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BACKGROUND Few studies have evaluated the clinical outcomes of transcatheter aortic valve replacement (TAVR)

in patients with bicuspid aortic valve stenosis (AS). Particularly, limited data exist comparing the results of TAVR with

new-generation devices versus early-generation devices.

OBJECTIVES This study sought to evaluate the clinical outcomes of TAVR for bicuspid AS with early- and new-

generation devices.

METHODS The Bicuspid TAVR Registry is an international multicenter study enrolling consecutive patients with bicuspid

AS undergoing TAVR between April 2005 and May 2015.

RESULTS Of 301 patients, 199 patients (71.1%) were treated with early-generation devices (Sapien XT [Edwards

Lifesciences Corporation, Irvine, California]: n ¼ 87; CoreValve [Medtronic, Minneapolis, Minnesota]: n ¼ 112) and

102 with new-generation devices (Sapien 3 [Edwards Lifesciences Corporation]: n ¼ 91; Lotus [Boston Scientific

Corporation, Marlborough, Massachusetts]: n ¼ 11). The mean Society of Thoracic Surgeons score was 4.7 � 5.2 without

significant differences between groups (4.6 � 5.1 vs. 4.9 � 5.4; p ¼ 0.57). Overall, all-cause mortality rates were 4.3%

at 30 days and 14.4% at 1 year. Moderate or severe paravalvular leak was absent and significantly less frequent with

new-generation compared to early-generation devices (0.0% vs. 8.5%; p ¼ 0.002), which resulted in a higher device

success rate (92.2% vs. 80.9%; p ¼ 0.01). There were no differences between early- and new-generation devices in

stroke (2.5% vs. 2.0%; p > 0.99), life-threatening bleeding (3.5% vs. 2.9%; p > 0.99), major vascular complication

(4.5% vs. 2.9%; p ¼ 0.76), stage 2 to 3 acute kidney injury (2.5% vs. 2.9%; p > 0.99), early safety endpoints (15.1% vs.

10.8%; p ¼ 0.30), and 30-day all-cause mortality (4.5% vs. 3.9%; p > 0.99).

CONCLUSIONS The clinical outcomes of TAVR in patients with bicuspid AS were favorable. New-generation devices

were associated with less paravalvular leak and, hence, a higher device success rate than early-generation devices.

(The Bicuspid Aortic Stenosis Following Transcatheter Aortic Valve Replacement Registry [Bicuspid TAVR]; NCT02394184)
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AS = aortic valve stenosis

CI = confidence interval

CT = computed tomography
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System for Cardiac Operative

Risk Evaluation
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PVL = paravalvular leak

STS = Society of Thoracic

Surgeons

TAVR = transcatheter aortic

valve replacement

VARC = Valve Academic

Research Consortium
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T ranscatheter aortic valve replace-
ment (TAVR) has evolved from a
novel technology to an established

therapy for high-risk patients with severe
symptomatic aortic valve stenosis (AS)
(1–6). However, patients with congenital
bicuspid AS were not enrolled in initial
pivotal randomized trials. Moreover, real-
world experience of TAVR for bicuspid AS
has been limited, given the anatomical
challenges of bicuspid AS—namely, a larger
aortic annulus, severe and asymmetric
leaflet calcification, presence of calcified
raphe, or a dilated ascending aorta—raised
concerns about procedure-related compli-
cations and worse long-term clinical out-
comes (7–9).
SEE PAGE 1206
Newer transcatheter heart valves have shown
favorable outcomes with less frequent paravalvular
leak (PVL) and fewer vascular complications than
earlier devices (10–14). Several reports have sug-
gested that TAVR is feasible for bicuspid AS with
these new-generation devices (15–17). However, pre-
vious reports evaluating TAVR using these newer
devices in bicuspid AS have included only a small
number of cases with no comparison between
different devices.
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The Bicuspid TAVR Registry assessed the efficacy
and safety of TAVR for bicuspid AS in a large group of
patients. In particular, we sought to: 1) examine the
clinical outcomes, including long-term analysis;
2) supply data on possible rare complications; and
3) compare the procedural and clinical results of
TAVR in bicuspid AS with the use of early- and new-
generation devices.

