemodynamics of

surgical aortic valve replacement (SAVR) with current-generation rapid-deployment valves (RDVs) versus transcatheter

aortic valve replacement (TAVR) with current-generation transcatheter heart valves (THVs).

BACKGROUND The patient population currently treated with RDVs may have potential similarities with the current

TAVR population, but comparative studies in a large patient population remain scarce.

METHODS A total of 16,473 patients who underwent isolated SAVR using current-generation RDVs or isolated trans-

femoral TAVR with current-generation THVs between 2011 and 2017 were enrolled into the German Aortic Valve Registry.

Baseline, procedural, and in-hospital outcome parameters were analyzed for RDVs and THVs before and after 1:1 pro-

pensity score matching. Furthermore, RDVs and THVs with similar design characteristics were compared with each other.

RESULTS A total of 1,743 patients received SAVR with an RDV, whereas 14,730 patients were treated with transfemoral

TAVR. Patients treated with TAVR were significantly older and had higher surgical risk scores. Following valve replace-

ment, patients treated with an RDV had a significantly higher rate of disabling stroke (1.7% vs. 1.1%; p ¼ 0.03), need for

transfusion of >4 red blood cell units (8.5% vs. 1.4%; p < 0.001), and new onset renal replacement therapy (1.9% vs.

1.2%; p ¼ 0.01), whereas the need for a new permanent pacemaker was lower (8.4% vs. 14.9%; p < 0.001). In-hospital

mortality was similar (1.6% vs. 1.8%; p ¼ 0.62). These findings persisted after 1:1 propensity score matching, but in-

hospital mortality was significantly higher after RDVs (1.7% vs. 0.6%; p ¼ 0.003). Balloon-expandable (BE) RDVs had

significantly lower residual gradients compared with BE-THVs, while self-expanding (SE)-RDVs had significantly higher

residual gradients compared with SE-THVs.

CONCLUSIONS In a large all-comers’ registry, TAVR with current-generation THVs was associated with improved in-

hospital outcomes compared with SAVR with current-generation RDVs. The pacemaker rate is significantly higher with TAVR.

Post-procedural hemodynamic function varied between individual RDVs and THVs.
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T ranscatheter aortic valve replacement
(TAVR) is now recognized as an established
treatment option in patients with severe

symptomatic aortic valve stenosis. Several random-
ized controlled trials comparing TAVR with conven-
tional surgical aortic valve replacement (SAVR) have
been performed, consolidating the role of TAVR in
elderly patients across all surgical risk categories
(1–5). In these trials, SAVR was most commonly per-
formed using biological tissue valves implanted with
conventional annular sutures.

Along with the development of transcatheter heart
valves (THVs), sutureless or rapid-deployment valves
(RDVs) have been recently introduced into surgical
practice (6). These devices are made of biological
tissue mounted on an atypical stent frame and
implanted surgically after resection of the calcified
native aortic leaflets. In addition, RDVs are equipped
with anchoring mechanisms that allow implantation
without the placement of circular annular sutures,
and are therefore thought to facilitate less invasive
approaches for SAVR through mini-sternotomy or
mini-thoracotomy (7). So far, RDVs have resulted in
reduced cardiopulmonary bypass times compared
with conventional biologic aortic valve replacement
but failed to improve post-procedural clinical out-
comes (8).

In surgical practice, RDVs may be intended for
elderly comorbid patients to reduce procedural time
and complexity, or to facilitate minimally invasive
surgery in selected low-risk individuals (8). There-
fore, the patient population currently treated with
RDVs may have potential similarities with the current
TAVR population, enabling a comparative analysis of
both techniques. The German Aortic Valve Registry
(GARY) is a prospective, collaborative, multicenter
all-comers registry, which was initiated to analyze
outcomes after all forms of invasive treatment of
aortic valve disease. In this study, we sought to
compare SAVR with current-generation RDVs versus
transfemoral TAVR with current-generation THVs
using the GARY dataset, which—considering its sam-
ple size—would allow a meaningful contemporary
comparison of patient characteristics and procedural
outcomes in an all-comers patient population.

METHODS

REGISTRY DESIGN. The GARY is a voluntary,
prospective, national registry that was initi-
ated in 2010 to monitor outcomes after sur-
gical and transcatheter treatment of aortic
valve disease in Germany. Consecutive pa-
tients of the participating institutions were
enrolled if elective or urgent treatment (i.e.,
balloon valvuloplasty, TAVR, aortic valve
reconstruction, or aortic valve replacement)
was planned and patients gave written
informed consent. Initial ethical approval for
GARY was obtained from Freiburg University.
Detailed descriptions of GARY have been
previously published (9–11). All clinical and
echocardiographic outcomes were predefined, site-
reported and analyzed according to previous reports
(9–11) (Supplemental Appendix).

PATIENT SELECTION. For the present study, all pa-
tients who underwent SAVR or TAVR between 2011
and 2017 were identified within the GARY database
(Figure 1). Patients undergoing SAVR using devices
other than RDVs, undergoing additional surgical (e.g.,
coronary artery bypass grafting) or interventional
(e.g., percutaneous coronary intervention) proced-
ures, undergoing nonelective interventions, or un-
dergoing TAVR via the nontransfemoral route were
excluded. This analysis was further restricted to pa-
tients receiving common contemporary RDV (Intuity
[Edwards Lifesciences, Irvine, California] and
Perceval [Sorin/LivaNova Group, Saluggia, Italy]) and
THV (SAPIEN 3 [Edwards Lifesciences] and Evolut
[Medtronic, Minneapolis, Minnesota]) devices. Base-
line characteristics, procedural data, and in-hospital
outcomes were compared for patients undergoing
isolated SAVR with RDVs versus isolated transfemoral
TAVR. In a second step, surgical and transcatheter
devices with similar device properties (i.e., balloon
expandable [BE] and self-expanding [SE]) were sub-
sequently analyzed according to the implanted de-
vice type.

