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BACKGROUND
Previous trials have shown that among high-risk patients with aortic stenosis, survival 
rates are similar with transcatheter aortic-valve replacement (TAVR) and surgical aortic-
valve replacement. We evaluated the two procedures in a randomized trial involving 
intermediate-risk patients.
METHODS
We randomly assigned 2032 intermediate-risk patients with severe aortic stenosis, at 57 
centers, to undergo either TAVR or surgical replacement. The primary end point was death 
from any cause or disabling stroke at 2 years. The primary hypothesis was that TAVR would 
not be inferior to surgical replacement. Before randomization, patients were entered into 
one of two cohorts on the basis of clinical and imaging findings; 76.3% of the patients were 
included in the transfemoral-access cohort and 23.7% in the transthoracic-access cohort.
RESULTS
The rate of death from any cause or disabling stroke was similar in the TAVR group and 
the surgery group (P = 0.001 for noninferiority). At 2 years, the Kaplan–Meier event rates 
were 19.3% in the TAVR group and 21.1% in the surgery group (hazard ratio in the TAVR 
group, 0.89; 95% confidence interval [CI], 0.73 to 1.09; P = 0.25). In the transfemoral-
access cohort, TAVR resulted in a lower rate of death or disabling stroke than surgery 
(hazard ratio, 0.79; 95% CI, 0.62 to 1.00; P = 0.05), whereas in the transthoracic-access 
cohort, outcomes were similar in the two groups. TAVR resulted in larger aortic-valve 
areas than did surgery and also resulted in lower rates of acute kidney injury, severe bleed-
ing, and new-onset atrial fibrillation; surgery resulted in fewer major vascular complica-
tions and less paravalvular aortic regurgitation.
CONCLUSIONS
In intermediate-risk patients, TAVR was similar to surgical aortic-valve replacement with 
respect to the primary end point of death or disabling stroke. (Funded by Edwards Life-
sciences; PARTNER 2 ClinicalTrials.gov number, NCT01314313.)
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In	the	transfemoral-	access	cohort,	TAVR	resulted	in	a	lower	rate	of	death	or	disabling	
stroke	than	surgery	(hazard	ra<o,	0.79;	95%	CI,	0.62	to	1.00;	P=0.05),	
	
The	cohorts	defined	according	to	assignment	to	access	route	cons<tuted	a	prespecified	
subgroup,	but	the	study	was	not	powered	for	an	analysis	of	this	subgroup.		
	
We	es<mated	that	a	sample	of	2000	pa<ents	would	provide	the	trial	with	a	power	of	at	
least	80%	to	show	the	noninferiority	of	TAVR	to	surgery	with	respect	to	the	primary	end	
point	at	2	years,	assuming	an	event	rate	of	30%	in	each	group.		
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TO ADJUST OR NOT TO ADJUST  

…..in whatever way they arise, they (differences 
between groups) invalidate direct comparison 

ADJUSTMENT = BIG CHALLENGE IN ORDER TO HAVE SHARABLE RESULTS  

= 
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In 2016, 5 issues deserve a particular attention and represent the 
matter of debate to limit the enlargement of the indications 
 
 

 1) NeurologicComplications 
 

 2) Vascular Complications   
 

 3) Residual Aortic Regurgitation 
 

 4) Pacemaker Implantation 
 

 5) Durability of the biological prostheses 
 
 



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

1) RESIDUAL AORTIC REGURG. 

SAPIEN 3 

Howard	C.	Herrman		on	behalf	of	
	The	PARTNER	II	Trial	Inves0gators.												TCT	2015	
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1) RESIDUAL AORTIC REGURGITATION 

Paravalvular	regurgita0on	in	the	PARTNER	trial		
Kodali et al. Eur Heart J 2015;36:449-56 
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CENTRAL ILLUSTRATION 1-Year Outcomes After Transcatheter Aortic Valve Replacement With
Balloon-Expandable Versus Self-Expandable Valves

Abdel-Wahab, M. et al. J Am Coll Cardiol. 2015; 66(7):791–800.