METHODS

The Bicuspid TAVR Registry is an international,
multicenter, observational study that enrolled all
consecutive patients with bicuspid AS undergoing
TAVR. The registry was initiated in December 2013,
and a total of 20 centers from Europe, North America,
and the Asia-Pacific contributed to the registry. We
collected data retrospectively for cases performed
before initiation and prospectively thereafter. All in-
consistencies were resolved directly with local in-
vestigators and on-site data monitoring. For the
purpose of this study, patients with bicuspid aortic
valves who were treated with early-generation de-
vices (Sapien XT, Edwards Lifesciences Corporation,
Irvine, California; and CoreValve, Medtronic, Minne-
apolis, Minnesota) and new-generation devices
(Sapien 3, Edwards Lifesciences; and Lotus, Boston
Scientific Corporation, Marlborough, Massachusetts)
were compared. This study was approved by the
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TABLE 1 Baseline and Procedural Characteristics

Overall
(N ¼ 301)

Early-Generation
Devices
(n ¼ 199)

New-Generation
Devices
(n ¼ 102) p Value

Age, yrs 77.0 � 9.2 77.0 � 8.9 77.0 � 9.8 0.97

Male 173 (57.5) 129 (64.8) 44 (43.1) <0.001

NYHA functional class III or IV 223 (74.1) 148 (74.4) 75 (73.5) 0.88

Logistic EuroSCORE, % 14.9 � 11.7 15.0 � 11.2 14.7 � 12.8 0.88

STS score, % 4.7 � 5.2 4.6 � 5.1 4.9 � 5.4 0.57

Diabetes mellitus 66 (21.9) 41 (20.6) 25 (24.5) 0.44

Creatinine, mg/dl 1.1 � 0.5 1.1 � 0.6 1.1 � 0.3 0.47

Hypertension 188 (62.5) 120 (60.3) 68 (66.7) 0.28

Peripheral vascular disease 38 (12.6) 22 (11.1) 16 (15.7) 0.25

Prior cerebrovascular accident 49 (16.3) 30 (15.7) 19 (18.6) 0.43

Chronic lung disease 52 (17.3) 36 (18.1) 16 (15.7) 0.60

Prior PCI 63 (20.9) 38 (19.1) 25 (24.5) 0.27

Prior CABG 28 (9.3) 15 (7.5) 13 (12.7) 0.14

Echocardiographic findings

Mean gradient, mm Hg 52.1 � 18.5 53.6 � 19.6 49.3 � 15.8 0.06

Aortic valve area, cm2 0.7 � 0.2 0.7 � 0.2 0.7 � 0.2 0.86

LVEF, % 51.1 � 15.1 52.9 � 14.6 47.5 � 15.6 0.004

Mitral regurgitation,
moderate or worse

29 (9.6) 17 (8.5) 12 (11.8) 0.37

Pulmonary hypertension* 42 (14.0) 29 (14.6) 13 (12.7) 0.67

Values are mean � SD or n (%). *Pulmonary hypertension indicates pulmonary artery pressure $60 mm Hg.

CABG ¼ coronary artery bypass graft surgery; EuroSCORE ¼ European System for Cardiac Operative Risk
Evaluation; LVEF ¼ left ventricular ejection fraction; NYHA ¼ New York Heart Association; PCI ¼ percutaneous
coronary intervention; STS ¼ Society of Thoracic Surgeons.
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institutional review board of each institution and all
patients provided written informed consent for TAVR
and the use of anonymous clinical, procedural, and
follow-up data for research. For retrospective analysis
of clinically acquired and anonymized data, the
institutional review board of some institutions waived
the need for written patient informed consent.