STATISTICAL ANALYSIS. Continuous variables are
expressed as median (interquartile range [IQR]) due
to non-normal distribution (as assessed by the
Kolmogorov-Smirnov test) and were compared
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between independent groups using the nonpara-
metric Mann-Whitney U test. Discrete variables are
presented as relative and absolute frequencies. Chi-
square or Fisher’s exact tests were applied to test
for differences between groups. To account for dif-
ferences in baseline characteristics between patients
treated with RDVs and TAVR, 1:1 propensity score (PS)
matching was performed. The following variables
were included for calculation of the PS: age, sex, body
mass index, New York Heart Association functional
class III or IV, coronary artery disease, history of
myocardial infarction, history of percutaneous coro-
nary intervention, previous cardiac surgery, previous
pacemaker or internal cardioverter defibrillator im-
plantation, atrial fibrillation, central vascular disease,
peripheral vascular disease, chronic obstructive pul-
monary disease, pulmonary hypertension, diabetes
mellitus, arterial hypertension, creatinine >2 mg/dl,
chronic dialysis, previous stroke, immune deficiency,
left ventricular ejection fraction, mitral regurgitation
$2, and tricuspid regurgitation $2. Patients were
matched in a 1:1 ratio using nearest-neighbor match-
ing with a caliper of 0.1. PS matching using the same
variables was also applied for the comparison of sur-
gical and transcatheter devices with similar device
properties as described previously. The C-statistics of
the 3 PS models are depicted in Supplemental
Figure 1. A 2-sided p value <0.05 was considered
statistically significant. All statistical analyses were

performed using IBM SPSS Statistics for Windows,
version 19.0 (IBM Corporation, Armonk, New York)
and RStudio (RStudio Team, Boston, Massachusetts).

RESULTS

STUDY POPULATION. A total of 16,473 patients were
included into the study. Of these, 1,743 patients were
treated with SAVR using RDVs and 14,730 patients
with transfemoral TAVR using a current-generation
THV. Baseline characteristics of these patients are
summarized in Table 1. The overall population was of
an advanced age, but patients treated with TAVR
were significantly older (RDV 75 [IQR: 70 to 78] years
vs. TAVR 81 [IQR: 78 to 85] years; p < 0.001), more
often male (42.3% vs. 49.0%; p < 0.001), and pre-
sented with a higher prevalence of comorbidities.
Furthermore, patients who received TAVR more often
had an left ventricular ejection fraction <50% (15.7%
vs. 35.7%; p < 0.001) and had higher surgical risk
scores (Table 1).

After PS matching, 1,605 pairs treated with RDVs
and TAVR were identified. Baseline characteristics
were generally well balanced after matching (Table 1),
and the PS population had an overall lower estimated
surgical risk. However, patients treated with TAVR
remained older (RDV 75 [IQR: 70 to 78] years vs. TAVR
78 [IQR: 73 to 81] years; p < 0.001) and had a slightly,
though significantly, higher Society of Thoracic

FIGURE 1 Study Flow Chart

Flow chart of included patients before and after propensity score matching. GARY ¼ German Aortic Valve Registry; PCI ¼ percutaneous

coronary intervention; RDV ¼ rapid-deployment valve; SAVR ¼ surgical aortic valve replacement; TAVR ¼ transcatheter aortic valve

replacement; THV ¼ transcatheter heart valve.
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Surgeons score (2.2% [IQR: 1.6% to 3.0%] vs. 2.7%
[IQR: 2.0% to 3.8%]; p < 0.001).

PROCEDURAL AND IN-HOSPITAL OUTCOME.

Procedural data are shown in Table 2. RDVs were
commonly implanted through access sites other than
conventional sternotomy (62.0%). On the one hand,
in 40.6% of RDV patients, the BE Intuity valve was
implanted, whereas 59.4% of patients received the
sutureless Perceval valve. On the other hand, the BE
SAPIEN 3 valve was implanted in 66.8% of TAVR pa-
tients, whereas 33.2% received the SE Evolut valve.

Prosthesis label size was larger in the TAVR group and
remained larger after PS matching.

In-hospital outcomes are presented in Table 3 and
in the Central Illustration. In the overall unmatched
population, in-hospital mortality was similar with
both RDVs and TAVR (1.6% vs. 1.8%; p ¼ 0.62). Pa-
tients treated with RDVs had a significantly higher
rate of disabling stroke (1.7% vs. 1.1%; p ¼ 0.03), need
for transfusion of >4 red blood cell units (8.5% vs.
1.4%; p < 0.001), and new onset renal replacement
therapy (1.9% vs. 1.2%; p ¼ 0.01), whereas vascular
complications (0.9% vs. 7.1%; p < 0.001) and the need

TABLE 1 Baseline Characteristics Before and After PS-Matching for Patients Treated With RDVs Versus TAVR

Before PS Matching After PS Matching

SAVR With RDVs
(n ¼ 1,743)

Transfemoral TAVR
(n ¼ 14,730) p Value

SAVR With RDVs
(n ¼ 1,605)

