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A B S T R A C T

O B J E C T I V E S

To assess procedural outcome and 3-year survival after transfemoral TAVI with the 

Edwards SAPIEN XT (SXT) and Edwards SAPIEN 3 (ES3) aortic valve devices in low to 

intermediate risk patients.

B A C K G R O U N D

Over the years increasing experience and technical device improvements in transcatheter 

aortic valve implantation (TAVI) have led to treatment of patients with lower surgical 

risks. Specifically for this population, device performance and longer term outcome are 

of great importance. 

M E T H O D S

Single center, retrospective analysis of 515 consecutive patients with low- to intermediate 

surgical risk (STS-PROM ≤ 8), who underwent transfemoral TAVI between January 2009 

and February 2017 with the ES3 or SXT prostheses.

R E S U LT S

Mean age (82 year in both groups, p=0.344) and STS-PROM score (3.862 vs 3.992, 

p=0.154) did not differ between the ES3 and SXT group. ES3-treated patients showed 

favorable procedural outcomes, with significant higher device success (90% vs 73%, 

p<0.0001) and less paravalvular leakage (7% vs 13%, p<0.0001). Procedural mortality 

(0.9% vs 1.5%, p=0.245) and rate of permanent pacemaker implantations (7.4% vs 6.1%, 

p=0.234) did not differ significantly. Three-year survival was 78% in the ES3 vs 74% in the 

SXT group (Logrank p=0.385).

C O N C L U S I O N S

We showed excellent survival and procedural outcomes in patients receiving a 

transfemoral TAVI with either the SAPIEN 3 or the SAPIEN XT device. The newer 

SAPIEN 3 even outperforms the SAPIEN XT in terms of higher device success and less 

paravalvular leakage, with the permanent pacemaker implantation rate being very low 

in both groups. Survival curves show a non-significant trend towards better mid-term 

survival in the SAPIEN 3-group.
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I N T R O D U C T I O N

Transcatheter Aortic Valve Implantation (TAVI) has become a well-established alternative 

for surgical aortic valve replacement in high-risk patients with severe symptomatic aortic 

valve stenosis (1-3). The number of TAVI procedures has grown rapidly over the years 

due to the gradual broadening of the indication for TAVI to intermediate surgical risk 

patients (4-11). As lower risk patients generally have a better long-term perspective, the 

effect of different prosthesis designs on device performance, procedural outcomes and 

longer term survival becomes of vital importance. Improvements in the device design 

aim to increase the feasibility of successful valve implantation, in the least invasive 

way, with further reduction of the access site complications, paravalvular leakage (PVL) 

and new pacemaker implantations. In the SAPIEN 3 (Edwards Lifesciences, Irvine, CA, 

USA)(ES3), the required stent diameters were further minimalized and a polyethylene 

terephthalate fabric skirt was added.

Earlier studies show excellent procedural and short-term results of the ES3 device (10), 

also when compared to the previous SAPIEN XT valve (SXT) (12-16). Evidence on long term 

survival in lower risk patients is lacking, since the ES3 was only introduced in 2014. Therefore 

we aimed to analyze procedural outcomes and 3-year survival of lower risk patients 

who were denied for surgery because of age, frailty, or other surgical contraindications, 

and underwent transfemoral (TF-)TAVI with either the SXT or the ES3 device.

M E T H O D S

For this retrospective analysis, the population comprised all 515 consecutive lower 

surgical risk patients receiving TF-TAVI-treatment between January 8th 2009 and 

December 27th 2016 in the Academic Medical Center Amsterdam (AMC), the 

Netherlands. Between January 2009 and January 2014, 137 patients have been treated 

with the SXT device. After that the ES3 was almost exclusively used in 378 patients. until 

February 2017. The Institutional Review Board approved this research with a waiver.