The design of CHOICE (Randomized Comparison of Transcatheter Heart Valves in High Risk Patients With Severe Aortic Stenosis: Medtronic
CoreValve Versus Edwards SAPIEN XT) is illustrated, showing the results of its previously reported primary endpoint and the main secondary
endpoint at 1 year. TAVR ¼ transcatheter aortic valve replacement.

Abdel-Wahab et al. J A C C V O L . 6 6 , N O . 7 , 2 0 1 5

Balloon-Expandable Versus Self-Expandable TAVR A U G U S T 1 8 , 2 0 1 5 : 7 9 1 – 8 0 0
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4) PACEMAKER IMPLANTATION 
 
Results	From	the	CHOICE	Randomized	Clinical	Trial	
Abdel-Wahab	M,	JACC	VOL.	66,	NO.	7,	2015		

New	Pace	Maker	

STRUCTURAL

Changes in the Pacemaker Rate After
Transition From Edwards SAPIEN XT
to SAPIEN 3 Transcatheter Aortic
Valve Implantation
The Critical Role of Valve Implantation Height

Fernando De Torres-Alba, MD, Gerrit Kaleschke, MD, Gerhard Paul Diller, MD, PHD, Julia Vormbrock, MD,
Stefan Orwat, MD, Robert Radke, MD, Florian Reinke, MD, Dieter Fischer, MD, Holger Reinecke, MD,
Helmut Baumgartner, MD

ABSTRACT

OBJECTIVES The aim of this study was to analyze the pacemaker implantation rate (PMIR) with the new

balloon-expandable Edwards SAPIEN 3 valve (S3) and the factors associated with it.

BACKGROUND The introduction of the S3 for transcatheter aortic valve replacement (TAVR) has led to a reduction in

paravalvular regurgitation. There are, however, concerns that the new design may increase the PMIR.

METHODS The first 206 patients treated with the S3 were compared with 371 preceding patients treated with

SAPIEN XT valves. Patients who previously underwent pacemaker or implantable cardioverter defibrillator implantation

or transapical and valve-in-valve procedures were excluded from the analysis. All patients were monitored for at least
7 days. Previous and new conduction abnormalities were documented, and prosthesis implantation height was assessed

for the S3.

RESULTS There were no significant differences in baseline characteristics between groups. The PMIR was, however,

significantly higher for the S3 (19.1% vs. 12.2%; p ¼ 0.046). The mean implantation height was significantly lower in

patients requiring PMI (67%/33% vs. 72%/28% aortic/ventricular stent extension, p ¼ 0.032). On multivariate regression

analysis, implantation height was the only independent predictor of PMI (odds ratio: 0.94 [95% confidence interval:

0.90 to 0.99]; p ¼ 0.009). It increased from 68%/32% to 75%/25% when comparing the first with the second half

of S3 implantations (p < 0.0001). This change was associated with a significant decrease in PMIR from 25.9% to 12.3%
(p ¼ 0.028), no longer different from the XT valve (12.2%).

CONCLUSIONS The PMIR after TAVR is higher with the S3 than with the XT and is independently associated with

the implantation height. This increase in the PMIR may be avoided by intending an aortic stent extension >70%.

(J Am Coll Cardiol Intv 2016;9:805–13) © 2016 by the American College of Cardiology Foundation.
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To the best of our knowledge, our study is the
first comparison of a large group of patients treated
with the S3 and XT demonstrating a significant in-
crease in AVCAs and a higher PPMIR with the S3
compared with the XT valve. The pivotal S3 trial
(14) reported a PPMIR of 13.3%. Although this per-
centage is higher than the previously reported 6%
for the XT (10), no comparison of valve generations
is possible from this study nor were predictors of
PPM implantation analyzed. Tarantini et al. (22)
recently reported an increase in PPMIR with the S3
compared with the XT, but their study included
only a very small group of 29 patients treated with
the new-generation valve. Nevertheless, their re-
sults are similar. The PPMIR was similar to ours in
both the S3 (20.7% vs. 19.1%) and XT (10.0% vs.
13.0%). In our study, the higher rate of AVCAs of
any type observed in the S3 group (39.5% vs. 28.9%
in the XT group) was primarily driven by the higher
incidence of third-degree AV block. New-onset
left bundle branch block was observed in 13% of
patients in the S3 group, a lower rate than the 18%
reported in the release study (14), and it was not
associated with a higher PPMIR in the S3 group.
However, the presence of a right bundle branch
block before TAVR was associated with PPM im-
plantation in the S3 group on univariate analysis
(16.1% vs. 3.1%; p ¼ 0.014), but this association
was not significant on multivariate analysis. The
degree of MDCT area oversizing by the valve could
play a role in the development of conduction ab-
normalities after TAVR with the previous
XT generation (23). However, in our study, the
MDCT diameter oversizing was not related to the
rate of PPMI in the S3 group, neither on univariate