Transfemoral TAVR
(n ¼ 1,605) p Value

Demographics
Age, yrs 75 (70–78) 81 (78–85) <0.001 75 (70–78) 78 (73–81) <0.001
Male 42.3 (737) 49.0 (7,217) <0.001 41.7 (670) 39.7 (637) 0.24
BMI, kg/m2 27.8 (24.9–31.3) 26.7 (24.1–30.1) <0.001 27.8 (24.9–31.3) 27.4 (24.5–31.1) 0.10
NYHA functional class
III/IV

56.7 (988) 82.1 (12,089) <0.001 57.1 (916) 56.7 (910) 0.83

Coronary artery disease 24.3 (424) 55.5 (8,173) <0.001 24.5 (394) 22.4 (360) 0.16
Previous MI 5.1 (88) 14.2 (2,086) <0.001 4.9 (78) 5.0 (80) 0.87
Previous PCI 8.5 (149) 32.3 (4,763) <0.001 8.6 (138) 7.5 (121) 0.27
Previous cardiac
surgery

4.9 (85) 16.5 (2,435) <0.001 5.0 (80) 4.2 (67) 0.27

Previous ICD/PPM 3.5 (61) 13.3 (1,954) <0.001 3.7 (59) 5.9 (95) 0.003
Arterial hypertension 87.6 (1,517) 88.6 (12,801) 0.19 87.6 (1,403) 86.8 (1,388) 0.48
Atrial fibrillation 10.0 (175) 28.9 (4,235) <0.001 10.5 (168) 9.5 (153) 0.38
Arterial vascular
disease

12.2 (212) 25.6 (3,772) <0.001 12.0 (193) 13.1 (210) 0.37

Peripheral 4.4 (77) 14.3 (2,105) <0.001 4.2 (68) 4.2 (68) 1.00
Central 6.5 (113) 10.6 (1,556) <0.001 6.5 (105) 7.0 (113) 0.58

COPD with medication 6.5 (113) 11.2 (1,646) <0.001 6.5 (104) 8.0 (129) 0.09
Pulmonary
hypertension

3.8 (65) 15.1 (2,203) <0.001 3.7 (60) 3.1 (49) 0.28

Diabetes on insulin 9.2 (161) 11.8 (1,734) 0.002 9.5 (152) 11.2 (180) 0.11
Renal dysfunction

Creatinine >2 mg/dl 1.2 (21) 4.5 (670) <0.001 1.3 (21) 1.1 (17) 0.51
Dialysis 1.3 (23) 2.6 (384) 0.001 1.4 (22) 1.4 (22) 1.00

Prior stroke 1.4 (24) 3.0 (441) <0.001 1.4 (22) 1.2 (19) 0.64
Immunocompromise 2.0 (34) 4.5 (643) <0.001 2.1 (33) 2.6 (41) 0.35

Echocardiography
LVEF

<30% 2.2 (39) 7.7 (1,127) <0.001 2.2 (35) 2.1 (33) 0.29
30%–50% 13.4 (234) 28.1 (4,134) 13.6 (218) 11.8 (189)
>50% 84.3 (1,470) 64.3 (9,469) 84.2 (1,352) 86.2 (1,383)

AVA, cm2 0.7 (0.6-0.8) 0.7 (0.6-0.8) 0.16 0.7 (0.6-0.8) 0.7 (0.6-0.8) 0.91
Mean PG, mm Hg 47 (39–57) 42 (32–51) <0.001 47 (39–57) 45 (36–55) <0.001
Peak PG, mm Hg 76 (62–92) 68 (53–83) <0.001 76 (62–92) 73 (60–89) 0.001
MR $2� 8.0 (134) 25.7 (3,671) <0.001 8.1 (130) 7.5 (120) 0.51
TR $2� 2.8 (47) 17.7 (2,483) <0.001 2.9 (46) 2.6 (41) 0.59

Risk scores
STS-PROM, % 2.1 (1.6–3.0) 4.3 (3.0–6.3) <0.001 2.2 (1.6–3.0) 2.7 (2.0–3.8) <0.001
Logistic EuroSCORE, % 6.2 (4.5–9.0) 15.1 (9.5–24.9) <0.001 6.2 (4.5–9.2) 7.5 (5.5–10.9) <0.001

Values are median (interquartile range) or % (n).

AVA ¼ aortic valve area; BMI ¼ body mass index; COPD ¼ chronic obstructive pulmonary disease; EuroSCORE ¼ European System for Cardiac Operative Risk Evaluation;
ICD ¼ implantable cardioverter-defibrillator; LVEF ¼ left ventricular ejection fraction; MI ¼ myocardial infarction; MR ¼ mitral regurgitation; NYHA ¼ New York Heart
Association; PCI ¼ percutaneous coronary intervention; PG ¼ pressure gradient; PPM ¼ permanent pacemaker; PS ¼ propensity score; RDV ¼ rapid-deployment valve;
SAVR ¼ surgical aortic valve replacement; STS-PROM ¼ Society of Thoracic Surgeons Predicted Risk of Mortality; TAVR ¼ transcatheter aortic valve replacement; TR ¼ tricuspid
regurgitation.
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for a new permanent pacemaker (8.4% vs. 14.9%;
p < 0.001) were lower. On discharge echocardiogra-
phy, mean pressure gradient was significantly higher
in the RDV group (12 [IQR: 9 to 16] mm Hg vs. 10 [IQR:
7 to 13] mm Hg; p < 0.001), while the rate of more-
than-mild residual aortic regurgitation was signifi-
cantly lower (0.7% vs. 2.1%; p < 0.001).