Bicuspid aortic valve morphology was classified as
previously described by Sievers and Schmidtke (18)
according to the number of cusps and the presence
of raphes, as well as spatial position and symmetry of
raphes and cusps. Type 0 was assigned to morphol-
ogies characterized by the presence of 2 symmetric
leaflets or cusps and 1 commissure without evidence
of a raphe. Type 1 was assigned to valve morphologies
with 1 raphe, and type 2 when 2 raphes were present.
All participating centers reviewed and subsequently
confirmed the diagnosis and classification of bicuspid
AS. When both transesophageal echocardiography
and pre-procedural computed tomography (CT) were
performed, patients were excluded if the diagnosis of
bicuspid aortic valve was not consistent or remained
speculative.

DEVICES, PROCEDURES, AND DATA COLLECTION.

Patients were selected for TAVR at the institutional
level after discussion within a multidisciplinary
heart team, which also determined the access site.
All centers adopted a transfemoral-first approach
policy with the criteria for a nontransfemoral
approach based on the heart team’s consideration of
the size, level of calcification, and tortuosity of the
aortoiliofemoral artery. Device sizes were selected
based on CT or transesophageal echocardiography
assessment. All TAVR procedures were conducted in
accordance with local guidelines using standard
techniques via transfemoral, transapical, trans-
subclavian, or transaortic access (19–24).

Data were collected using a dedicated case report
form that included baseline clinical, laboratory, pre-
procedural CT, and echocardiographic data, as well
as procedural data and clinical follow-up data at pre-
specified time points (1, 6, and 12 months). Follow-up
was obtained by clinical visits or through telephone
contacts. Referring cardiologists, general practi-
tioners, and patients were contacted whenever
necessary for further information. All data provided
by each institution were anonymized, centrally
collected, and assessed for quality.

ENDPOINTS AND DEFINITIONS. All study endpoints
were defined according to the Valve Academic
Research Consortium (VARC)-2 criteria (25). The pri-
mary outcome measures in the present study were
all-cause death at 1 month and 1 year. Secondary
outcomes were cardiac death, stroke, bleeding,
vascular complications, acute kidney injury, and de-
vice success. Other endpoints included permanent
pacemaker insertion, procedure- and device-related
complications, and echocardiographic assessment of
the valve and left ventricular function at discharge.
With respect to CT data, aortic annulus maximal or
minimal diameter, area, and perimeter were
collected. The aortic annulus ellipticity index was
calculated according to the formula (maximal diam-
eter)/(minimal diameter). Degree of area oversizing of
the device was calculated as: [(device area – annulus
area)/annulus area] � 100. All echocardiographic data
were site reported. The severity of regurgitation was
qualitatively assessed and graded using transthoracic
echocardiography at each institution according to
established guidelines (25).

STATISTICAL ANALYSIS. Continuous variables are
presented as mean � SD and compared using the
Student t test or Mann-Whitney U test. Categorical
variables are presented as counts or percentages and
compared using the chi-square or Fisher exact test.
Cumulative rates of death were calculated using
Kaplan-Meier survival analysis, and the log-rank test
was used for comparisons across the group. The
entire follow-up was used to analyze time-to-event
outcomes and patients were censored at the time of



TABLE 2 CT and Procedural Data

Overall
(N ¼ 301)

Early-Generation
Devices
(n ¼ 199)

New-Generation
Devices
(n ¼ 102) p Value

CT data

Pre-procedural CT assessment* 259 (86.0) 157 (78.9) 102 (100.0) <0.001

Aortic annulus minimal
diameter, mm

22.3 � 2.5 22.4 � 2.5 22.2 � 2.5 0.19

Aortic annulus maximal
diameter, mm

27.9 � 2.9 27.9 � 2.8 27.7 � 3.0 0.66

Aortic annulus area, mm2 491 � 95 492 � 92 488 � 103 0.77

Aortic annulus perimeter, mm 79.3 � 7.7 79.9 � 7.7 78.5 � 7.7 0.31

Annular ellipticity index† 1.25 � 0.12 1.25 � 0.13 1.25 � 0.09 0.92

Area oversizing, % 21.2 � 17.9 26.4 � 17.5 9.3 � 12.4 <0.001

Sapien XT — 19.6 � 13.7 —

CoreValve — 33.1 � 18.2 —

Sapien 3 — — 12.9 � 1.8

Lotus — — 8.4 � 2.5

Type of bicuspid

Determined 260 (86.4) 161 (80.9) 99 (97.1) <0.001

Type 0 31 (11.9) 21 (13.0) 10 (10.1) 0.53

Type 1 224 (86.2) 136 (84.5) 88 (88.9)

