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PubMed search for interventional studies 2015: 
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- TAVI/TAVR:            757



My Stent – my Life
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Choice of Stent in 2015: which one do you choose most?

A)Bare metal stent (BMS)? 

B) Drug eluting Stent (DES)? 

C)Bioresorbable vascular scaffold (BVS)? 



BVS versus Everolimus Eluting Stent (RCT)
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Ellis SG et al. NEJM  Oct 12 2015  

ABSORB III Trial: Non-Inferiority regarding TLF at 1 Year

n engl j med   nejm.org 8

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e

val, the rate of failure in the target lesion for the 
Absorb scaffold at 1 year could range from 0.5 
percentage points lower to 3.9 percentage points 
higher than that of the Xience stent. The differ-
ence in rates was somewhat greater in the post 
hoc analysis of the as-treated cohort, although 
the criteria for noninferiority were still met. The 
observed between-group difference in our study 
is similar to the 1-year difference of 1.8 percent-
age points in the rate of target-lesion failure 
between the Absorb scaffold and the Xience 
stent in the ongoing ABSORB II trial16 
(NCT01425281) but higher than the difference of 
0.4 percentage points in the ongoing ABSORB 
Japan trial18 (NCT01844284). In the Comparison 
of Everolimus- and Biolimus-Eluting Stents with 
Everolimus-Eluting Bioresorbable Vascular Scaf-
fold Stents (EVERBIO II) trial, the 9-month rate 
of the device-oriented composite end point of 
cardiac death, myocardial infarction, or target-
lesion revascularization was 2.1 percentage points 
higher with the bioresorbable scaffold than 
with metallic drug-eluting stents (including the 

everolimus-eluting cobalt–chromium stent).17 In 
each of these cases, event rates were higher with 
the bioresorbable scaffold than with the metallic 
stent, although none of the differences were 
significant. Larger trials (e.g., ABSORB IV) are 
required to more precisely determine whether 
there are clinically meaningful differences in the 
1-year rates of target-lesion failure between 
these two devices.

Although 1-year thrombosis rates were not 
significantly different between the Absorb scaf-
fold and the Xience stent, subacute thrombosis 
between 1 day and 30 days was more common 
with the Absorb scaffold in the intention-to-treat 
analysis (although not in the as-treated cohort). 
This concern, which was first raised by the early 
Gauging Coronary Healing with Bioresorbable 
Scaffolding Platforms in Europe (GHOST-EU) 
registry,15 has not been uniformly observed in 
other registries or randomized trials.16-18,26 In-
creased rates of subacute thrombosis with the 
Absorb scaffold in our study may be attributable 
to the higher rate of in-device postprocedural 

Figure 1. Target-Lesion Failure at 1 Year.

Data for the primary outcome are shown through 13 months, the outside limit of the 1-year follow-up window, for 
patients who received an everolimus-eluting bioresorbable vascular (Absorb) scaffold or an everolimus-eluting cobalt–
chromium (Xience) stent. Shown are Kaplan–Meier estimates, which may differ from the binary event rates reported 
in the text and in Table 3. The inset graph shows the same data on an enlarged y axis.
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BVS versus Everolimus Eluting Stent (RCT)
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Bioresorbable Scaffolds for Coronary Disease

tive vascular responses, which may result in 
chronic inflammation, neoatherosclerosis, or de-
vice fracture.5,6,10-12 Thus, bioresorbable vascular 
scaffolds were developed to improve long-term 
outcomes with contemporary metallic drug-elut-
ing stents. Imaging studies support the novel at-
tributes of bioresorbable scaffolds, with restoration 
of cyclic pulsatility at the device site 6 months after 
implantation, restored vasomotion by 12 months, 
and late lumen gain with plaque regression be-
tween 2 and 5 years, benefits that are not pos-
sible with permanent metallic stents.11-14,16,24,25 
However, if there are benefits from these attri-

butes, they are likely to become evident only in 
the longer term. The ongoing ABSORB IV trial 
(ClinicalTrials.gov number, NCT02173379), which 
will enroll approximately 5000 patients, has a 
powered primary end point of improved rates of 
target-lesion failure at 1 to 5 years after implan-
tation, an outcome that is designed to address 
this question.

Rates of target-lesion failure at 1 year were 
1.7 percentage points higher in the Absorb 
group than in the Xience group, a nonsignificant 
difference that met the study criteria for nonin-
feriority. According to the 95% confidence inter-

Adverse Event
Absorb Scaffold 

(N = 1322)
Xience Stent 

(N = 686)
Relative Risk 

(95% CI) P Value

no./total no. (%)

Target-lesion failure 102/1313 (7.8) 41/677 (6.1) 1.28 (0.90–1.82) 0.16

Cardiac death 8/1313 (0.6) 1/677 (0.1) 4.12 (0.52–32.91) 0.29

Target-vessel myocardial infarction 79/1313 (6.0) 31/677 (4.6) 1.31 (0.88–1.97) 0.18

Ischemia-driven target-lesion revascu-
larization

40/1313 (3.0) 17/677 (2.5) 1.21 (0.69–2.12) 0.50

Death from any cause 15/1313 (1.1) 3/677 (0.4) 2.58 (0.75–8.87) 0.12

Any myocardial infarction 90/1313 (6.9) 38/677 (5.6) 1.22 (0.85–1.76) 0.28

Q-wave 10/1313 (0.8) 3/677 (0.4) 1.72 (0.47–6.22) 0.56

Non–Q-wave 80/1313 (6.1) 35/677 (5.2) 1.18 (0.80–1.73) 0.40

During procedure 41/1313 (3.1) 22/677 (3.2) 0.96 (0.58–1.60) 0.88

Not during procedure 49/1313 (3.7) 16/677 (2.4) 1.58 (0.90–2.76) 0.10

Any revascularization 120/1313 (9.1) 55/677 (8.1) 1.12 (0.83–1.53) 0.45

Ischemia-driven 115/1313 (8.8) 54/677 (8.0) 1.10 (0.81–1.50) 0.55

Target vessel 66/1313 (5.0) 25/677 (3.7) 1.36 (0.87–2.14) 0.18

Nontarget vessel 71/1313 (5.4) 39/677 (5.8) 0.94 (0.64–1.37) 0.74

Not ischemia-driven 8/1313 (0.6) 5/677 (0.7) 0.82 (0.27–2.51) 0.77

Target lesion 2/1313 (0.2) 2/677 (0.3) 0.52 (0.07–3.65) 0.61

Target vessel 3/1313 (0.2) 3/677 (0.4) 0.52 (0.10–2.55) 0.42

Nontarget vessel 5/1313 (0.4) 2/677 (0.3) 1.29 (0.25–6.63) 1.00

Patient-reported angina 238/1302 (18.3) 125/678 (18.4) 0.99 (0.82–1.21) 0.93

Definite or probable device thrombosis 20/1301 (1.5) 5/675 (0.7) 2.08 (0.78–5.51) 0.13

Early: 0 to 30 days 14/1315 (1.1) 5/686 (0.7) 1.46 (0.53–4.04) 0.46

Acute: ≤24 hr 2/1320 (0.2) 4/686 (0.6) 0.26 (0.05–1.42) 0.19

Subacute: >24 hr to 30 days 12/1315 (0.9) 1/686 (0.1) 6.26 (0.82–48.04) 0.04

Late: 31 days to 1 yr 6/1299 (0.5) 0/675 NA 0.10

Definite 18/1301 (1.4) 5/675 (0.7) 1.87 (0.70–5.01) 0.21

Probable 2/1301 (0.2) 0/675 NA 0.55

*  One-year follow-up includes a window of ±28 days. NA denotes not applicable.

Table 3. Safety and Efficacy Outcomes at 1 Year.*

The New England Journal of Medicine 
Downloaded from nejm.org at HAUPTBIBLIOTHEK UNIV ZUERICH on November 11, 2015. For personal use only. No other uses without permission. 
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Bioresorbable Scaffolds for Coronary Disease

residual stenosis than in the Xience stent,27 pos-
sibly because of greater strut thickness or recoil. 
The thicker strut dimensions of the bioresorb-
able scaffold did not translate into greater rates 
of periprocedural myonecrosis, regardless of bio-
marker threshold.