After PS matching, the observed differences fa-
voring TAVR remained stable (Table 3, Central
Illustration). In addition, in-hospital mortality was
significantly higher with RDVs compared with TAVR
in the PS-matched population (1.7% vs. 0.6%;
p ¼ 0.003). Whereas the difference in more-than-mild
aortic regurgitation was not statistically significant
(0.7% vs. 1.3%; p ¼ 0.06), vascular complications
(0.8% vs. 6.3%; p < 0.001), and the need for a new
permanent pacemaker (8.5% vs. 12.8%; p < 0.001)
remained significantly higher with TAVR.

BE RDVs VERSUS THVs. As the 2 analyzed THVs and
RDVs are made from different stent material (i.e.,
cobalt-chromium and nitinol) and have different
design concepts, we sought to investigate the po-
tential impact of stent material and design on valve
performance and post-procedural complications in
both SAVR with RDVs and TAVR patients. Similar to
the overall patient population, patients receiving
TAVR with a BE-THV (SAPIEN 3; n ¼ 9,833) were
significantly older (BE-RDV 74 [IQR: 67 to 77] years
vs. BE-THV 81 [IQR: 78 to 85] years; p < 0.001),
presented with a higher prevalence of comorbid-
ities, and had higher surgical risk scores compared
with those receiving SAVR with a BE-RDV (Intuity;

n ¼ 708), but sex distribution was not significantly
different (Supplemental Table 1). After PS matching,
the distribution of comorbidities was well balanced
between both groups (n ¼ 632 patients in each
group), but age (74 [IQR: 67 to 77] years vs. 76
[IQR: 70 to 80] years; p < 0.001) and surgical risk
(2.0% [IQR: 1.4% to 2.8%] vs. 2.4% [IQR: 1.7% to
3.5%]; p < 0.001) remained higher in the BE-
THV group.

In-hospital outcomes of both BE devices are pre-
sented in Table 4 and Figure 2. In-hospital mortality
was not significantly different between patients
receiving BE-RDV or BE-THV (1.6% vs. 1.8%;
p ¼ 0.69). Patients treated with a BE-RDV had a
significantly higher rate of transfusion of >4 red
blood cell units (8.3% vs. 1.4%; p < 0.001), whereas
the rate of a new permanent pacemaker implantation
was about one-half of that seen with the BE-THV
(6.4% vs. 12.6%; p < 0.001). In the PS-matched pop-
ulation, disabling stroke was significantly higher in
the BE-RDV group (1.4% vs. 0.2%; p ¼ 0.01). On
discharge echocardiography, mean pressure gradient
and the rate of more-than-mild residual aortic
regurgitation were significantly lower in the BE-RDV
group, both in the unmatched and PS-matched pop-
ulation (Table 4, Figure 3).

SELF-EXPANDING RDVs VERSUS THVs. Baseline de-
mographic and echocardiographic characteristics of
patients receiving TAVR with an SE-THV (Evolut;
n ¼ 4,897) compared with those receiving
SAVR with an SE-RDV (Perceval; n ¼ 1,035) were
consistent with the BE population, but the majority

TABLE 2 Procedural Characteristics Before and After PS Matching for Patients Treated With RDVs Versus TAVR

Before PS Matching After PS Matching

SAVR With RDVs
(n ¼ 1,743)

Transfemoral TAVR
(n ¼ 14,730) p Value

SAVR With RDVs
(n ¼ 1,605)

Transfemoral TAVR
(n ¼ 1,605) p Value

Access
Conventional sternotomy 38.0 (663) 37.1 (596)
Transfemoral 100 (14,730) 100 (1,605)

Prosthesis type
Intuity 40.6 (708) 39.4 (633)
Perceval 59.4 (1,035) 60.6 (972)
SAPIEN 3 66.8 (9,833) 65.8 (1,056)
Evolut 33.2 (4,897) 34.2 (549)

Prosthesis label size 23 (23–25) 26 (25–29) <0.001 23 (23–25) 26 (23–29) <0.001

Annular diameter, mm 24 (23–26) 24 (22–26)

Operating times

Procedure time, min 150 (125–175) 60 (50–82) <0.001 150 (124–175) 60 (49–80) <0.001

CPB time, min 70 (56–86) 69 (56–86)

Cross-clamp time, min 44 (35–56) 44 (34–56)

Values are % (n) or median (interquartile range).

CPB ¼ cardiopulmonary bypass; other abbreviations as in Table 1.
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of patients receiving either device were women
(Supplemental Table 2).

In-hospital outcomes of both SE devices are pre-
sented in Table 5 and Figure 2. In-hospital mortality
was not significantly different between patients
receiving an SE-RDV or SE-THV (1.6% vs. 1.8%;
p ¼ 0.73). However, patients treated with SE-RDVs
had a significantly higher rate of disabling stroke
(2.0% vs. 1.2%; p ¼ 0.04), transfusion of >4 red blood
cell units (8.6% vs. 1.4%; p < 0.001), and new onset
renal replacement therapy (1.9% vs. 1.0%; p ¼ 0.03),
whereas the need for a new permanent pacemaker
was lower (9.7% vs. 19.5%; p < 0.001). These results
were consistent with the PS-matched population
(n ¼ 644 patients in each group, Table 5).