Type 2 5 (1.9) 4 (2.5) 1 (1.0)

Undetermined/unavailable 41 (13.6) 38 (19.1) 3 (2.9)

Procedural data

Transfemoral access 253 (84.1) 156 (78.4) 97 (95.1) <0.001

Nontransfemoral access 48 (15.9) 43 (21.6) 5 (4.9) <0.001

Transapical 19 (39.6) 18 (9.0) 1 (20.0)

Transsubclavian 10 (20.8) 8 (4.0) 2 (40.0)

Transaortic 17 (35.4) 17 (8.5) 0 (0.0)

Transcarotid 2 (4.2) 0 (0.0) 2 (40.0)

Device type

Sapien XT — 87 (43.7) — <0.001

CoreValve — 112 (56.3) —

Sapien 3 — — 91 (89.2)

Lotus — — 11 (10.8)

Values are n (%) or mean � SD. *Annulus dimension data were obtained from 199 patients (early-generation
devices: 139 patients; new-generation devices: 60 patients). †Annular ellipticity index was calculated using the
formula (maximal diameter)/(minimal diameter).

CT ¼ computed tomography.
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death or last available follow-up. Univariate Cox
regression models were used to evaluate potential
predictors of all-cause mortality. Statistically signifi-
cant variables with a p value <0.10 by univariate
analysis were included in the multivariate model. The
final model was determined by backward elimination
procedures with a threshold p value <0.10. The
proportional hazards assumption was confirmed by
examination of log (–log [survival]) curves and by
testing of partial (Schoenfeld) residuals, and no rele-
vant violations were found. The estimated hazard
ratio (HR) with 95% confidence interval (CI) was
provided by the Cox model. All statistical analyses
were performed using SPSS Version 21.0 (IBM Cor-
poration, Armonk, New York). A p value <0.05 was
considered statistically significant.
RESULTS

Between April 2005 and May 2015, a total of 301 pa-
tients with bicuspid AS undergoing TAVR were
enrolled from 20 heart centers in Europe, North
America, and Asia-Pacific. The baseline characteris-
tics of the study population for early- and new-
generation devices and each device type are shown
in Table 1 and Online Table 1, respectively. Of the total
study population, 199 patients were treated with
older devices (Sapien XT: n ¼ 87; CoreValve: n ¼ 112),
and 102 patients received newer devices (Sapien 3:
n ¼ 91; Lotus: n ¼ 11). Most patients were men (57.5%)
and the overall cohort had a mean age of 77 years, a
logistic European System for Cardiac Operative Risk
Evaluation (EuroSCORE) of 14.9 � 11.7, and a Society
of Thoracic Surgeons (STS) score of 4.7 � 5.2%. Both
early- and new-generation devices showed similar
surgical risk in terms of EuroSCORE and STS score.
Male sex was more predominant in the older devices
(64.8% vs. 43.1%; p < 0.001). The pre-procedural left
ventricular ejection fraction was significantly lower in
the group receiving the newer devices with a ten-
dency toward a lower mean gradient.

The CT and procedural findings are presented in
Table 2. Pre-procedural CT assessment was conducted
for 157 patients with early-generation devices
compared to all patients with new-generation de-
vices. Among 199 patients with available CT data (139
patients treated with older devices vs. 60 patients
with new devices), there were no significant differ-
ences in aortic annulus dimensions between the 2
groups, whereas area oversizing was significantly
smaller in the new-generation device group (9.3 �
12.4% vs. 26.4 � 17.5%; p < 0.001). The type of
bicuspid AS was determined in 260 patients: type
0 in 31 patients, type 1 in 224 patients, and type 2 in
5 patients. The transfemoral approach was more
commonly used for the newer devices (95.1% vs.
78.4%; p < 0.001).