All patients were discussed in the heart team and referred for transcatheter valve 

intervention. Patients were denied for surgery based on the presumed surgical risk and 

included high age in combination with both used predicted postoperative mortality scores, 

heart- and valve function, previous open heart surgery, previous thoracic radiation, severe 

pulmonary –or renal dysfunction, liver disease, cognitive status, or history of stroke. If 

the heart team was uncertain about denial for surgery, the patient was examined by the 

cardiac surgeon at the outpatient clinic, sometimes accompanied by the interventional 

cardiologist. The patients were examined separately by the cardiac anesthesiologist. 

The decision for TAVI-treatment was made by our multidisciplinary TAVI-team consisting 
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of a cardiologist and cardiac surgeon and a radiologist, later fully completed with a 

geriatric internist and a dedicated TAVI nurse practitioner. The transfemoral approach 

was the default access option; only if patients were unsuitable for transfemoral TAVI, 

the decision for either direct aortic or transapical approach was made (Figure 1). 

Device selection and sizing was at the operator’s discretion and predominantly based 

on pre-procedural measurements by the computed tomography angiography (CTA). 

For this study, according to the current standards, we considered all patients with a Society 

of Thoracic Surgery – Predicted Risk Of Mortality score (STS-PROM) under 4 as at low 

surgical risk and between 4 and 8 as intermediate surgical risk patients, independently 

of co-morbidity as described in the ACC/AHA guidelines (17). Both groups based on the 

STS-PROM scores were combined to form the ‘lower risk’ group, which was used for the 

analyses. STS-PROM scores were calculated with the Online STS Adult Cardiac Surgery 

Risk Calculator V2.81, in use since 2014. Procedural characteristics were noted. Additional 

outcome was scored according to the VARC-2 criteria and included in-hospital stroke, 

major vascular- and bleeding complications, new pacemaker implantations, presence 

and severity of PVL, and device success (18). The latter was defined as the composite 

endpoint of absence of 30-day mortality, correct positioning of a single prosthesis 

and prosthesis performance (18). Mortality data was obtained from the centralized 

Dutch national municipal register on May 31 2017, ensuring complete follow-up. 

Categorical variables were presented as numbers with percentages and compared 

between the devices with the Fishers’ exact-test. For continuous data, normality was 

checked, and presented as means with standard deviations (SD) or medians with 

interquartile ranges (IQR); the data were compared using an unpaired students’ T-test 

or Mann-Whitney U-test. 

Survival distributions were compared between the devices using Kaplan Meier 

analysis. Cut-off for the survival time on the 3-year mark for both groups was used.  

For procedural outcome crude odds ratios (OR) were reported and for survival hazard 

ratios (HR) with 95% confidence intervals and p-values were reported. A multivariate 

Cox proportional hazards model was first created, including all baseline variables (as 

stated in Table 1). In this manner all statistical significant baseline differences between 

the groups influencing survival were identified. Subsequently, all significant predictors 

from this first analysis were used to create a mixed effects logistic regression model 

for both procedural and survival outcomes. Additionally a probability (propensity) score 

was created using multivariate logistic regression, entering all of the baseline variables 

as stated in Table 1, which were subsequently used to perform the second adjusted 

analysis. In this manner, by doing multiple adjusted analyses using different strategies, 
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we made sure to not overlook any significant predictors for procedural outcome and 

survival. For all models the significance of the change between the crude and the adjusted 

ratios was calculated. For all analyses a p-value <0.050 was considered statistically 

significant. No adjusted analysis were performed for outcomes with <15 events overall. 

Analyses were performed on SPSS version 24.0 (IBM corporation, Chicago, IL, USA).