On discharge echocardiography, mean pressure
gradient was significantly higher in the SE-RDV
group, while the rate of more-than-mild residual
aortic regurgitation was significantly lower compared
with the SE-THV group, both in the unmatched and
PS-matched populations (Table 5, Figure 3).

DISCUSSION

To the best of our knowledge, this study is the
largest available analysis comparing RDVs and
TAVR, and the first comprehensive study with
current-generation THVs. We examined early out-
comes of patients treated with RDVs compared with
transfemoral TAVR for treatment of aortic stenosis
in an all-comers population from GARY between
2011 and 2017 and performed an additional PS
matching to allow for an adjusted comparison. The
main findings can be summarized as follows: 1) in-
hospital outcomes were more favorable in patients
treated with transfemoral TAVR compared with
RDVs, with the exception of vascular complications
and pacemaker rates; 2) the pattern of complications
was similar to that observed in randomized trials
comparing conventional SAVR with TAVR; and 3)
there were distinct differences in post-procedural
valve performance characteristics according to the
design of implanted RDVs and THVs.

TABLE 3 In-Hospital Outcomes Before and After PS Matching for Patients Treated With RDVs Versus TAVR

Before PS Matching After PS Matching

SAVR With RDVs
(n ¼ 1,743)

Transfemoral TAVR
(n ¼ 14,730) p Value

SAVR With RDVs
(n ¼ 1,605)

Transfemoral TAVR
(n ¼ 1,605) p Value

Mortality 1.6 (28) 1.8 (261) 0.62 1.7 (27) 0.6 (9) 0.003

Disabling stroke 1.7 (30) 1.1 (166) 0.03 1.8 (29) 0.7 (12) 0.01

Myocardial infarction 0.1 (1) 0.3 (42) 0.11 0.1 (1) 0.2 (3) 0.38

Blood transfusion >4 U 8.5 (147) 1.4 (203) <0.001 8.7 (140) 0.9 (14) <0.001

Vascular complications 0.9 (15) 7.1 (1,043) <0.001 0.8 (13) 6.3 (101) <0.001

New onset atrial fibrillation 5.0 (77) 5.6 (573) 0.35 4.9 (69) 3.6 (52) 0.09

New permanent pacemaker 8.4 (141) 14.9 (1,907) <0.001 8.5 (131) 12.8 (193) <0.001

New onset renal replacement
therapy

1.9 (33) 1.2 (171) 0.01 1.9 (30) 0.4 (6) <0.001

Temporary 1.7 (30) 1.0 (148) 0.01 1.7 (27) 0.4 (6) <0.001
Chronic 0.2 (3) 0.2 (23) 0.89 0.2 (3) 0 0.08

Laparotomy 0.3 (5) 0.1 (13) 0.02 0.3 (5) 0.1 (1) 0.10

Sepsis 1.4 (24) 1.0 (152) 0.19 1.4 (22) 0.9 (14) 0.18

ICU stay, days 2 (1–4) 2 (1–2) <0.001 2 (1–4) 1 (1–2) <0.001

Ventilation time, h 11 (8–15) 0 (0–2) <0.001 10 (8–15) 0 (0–2) <0.001

Hospital stay, days 10 (8–14) 7 (6–10) <0.001 10 (8–14) 7 (5–9) <0.001

Discharge echocardiography
Mean PG, mm Hg 12 (9–16) 10 (7–13) <0.001 12 (9–16) 11 (8–14) <0.001
Mean PG $20, mm Hg 8.7 (111) 4.3 (530) <0.001 9.0 (107) 4.8 (67) <0.001
Peak PG, mm Hg 23 (17–29) 18 (14–24) <0.001 23 (17–30) 20 (14–26) <0.001
Residual AR

0 92.5 (1526) 62.3 (8,833) <0.001 92.6 (1,406) 65.6 (1,032) <0.001
1 6.8 (112) 35.6 (5,046) 6.7 (102) 33.1 (520)
2 0.6 (10) 2.0 (285) 0.7 (10) 1.3 (21)
3 0.1 (1) 0.1 (9) 0 0

Residual AR $2 0.7 (11) 2.1 (294) <0.001 0.7 (10) 1.3 (21) 0.06

Values are % (n) or median (interquartile range).

AR ¼ aortic regurgitation; ICU ¼ intensive care unit; other abbreviations as in Table 1.
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Summary of patient population, included devices and In-hospital outcomes before and after propensity-score matching. *>4 U. AR ¼ aortic regurgitation; MPG ¼mean

pressure gradient; RDV ¼ rapid-deployment valve; SAVR ¼ surgical aortic valve replacement; TAVR ¼ transcatheter aortic valve replacement; THV ¼ transcatheter

heart valve.

Abdel-Wahab et al. J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S V O L . 1 3 , N O . 2 2 , 2 0 2 0

TAVR Versus RDVs in GARY N O V E M B E R 2 3 , 2 0 2 0 : 2 6 4 2 – 5 4

2648



PROCEDURAL OUTCOMES OF RDVs VERSUS TAVR.

The short-term outcomes of TAVR compared with
SAVR have been thoroughly reported in randomized
trials of elderly patients with severe symptomatic
aortic stenosis across all surgical risk categories (1–5).
However, these studies have focused on patients
receiving conventional SAVR with a sutured valve.
Although the available evidence suggests similar
short-term outcomes of conventional SAVR and SAVR
with RDVs, the use of RDVs facilitates less invasive
surgical procedures, and is associated with decreased
operative and cardiopulmonary bypass time (8,12,13).
These considerations may be important in defining
the optimal treatment strategy for elderly patients
that are potential surgical candidates, and under
which conditions SAVR with RDVs should be the
preferred alternative to conventional SAVR or TAVR
in this large patient population.