OUTCOMES. For procedural and clinical outcomes
(Table 3), in the overall group, procedure-related
death, conversion to conventional surgery, coronary
obstruction, and annulus rupture were observed in 4
(1.3%), 8 (2.9%), 3 (1.0%), and 5 patients (1.7%),
respectively. Second valve implantation occurred
more frequently with older devices (6.5% vs. 1.0%;
p ¼ 0.04). In terms of PVL, 17 patients (8.5%) had
moderate or severe PVL with earlier devices, whereas
there was no moderate or severe PVL with the newer
devices (p ¼ 0.002). Consequently, device success
was higher with the more recent transcatheter heart
valves (92.2% vs. 80.9%; p ¼ 0.01). In contrast, new

http://dx.doi.org/10.1016/j.jacc.2016.06.041


TABLE 3 Procedural and Clinical Outcomes

Overall
(N ¼ 301)

Early-Generation
Devices
(n ¼ 199)

New-Generation
Devices
(n ¼ 102) p Value

Procedural outcomes

Procedure-related death 4 (1.3) 3 (1.5) 1 (1.0) >0.99

Conversion to conventional
surgery

8 (2.9) 7 (4.0) 1 (1.0) 0.27

Coronary obstruction 3 (1.0) 3 (1.5) 0 (0.0) 0.55

Annulus rupture 5 (1.7) 4 (2.0) 1 (1.0) 0.67

Second valve implantation 14 (4.7) 13 (6.5) 1 (1.0) 0.04

New permanent pacemaker 43 (14.3) 26 (13.1) 17 (16.7) 0.40

Post-procedural
echocardiographic findings

Mean gradient, mm Hg 10.8 � 5.5 10.9 � 5.7 10.8 � 5.0 0.86

Mean gradient $20 mm Hg 14 (4.7) 8 (4.0) 6 (5.9) 0.57

LVEF, % 54.6 � 12.7 56.5 � 12.0 51.1 � 13.1 0.001

Paravalvular leak moderate or
worse

17 (5.6) 17 (8.5) 0 (0.0) 0.002

Device success 255 (84.7) 161 (80.9) 94 (92.2) 0.01

Clinical outcomes

Stroke 7 (2.3) 5 (2.5) 2 (2.0) >0.99

Disabling 3 (1.0) 3 (1.5) 0 (0.0) 0.55

Nondisabling 4 (1.3) 2 (1.0) 2 (2.0) 0.61

Bleeding

Life threatening 10 (3.3) 7 (3.5) 3 (2.9) >0.99

Major 14 (4.7) 11 (5.5) 3 (2.9) 0.40

Minor 27 (9.0) 17 (8.5) 10 (9.8) 0.72

Major vascular complication 12 (4.0) 9 (4.5) 3 (2.9) 0.76

Acute kidney injury

Stage 2 5 (1.7) 3 (1.3) 2 (2.0) >0.99

Stage 3 3 (1.0) 2 (1.0) 1 (1.0) >0.99

Stage 2 or 3 8 (2.7) 5 (2.5) 3 (2.9) >0.99

Early safety endpoints 41 (13.6) 30 (15.1) 11 (10.8) 0.30

Death at 30 days

From any cause 13 (4.3) 9 (4.5) 4 (3.9) >0.99

From cardiovascular cause 11 (3.7) 8 (4.0) 3 (2.9) 0.76

Values are n (%) or mean � SD.

LVEF ¼ left ventricular ejection fraction.
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permanent pacemaker insertion rates were similar
between groups (13.1% vs. 16.7%; p ¼ 0.40). There
were no significant differences between groups for
30-day mortality and VARC 2–defined endpoints,
including stroke, bleeding, vascular complications,
acute kidney injury, and early safety endpoint
(Central Illustration).