Figure 1. Flowchart of study patient selection of all patients receiving TAVI-treatment

Chapter 7: SAPIEN 3 versus SAPIEN XT in TAVI
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R E S U LT S

Demographic, clinical and imaging characteristics of both groups are described in 

Table 1. Median age and STS-PROM risk scores did not differ significantly between 

the ES3 and SXT group. Low risk (STS-PROM<4) and intermediate risk patients (STS-

PROM between 4 and 8), were distributed equally in both groups (Table 1). Medical 

history in both groups was similar, barring COPD, previous percutaneous intervention, 

previous pacemaker implantations and stroke all showing lower incidence in the ES3 

group. The ES3 group consisted of more patients with atrial fibrillation (Table 1). Non-

invasive imaging features were similar between both groups except right ventricular 

failure, which was described more frequently in the ES3 group. This did not reflect in 

the proportion of patients with moderate to severe failure of the left ventricle (Table 1). 

Procedural characteristics are described in Table 2. In the ES3 group less pre-dilation and 

more post-dilation was used. Post-dilation was not more frequent in patients in whom 

no pre-dilation was used (only 2/13 patients received post-dilation after not receiving 

pre-dilation and 19/365 received both pre- and post-dilation). Mean gradients over the 

prostheses were significantly lower for ES3, albeit only 2 mmHg. Substantial higher 

device success was reached and less moderate to severe PVL was observed in the 

ES3 group. The ES3 was chosen smaller than the SXT, especially in the most frequently 

used 26 mm prostheses, as seen in the larger valve area for the ES3-treated patients.

Postoperative complications are described in Table 3 and Table 4. No significant 

difference in stroke rate was documented. Less major bleeding complications were 

seen in the ES3 treated patients. There was no significant difference of new permanent 

pacemaker implantations between both prostheses. Adjusted analysis on baseline 

characteristics and propensity score did not significantly change the aforementioned 

odds ratios and did not cause differences in outcomes between the groups (Table 4).

Mortality data and crude- and adjusted hazard ratios are described in Table 4. Survival 

curves are plotted in Figure 2. Mean follow-up time was 560 (±320) days in the ES3 

group versus 906 (±339) days in de SXT-group (p<0.0001). Procedural death, defined 

as death within 30 days after the procedure, did not differ significantly, neither did 

immediate procedural or post procedural death ≤ 72  hours (1/378 for the ES3 

and 1/137 for the SXT, p=0.135). The survival estimates at all time points did not 

differ significantly; 1-year 91% vs 88%, p=0.291, 2-year 83% vs 80%, p=0.385 and 

3-year 78% vs 74%, p=0.276. Hazard ratios at all time points were favoring the ES3-

prosthesis although insignificant, in both crude and adjusted analyses (Table 4).
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Table 1. Baseline characteristics per prosthesis type

Variable Prosthesis type p-value

SAPIEN 3
(n=378)

SAPIEN XT
(n=137)

Age — year 82.1 (77.9-85.3) 82.3 (77.2-82.3) 0.344
Men 174 (46%) 51 (37%) <0.0001
BMI — kg/m2 27.6 (±4.8) 28.6 (±5.5) 0.083
NYHA class III or IV 257 (68%) 80 (58%) 0.001
Urgent setting 36 (10%) 18 (13%) 0.020
Cardiovascular medical history 
 Hypertension 300 (79%) 104 (76%) 0.102
 Atrial fibrillation any 157 (42%) 50 (36%) 0.024
 Valvular surgery any 8 (2%) 3 (2%) 0.919
 CABG 34 (9%) 17 (12%) 0.074
 PCI 85 (22%) 41 (30%) 0.001
 Pacemaker 30 (8%) 16 (12%) 0.011
 Stroke 45 (12%) 9 (7%) <0.0001
 Peripheral artery disease 59 (8%) 24 (18%) 0.305
Non-cardiovascular medical history
 COPD any classifcation 77 (20%) 41 (30%) <0.0001
 Diabetes any type 102 (27%) 37 (27%) 0.992
 eGFR <60ml/min 163 (43%) 61 (45%) 0.456
 eGFR <30ml/min 12 (3%) 7 (5%) 0.043
STS-PROM – score 3.862 (2.759-5.291) 3.992 (2.769-5.204) 0.154
STS-PROM categories
 STS-PROM score <4 199 (53%) 69 (50%) 0.545
 STS-PROM score ≥4 <8 179 (47%) 68 (50%) 0.545
Hostile Chest 27 (7%) 13 (9%) 0.083
Pre-procedural echocardiography
 Moderate/severe LVF 60 (16%) 20 (15%) 0.764
 Moderate/severe RVF 25/367 (7%) 7/136 (5%) 0.044
 SPAP >55mmHg 26/321 (8%) 8/133 (6%) 0.121
 Moderate/severe MR 164/369 (44%) 69/136 (51%) 0.203
 AVA – mm2 0.83 (±0.19) 0.79 (±0.23) 0.381
Pre-procedural CT-imaging
 Porcelain Aorta 9 (2%) 8 (6%) <0.0001
 Valve area – mm2 470 (±91) 434 (±88) 0.747
 Peripheral diameter – mm 7.59 (±1.92) 7.75 (±1.49) 0.111
 Distance to RCA – mm 14.86 (±3.46) 14.73 (±3.20) 0.621
 Distance to LCA – mm 13.59 (±3.06) 13.68 (±2.44) 0.071