In our study at 1 year, there was no signifi-
cant between-group difference in the rates of 
ischemia-driven target-lesion revascularization, 
a finding that was consistent with the results of 
previous trials.16-18 The 1-year rates of patient-
reported angina were also nearly identical with 
the two devices. In contrast, during follow-up in 
the earlier ABSORB II trial, site-reported recur-

rent angina and severe exercise-induced ische-
mia were less common with the bioresorbable 
scaffold than with the cobalt–chromium stent.16

The reasons for this discordance are unclear. The 
causes of chest pain after stenting are multifac-
torial and in addition to ischemia from incom-
plete revascularization or restenosis may include 
microcirculatory dysfunction, impaired vaso-
motion, and strut-fracture–related events.10-12,28

Neurogenic pain from endoluminal penetration 
by thin stent struts and nonanginal chest pain 
may be mistaken as cardiac in origin.29,30 Al-
though the presence and severity of angina were 
queried at each follow-up visit in our study, cen-

Figure 2. Subgroup Analyses of Target-Lesion Failure at 1 Year.

The P value for interaction represents the likelihood of interaction between the variable and the relative treatment effect. The proportions 
of patients who received P2Y12 receptor antagonists as a procedural loading dose are shown. Patients with multiple target lesions were 
classified as having a vessel diameter of less than 2.63 mm, a lesion length of 11.75 mm or greater, or a class B2 or C lesion according 
to the criteria of the American College of Cardiology–American Heart Association (ACC–AHA) if one or more of the treated lesions met 
these criteria.
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BVS versus Everolimus Eluting Stent (RCT)
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Kaiser C et al. Circulation 2015; 131:74-81

BASKET-PROVE II - 2 Year: 1° Efficacy EP Composite of cardiac death, MI, TVR

78  Circulation  January 6, 2015

Safety
The combined safety end point and all individual components 
were not significantly different between the 3 stent groups 
(Table 2). Landmark analyses showed that this was true during 
the first year on antiplatelet therapy as well as thereafter (Table 
I and Figure I in the online-only Data Supplement). Of note, 
the combined safety end point was not reduced in patients with 
biodegradable-polymer stents compared with patients with 
other stents (Figure 3), and no increase in stent thrombosis 
rates was observed after stopping prasugrel for any stent.

Discussion
In the present study, the biodegradable-polymer biolimus-
A9–eluting stent proved to be as effective and noninferior by 
intention-to-treat to the best-in-class second-generation dura-
ble-polymer everolimus-eluting stent to prevent restenosis. In 
fact, both DES were superior to BMS regarding this primary 
end point, particularly by reducing target vessel revasculariza-
tion. However, the biodegradable-polymer DES did not fur-
ther reduce the rate of VLST, myocardial infarction, or cardiac 
death beyond 1 year. Overall, stent thrombosis rates were very 
low in BASKET-PROVE II with all 3 stents, possibly because 
of the prasugrel-based dual antiplatelet therapy in this study. 
The similar efficacy of biodegradable compared with cur-
rent durable-polymer DESs during the initial year after stent 
implantation found here and in previous trials reflect similar 
antiproliferative efficacy of the different ‘-limus’ drugs. In 
addition, the lack of an improved late safety (ie, the lack of 

a reduction of VLST with biodegradable-polymer compared 
to best-in-class durable-polymer drug-eluting stents) observed 
here, seems to question the concept that durable polymers are 
key in late stent thrombosis formation.

The major strength of this study is the comprehensive 
assessment of the relative performance and value of a current 

Table 2. Clinical Outcomes at 24 Months

BP-DES Versus DP-DES BP-DES Versus BMS

Outcome
BP-DES
(n=765)

DP-DES
(n=765)

BMS
(n=761) HR (95% CI) P Value HR (95% CI) P Value

Death, n (%)

All-cause 20 (2.6) 17 (2.2) 26 (3.4) 1.19 (0.62–2.26) 0.61 0.77 (0.43–1.38) 0.38

Cardiac 10 (1.3) 7 (0.9) 14 (1.8) 1.44 (0.55–3.78) 0.46 0.72 (0.32–1.61) 0.42

MI, n (%)

Nonfatal 18 (2.4) 21 (2.7) 24 (3.2) 0.86 (0.46–1.62) 0.64 0.74 (0.40–1.35) 0.32

Cardiac death/MI

Any 28 (3.7) 28 (3.7) 38 (5.0) 1.01 (0.60–1.70) 0.98 0.72 (0.44–1.18) 0.20

TVR, n (%)

Any 38 (5.0) 36 (4.7) 79 (10.4) 1.05 (0.66–1.65) 0.84 0.46 (0.31–0.67) <0.001

Non MI-related 34 (4.4) 24 (3.1) 63 (8.3) 1.41 (0.84–2.38) 0.20 0.52 (0.34–0.79) 0.002

MI-related 6 (0.8) 12 (1.6) 20 (2.6) 0.50 (0.19–1.33) 0.16 0.29 (0.12–0.73) 0.009

Cardiac death, MI, or TVR, n (%) 58 (7.6) 52 (6.8) 97(12.7) 1.11 (0.77–1.62) 0.58 0.57 (0.41–0.79) 0.001

Combined safety end point: 
cardiac death, MI, or definite/
probable stent thrombosis, n (%)

28 (3.7) 29 (3.8) 38 (5.0) 0.97 (0.58–1.63) 0.91 0.72 (0.44–1.18) 0.20

Stent thrombosis, n (%)

Definite 2 (0.3) 5 (0.7) 5 (0.7) 0.40 (0.08–2.05) 0.27 0.40 (0.08–2.04) 0.27

Definite/probable 3 (0.4) 5 (0.7) 6 (0.8) 0.60 (0.14–2.50) 0.48 0.49 (0.12–1.97) 0.32

Definite/probable/possible 7 (0.9) 8 (1.0) 9 (1.2) 0.87 (0.31–2.39) 0.78 0.77 (0.28–2.05) 0.60

The hazard ratio (HR) of A vs B = (hazard function of A):(hazard function of B). P values were calculated with the use of a Wald test. Patients 
may have had >1 event. BMS indicates bare-metal stent; BP-DES, biodegadable-polymer drug-eluting stent; CI, confidence interval; DP-DES, 
durable-polymer drug-eluting stent; MI, myocardial infarction; and TVR, target-vessel revascularization.

Figure 2. Kaplan–Meier estimates of the primary end point 
cardiac death or nonfatal myocardial infarction or clinically driven 
target vessel revascularization. Comparison of biodegradable-
polymer biolimus-eluting (BP-DES, green), durable-polymer 
everolimus-eluting (DP-DES, red), and bare-metal (BMS, blue) 
stent groups.
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biodegradable-polymer compared with both a second-gener-
ation durable-polymer everolimus-eluting stent and a newest-
generation thin-strut BMS as well as the assessment of both 
early efficacy and late safety. This was achieved in a single trial 
in a real-world population, including patients with stable and 
acute coronary artery disease and ST-segment–elevation myo-
cardial infarction. It was a multicentre, randomized, investiga-
tor-driven, industry-independent trial with a primary end point 
after 2 years, sufficiently late to obtain long-term outcome 
results not biased by early outcome results. The only relevant 
selection was to enroll patients in need of large coronary stents 
≥3 mm in diameter, a population expected to have lower reste-
nosis rates and higher rates of myocardial infarction and death 
related to stent thrombosis.23,24 In such patients, the validity of 
the concept that biodegradable polymers would be safer without 
loss of efficacy versus durable-polymer stents should become 
particularly apparent. Finally, results were obtained on the 
background of prasugrel-based dual antiplatelet therapy shown 
to be more potent and consistent in its effect than clopidogrel-
based therapy in patients with acute coronary syndromes.11 This 
fact has to be kept in mind when interpreting present results and 
may have been a reason for the low stent thrombosis rates in 
all 3 stent groups, which, however, cannot be verified without a 
randomized comparison with a clopidogrel-based therapy.