analysis nor after including it in the multivariate
analysis.

Our study shows that a deeper position of the S3 in
the LVOT is independently associated with a higher
PPMIR after TAVR. This association may also explain
the difference in PPMIR between the S3 and XT. The
stent of the S3 is 3 to 4 mm longer than that of the XT
and tends to reach deeper into the LVOT, particularly
when implanted in a similar way as far as the inten-
ded relationship of aortic to ventricular stent length
is concerned.

The association between implantation height and
PMIR has been well described in studies of TAVR
using the self-expandable CoreValve device (Med-
tronic Inc.) (12). Although the overall PPMIR was
low, such an association was even reported in
studies of the XT as well. Urena et al. (3) reported a
deeper implantation height evaluated by trans-
esophageal echocardiography to be associated with
a higher rate of persistent left bundle branch block,
which in turn determined higher risk of complete
AV block and PPM implantation. Another study
evaluating patients receiving either the XT or the
self-expandable CoreValve also reported an inde-
pendent association between the implantation
height evaluated by callipered angiography with a
higher rate of persistent left bundle branch block
and AV block (4).

FIGURE 5 Pearson Correlation Analysis of Implantation
Height and the Cumulative Number of Patients Treated
With the SAPIEN 3 Valve

FIGURE 6 Permanent Pacemaker Implantation Rate and Mean Implantation Height in
the First and Second 50% of SAPIEN 3 Implantations

The columns show the permanent pacemaker implantation (PPMI) rate in the SAPIEN 3
groups after dividing the cohort into the first 50% of patients and the second 50% of
patients treated with SAPIEN 3. The mean implantation height of the valve (% aortic) " SD
in each group is shown.
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5) LONGEVITY OF BIOLOGICAL PROSTHESES  
 

Evidence	of	leaflet	injury	during	TAVI	deployment		
Zegdi et al. Eur J Cardiothorac Surg 2011;40:257-9 

Collagen fiber fragmentation and disruption 

Bioprot	

TAVI	

the disruption to the pericardial leaflet thickness. This index
was determined on two random fields at !20 magnification
for each leaflet. The distances between collagen bundles
were measured along 10 equally interspaced lines perpendi-
cular to the long axis of the sample. On each line, the
measured distances were summed and normalized to the
length of the line. For each field, the mean value of the 10
normalized distances was defined as the disruption index
(expressed in percentages).

Fresh bovine pericardium was obtained from a slaughter-
house. Fat was first removed and samples were immersed and
stored in a 0.625% glutaraldehyde solution. Ten macrosco-
pically normal fragments (0.30—0.40 mm thickness — control
group) were processed for pathologic analysis the same way
as the Sapien prostheses.

Results were expressed as median (range). Comparison
between quantitative variables was performed with the
Mann—Whitney test.

3. Results

There was no macroscopic evidence of traumatic injury to
the pericardial leaflets of the percutaneous valves: there
were no laceration, no dehiscence and no tears. However,
pathologic microscopic findings were observed in all of them.
These mainly consisted of collagen fiber fragmentation and
disruption (Fig. 1).

Areas of non- or mildly affected tissue were adjacent to
areas of severely damaged tissue. The entire thickness of the
leaflets might be involved. The traumatic lesions, however,
were more pronounced at the level of the sub-mesothelium
(Fig. 1). The severity of the lesions also differed among
leaflets within the same prosthesis.

The prosthesis that migrated toward the left ventricle
showed leaflet thrombosis (Fig. 2). Areas of plasmatic
insudation were seen close to the leaflets’ surfaces (Fig. 2).