If data was missing denominators are notated.
eGFR was calculated using the MDRD-formula, STS-PROM = Society of Thoracic Surgery Predicted Risk Of 
Mortality; LVF = left ventricle failure, RVF = right ventricle failure, SPAP = systolic pulmonary artery pressure, MR = 
mitral regurgitation, AVA = aortic valve area, RCA = right coronary artery, LCA = left coronary artery 
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Table 2. Procedural characteristics per prosthesis type

Variable Prosthesis type p-value

SAPIEN 3
(n=378)

SAPIEN XT
(n=137)

General anesthesia 8 (2%) 6 (4%) 0.006
Surgical cutdown 2 (0.005%) 6 (4%) <0.0001
Balloon pre-dilation 365 (97%) 137 (100%) <0.0001
Balloon post-dilation 21 (6%) 3 (2%) 0.001
Valve size and area per size
 20 mm 1 (0.3%) 4 (3%) <0.0001

 Valve area – mm2 317 (-) 305 (±18.2) 0.611
 23 mm 125 (33%) 41 (30%) 0.137

 Valve area – mm2 385 (±44) 360 (±57) 0.121
 26 mm 189 (50%) 75 (55%) 0.215

 Valve area – mm2 478 (±48) 446 (±64) 0.032
 29 mm 65 (17%) 17 (12%) 0.001

 Valve area – mm2 612 (±55) 567 (±58) 0.635

Table 3. Procedural outcomes and in-hospital complications per prosthesis type

Prosthesis type p-value

SAPIEN 3
(n=378)

SAPIEN XT
(n=137)

Procedural outcomes
 Mean AV-gradient – mmHg 8.8 (±3.7) 10.9 (±5.2) <0.0001
 Moderate/severe AR 23 (6%) 25 (19%) <0.0001
 Device success* 343 (90%) 100 (73%) <0.0001
 Moderate/severe PVL 25 (7%) 18 (13%) <0.0001
In-hospital complications
 Death 3 (0.8%) 3 (2%) 0.192
 Stroke 7 (2%) 4 (3%) 0.931
 Major vascular complication 24 (6%) 11 (8%) 0.547
 Any bleeding 67 (18%) 27 (20%) 0.323
 Major bleeding 25 (7%) 13 (9%) 0.031
 New Pacemaker implantation 28 (7%) 8 (6%) 0.223

AV = aortic valve, AR = aortic regurgitation, PVL = paravalvular leakage, *Device success is defined as a composite 
end-point according to VARC-2 criteria (20).