Previous studies of biodegradable-polymer stents were 
recently summarized in 4 meta-analyses.5–8 The fact that 4 such 
comprehensive meta-analyses were published within 1 year in 
major journals points to the great interest in biodegradable-poly-
mer DES. It also highlights the fact that differences are small, 
such that large numbers of patient data are needed to find signifi-
cant differences between the different stents. The network type 
of analyses allowed indirect comparisons between all types of 
stents even if direct comparative trial data were limited. In fact, 
no trial evaluating biodegradable-polymer versus durable-poly-
mer second-generation stents had a primary outcome assessment 
beyond 1 year up to the present trial,20,25,26 and follow-up reports 
are available only for a single trial as letter.9 Regarding biode-
gradable-polymer DES, findings of these meta-analyses indi-
cate that biodegradable-polymer DES are superior in efficacy 

and safety compared with BMS and first-generation DES. 
Interestingly, compared with the second-generation durable-
polymer everolimus-eluting stent used as standard in BASKET-
PROVE II, there were inconsistent results: 3 meta-analyses 
found increased rates of stent thrombosis for biodegradable-
polymer stents within 1 year,6–8 and 2 found a higher myocardial 
infarction rate,5,8 whereas the others described biodegradable-
polymer stents as noninferior in these outcomes. With respect 
to events after 1 year, conclusions remain vague in view of the 
lack of direct trial comparisons; the direction of the results after 
1 year did not, however, seem to diverge. These differences in 
the 4 meta-analyses may be attributable to different method-
ological details, trial selection, and different definitions, but also 
attributable to the lack of sufficient data with direct stent com-
parisons, particularly beyond 1 year. Here, BASKET-PROVE II 
adds important new information: it is the first trial with a 2-year 
primary end point and the first with a BMS control arm.

Several limitations need to be addressed. First, the trial was 
not powered for late safety, the main secondary end point. 
Because this is the first biodegradable-polymer drug-eluting 
stent trial with a 2-year primary end point, the expected rate of 
second-year VLST, myocardial infarction, or cardiac death was 
not really known at the time of the study design. Present results 
suggest that a trial of >20 000 patients would be required to dem-
onstrate a significant benefit of biodegradable-polymer drug-
eluting stents given the observed differences in VLST. In view 
of the excellent late safety profile of the durable-polymer drug-
eluting stent tested, any late benefit of biodegradable-polymer 
drug-eluting stents will be extremely difficult to demonstrate 
and is unlikely to be clinically meaningful. Another issue is 
the noninferiority margin, which may appear high at first sight. 
However, because the a priori definition of a noninferiority mar-
gin is somewhat arbitrary, we based our assumptions on results 
of the predecessor BASKET-PROVE trial with a similar design17 
and defined a 50% relative excess of events or more in the 
biodegradable-polymer DES as inferior. This is in accordance 
with the biolimus-eluting stent with biodegradable polymer ver-
sus sirolimus-eluting stent with durable polymer for coronary 
revascularization (LEADERS) trial,19 which first established 

Figure 3. Kaplan–Meier estimates of the secondary safety end point cardiac death, nonfatal myocardial infarction, or definite or probable 
stent thrombosis overall (left) and subdivided for first and second year (right). Comparison of biodegradable-polymer biolimus-eluting 
(BP-DES, green), durable-polymer everolimus-eluting (DP-DES, red), and bare-metal stent (BMS, blue) groups.
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Is there still room for BMS in 2015?

A)Yes? 

B) No?
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LEADERS FREE Trial: 1°EP Composite of cardiac death, MI, TVRLEADERS FREE Trial Design

Prospective, double-blind randomized  (1:1) trial
2466 High bleeding risk (HBR) PCI patients

vs.
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1. Data on file at Biosensors Intl; 2. Tada et al., Circ Cardiovasc Interv 2010;3;174-183
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LEADERS FREE Trial: ≥ 1 Criteria of increased bleeding riskInclusion Criteria Applied (1.7 criteria / patient)
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LEADERS FREE Trial: Antithrombotic medication at discharge

Urban P et al. NEJM 2015 Oct 
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LEADERS FREE Trial: 1° Efficacy EP (Clinically-driven TLR)

Urban P et al. NEJM 2015 Oct 
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LEADERS FREE Trial: 1° Safety EP (Cardiac Death, MI, ST)
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What is your preferred revascularization strategy in multi-vessel CAD?

A)PCI? 

B) CABG? 

C)Depends on the patient’s condition and preference?
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BEST: 1° Baseline Characteristics

Park SJ et al. NEJM 2015;372:1204-1212 

Characteristic PCI (n=438) CABG (N=442)

Age, mean 64±9 65±9

Male sex 69.4% 73.5%

Diabetes any 40.4% 42.1%

Previous stroke 8.4% 7.5%

Unstable angina 42% 45%

EuroSCORE mean 2.9±2.1 3.0±2.1

SYNTAX score mean 24.2±7.5 24.6±8.1



EES vs CABG in Multivessel CAD (RCT) ⬅
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BEST: 1° Procedural Characteristics

Park SJ et al. NEJM 2015;372:1204-1212 

T h e  n e w  e ngl a nd  j o u r na l  o f  m e dic i n e
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showed similar results (15.5% vs. 10.0%; hazard 
ratio, 1.57; 95% CI, 1.07 to 2.31; P = 0.02) (Table 
S3 in the Supplementary Appendix).

SECONDARY END POINTS
During long-term follow-up, the composite of 
death, myocardial infarction, stroke, or repeat 
revascularization occurred in 87 patients (19.9%) 
assigned to the PCI group, as compared with 59 
(13.3%) assigned to the CABG group (P = 0.01) 
(Fig. 1B and Table 3). This difference was attrib-
uted largely to the preponderance of events of 
any repeat revascularization in the PCI group. 
The rate of the secondary major safety end point 
of the composite of death, myocardial infarction, 
or stroke did not differ significantly between 
the two groups (11.9% and 9.5%, respectively; 
P = 0.26) (Table 3, and Fig. S2 in the Supplemen-
tary Appendix).

A total of 29 patients (6.6%) assigned to PCI 
and 22 (5.0%) assigned to CABG died (P = 0.30). 
There were no significant differences between 
the two groups in the rates of stroke (2.5% and 

2.9%, respectively; P = 0.72) and myocardial in-
farction (4.8% and 2.7%, respectively; P = 0.11). 
However, the rate of spontaneous myocardial 
infarction was significantly higher among pa-
tients who had undergone PCI than among 
those who had undergone CABG (4.3% vs. 1.6%, 
P = 0.02). Therefore, in the landmark analysis 
(Fig. S3 in the Supplementary Appendix) of 
events that occurred more than 30 days after 
randomization, there were more patients with 
myocardial infarction in the PCI group than in 
the CABG group (3.5% vs. 0.7%, P = 0.004).

The rate of any repeat revascularization was 
significantly higher in the PCI group than in the 
CABG group (11.0% vs. 5.4%, P = 0.003) (Table 3, 
and Fig. S4 in the Supplementary Appendix). The 
rates of target-vessel revascularization and new-
lesion revascularization were also significantly 
higher with PCI than with CABG. These find-
ings were consistent in the as-treated analyses 
(Table S3 in the Supplementary Appendix).

Major bleeding, according to the Thromboly-
sis in Myocardial Infarction (TIMI) definition,18 
occurred less frequently in the PCI group than in 
the CABG group (30 patients [6.8%] vs. 132 
[29.9%], P<0.001), mostly as a consequence of 
bleeding related to the CABG procedure (which 
occurred in 125 patients). The rate of fatal bleed-
ing did not differ significantly between the 
groups (Table 3).

Stent thrombosis, according to the Academic 
Research Consortium classification,19 occurred 
in seven patients (1.6%, according to the inten-
tion-to-treat analysis) after index PCI; four pa-
tients had definite stent thrombosis, and three 
had probable stent thrombosis. Of the four pa-
tients with definite stent thrombosis, one had a 
fatal myocardial infarction.