DEVICE AND BICUSPID TYPE. Procedural and clin-
ical outcomes according to device type are shown in
Online Table 2. Of note, moderate or severe PVL
occurred in 5 patients (5.7%) with the Sapien XT and
12 (10.7%) with the CoreValve. However, there was
no moderate or severe PVL with the either of the
newer transcatheter valves (Figure 1). Annulus
rupture occurred in 4 patients with the Sapien XT
(4.6%) and 1 patient with the Sapien 3 (1.1%),
whereas no rupture was observed with the other
devices (Figure 2A). Use of CT assessment tended to
reduce moderate or severe PVL when using the
Sapien XT (3.9% vs. 18.2%; p ¼ 0.12), which resulted
in higher device success rate (88.2% vs. 63.6%;
p ¼ 0.056) (Online Figure 1). Unexpectedly, CT
assessment was performed for all annulus rupture
cases, and thus, the rate of annulus rupture after
Sapien XT implantation remained high (5.3%) even
with pre-procedural CT.

Second valve implantation was significantly more
frequent with the CoreValve (10.7%) than the other
valves (Figure 2B), whereas new pacemaker insertion
occurred more often in patients with the Sapien 3
(Figure 2C). In general, there were no significant dif-
ferences in VARC 2–defined endpoints between de-
vices, except for higher rates of major vascular
complications and the early safety endpoint with the
Sapien XT compared with the CoreValve (Online
Figure 2).

The clinical outcomes according to bicuspid type
are indicated in Online Table 3. In general, there were
no significant differences in procedural outcomes and
VARC 2–defined endpoints between the types of
bicuspid morphology. Moderate or severe PVL
occurred only in patients with type 1 bicuspid AS
(6.7%). Furthermore, all annulus rupture cases
occurred in type 1 bicuspid AS with calcified raphe.
Similar to the entire cohort, patients with type 1
bicuspid AS had moderate or severe PVL most
frequently with the CoreValve (15.9%) and annulus
rupture with the Sapien XT (6.0%) (Online Figure 3).

MORTALITY. During a median follow-up of 360 days
(range: 90 to 700 days), 39 patients died. Cumulative
all-cause and cardiovascular mortality rates were
4.3% and 3.7% at 30 days and 14.4% and 8.9% at
1 year (Figure 3A). There were no differences in
cumulative all-cause mortality between the older
transcatheter valves (1-year mortality: 17.6% vs.
14.8%; log-rank p ¼ 0.49) (Figure 3B). Landmark
analysis showed that a higher EuroSCORE was not
associated with increased early mortality (0 to 30
days) (EuroSCORE <20 vs. $20: 4.8% vs. 2.9%;
p ¼ 0.74) but was significantly associated with a
higher rate of late mortality (30 to 360 days) (8.7% vs.
16.1%; log-rank p ¼ 0.03) (Figure 3C). By multivariate
analysis, the factors significantly associated with
overall mortality were logistic EuroSCORE (HR: 1.03;
95% CI: 1.01 to 1.05; p ¼ 0.03), life-threatening
or major bleeding (HR: 2.76; 95% CI: 1.24 to 6.11;
p ¼ 0.01), and stage 2 or 3 acute kidney injury
(HR: 5.48; 95% CI: 1.66 to 18.12; p ¼ 0.005) (Table 4).
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In comparing clinical outcomes of the early- and new-generation devices (Top), paravalvular leak moderate or greater was less frequent and

device success rate was higher with new-generation devices; however, there were no significant differences in new permanent pacemaker

implantation, 30-day mortality, and early safety endpoint between groups. (Bottom) The procedural outcomes improved with device

advancement. Compared to the early-generation devices, both of the new-generation devices were associated with less frequent paravalvular

leak; specific new-generation devices improved on rates of annulus rupture and second valve implantation as shown.
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FIGURE 1 Paravalvular Leak
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DISCUSSION

To the best of our knowledge, this is the largest study
evaluating the safety, efficacy, and clinical outcomes
of TAVR comparing early- and new-generation de-
vices in patients with bicuspid AS. Our major findings
were as follows: 1) overall clinical outcomes of TAVR
in bicuspid AS are comparable to those of reported
studies; 2) new-generation devices are associated
with less PVL, and consequently a higher device
success rate than early-generation devices; and 3)
these improved procedural outcomes did not trans-
late into a significant reduction in 30-day mortality or
other major clinical endpoints.