109

Table 4. M
ortality and com

plication rates in crude and adjusted hazard- (H
R) and odds ratios (O

R) for the SAPIEN
 3 (ES3) com

pared to the SAPIEN
 XT (SXT)

Prosthesis type

M
ortality

SAPIEN
 3

(n=378)
SAPIEN

 XT
(n=137)

Unadjusted H
R

(95%
 CI)

p-value
Adjusted H

R
(95%

 CI)*
p-value

Adjusted H
R

  
(95%

 CI)†
p-value

30-day m
ortality 

3 (0.9%
)

2 (1.5%
)

0.36 (0.07-1.78)
0.221

0.28 (0.53-1.45)
0.277

0.27 (0.53-1.44)
0.127

1-year m
ortality 

32 (9%
)

17 (12%
)

0.73 (0.41-1.31)
0.302

0.67 (0.36-1.24)
0.201

0.70 (0.38-1.28)
0.243

2-year m
ortality 

40 (17 %
)

27 (20%
)

0.81 (0.50-1.31)
0.390

0.77 (0.47-1.26)
0.296

0.80 (0.49-1.31)
0.372

3-year m
ortality 

50 (22 %
)

35 (26%
)

0.78 (0.50-1.22)
0.281

0.77 (0.48-1.22)
0.256

0.79 (0.49-1.25)
0.310

Com
plication

SAPIEN
 3

(n=378)
SAPIEN

 XT
(n=137)

Unadjusted O
R

(95%
 CI)

p-value
Adjusted O

R
(95%

 CI)*
p-value

Adjusted O
R

 
(95%

 CI)†
p-value

Stroke 
7 (2%

)
4 (3%

)
1.44 (0.42-4.93)

0.558
-

-
-

-
M

ajor vascular com
plication 

24 (6%
)

11 (8%
)

1.09 (0.51-2.32)
0.833

1.09 (0.49-2.44)
0.824

0.99 (0.45-2.15)
0.973

Any bleeding 
67 (18%

)
27 (20%

)
1.13 (0.72-1.79)

0.589
1.08 (0.68-1.73)

0.746
1.047 (0.66-1.66)

0.845
M

ajor bleeding 
25 (7%

)
13 (9%

)
1.36(0.69-2.68)

0.367
1.39 (0.69-2.81)

0.355
1.18 (0.59-2.36)

0.627
N

ew
 Pacem

aker im
plantation 

28 (7%
)

8 (6%
)

0.81 (0.37-1.79)
0.602

0.79 (0.35-1.81)
0.583

0.73 (0.32-1.63)
0.438

*Adjusted for gender, N
YH

A class 3 or 4, m
edical history of chronic obstructive pulm

onary disease, previous stroke, previous percutaneous coronary intervention and, porcelain aorta 
†Adjusted for propensity score (derived from

 all baseline characteristics as stated in Table 1) 
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D I S C U S S I O N

In this retrospective analysis we describe the outcomes of the balloon-expandable 

ES3 and SXT treated TAVI patients in a large consecutive single-center cohort of 

patients with low to intermediate surgical risk. We demonstrated favorable procedural 

and mid-term outcomes of the ES3 when compared to the earlier SXT, with a higher 

device success, less moderate to severe PVL and less major bleeding complications 

in the ES3-group. Both for the ES3 as well as the SXT patients we demonstrate a 

low rate of vascular complications, low rate of permanent pacemaker implantations 

and above all, excellent 3-year survival of more than 75% (in ES3 treated patients) 

which is similar or better than in large, randomized trials in such a population (4-6).

Our center started relatively early performing TAVI-procedures. This gave us the unique 

opportunity to report data on device performance and mid-term survival of a large 

cohort of lower risk patients. Our population consists mostly of low and intermediate risk 

patients as judged by the STS-PROM score. Nonetheless, as this score is not specifically 

designed for TAVI-patients, it was only one of the contributing factors in denial for surgical 

valve replacement. All the patients we treated were denied for surgery because of age, 

frailty or surgical contraindications such as hostile chest, severe renal or pulmonary 

dysfunction or a history of stroke. The STS-PROM calculator does not comprehend 

some of these important factors, which favor less invasive treatment, such as porcelain 

aorta and hostile chest. Nonetheless, in this study there are no major differences in 

Figure 2. Time to event curve- death from any cause since TAVI 
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baseline characteristics between the different prostheses, such that we believe that 

newer risk scores with broader criteria would not have yielded other results in our cohort.