SUBGROUP ANALYSES
The effect of treatment assignment on the pri-
mary end point was consistent across subgroups 
except with respect to diabetes status, in which 
a trend toward a treatment-by-subgroup interac-
tion was found (Fig. 2). Among patients with dia-
betes, the rate of the primary end point was sig-
nificantly higher among those assigned to PCI 
than among those assigned to CABG (19.2% vs. 
9.1%, P = 0.007). Among patients without diabe-
tes, there was no significant difference in the 
rate of the primary end point between the PCI 
group and the CABG group (12.6% and 11.7%, 

Table 2. Procedural Characteristics of the Patients, According to Study Group.*

Characteristic Value

PCI group

No. of patients 464

No. of stents placed 3.4±1.4

Total length of stents placed — mm 85.3±38.2

Stent diameter — mm 3.1±0.3

Intravascular ultrasonography — no. (%) 333 (71.8)

Complete revascularization — no. (%)† 236 (50.9)

CABG group

No. of patients 401

No. of grafted vessels per patient

Any 3.1±0.9

Arterial graft 2.1±1.1

Vein graft 1.0±0.8

Left internal thoracic artery graft — no. (%) 398 (99.3)

Off-pump surgery — no. (%) 258 (64.3)

Complete revascularization — no./total no. (%)† 274/383 (71.5)

* Plus–minus values are means ±SD. Data were summarized according to the 
as-treated analysis.

† P<0.001 for the comparison of PCI with CABG. Complete revascularization 
was defined as revascularization in all diseased segments that were at least 
2.0 mm in diameter; information on complete revascularization was recorded 
by the investigators.
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BEST: 1° Outcomes

Park SJ et al. NEJM 2015;372:1204-1212 
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respectively; P = 0.79) (P = 0.06 for interaction). 
The interaction between treatment group and 
diabetes status was also observed with respect to 
the end points of any repeat revascularization 
(P = 0.04 for interaction) and the composite of 
death, myocardial infarction, stroke, or any re-
peat revascularization (P = 0.05 for interaction) 
(Fig. S5 and S6 in the Supplementary Appendix).

DISCUSSION

In the BEST trial, PCI with everolimus-eluting 
stents was not shown to be noninferior to CABG 
with respect to the primary end point of death, 
myocardial infarction, or target-vessel revascu-
larization at 2 years. At longer-term follow-up 
(median, 4.6 years), PCI was associated with a 
significant increase in the incidence of the pri-
mary end point, as compared with the incidence 
with CABG. This difference was related mainly 
to the higher rate of target-vessel revasculariza-
tion in the PCI group. Although the rate of the 
composite safety end point of death, myocardial 
infarction, or stroke did not differ significantly 
between the two groups, the rates of spontane-
ous myocardial infarction and new-lesion revas-
cularization were greater with PCI than with 
CABG — differences that emerged early and con-
tinued to increase throughout the follow-up pe-
riod. The observed increases in repeat revascu-
larization and spontaneous myocardial infarction 
with PCI did not appear to translate into an over-
all increase in mortality, although the power to 
detect a difference in mortality was limited; lon-
ger-term follow-up may help to determine wheth-
er these findings are durable.

With regard to the rate of stroke, we found no 
significant difference between the PCI group 
and the CABG group, a finding that contrasts 
with the results of previous randomized trials 
and a recent meta-analysis.1,4,20 The reason for 
this discrepancy is not clear, but the use of off-
pump CABG can avoid excessive manipulation 
of the aorta and may have contributed to a re-
duced rate of stroke in the CABG group in our 
study.21 The low incidence of ascending-aorta or 
aortic-arch calcification in the Asian population 
in general may also underlie a reduced rate of 
procedure-related stroke.22 Furthermore, the 
power of our study to show a difference in the 
rate of stroke was limited.

Patients who have diabetes and advanced 

coronary artery disease have been reported to 
have better outcomes with CABG than with 
PCI.4,23,24 We found a trend toward an interac-
tion between revascularization type and diabetes 
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Figure 1. Kaplan–Meier Curves for the Primary End Point and the Major 
Secondary End Point.

Panel A shows the cumulative incidence of the primary composite end 
point of death, myocardial infarction, or target-vessel revascularization,  
and Panel B the cumulative incidence of the secondary composite end 
point of death, myocardial infarction, stroke, or any repeat revasculariza-
tion after randomization. Event rates shown are Kaplan–Meier estimates. 
The P value was calculated by means of the log-rank test on the basis of all 
available follow-up data. The insets show the same data on enlarged y axes. 
CABG denotes coronary-artery bypass grafting, and PCI percutaneous coro-
nary intervention.

The New England Journal of Medicine 
Downloaded from nejm.org at HAUPTBIBLIOTHEK UNIV ZUERICH on November 11, 2015. For personal use only. No other uses without permission. 

 Copyright © 2015 Massachusetts Medical Society. All rights reserved. 

Trial of Everolimus-Eluting Stents or Bypass Surgery

n engl j med 372;13 nejm.org march 26, 2015 1209

respectively; P = 0.79) (P = 0.06 for interaction). 
The interaction between treatment group and 
diabetes status was also observed with respect to 
the end points of any repeat revascularization 
(P = 0.04 for interaction) and the composite of 
death, myocardial infarction, stroke, or any re-
peat revascularization (P = 0.05 for interaction) 
(Fig. S5 and S6 in the Supplementary Appendix).

DISCUSSION

In the BEST trial, PCI with everolimus-eluting 
stents was not shown to be noninferior to CABG 
with respect to the primary end point of death, 
myocardial infarction, or target-vessel revascu-
larization at 2 years. At longer-term follow-up 
(median, 4.6 years), PCI was associated with a 
significant increase in the incidence of the pri-
mary end point, as compared with the incidence 
with CABG. This difference was related mainly 
to the higher rate of target-vessel revasculariza-
tion in the PCI group. Although the rate of the 
composite safety end point of death, myocardial 
infarction, or stroke did not differ significantly 
between the two groups, the rates of spontane-
ous myocardial infarction and new-lesion revas-
cularization were greater with PCI than with 
CABG — differences that emerged early and con-
tinued to increase throughout the follow-up pe-
riod. The observed increases in repeat revascu-
larization and spontaneous myocardial infarction 
with PCI did not appear to translate into an over-
all increase in mortality, although the power to 
detect a difference in mortality was limited; lon-
ger-term follow-up may help to determine wheth-
er these findings are durable.

With regard to the rate of stroke, we found no 
significant difference between the PCI group 
and the CABG group, a finding that contrasts 
with the results of previous randomized trials 
and a recent meta-analysis.1,4,20 The reason for 
this discrepancy is not clear, but the use of off-
pump CABG can avoid excessive manipulation 
of the aorta and may have contributed to a re-
duced rate of stroke in the CABG group in our 
study.21 The low incidence of ascending-aorta or 
aortic-arch calcification in the Asian population 
in general may also underlie a reduced rate of 
procedure-related stroke.22 Furthermore, the 
power of our study to show a difference in the 
rate of stroke was limited.

Patients who have diabetes and advanced 

coronary artery disease have been reported to 
have better outcomes with CABG than with 
PCI.4,23,24 We found a trend toward an interac-
tion between revascularization type and diabetes 
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Figure 1. Kaplan–Meier Curves for the Primary End Point and the Major 
Secondary End Point.