Recently, 2 large-scale studies reported the clin-
ical outcomes of patients with bicuspid AS under-
going TAVR using earlier transcatheter heart valves
(26,27). The all-cause mortality rates were 5.0%
and 8.3% at 30 days and 17.5% and 16.9% at
1 year, respectively. Both studies showed the
FIGURE 2 Procedural Outcomes
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FIGURE 3 Cumulative Mortality
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feasibility of TAVR for bicuspid AS with encouraging
short- and intermediate-term clinical outcomes.
However, high incidences of moderate or severe
PVL (6.0% and 9.6%) were reported and showed the
limitation of TAVR to treat bicuspid AS with the
early devices. More recent reports have shown
promising results with newer devices; for example,
moderate or severe PVL has been reported in only
0% to 3.8% of cases using the Sapien 3 in tricuspid
AS (10,11,28,29). This improvement can most likely
be attributed to specific features of this newer
transcatheter heart valve, including an outer poly-
ethylene terephthalate–sealing skirt at its lower
portion and a more accurate positioning mechanism.
Similarly, the incidence of moderate or severe PVL
in tricuspid AS has been reported to be very low
with the Lotus (2.0%), which has an outer adaptive
seal as well as retrievability and repositioning
capacity (12).

The present study with an intermediate-risk profile
showed acceptable outcomes with 30-day and 1-year
mortality rates of 4.3% and 14.4% in bicuspid AS pa-
tients treated with TAVR, respectively; these data are
in line with the mortality rates reported in 2 previous
TAVR-bicuspid studies (26,27). As shown by landmark
analysis, the patient risk profile was not associated
with early mortality, but was significantly associated
with late mortality. This might be explained in that



TABLE 4 Predictors of All-Cause Mortality

Univariate Model Multivariate Model

HR (95% CI) p Value HR (95% CI) p Value

Age, yrs 1.02 (0.99–1.06) 0.23

Male 0.84 (0.45–1.56) 0.58

NYHA functional class
III or IV

1.43 (0.66–3.11) 0.36

Logistic EuroSCORE 1.02 (0.99–1.04) 0.06 1.03 (1.01–1.05) 0.03

Diabetes mellitus 0.79 (0.35–1.78) 0.57

Prior cerebrovascular
accident

1.31 (0.62–2.74) 0.48

Peripheral vascular disease 0.98 (0.39–2.51) 0.97

LVEF 1.00 (0.98–1.02) 0.99

Nontransfemoral access 1.62 (0.79–3.31) 0.19

Second valve implantation 1.53 (0.47–5.01) 0.48

Paravalvular leak moderate
or worse

1.26 (0.45–3.56) 0.66

Life-threatening or major
bleeding

2.44 (1.11–5.33) 0.026 2.76 (1.24–6.11) 0.01

Major vascular complication 2.78 (0.85–9.07) 0.09

Acute kidney injury
(stage 2 or 3)

5.29 (1.61–17.45) 0.006 5.48 (1.66–18.12) 0.005

CI ¼ confidence interval; HR ¼ hazard ratio; other abbreviations as in Table 1.
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the anatomical features of bicuspid AS—such as
abnormal cusp fusion, heavily calcified leaflets,
calcified raphe, asymmetric annulus, and dilated
horizontal aorta—could adversely affect procedure
success and subsequent complications, or, after a
successful TAVR procedure, patient comorbidities
rather than anatomical factors might affect long-
term survival. In line with previous studies of
tricuspid AS populations, vital complications such
as life-threatening or major bleeding and acute
kidney injury were associated with increased mor-
tality in the bicuspid AS population. Therefore,
effort should be concentrated on mitigating these
vital complications.