In our study, baseline clinical characteristics were
essentially different between patients offered RDVs
and those offered TAVR, an observation described in
numerous previous studies. Despite our attempts to
adjust for these differences between groups, some

variations remained in the PS-matched population,
which can be partially attributed to the large size of
the examined cohort. At this stage, we cannot
exclude that these remaining differences in age (75
years in the RDV group vs. 78 years in the TAVR
group) and risk scores (Society of Thoracic Surgeons
Predicted Risk of Mortality 2.2% vs. 2.7%; logistic
EuroSCORE [European System for Cardiac Operative
Risk Evaluation] 6.2% vs. 7.5%) may have resulted in
a positive bias for the surgical group. However, the
majority of significant in-hospital complications
(including mortality, disabling stroke, need for sig-
nificant blood transfusion, and new onset renal
replacement therapy) were lower in the TAVR group,
whereas patients treated with RDVs had a signifi-
cantly lower rate of new permanent pacemaker
implantations.

These results appear to be in line with those
observed in randomized trials involving conventional
SAVR (1–5), which again emphasizes that the overall
clinical outcomes of RDVs are not better than con-
ventional surgery, at least for those captured in this
large German dataset (8). Results of the current study

TABLE 4 In-Hospital Outcomes Before and After PS Matching for Patients Treated With Balloon-Expandable RDV Versus THV

Before PS Matching After PS Matching

BE-RDV (n ¼ 708) BE-THV (n ¼ 9,833) p Value BE-RDV (n ¼ 632) BE-THV (n ¼ 632) p Value

Mortality 1.6 (11) 1.8 (173) 0.69 1.6 (10) 0.6 (4) 0.11

Disabling stroke 1.3 (9) 1.1 (106) 0.63 1.4 (9) 0.2 (1) 0.01

Myocardial infarction 0 0.3 (27) 0.16 0 0 —

Blood transfusion >4 U 8.3 (58) 1.4 (135) <0.001 8.3 (52) 0.6 (4) <0.001

Vascular complications 1.0 (7) 7.0 (690) <0.001 0.8 (5) 5.4 (34) <0.001

New onset atrial fibrillation 5.6 (35) 5.4 (370) 0.85 5.4 (30) 4.1 (23) 0.30

New permanent pacemaker 6.4 (44) 12.6 (1,077) <0.001 6.5 (40) 9.8 (60) 0.04

New onset renal replacement therapy 2.0 (14) 1.3 (122) 0.10 1.9 (12) 0.6 (4) 0.05
Temporary 1.6 (11) 1.1 (108) 0.28 1.4 (9) 0.6 (4) 0.17
Chronic 0.4 (3) 0.1 (14) 0.07 0.5 (3) 0 0.25

Laparotomy 0.3 (2) 0.1 (11) 0.21 0.3 (2) 0.2 (1) 0.56

Sepsis 1.7 (12) 1.2 (113) 0.20 1.6 (10) 1.6 (10) 1.00

ICU stay, days 2 (1–4) 2 (1–2) <0.001 2 (1–4) 1 (1–2) <0.001

Ventilation time, h 11 (7–16) 0 (0–2) <0.001 11 (7–15) 0 (0–2) <0.001

Hospital stay, days 10 (8–13) 7 (6–10) <0.001 10 (8–13) 7 (5–9) <0.001

Discharge echocardiography
Mean PG, mm Hg 9 (7–12) 11 (8–14) <0.001 9 (7–12) 12 (9–16) <0.001
Mean PG $20 mm Hg 2.1 (10) 4.8 (389) 0.01 2.3 (10) 5.9 (33) 0.01
Peak PG, mm Hg 18 (14–23) 20 (16–26) <0.001 18 (14–23) 22 (17–29) <0.001
Residual AR

0 96.5 (657) 66.3 (6,250) <0.001 96.6 (592) 70.7 (441) <0.001
1 3.2 (22) 32.1 (3,030) 2.9 (18) 28.2 (176)
2 0.1 (1) 1.5 (143) 0.2 (1) 1.1 (7)
3 0.1 (1) 0.1 (6) 0 0

Residual AR $2 0.3 (2) 1.6 (149) 0.01 0.2 (1) 1.1 (7) 0.04

Values are % (n) or median (interquartile range).

BE ¼ balloon-expandable; other abbreviations as in Tables 1 and 3.
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differ substantially from a meta-analysis of 6 PS-
matched studies including 731 patients receiving
RDVs versus 731 patients receiving TAVR, where the
incidence of both in-hospital or 30-day mortality and
postoperative stroke was significantly higher in the

TAVR population (14). Several reasons may explain
this disparity. First, this meta-analysis included
studies with predominantly early-generation THVs,
while the current study has been restricted to
current-generation devices. Therefore, differences in

FIGURE 2 Selected In-Hospital Outcomes of Current-Generation RDVs Versus THVs

Outcomes according to device type (A) before and (B) after propensity score matching. AR ¼ aortic regurgitation; MPG ¼ mean pressure

gradient; other abbreviations as in Figure 1.
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the studied population, device performance, and
complication rates are very likely. Second, access
routes for TAVR in the study by Meco et al. (14) were
not entirely clear, and in some studies a large number
of transapical procedures were included, which might
have negatively affected procedural mortality in the
TAVR group. Third, the individual numbers in the PS-
matched groups of the respective studies were very
low and mostly derived from single-center cohorts
(14). Finally, conventional sternotomy was performed
in more than one-third of the RDV cohort in our
study, which may have reduced the clinical benefits
for RDVs. However, in a previous analysis from GARY,
the significant reduction of operating times as well as
the utilization of minimally invasive surgical ap-
proaches did not translate into a beneficial effect on
in-hospital mortality (8).
HEMODYNAMIC PERFORMANCE ACCORDING TO