Panel A shows the cumulative incidence of the primary composite end 
point of death, myocardial infarction, or target-vessel revascularization,  
and Panel B the cumulative incidence of the secondary composite end 
point of death, myocardial infarction, stroke, or any repeat revasculariza-
tion after randomization. Event rates shown are Kaplan–Meier estimates. 
The P value was calculated by means of the log-rank test on the basis of all 
available follow-up data. The insets show the same data on enlarged y axes. 
CABG denotes coronary-artery bypass grafting, and PCI percutaneous coro-
nary intervention.
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New York State Registry: 1° Efficacy EP (Clinically-driven TLR)

Bangalore S et al. NEJM 2015;372:1213-1222 
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The relevance of these previous studies to 
current-day PCI with second-generation drug-
eluting stents is debatable. Restenosis and stent 
thrombosis are two potentially serious compli-
cations of PCI, which are associated with signifi-
cant increases in the rates of myocardial infarc-
tion and death.15,16 A wealth of data from studies 
of second-generation drug-eluting stents, espe-
cially everolimus-eluting stents, have shown re-
ductions in the risks of death, myocardial in-
farction, and stent thrombosis when such stents 
are compared with bare-metal stents or first-
generation drug-eluting stents.6,7,17,18 Data from 
the New York State registries show a gradual 
bridging of the gap between CABG and PCI with 

respect to mortality, from the balloon-angioplasty 
era (40 to 50% reduction in mortality with CABG 
among patients with three-vessel disease),2 to the 
bare-metal–stent era (24 to 36% reduction),3 to 
the era of first-generation drug-eluting stents 
(20 to 29% reduction),4 to the use of second-
generation drug-eluting stents (no significant 
reduction in the present study). Data from the 
New York State registries also show decreases in 
the rate of repeat revascularization with PCI, 
from the balloon-angioplasty era (37.0% of pa-
tients),2 to the bare-metal–stent era (35.1%),3 to 
the era of first-generation drug-eluting stents 
(30.6%),4 to the use of second-generation drug-
eluting stents (19.4% in the present study).
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Figure 2. Cumulative Risks of the Study Outcomes in the Matched Cohort.

In each panel, the inset shows the same data on an enlarged y axis.
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Observational Cohort study of SAPIEN XT vs SAPIEN 3

Binder RK S et al. CircInterventions 2015 

3  Binder et al  Sapien 3 Versus Sapien XT 

for outcomes with <10 events overall. Two-sided P values <0.05 were 
considered statistically significant. All analyses were performed with 
Stata version 14 (StataCorp, College Station, TX).

Results
Overall, 153 consecutive S3 patients and 445 consecutive XT 
patients were included in this study. The cohort represents con-
secutive all-comers with symptomatic severe aortic stenosis 
undergoing transfemoral TAVI with a balloon-expandable THV 
in Switzerland. Baseline characteristics are shown in Table 1. 
Except for dyslipidemia, which was more prevalent in patients 
receiving the XT THV, there were no significant differences 
in baseline characteristics. Importantly, no significant differ-
ences were found for age (82.2±6.1 versus 82.2±6.8 years, 
P=0.94), STS PROM (7.2±6.5% versus 8.5±7.9%, P=0.07), 
and preprocedural mean aortic valve gradient (47.2±22.0 ver-
sus 43.7±17.3 mm Hg, P=0.06) between S3 and XT patients, 
respectively.

Some procedural characteristics changed during the 
course of the trial (Table 2). Because of the establishment 
of hybrid operating rooms, more S3 patients were treated 
in this setting (S3 32.7% versus XT 22.9%, P=0.02) com-
pared with XT patients who were mostly treated in cardiac 
catheterization laboratories (S3 66.7% versus XT 77.1%, 
P=0.01). Although procedural time did not change, there was 
less contrast dye used in S3 patients (S3 158.0±87.4 versus 
XT 201.2±95.4 mL, P<0.01), and there appeared a trend to 
perform the procedure without the use of general anesthe-
sia in S3 patients (S3 69.9% versus XT 61.3%, P=0.06). 
Postprocedural mean transprosthetic gradient (6.5±3.0 versus 
7.8±6.3 mm Hg, P=0.17) did not differ between S3 and XT 
patients, respectively.

Significant differences in the occurrence of PAR (Figure 3) 
were observed between S3 and XT patients. In more than 
half of S3 patients, no PAR was detected (57.3%), although 
this was observed in only one third of XT patients (31.9%, 
P<0.01). Mild PAR was also less frequent in S3 compared 
with XT patients (S3 41.3% versus XT 62.9%, P<0.01). 
Furthermore, the rate of more than mild PAR was significantly 
lower in S3 compared with XT patients (S3 1.3% versus XT 
5.3%, P=0.04).

At 30-day (Table 3) follow-up, mortality did not dif-
fer between S3 and XT patients (S3 3.3% versus XT 4.5%, 
P=0.52, Padj=0.27). Major disabling stroke was low in both 
groups (S3 1.3% versus 3.1%, P=0.24, Padj=0.29). The rate of 
PPM implantation was higher in S3 patients (S3 17.0% versus 
XT 11.0%, P=0.06, Padj=0.01). Major bleeding occurred twice 
as often in XT patients than in S3 patients (S3 3.9% versus XT 
8.3%, P=0.11, Padj=0.81) albeit not significantly different, but 
the rate of vascular complications (major and minor) was sig-
nificantly higher in XT patients (S3 5.2% versus XT 16.9%, 
P<0.01, Padj<0.01).

Discussion
This study sought to investigate differences in procedural and 
clinical outcomes of patients undergoing transfemoral TAVI 
with the S3 versus the XT THV. Analysis of our nationwide, 
prospective Swiss TAVI registry showed that TAVI with the 
S3 significantly reduced PAR and vascular complications in 
comparison to TAVI with the XT.

The success of TAVI depends on the risk of perioperative 
complications, the predictability of the procedure, and device 
durability. Within the last decade, multimodality imaging for 
patient screening, patient selection, and device deployment 
and iterations to the bioprostheses and refinement of delivery 
systems have contributed to the successful global spread of 
TAVI as an alternative to surgical aortic valve replacement. 
Minimizing the rate of periprocedural complications is man-
datory to broaden the indication of TAVI from prohibitive or 
high surgical risk to intermediate13,19 and low surgical risk19 
patients. Considering the S3 as a step into this direction has to 
be based on firm scientific evidence. Important complications 
of TAVI that need to be reduced are stroke, PAR, vascular and 
bleeding complications, and atrioventricular block.

Paravalvular Regurgitation
PAR is frequently observed after TAVI20 and is associated 
with worse survival in patients with moderate to severe PAR.21 
Whether mild PAR is an independent mortality predictor, as 
suggested by a previous study,22 is a matter of controversy. 
Important predictors for PAR include severe leaflet, annulus 
and left ventricular outflow tract calcifications, THV under-
sizing, and THV malpositioning. New THV designs with 
peri-prosthetic sealing cuffs (eg, the S3) may contribute to a 
reduction in PAR. In our study, more than mild PAR was less 
frequently observed after TAVI with the S3 compared with the 
XT. This may be attributed to the external skirt of the S3. How-
ever, improved sizing algorithms and a broader landing zone of 
the elongated S3 stent frame may also have contributed to the 
difference. As more than mild PAR is associated with higher 
mortality,21 this difference may translate into improved TAVI 

Figure 2. Aortic root angiogram after Sapien XT transcatheter 
heart valve implantation. The Sapien XT transcatheter heart valve 
is approved for the treatment of symptomatic severe aortic ste-
nosis in patients at high or prohibitive surgical risk. It comprises 
a balloon-expandable cobalt chromium frame, a trileaflet bovine 
pericardial tissue valve, and a polyethylene terephthalate inner 
skirt.
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has indicated superiority of TAVI over surgical aortic valve 
replacement for 1-year survival in patients with symptomatic 
severe aortic stenosis and a mean Society of Thoracic Surgeons 
Predicted Risk of Mortality (STS PROM) of 7.3±3.0%, indi-
cating intermediate surgical risk.

In 2014, the newest generation balloon-expandable THV14 
(Sapien 3, S3; Figure 1) received regulatory approval and was 
introduced in Switzerland and subsequently replaced its pre-
decessor the Sapien XT (XT; Figure 2) THV as the default 
balloon-expandable THV for TAVI. The S3 may be delivered 
via a lower profile delivery system and incorporates a sealing 
cuff intended to reduce PAR. Despite positive results during 
the first-in-human S3 experience14 and subsequent small15,16 
series, it is not established whether the new features of the S3 
will translate into improved procedural and clinical outcomes 
compared with the XT. We therefore analyzed and compared 
all patients who underwent transfemoral TAVI with the S3 or 
the XT in the prospective, nationwide Swiss TAVI registry in 
Switzerland (ClinicalTrials.gov NCT01368250).