Significant PVL has been shown to correlate with
increased mortality (3,30–32). The better outcome
regarding PVL reported for newer-generation devices
in tricuspid AS patients was also observed in our large
bicuspid AS populations. Moderate or severe PVL
occurred in 5.7% with the Sapien XT and 10.7% with
the CoreValve, whereas no moderate or severe PVL
was observed with either of the newer devices.
Similar to previous multicenter studies, the present
study did not show an association of PVL with
increased mortality in the bicuspid AS population,
although our cohort was admittedly underpowered
to assess the impact of PVL. Nevertheless, minimizing
PVL is mandatory for further application of
TAVR, particularly in an intermediate-to-low risk
population.

Three-dimensional CT assessment for annulus
measurement has been a gold standard for device
sizing (33–37). When using the Sapien XT, CT assess-
ment reduced moderate or severe PVL (3.9% vs.
18.2%; p ¼ 0.12), whereas rate of annulus rupture
remained high (5.3%). This might be attributable to
the nature of the balloon-expandable Sapien XT: a
relatively high degree of oversizing is required
for anchoring and preventing significant PVL. In
contrast, the newer-generation balloon-expandable
device provides sufficient anchoring with less over-
sizing, leading to improved outcomes regarding PVL
and annulus rupture (38,39).

There was a numerically but not significantly
higher rate of new permanent pacemaker insertion
after implantation of the newer transcatheter heart
valves, mainly driven by the Sapien 3 (17.6%). Recent
studies reported relatively higher rates of new pace-
maker insertion after TAVR with this newer device
(13% to 25.5%) as well as the Lotus (28.6% to 31.8%)
(10–12,14,29,40). Implantation depth and extreme
oversizing have already been associated with an
increased risk of pacemaker implantation after TAVR
with the Sapien 3 (41).
Vascular complications after TAVR occur
frequently and are reported to cause bleeding and
increased mortality (42,43). The incidence of major
vascular complications was 4.5% after TAVR with
early-generation devices. In contrast, the Sapien 3
device, which has a low profile (14- to 16-F inner
diameter), showed a numerically but nonsignificantly
lower major vascular complication rate (2.9%).
Nevertheless, there were no significant differences in
30-day mortality and other major clinical endpoints
between early- and new-generation devices. To
evaluate the impact of these favorable outcomes on
mortality, future studies with longer-term follow-up
and larger numbers of patients will be required.

Historically, interventional device-related out-
comes have improved with increased experience.
It should be noted that increased experience com-
bined with dedicated imaging modalities and
improved patient selection might favorably affect
the outcomes of new-generation devices. Addition-
ally, bicuspid AS patients undergoing TAVR might
be selected based on the morphology of the
bicuspid valve. Therefore, the findings of this study
require cautious interpretation and the generaliza-
tion of TAVR to all high-risk patients with bicuspid
AS should be recommended only after further
investigation.

STUDY LIMITATIONS. First, this study had the
inherent limitations of an observational study without
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patients with stenotic bicuspid valves.
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center-independent adjunction of adverse events
and an independent core laboratory to diagnose
bicuspid AS and assess PVL. Second, device selec-
tion was not randomized but at the operator’s
discretion. Third, unmeasured change in patient
selection, and increased experience may favorably
affect outcomes of new-generation devices. Finally,
a relatively small number of new-generation devices
were included.

CONCLUSIONS

The clinical outcomes of TAVR in patients with
bicuspid AS were favorable. New-generation trans-
catheter heart valves were associated with less PVL
and, hence, a higher device success rate than early-
generation devices.
REPRINT REQUESTS AND CORRESPONDENCE: Dr.
Jung-Ming Ahn, Heart Institute, Asan Medical Center,
388-1 Poongap-dong, Songpa-gu, Seoul 138-736,
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