VALVE TYPE. Currently, there are 2 available RDVs,
the Edwards Intuity and the LivaNova Perceval
valves. Both valve types have different frames de-
signs, implantation modes, and hemodynamic

characteristics. The design of the Intuity valve is
inspired from the Carpentier-Edwards Perimount
Magna Ease valve (Edwards Lifesciences). It consists
of a bovine pericardial valve mounted in a cobalt-
chromium stent frame, and has a flared frame skirt
designed to prevent paravalvular leakage as well as
systolic narrowing of the left ventricular outflow
tract, which may provide hemodynamic advantages
(15). Its deployment involves commissural alignment
using the help of guiding sutures and it is then fully
expanded by balloon dilatation. On the other hand,
the Perceval valve has a uniquely designed long
nitinol SE stent with a bovine pericardial valve, and
its deployment does not necessitate balloon dilata-
tion. Previous studies demonstrated higher residual
gradients in patients treated with the Perceval valve
compared with conventional SAVR (12), while gradi-
ents with the Intuity valve were reported to be lower
than with conventional bioprosthetic valves (16,17).

As for TAVR, THV design has been shown to impact
valve hemodynamics, with BE valves associated with
less paravalvular regurgitation but higher residual

FIGURE 3 Box-and-Whisker Plots Showing the Mean Transprosthetic Gradient of Current-Generation RDVs and THVs Before and After

PS Matching

Box-and-whisker plots were constructed according to Tukey’s definition as follows: top of the box ¼ 75th percentile; bottom of the

box ¼ 25th percentile; top whisker ¼ highest value below 75th percentile þ 1.5 interquartile range; bottom whisker ¼ lowest value above

25th percentile to 1.5 interquartile range; horizontal line ¼ distance between 25th or 75th percentile and Tukey whiskers. PS ¼ propensity

score; other abbreviations as in Figures 1 and 2.
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transprosthetic gradients compared with SE valves
(18–20). This observation is different compared with
RDVs, and seems to be related to leaflet location
(supra-annular with SE valves and intra-annular with
BE valves), as well as the degree of oversizing used
with each valve type (19,21).

We therefore conducted separate comparative an-
alyses between RDVs and THVs with similar deploy-
ment modes and stent material, comparing those
with a BE cobalt-chromium design (Intuity vs. SAPIEN
3) and those with an SE nitinol design (Perceval vs.
Evolut) separately. Notably, all types of included
valves are made of bovine pericardium except for the
Evolut platform, which is made of a porcine
pericardium.

For BE valves, we observed a hemodynamic
advantage of the RDV, with less residual gradients and
more-than-mild aortic regurgitation with the BE-RDV
compared with the BE-THV. Although the difference
in transprosthetic gradient favoring the surgical valve
may seem to be surprising, the recently published
PARTNER (Placement of Aortic Transcatheter Valves)

3 trial showed similar findings, with less residual
gradients in the SAVR group compared with the BE-
THV group (4). On the one hand, the excision of the
calcified leaflets, the supra-annular valve position and
the flared subannular stent frame may be potential
contributors to the superior hemodynamics of the BE-
RDV (22). In addition, the cobalt-chromium stent of
the BE-RDV ensures a large round-shaped left ven-
tricular outflow tract, and this particular RDV appears
to be suitable for small anatomies (23,24). On the other
hand, sizing practice with current-generation BE de-
vices has changed, with overall less oversizing
compared with previous generation devices (19,21),
and leaflet thickening with reduced leaflet motion
appears to be more common with BE-THVs (25).

On the contrary, the SE-RDV (Perceval) showed the
highest residual gradients among all bioprotheses
included in this study (mean gradient of 14 mm Hg,
gradient of $20 mm Hg in 12.5% of patients), an
observation that requires attention and may be
related to the design of this valve. Recent studies
have suggested that elevated gradients could be a

TABLE 5 In-Hospital Outcomes Before and After PS Matching for Patients Treated With Self-Expanding RDV Versus THV

Before PS Matching After PS Matching

SE-RDV (n ¼ 1,035) SE-THV (n ¼ 4,897) p Value SE-RDV (n ¼ 644) SE-THV (n ¼ 644) p Value

Mortality 1.6 (17) 1.8 (88) 0.73 2.2 (14) 0.9 (6) 0.07

Disabling stroke 2.0 (21) 1.2 (60) 0.04 2.3 (15) 0.9 (6) 0.048

Myocardial infarction 0.1 (1) 0.3 (15) 0.33 0.2 (1) 0.5 (3) 0.43

Blood transfusion >4 U 8.6 (89) 1.4 (68) <0.001 10.4 (67) 1.0 (6) <0.001

Vascular complications 0.8 (8) 7.2 (353) <0.001 1.1 (7) 6.8 (44) <0.001

New onset atrial fibrillation 4.6 (42) 5.9 (203) 0.12 5.1 (28) 4.9 (27) 0.89

New permanent pacemaker 9.7 (97) 19.5 (830) <0.001 9.5 (58) 16.1 (98) 0.001

New onset renal replacement therapy 1.9 (19) 1.0 (49) 0.03 2.8 (18) 0.3 (2) <0.001
Temporary 1.9 (19) 0.8 (40) 0.01 2.8 (18) 0.2 (1) <0.001
Chronic 0 0.2 (9) 0.16 0 0.2 (1) 0.32