Methods
The Swiss TAVI registry is—as previously described17—a nation-
al, prospective cohort study of all TAVI procedures performed in 
Switzerland aiming for consecutive patient enrollment and with data 
monitoring as well as end point adjudication by a dedicated clini-
cal events committee according to the recommendations of the Valve 
Academic Research Consortium.18 The Swiss TAVI registry was de-
signed to provide short-term clinical outcomes and long-term clinical 
data of TAVI patients treated with CE-approved devices. The study 
protocol was approved by the local cantonal ethics committee and 
institutional review boards at each participating center, and all pa-
tients provided written informed consent. The Swiss TAVI registry 
is performed under the lead of the Swiss Cardiovascular Center Bern 
at Bern University Hospital in cooperation with the Clinical Trials 
Unit Bern responsible for data management and independent statisti-
cal analysis.

For this analysis, all patients of the Swiss TAVI registry who un-
derwent transfemoral TAVI with either the XT or the S3 THV were 
analyzed (inclusion period: XT, February 2011 to January 2014; S3, 

February 2014 to June 2014). The grade of PAR was assessed by 
transthoracic echocardiography before hospital discharge by highly 
experienced echocardiographers according to Valve Academic 
Research Consortium-2 guidelines.18 Prespecified end points were 
more than mild PAR, vascular complications, major bleeding, new 
permanent pacemaker implantation (PPM), disabling stroke, and 
mortality after 30-day of follow-up.

Statistical Analysis
Continuous data are reported as mean±standard deviation (SD), and 
categorical variables are reported as number of patients (% of pa-
tients). Events are reported as counts of first occurrence per (sub) 
type of event (% of all patients). Event probabilities at 30 days were 
compared for patients treated with the XT versus the S3 bioprosthesis 
using logistic regressions. Reported are crude odds ratios (with 95% 
confidence intervals) with P values from Wald χ2 tests corrected for 
random effects of the hospital identifier using mixed effects logistic 
regressions or exact logistic regression odds ratios with P values from 
exact tests in case of zero events. Reported are adjusted odds ratio 
(95% confidence interval), with the 2 valves compared using mixed 
effects logistic regressions, including (1) adjustment for TAVI proce-
dure date (ie, to account for a potential learning effect of time), (2) 
random effect of hospital identifier, and (3) adjustment for baseline 
characteristics using inverse probability of treatment weights (ie, to 
account for potential disbalances between the 2 valve types concern-
ing the patient population treated). The estimates of adjusted odds 
ratio from 20 data sets after multiple imputation of missing values 
were combined using Rubin’s rule and presented with adjusted P val-
ues (Padj). Inverse probability of treatment weights for S3 versus XT 
THV was calculated within each of the 20 data sets using the follow-
ing baseline variables: age, sex, body mass index, diabetes mellitus, 
dyslipidemia, hypertension, previous pacemaker, history of myocar-
dial infarction, cardiac surgery, cerebrovascular event, peripheral 
vascular disease, chronic obstructive pulmonary disease, coronary 
artery disease, left ventricular ejection fraction, aortic valve area, 
mean aortic valve gradient, moderate or severe mitral regurgitation, 
New York Heart Association class III or IV, Canadian Cardiovascular 
Society angina class none or I/II or III/IV, logistic EuroSCORE, STS 
PROM score, and valve size. No adjusted analyses were performed 

WHAT IS KNOWN

Transcatheter aortic valve implantation (TAVI) with 
the Sapien XT transcatheter heart valve (THV) is a 
valuable alternative to surgical aortic valve replace-
ment in selected patients.
However, TAVI is associated with vascular and 
bleeding complications, paravalvular regurgitation, 
and atrioventricular conduction disturbances.

WHAT THE STUDY ADDS

In this preliminary comparison, the use of the new 
generation Sapien 3 THV was associated with a 
lower incidence of vascular complications and less 
paravalvular regurgitation compared with TAVI with 
the Sapien XT THV.
The rate of new pacemaker implantation was higher 
after TAVI with the Sapien 3 THV than after TAVI 
with the Sapien XT THV.

Figure 1. Aortic root angiogram after Sapien 3 transcatheter 
heart valve implantation. The Sapien 3 transcatheter heart valve 
comprises a balloon expandable, cobalt chromium frame, a 
trileaflet bovine pericardial tissue valve, and a polyethylene 
terephthalate (PET) skirt. The outer PET cuff was designed to 
improve paravalvular sealing.
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outcomes. However, as the rate of more than mild PAR was 
low in our cohort, it did not impact short-term survival.

Stroke
Compared with medical management, TAVI is associated with an 
increased stroke risk.11 Furthermore, in the Placement of Aortic 
Transcatheter Valve (PARTNER) trial, patients undergoing TAVI 
had a higher 30-day rate of any cerebrovascular event compared 
with patients randomized to surgical aortic valve replacement.12 
However, this difference disappeared at 2-year follow-up.22 Sub-
sequent studies with newer generation devices and large registries 
have further calmed the debate about TAVI associated stroke risk.9 
In the French Aortic National CoreValve and Edwards Registry  
(FRANCE II) study,23 stroke rates were 2.3%, and in the United 
Kingdom Transcatheter Aortic Valve Implantation (UK TAVI) 
registry,24 the rate was 4.1%. In our study, the 30-day disabling 
stroke rate with the S3 in an all-comer population was as low as 
1.3%, which was numerically lower than that for the XT. If and 

how the incidence of stroke can be further reduced is a matter of 
debate. Cerebral protection devices25 were designed to capture or 
deflect debris during TAVI, which would have otherwise emboli-
zed to the brain. However, there is currently no evidence that sup-
ports the routine use of these devices.26 The clinical significance 
of a reduction in subclinical lesions on brain scanning post TAVI, 
which has been shown with the Claret device (Claret Embolic 
Protection and TAVI [CLEAN-TAVI] trial, NCT01833052, pre-
sented at Transcatheter Cardiovascular Therapeutics Congress 
2014), was not established. Future clinical trials are needed to 
prove whether these devices effectively reduce the risk of stroke 
during TAVI. In our study population, a cerebral protection device 
was rarely used and not documented in the files.

Vascular Complications
Major vascular complications during TAVI are independent 
predictors of mortality.27 With the first generation balloon-
expandable THV, major vascular complications occurred in 