Earlier studies show the presence and grade of PVL to be one of the most predictive 

factors for a worse prognosis after TAVI (19-22). We demonstrate that the ES3 is very 

successful in preventing moderate to severe PVL, showing a rate almost twice as low 

as in the group treated with the SXT device and even much lower than reported in self-

expandable valves (4). In addition, we found the ES3 to be chosen less oversized than 

the SXT in accordance with the accessory sizing chart, and as reported by Arai et al 

(23). By combining these two findings; the lower rate of PVL and relative smaller sizing 

of the ES3, we conclude that the added polyethylene terephthalate fabric skirt of the ES3 

fulfils the intended purpose. Although we did not show a significant difference in 2-year 

and 3-year mortality rates between the two prostheses types, it is conceivable that on 

the long run less severe PVL will influence survival positively, especially in this low-

intermediate risk group of whom the life expectancy is longer and device functioning on 

the long term will be of great importance. 

In our cohort, the need for permanent pacemaker implantation was low and did not differ 

significantly between both devices. This is partly in contrast to earlier studies, reporting 

pacemaker implantation rates of 7-17 % for the ES3 and 4-13% for the SXT, where we report 

much lower rates for the both- and especially the ES3-prosthesis (11,14, 15, 23-25). With 

increasing experience with the ES3 device, we adapted to a relatively high implantation 

position of the prosthesis, in order to successfully limit the need for new pacemakers as 

several studies suggest (25-27). This was achieved without any malpositioning or aortic 

dislocation. We could even show a decreasing rate of pacemaker implantation over time, 

where 10/95 of the patients received a pacemaker in 2014 (11%), 12/117 (10%) in 2015 

and only 7/128 (5%) in 2016, which is in line with the supposed rate of Schwerg et al. (26). 

We report relatively low mortality rates when compared to current literature. 30-day 

mortality rates vary from 0-3.5% for the ES3 and 2.9-8.7% for the SXT (14-16, 23, 24) 

were we describe much lower rates of 0.9% vs 1.5% for respectively the ES3 and 

SXT. When compared to, for example Sawaya et al, the patients in our center have 

better 1-year survival (80% for the ES3 vs 74% for the SXT while in our cohort this 

was 91% vs 88% respectively) (14). Survival was very similar to the results from the 

PARTNER 2A trial, showing a survival of 88% and 83% at respectively 1 and 2 years 

in the TAVI subgroup, consisting of patients not necessarily denied for surgery (11).

Chapter 7: SAPIEN 3 versus SAPIEN XT in TAVI
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The present analysis was retrospectively conducted on a large single center non-

randomized cohort and has therefore inherent limitations to such design. No comparison 

between TAVI and surgical or conservative treatment is possible in this study design. 

In addition as the ES3 prostheses were implanted later in time compared to the SXT, 

it could be suggested that operator and institutional experience improved further, and 

consequently influenced the outcome of predominantly ES3 group. Additionally, the fact 

that the patient population gradually consists of lower risk patients is expected to yield 

a more positive influence on procedural outcome and survival. Nevertheless, even after 

correction for the minor imbalances in baseline characteristics, we found no significant 

changes in outcome.

C O N C L U S I O N

In conclusion, we showed excellent survival and procedural outcomes in patients receiving 

a transfemoral TAVI with either the SAPIEN 3 or the SAPIEN XT device. The newer SAPIEN 

3 even outperforms the SAPIEN XT in terms of less major bleeding complications, 

substantially higher device success rates and less paravalvular leakage, with the 

permanent pacemaker implantation rate being very low in both groups. Survival curves 

show a non-significant trend towards better mid-term survival in the SAPIEN 3-group. 
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