In the control group, the tissue appearance was better
preserved (Fig. 1). Wavy collagen bundles were clearly seen.
Fractures of collagen fibers were occasionally noticed.

The disruption index was significantly higher in the Sapien
group in comparison to the control group: 42.4% (14—63.5%)
versus 17.5% (9.2—31%), respectively ( p < 0.001). There was
no statistically significant difference in tissue damage
severity (as reflected by the disruption index) between
prostheses that had been implanted in patients (two
prostheses, six leaflets and 12 fields analyzed) compared
with those not implanted: 38.3% (14—63.5%) versus 47.6%
(35.8—58.3%), respectively ( p = 0.15).

4. Discussion

Collagen fiber fragmentation and disruption are pericar-
dial lesions that have already been described in explants of
failed Ionescu—Shiley’s bioprostheses [3]. In the present
preliminary study, the lesions described are likely of
traumatic origin. They were found immediately after valve
deployment. Their marked severity contrasted with the

R. Zegdi et al. / European Journal of Cardio-thoracic Surgery 40 (2011) 257—260258
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Fig. 1. Typical microscopic aspect of pericardium from the control group (A and
B) and a balloon-expandable Sapien-Edwards valve (C and D). In this latter,
disruption (*) of the collagen fibers is present across the whole thickness of the
leaflet and predominates at the sub-mesothelium level. (Sirius red stain; !5
(A—C) and !20 (B—D).
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Fig. 2. Microscopic aspect (at low (A) and high (B) magnification — H&E stain)
of a pericardial leaflet from a balloon-expandable Sapien-Edwards valve that
migrated after its implantation in a patient. The leaflet is covered by throm-
bosis (arrows). Areas of plasmatic insudation are seen close to the leaflet’s
surface (*).
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surgical valves. Baseline clinical, CT, and echo-
cardiographic characteristics are summarized in 
Table 2, and in Table S3 in the Supplementary 
Appendix.

Reduced leaflet motion was observed in 17 of 
132 patients (13%), including 15 of 105 with 
transcatheter valves (14%) and 2 of 27 with sur-
gical valves (7%). Details with respect to valve 
type and frequency of reduced leaflet motion for 
each type are provided in Table S4 in the Supple-
mentary Appendix. There was no significant dif-
ference in the interval between the valve implan-
tation and the performance of CT among patients 

with reduced leaflet motion and those with nor-
mal leaflet motion (228±459 days and 189±293 
days, respectively; P = 0.67). The antithrombotic 
regimens at the time of CT are provided in Table 
S2 in the Supplementary Appendix. Therapeutic 
anticoagulation with warfarin was associated 
with significantly lower rates of reduced leaflet 
motion than was dual antiplatelet therapy (0 of 
13 patients and 10 of 35 patients [29%], respec-
tively; P = 0.04).

Natural History of Reduced Leaflet Motion
Among patients with reduced leaflet motion, 
follow-up CT was performed in 12 of 22 patients 
in the PORTICO IDE study (median interval be-
tween index and follow-up CT, 183 days) and in 

Figure 2. Evidence of Reduced Leaflet Motion in Multiple Prosthesis Types.