Table 1. Baseline Characteristics

Sapien 3, N=153 Sapien XT, N=445 P Value

Age, years 82.21±6.05 82.26±6.75 0.94

Female gender, n (%) 72 (47.1%) 249 (55.8%) 0.07

Body mass index, kg/m2 26.90±5.56 26.75±4.95 0.75

Cardiac risk factors

  Diabetes mellitus, n (%) 39 (25.5%) 112 (25.1%) 0.92

  Dyslipidemia, n (%) 65 (42.5%) 236 (52.9%) 0.03

  Hypertension, n (%) 117 (76.5%) 353 (79.1%) 0.49

Past medical history

  Previous pacemaker implantation, n (%) 15 (9.8%) 35 (7.8%) 0.49

  Previous myocardial infarction, n (%) 24 (15.7%) 67 (15.0%) 0.89

  Previous cardiac surgery, n (%) 17 (11.1%) 59 (13.2%) 0.57

  Previous cerebrovascular accident, n (%) 20 (13.1%) 51 (11.4%) 0.56

Clinical features

  Peripheral vascular disease, n (%) 24 (15.7%) 65 (14.6%) 0.79

  Chronic obstructive pulmonary disease, n (%) 22 (14.4%) 52 (11.7%) 0.39

  Coronary artery disease, n (%) 86 (56.2%) 242 (54.3%) 0.71

  Left ventricular ejection fraction, % 56.66±14.67 56.26±13.51 0.78

  Aortic valve area, cm2 0.71±0.23 0.71±0.22 0.88

  Mean transaortic gradient, mm Hg 47.18±22.04 43.74±17.27 0.06

  Mitral regurgitation grade moderate or severe 21 (14.2%) 86 (20.5%) 0.11

  New York Heart Association (NYHA) Class

   NYHA I or II, n (%) 48 (32.9%) 150 (33.7%) 0.92

   NYHA III or IV, n (%) 98 (67.1%) 295 (66.3%) 0.92

  Canadian Cardiovascular Society Angina Class n=152, n=446, 0.15

   No angina, n (%) 125 (82.2%) 333 (74.7%) 0.06

   CCS I or II, n (%) 19 (12.5%) 75 (16.8%) 0.25

   CCS III or IV, n (%) 8 (5.3%) 38 (8.5%) 0.22

Risk assessment

  Log. EuroScore, % 23.71±15.95 21.01±15.99 0.16

  STS score, % 7.15±6.50 8.52±7.98 0.07

Dyslipidemia was more prevalent in the Sapien XT group. All other baseline characteristics did not differ 
significantly between groups. CCS indicates Canadian Cardiovascular Society; and STS, Society of Thoracic 
Surgeons.
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outcomes. However, as the rate of more than mild PAR was 
low in our cohort, it did not impact short-term survival.
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Compared with medical management, TAVI is associated with an 
increased stroke risk.11 Furthermore, in the Placement of Aortic 
Transcatheter Valve (PARTNER) trial, patients undergoing TAVI 
had a higher 30-day rate of any cerebrovascular event compared 
with patients randomized to surgical aortic valve replacement.12 
However, this difference disappeared at 2-year follow-up.22 Sub-
sequent studies with newer generation devices and large registries 
have further calmed the debate about TAVI associated stroke risk.9 
In the French Aortic National CoreValve and Edwards Registry  
(FRANCE II) study,23 stroke rates were 2.3%, and in the United 
Kingdom Transcatheter Aortic Valve Implantation (UK TAVI) 
registry,24 the rate was 4.1%. In our study, the 30-day disabling 
stroke rate with the S3 in an all-comer population was as low as 
1.3%, which was numerically lower than that for the XT. If and 

how the incidence of stroke can be further reduced is a matter of 
debate. Cerebral protection devices25 were designed to capture or 
deflect debris during TAVI, which would have otherwise emboli-
zed to the brain. However, there is currently no evidence that sup-
ports the routine use of these devices.26 The clinical significance 
of a reduction in subclinical lesions on brain scanning post TAVI, 
which has been shown with the Claret device (Claret Embolic 
Protection and TAVI [CLEAN-TAVI] trial, NCT01833052, pre-
sented at Transcatheter Cardiovascular Therapeutics Congress 
2014), was not established. Future clinical trials are needed to 
prove whether these devices effectively reduce the risk of stroke 
during TAVI. In our study population, a cerebral protection device 
was rarely used and not documented in the files.

Vascular Complications
Major vascular complications during TAVI are independent 
predictors of mortality.27 With the first generation balloon-
expandable THV, major vascular complications occurred in 

Table 1. Baseline Characteristics

Sapien 3, N=153 Sapien XT, N=445 P Value

Age, years 82.21±6.05 82.26±6.75 0.94

Female gender, n (%) 72 (47.1%) 249 (55.8%) 0.07

Body mass index, kg/m2 26.90±5.56 26.75±4.95 0.75

Cardiac risk factors

  Diabetes mellitus, n (%) 39 (25.5%) 112 (25.1%) 0.92

  Dyslipidemia, n (%) 65 (42.5%) 236 (52.9%) 0.03

  Hypertension, n (%) 117 (76.5%) 353 (79.1%) 0.49

Past medical history

  Previous pacemaker implantation, n (%) 15 (9.8%) 35 (7.8%) 0.49

  Previous myocardial infarction, n (%) 24 (15.7%) 67 (15.0%) 0.89

  Previous cardiac surgery, n (%) 17 (11.1%) 59 (13.2%) 0.57

  Previous cerebrovascular accident, n (%) 20 (13.1%) 51 (11.4%) 0.56

Clinical features

  Peripheral vascular disease, n (%) 24 (15.7%) 65 (14.6%) 0.79

  Chronic obstructive pulmonary disease, n (%) 22 (14.4%) 52 (11.7%) 0.39

  Coronary artery disease, n (%) 86 (56.2%) 242 (54.3%) 0.71

  Left ventricular ejection fraction, % 56.66±14.67 56.26±13.51 0.78

  Aortic valve area, cm2 0.71±0.23 0.71±0.22 0.88

  Mean transaortic gradient, mm Hg 47.18±22.04 43.74±17.27 0.06

  Mitral regurgitation grade moderate or severe 21 (14.2%) 86 (20.5%) 0.11

  New York Heart Association (NYHA) Class

   NYHA I or II, n (%) 48 (32.9%) 150 (33.7%) 0.92

   NYHA III or IV, n (%) 98 (67.1%) 295 (66.3%) 0.92

  Canadian Cardiovascular Society Angina Class n=152, n=446, 0.15
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increased stroke risk.11 Furthermore, in the Placement of Aortic 
Transcatheter Valve (PARTNER) trial, patients undergoing TAVI 
had a higher 30-day rate of any cerebrovascular event compared 
with patients randomized to surgical aortic valve replacement.12 
However, this difference disappeared at 2-year follow-up.22 Sub-
sequent studies with newer generation devices and large registries 
have further calmed the debate about TAVI associated stroke risk.9 
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(FRANCE II) study,23 stroke rates were 2.3%, and in the United 
Kingdom Transcatheter Aortic Valve Implantation (UK TAVI) 
registry,24 the rate was 4.1%. In our study, the 30-day disabling 
stroke rate with the S3 in an all-comer population was as low as 
1.3%, which was numerically lower than that for the XT. If and 

how the incidence of stroke can be further reduced is a matter of 
debate. Cerebral protection devices25 were designed to capture or 
deflect debris during TAVI, which would have otherwise emboli-
zed to the brain. However, there is currently no evidence that sup-
ports the routine use of these devices.26 The clinical significance 
of a reduction in subclinical lesions on brain scanning post TAVI, 
which has been shown with the Claret device (Claret Embolic 
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16.2% of patients in the PARTNER IB trial.11 Meanwhile, 
downsizing of access sheath diameters4 allowing fully per-
cutaneous procedures28 has resulted in decreased vascular 
complications. In our study, major and minor vascular com-
plications were significantly lower in S3 compared with XT 
patients. This parallels a study that showed decreased vascular 
complications with lower-profile compared with large-profile 
sheaths.4 On a large scale, the reduction of major vascular 
complications with the S3 delivery system is expected to 
impact prognosis and speed up postprocedural patient mobili-
zation, allowing earlier ambulation and discharge.

Bleeding
Major bleeding and blood transfusions after TAVI are associ-
ated with worse prognosis.29,30 The source of bleeding may be 

procedure-related (eg, access site, ventricular or aortic perfora-
tion) or technically unrelated to TAVI but triggered by periproce-
dural antithrombotic medication (eg, gastrointestinal). The access 
site is the most common source of procedure-related bleeding. 
In this study, major bleeding occurred twice as often in patients 
receiving the XT than in patients treated with the S3 THV; how-
ever, the difference did not reach statistical significance. A lower 
rate of bleeding with the S3 may be attributed to the lower profile 
of the introducer sheath and delivery system. This observation 
parallels a study that compared TAVI outcomes with different 
sheath sizes4 and may translate into improved outcomes.