Laparotomy 0.3 (3) 0.1 (2) 0.04 0.5 (3) 0 0.25

Sepsis 1.2 (12) 0.8 (39) 0.25 1.7 (11) 0.2 (1) 0.01

ICU stay, days 2 (1–4) 1 (1–3) <0.001 2 (1–4) 1 (1–2) <0.001

Ventilation time, h 10 (8–14) 0 (0–2) <0.001 11 (8–15) 0 (0–2) <0.001

Hospital stay, days 10 (8–14) 7 (6–10) <0.001 11 (8–14) 7 (6–9) <0.001

Discharge echocardiography
Mean PG, mm Hg 14 (11–18) 8 (5–11) <0.001 14 (11–17) 8 (6–12) <0.001
Mean PG $20 mm Hg 12.6 (101) 3.4 (141) <0.001 12.5 (61) 3.9 (22) <0.001
Peak PG, mm Hg 26 (20–33) 14 (10–19) <0.001 26 (20–33) 15 (11–20) <0.001
Residual AR
0 89.8 (868) 54.4 (2,583) <0.001 89.7 (529) 57.4 (360) <0.001
1 9.3 (90) 42.5 (2,016) 9.5 (56) 39.6 (248)
2 0.9 (9) 3.0 (142) 0.8 (5) 3.0 (19)
3 0 0.1 (3) 0 0

Residual AR $2 0.9 (9) 3.1 (145) <0.001 0.8 (5) 3.0 (19) 0.01

Values are median (interquartile range) or % (n).

Abbreviations as in Tables 1, 3, and 4.
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consequence of oversizing of the Perceval (26), and
Dalen et al. (12) showed that 28% of Perceval
recipients at a single center presented with reduced
leaflet motion. Overall, the SE-THV was associated
with the lowest gradients of all analyzed valves. Once
again, this could be of particular importance in
patients with small anatomies, in which the use of the
SE-RDV appeared to be common, but a BE-RDV or
SE-THV could offer superior hemodynamics and
significantly less transvalvular gradients. Interest-
ingly, despite the fact that among all RDVs the
SE-RDV showed the highest postoperative pacemaker
rate (8), this was still lower compared with patients
receiving an SE-THV.

CLINICAL IMPLICATIONS. Overall, the findings of
this study imply that selecting SAVR with an RDV
rather than TAVR in elderly patients that are poten-
tial surgical candidates does not appear to be ad-
vantageous with regard to major in-hospital
outcomes. SAVR with RDVs displayed not only a
similar complication pattern as that observed with
conventional biological valves such as transfusion
and renal injury, but also similar design-related dif-
ferences such as increased gradients, neurological
events, and pacemaker rates (particularly for SE-
RDVs). In contrast, potential benefits of SAVR using
the BE-RDVs are the advantageous gradients and the
lower residual aortic regurgitation rates. Along the
same line, RDVs remain reasonable for anatomical
variations deemed unsuitable for TAVR, such as
severely calcified annuli, bicuspid aortic stenosis,
and endocarditis, as well as in patients requiring
concomitant cardiac surgery. To elucidate the most
suitable candidates for SAVR with RDVs, further
large-scale studies with long-term clinical outcomes
remain warranted.

STUDY LIMITATIONS. First, although this multi-
center German registry has been conducted prospec-
tively, data have been retrospectively analyzed for
the purpose of the current study. Therefore, some
important questions remain unanswered, and the
missing information about the aortic annular size in
the surgical cohort as well as differences in implanted
valve size hamper the comparison of hemodynamic
performance. However, pre-procedural computed
tomography–based annular sizing is not routinely
performed in surgical patients. Second, both groups
were demographically different. Although the
matched cohorts were obtained from a large-sized
dataset using the propensity score method, some
important differences remained in the matched

population. Third, indications for post-procedural
management (e.g., permanent pacing) were not
standardized and might have been slightly different
between SAVR and TAVR, which may have affected
the results of the study. Last, clinical outcomes were
limited to the in-hospital period, and longer-term
studies are required to elucidate the clinical impact
of the observed differences on long-term survival and
valve durability.

CONCLUSIONS

TAVR with current-generation THVs is associated
with improved in-hospital outcomes compared with
SAVR using current-generation RDVs in a cohort of
>16,000 patients treated in Germany. However, the
pacemaker implantation rate is significantly higher
after TAVR. In addition, we observed differences in
post-procedural hemodynamic function between in-
dividual RDVs and THVs.
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APPENDIX For an expanded Methods section
as well as a supplemental figure and tables,
please see the online version of this paper.

PERSPECTIVES

WHAT IS KNOWN? The patient population currently

treated with surgical RDVs may have potential similarities

with the current transcatheter aortic valve replacement

population, but comparative studies in a large patient

cohort remain scarce.

WHAT IS NEW? In patients with aortic stenosis under-

going valve replacement, transcatheter valves were

associated with better short-term clinical outcomes than

surgical RDVs, but pacemaker implantation rates are

higher with transcatheter valves.

WHAT IS NEXT? Randomized studies in specific patient

subgroups are needed to define the most suitable candi-

dates for SAVR with RDVs.
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