Shown are hypoattenuating opacities on two-dimensional computed tomography (CT) (maximum intensity projection of gray-scale image) 
and volume-rendered CT (color images) for multiple prosthesis types, including the CoreValve (Panels A through C, arrows), Portico 
(Panels D through F), Sapien XT (Panels G through I), and Carpentier–Edwards Perimount surgical valve (Panels J through L) during 
 diastole and systole. The hypoattenuating lesions always involve the base of the leaflet and extend to the center of the frame. Normal 
leaflets are visible only on volume-rendered CT in diastole, at their line of coaptation in axial images. Leaflets with reduced motion are 
visible as wedge-shaped or semilunar opacities in both systole and diastole.
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Early calcific degeneration of a CoreValve transcatheter aortic bioprosthesis
Sea Hing Ong1*, Ralf Mueller1, and Stein Iversen2
1Department of Cardiology/Angiology, HELIOS Klinikum Siegburg, Siegburg, Germany and 2Department of Cardiovascular Surgery, HELIOS Klinikum Siegburg, Siegburg,
Germany
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A 74-year-old man, one of the first few patients
in the world to undergo transcatheter aortic
valve implantation (TAVI) with the porcine
CoreValve bioprosthesis presented with dyspnoea
after 5 years. Echocardiogram and cardiac cathe-
terization, respectively, revealed and confirmed
bioprosthetic degenerative restenosis. The
mean gradient across the CoreValve on trans-
thoracic Doppler was 53 mmHg and pull-back
gradient at catheterization was 79 mmHg.
Aortic insufficiency was only mild. Of note,
echocardiography 1 year earlier was unremark-
able. In the absence of very high surgical risk,
he underwent surgical bioprosthetic replace-
ment. Extensive calcification of the explanted
CoreValve’s leaflets was noted both on the
outflow and inflow surfaces. Although a rare
event so early after CoreValve implantation, he
was among the earliest patients. Appropriate
patient selection and vigilance to determine long-term CoreValve durability is paramount, particularly with the interest in extending
TAVI to lower-risk patients.

Figure: Degenerated CoreValve. Panel (A) shows the continuous wave Doppler tracing across the aortic bioprosthesis on transthor-
acic echocardiography with a mean gradient of 53 mmHg. Panel (B) demonstrates the aortic pull-back gradient of 79 mmHg during
cardiac catheterization. Surgical extraction of the degenerated CoreValve prosthesis was performed (C). Panels (D) and (E) demon-
strate the extensive calcification on the outflow and inflow aspects of the porcine leaflets, respectively.
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Following European and American guidelines, Transcatheter valve
implantation in severe aortic stenosis is indicated for inoperable or
high risk patients. Despite these guidelines, the current trend is broad-
ening indications to lower-risk and younger patients [1].

We report a 53-year-old morbidly obese man (BMI: 40.4) with
severe dyspnoea (NYHA class III). This patient underwent, three
years earlier, in another institution, a transcatheter aortic valve implan-
tation (Edwards Sapien XT 29 mm) for severe aortic stenosis.
Transoesophageal echocardiography revealed a calcified aortic
bioprosthesis with a mean gradient of 49 mm Hg, a dimensionless
valve index (DVI) of 0.18 and an acceleration time (AT) of 110 ms indi-
cating recurrent severe aortic stenosis. There was a paravalvular leak in
the non coronary sinus and discrete mitral and tricuspid regurgitations.
LV ejection fraction was found to be 40%. Coronary angiography
revealed no abnormality.

Our team did not consider this patient at high risk for surgical inter-
vention (Euroscore II: 1.19%). Under cardiopulmonary bypass, the
prosthesis was removed and after extensive annulus decalcification, a
mechanical valve (ATS Medtronic valve/25 mm) was implanted. The
patient was discharged from hospital 10 days after the operation.

Macroscopically, the transcatheter valve showed important calcifi-
cation foci on all three cusps made with bovine pericardium. The poly-
ethylene part of the prosthesis seemed covered by fibrous tissue
(Fig. A). Histological analysis confirmed these findings and showed
fibrosis and foci of myxoid degeneration in the valvular fragments asso-
ciated with sparse mononuclear inflammatory elements.

TAVI is an increasingly employed attractive method to threat severe
aortic stenosis in high-risk and inoperable patients that are usually
elderly. In this population, bioprosthetic durability is not of major
concern.

Currently, many surgeons propose surgical aortic valve replacement
with bio-prostheses in patients younger than 65 years. Some reports
show similar late survival rate in patient between 40 and 60 years of
age with contemporary bioprostheses in comparison to mechanical
valves [2,3]. Consequently, one could be tempted to offer TAVI to youn-
ger patients. However, there is limited data regarding bioprosthetic
valve durability in the young undergoing TAVI. In addition, the present
case discourages us from doing so. The transcatheter bioprosthesis
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Fig. A.Macroscopic view of the extracted transcatheter valve. Severe calcifications are apparent on the leaflets.

http://dx.doi.org/10.1016/j.ijcard.2016.08.044
0167-5273/© 2016 Elsevier Ireland Ltd. All rights reserved.