Permanent Pacemaker Implantation
Atrioventricular conduction disturbances necessitating 
PPM implantation are frequently observed after TAVI11 and 

Table 2. Procedural Characteristics

Sapien 3, N=153 Sapien XT, N=445 P Value

Procedure time, min 71.72±30.54 71.80±27.98 0.98

Amount of contrast, mL 158.04±87.39 201.18±95.37 <0.01

General anesthesia, n (%) 46 (30.1%) 172 (38.7%) 0.06

Lenght of hospital stay, days 9.07±5.72 9.52±5.31 0.38

Type of access 0.82

  Percutaneous, n (%) 133 (86.9%) 390 (87.6%) 0.89

  Surgical, n (%) 20 (13.1%) 55 (12.4%) 0.89

Procedure location

  Catheterization laboratory, n (%) 102 (66.7%) 343 (77.1%) 0.01

  Operating room, n (%) 1 (0.7%) 0 (0.0%) 0.26

  Hybrid room, n (%) 50 (32.7%) 102 (22.9%) 0.02

Concomitant procedure

  Percutaneous coronary intervention, n (%) 8 (5.3%) 45 (10.1%) 0.07

  Carotid stenting, n (%) 0 (0.0%) 1 (0.2%) 1.00

  Iliofemoral stenting, n (%) 5 (3.3%) 17 (3.8%) 1.00

Device features

  Valve size

   23 mm 42 (27.5%) 108 (24.3%) 0.45

   26 mm 72 (47.1%) 257 (57.8%) 0.02

   29 mm 39 (25.5%) 80 (18.0%) 0.05

  Prior balloon aortic valvuloplasty, n (%) 143 (93.5%) 410 (92.1%) 0.72

Device features

  Mean transprosthetic gradient, mm Hg

   For 23 mm valve size 11.65±5.98 9.96±4.77 0.08

   For 26 mm valve size 9.00±3.66 8.18±5.61 0.25

   For 29 mm valve size 8.49±3.42 7.42±4.59 0.23

  Aortic valve area, mm

   For 23 mm valve size 1.43±0.33 1.51±0.43 0.38

   For 26 mm valve size 1.73±0.37 1.89±0.58 0.09

   For 29 mm valve size 1.93±0.50 2.24±0.81 0.15

Aortic regurgitation post-TAVI n=150 n=439

  Grade 0, n (%) 86 (57.3%) 140 (31.9%) <0.01

  Grade 1, n (%) 62 (41.3%) 276 (62.9%) <0.01

  Grade 2, n (%) 2 (1.3%) 20 (4.6%) 0.08

  Grade 3, n (%) 0 (0.0%) 3 (0.7%) 0.57
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mostly depend on the THV type implanted. Although PPM 
rates of 20% to 30% with the self-expanding CoreValve13,31 
and almost 30% with the Lotus THV32 have been observed, 

the rate of higher degree atrioventricular block is lower for 
balloon-expandable THVs.33 Additional factors that predict 
PPM implantation after TAVI include preexisting right bun-
dle branch block34 or atrioventricular block, as well as THV 
implant depth35 and annulus oversizing.34 In our study, there 
were more new PPM implants in patients treated with the 
S3. This could be explained by the longer stent frame of the 
S3, which may protrude more into the left ventricular out-
flow tract, thereby compressing the interventicular septum. 
An inflammatory response to the external sealing skirt may 
be postulated, but is unlikely. Whether prudent higher THV 
implantations (80% aortal, 20% ventricular) may reduce the 
risk of conduction disturbances needs further investigation. 
Although the initial manufacturer recommendation was to 
place the middle marker of the deployment balloon in the 
annular plane, current clinical practice demonstrates that a 
high implant in experienced hands can be safely performed 
and may reduce atrioventricular conduction dusturbances.36 
Overall, there seems to be no prognostic impact of a new PPM 
after TAVI.34,37

Limitations
The grade of PAR in this study was defined by experienced on-
site echocardiographers and reported according to Valve Aca-
demic Research Consortium-2 criteria.18 The grading of PAR 

Figure 3. Paravalvular regurgitation after transcatheter aortic 
valve implantation with the Sapien 3 versus the Sapien XT trans-
catheter heart valve. Mild as well as more than mild paravalvular 
regurgitation was less frequently observed after implantation of 
the Sapien 3 compared with the Sapien XT transcatheter heart 
valve.

Table 3. 30-Days Clinical Outcomes

Sapien 3, N=153 Sapien XT, N=445 Odds Ratio OR (95% CI) P Value Adjusted OR (95% CI)
Adjusted  
P Value

Mortality, n(%) 5 (3.3) 20 (4.5) 0.72 (0.26–1.95) 0.56 0.63 (0.27–1.43) 0.27

  Cardiovascular mortality, n (%) 4 (2.6) 19 (4.3) 0.60 (0.20–1.80) 0.36 0.77 (0.32–1.81) 0.55

Cerebrovascular accident, n (%) 2 (1.3) 18 (4.0) 0.31 (0.07–1.37) 0.12  0.35 (0.10–1.15) 0.08

  Disabling stroke, n (%) 2 (1.3) 14 (3.1) 0.41 (0.09–1.81) 0.24 0.44 (0.10–1.99) 0.29

  Nondisabling stroke, n (%) 0 (0.0) 2 (0.4) 1.20 (0.03–15.51) 1.00

  TIA, n (%) 0 (0.0) 2 (0.4) 1.20 (0.03–15.51) 1.00

Myocardial infarction, n (%) 2 (1.3) 0 (0.0) 7.06 (0.55-∞) 0.13

  Periprocedural myocardial infarction, n (%) 2 (1.3) 0 (0.0) 7.06 (0.55-∞) 0.13

  Spontaneous myocardial infarction, n (%) 0 (0.0) 0 (0.0)

Acute kidney injury, n (%) 7 (4.6) 26 (5.8) 0.83 (0.35–1.98) 0.89 1.62 (0.54–4.86) 0.39

  Stage 1, n (%) 1 (0.7) 13 (2.9) 0.26 (0.03–2.08) 0.21 0.80 (0.18–3.58) 0.77

  Stage 2, n (%) 2 (1.3) 3 (0.7) 1.95 (0.32–11.79) 0.47

  Stage 3, n (%) 4 (2.6) 10 (2.2) 1.17 (0.36–3.78) 0.80 2.79 (0.56–13.94) 0.21

Bleeding, n (%) 14 (9.2) 66 (14.8) 0.50 (0.26–0.99) 0.05 0.76 (0.24–2.40) 0.64

  Life threatening bleeding, n (%) 6 (3.9) 24 (5.4) 0.64 (0.24–1.68) 0.36 1.16 (0.56–2.40) 0.68

  Major bleeding, n (%) 6 (3.9) 37 (8.3) 0.48 (0.19–1.18) 0.11 0.84 (0.21–3.45) 0.81

  Minor bleeding, n (%) 2 (1.3) 5 (1.1) 0.93 (0.13–6.59) 0.71

Vascular access site and access-related 
complications, n (%)

8 (5.2) 75 (16.9) 0.25 (0.11–0.57) <0.01 0.31 (0.17–0.59) <0.01

  Major vascular complications, n (%) 5 (3.3) 41 (9.2) 0.31 (0.11–0.85) 0.02 0.53 (0.27–1.04) 0.07

  Minor vascular complications, n (%) 2 (1.3) 34 (7.6) 0.16 (0.03–0.74) 0.02 0.09 (0.04–0.19) <0.01

Repeat unplanned intervention, n (%) 2 (1.3) 2 (0.4) 2.93 (0.41–21.01) 0.28

  Valve in valve treatment, n (%) 0 (0.0) 1 (0.2) 2.91 (0.00–113.43) 1.00

Permanent pacemaker implantation, n (%) 26 (17.0) 49 (11.0) 1.68 (0.99–2.84) 0.06 1.89 (1.16–3.08) 0.01

Depicted are number of first events with % of all patients at 30 days since procedure. Odds ratios (OR) from mixed effects logistic regressions accounting for random 
hospital identifier effects or exact logistic regressions in case of zero events (95% confidence interval [CI]). Adjusted odds ratios: see Methods for details. TIA indicates 
transient ischemic attack.
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• With their procedural performance, efficacy and safety, current generation DES are 
   the stents of choice 

• Polymer-free DCS and the option of 1 month DAPT in patients with a high risk of     
   bleeding definitively complement the armamentarium 

• At the same time, the time has come to get rid of BMS. 

• BVS in non-complex lesions are non-inferior to 2nd generation DES in terms of      
   TLF at 1 year; however given their somewhat cumbersome procedural aspects,  
   their broader use will depend on excellent clinical longterm results 

• In multivessel disease, rates of MACCE remain higher among those with PCI (even  
   with 2nd generation DES) than in those with CABG.  

• With favorable clinical outcomes and excellent hemodynamic function at 30 days  
   in high-risk patients, TAVI should be the treatment of choice for AS in patients  
   above the age of 80years.  

Facts from latest studies in interventional cardiology 