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd

Correspondence

Early transcatheter aortic valve degeneration in the young

Mathieu van Steenberghe a,⁎, Chun-Yi de Vasconcelos b, Dominique Delay a, Lars Niclauss a, Matthias Kirsch a

a Cardiac Surgery Unit, Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switzerland
b Pathology Department, Centre Hospitalier Universitaire Vaudois (CHUV), Lausanne, Switzerland

a r t i c l e i n f o

Article history:
Received 16 June 2016
Accepted 3 August 2016
Available online 8 August 2016

Following European and American guidelines, Transcatheter valve
implantation in severe aortic stenosis is indicated for inoperable or
high risk patients. Despite these guidelines, the current trend is broad-
ening indications to lower-risk and younger patients [1].

We report a 53-year-old morbidly obese man (BMI: 40.4) with
severe dyspnoea (NYHA class III). This patient underwent, three
years earlier, in another institution, a transcatheter aortic valve implan-
tation (Edwards Sapien XT 29 mm) for severe aortic stenosis.
Transoesophageal echocardiography revealed a calcified aortic
bioprosthesis with a mean gradient of 49 mm Hg, a dimensionless
valve index (DVI) of 0.18 and an acceleration time (AT) of 110 ms indi-
cating recurrent severe aortic stenosis. There was a paravalvular leak in
the non coronary sinus and discrete mitral and tricuspid regurgitations.
LV ejection fraction was found to be 40%. Coronary angiography
revealed no abnormality.

Our team did not consider this patient at high risk for surgical inter-
vention (Euroscore II: 1.19%). Under cardiopulmonary bypass, the
prosthesis was removed and after extensive annulus decalcification, a
mechanical valve (ATS Medtronic valve/25 mm) was implanted. The
patient was discharged from hospital 10 days after the operation.

Macroscopically, the transcatheter valve showed important calcifi-
cation foci on all three cusps made with bovine pericardium. The poly-
ethylene part of the prosthesis seemed covered by fibrous tissue
(Fig. A). Histological analysis confirmed these findings and showed
fibrosis and foci of myxoid degeneration in the valvular fragments asso-
ciated with sparse mononuclear inflammatory elements.

TAVI is an increasingly employed attractive method to threat severe
aortic stenosis in high-risk and inoperable patients that are usually
elderly. In this population, bioprosthetic durability is not of major
concern.

Currently, many surgeons propose surgical aortic valve replacement
with bio-prostheses in patients younger than 65 years. Some reports
show similar late survival rate in patient between 40 and 60 years of
age with contemporary bioprostheses in comparison to mechanical
valves [2,3]. Consequently, one could be tempted to offer TAVI to youn-
ger patients. However, there is limited data regarding bioprosthetic
valve durability in the young undergoing TAVI. In addition, the present
case discourages us from doing so. The transcatheter bioprosthesis

International Journal of Cardiology 222 (2016) 786–787

⁎ Corresponding author.
E-mail addresses: Mathieu.von-steenberghe@chuv.ch (M. van Steenberghe),

Chun-Yi.de-vasconcelos@chuv.ch (C.-Y. de Vasconcelos), Dominique.delay@chuv.ch
(D. Delay), Lars.niclauss@chuv.ch (L. Niclauss), Matthias.kirsch@chuv.ch (M. Kirsch).

Fig. A.Macroscopic view of the extracted transcatheter valve. Severe calcifications are apparent on the leaflets.

http://dx.doi.org/10.1016/j.ijcard.2016.08.044
0167-5273/© 2016 Elsevier Ireland Ltd. All rights reserved.

Contents lists available at ScienceDirect

International Journal of Cardiology

j ourna l homepage: www.e lsev ie r .com/ locate / i j ca rd

43	years	old	male	BMI	=	40.4	è	TAVI	 	 	 	3	years	later	è	Euroscore	=	1.19%	
	 	 	 	 	 	 	 	 	 	 		Discharged	on	Day	10 		

Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

Very Long-Term Outcomes of the
Carpentier-Edwards Perimount Valve in
Aortic Position
Thierry Bourguignon, MD, Anne-Lorraine Bouquiaux-Stablo, MD, Pascal Candolfi, PhD,
Alain Mirza, MD, Claudia Loardi, MD, Marc-Antoine May, MD, Rym El-Khoury, MD,
Michel Marchand, MD, and Michel Aupart, MD
Department of Cardiac Surgery, Tours University Hospital, France; and Department of Biostatistics, Edwards Lifesciences, Nyon,
Switzerland

Background. The Carpentier-Edwards Perimount peri-
cardial bioprosthesis (Edwards Lifesciences, Irvine, CA)
has demonstrated good long-term outcomes, but its
durability remains unclear depending on age at implan-
tation. We report our 20-year experience with the Peri-
mount valve implanted in the aortic position, with
particular attention to the probability and time to reop-
eration required due to bioprosthesis deterioration.

Methods. From 1984 to 2008 at our center, 2,659 patients
(mean age, 70.7 ± 10.4 years) underwent aortic valve
replacement using the Perimount pericardial bio-
prostheses. Patients were prospectively followed on an
annual basis (mean 6.7 ± 4.8 years, range 0 to 24.6 years)
with an echocardiogram at the time of follow-up.
Cumulative follow-up was 18,404 valve-years. Bio-
prosthesis structural valve deterioration was determined
by strict echocardiographic assessment.

Results. Overall operative mortality was 2.8%. Actu-
arial survival rates including early deaths averaged 52.4%
± 1.2%, 31.1% ± 1.4%, and 14.4% ± 1.7% after 10, 15, and 20
years of follow-up, respectively. Age-stratified freedom
from reoperation due to structural valve deterioration at
15 and 20 years was 70.8% ± 4.1% and 38.1% ± 5.6%,
respectively, for the group aged 60 years or less, 82.7% ±
2.9% and 59.6% ± 7.6% for those 60 to 70 years, and 98.1%
± 0.8% at 15 years and above for the oldest group. Ex-
pected valve durability is 19.7 years for the entire cohort.
Conclusions. With a low rate of valve-related events at

20 years, and particularly a low rate of structural valve
deterioration, the Carpentier-Edwards Perimount peri-
cardial bioprosthesis remains a reliable choice for a tissue
valve in the aortic position, especially in patients over 60
years of age.

(Ann Thorac Surg 2015;99:831–7)
! 2015 by The Society of Thoracic Surgeons

The Carpentier-Edwards (CE) Perimount pericardial
bioprosthesis (Edwards Lifesciences, Irvine, CA) is a

trileaflet valve consisting of bovine pericardial leaflets
mounted underneath a flexible cobalt-chromium stent.
This second-generation pericardial valve was designed to
minimize structural valve deterioration (SVD), which was
primarily responsible for the failure of earlier generation
pericardial bioprostheses [1, 2].

Several institutions have reported excellent clinical
outcomes with the CE pericardial valve [3–8], but few
focus on the impact of the age of the patient in terms of
reoperation risk. Indeed, it largely remains unclear as to
exactly how long a bioprosthesis may last in a patient
operated in their 50s or 60s due to a lack of empirical
long-term follow-up [9, 10].

The objective of this retrospective, observational study is
to report our 20-year experience with the CE Perimount
valve implanted in the aortic position, particularly focusing

on the patient’s perspective; in other words, the probability
that a reoperation will be required due to deterioration of
the bioprosthesis after a certain amount of time.

Patients and Methods

From July 1984 to December 2008, 2,758 CE Perimount
pericardial bioprostheses were implanted in 2,659 pa-
tients for aortic valve replacement (AVR) in our hospital.
Ninety-eight patients required a second bioprosthesis
and 1 patient required a third; all were considered
as new patients with a new valve. Indications of AVR
with a bioprosthesis rather than a mechanical valve
concerned all patients aged 60 years or older and
younger patients if they met specific conditions
(eg, endocarditis, short anticipated life expectancy
because of comorbidities, contraindication to oral anti-
coagulant treatment, informed patient’s choice). Patients
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Endocarditis
Endocarditis was reported in 73 patients (3 early events).
Ten patients died without reoperation, 28 underwent
reoperation, and 35 were successfully treated using anti-
biotics alone.

Nonstructural Dysfunction
No clinically significant hemolysis was recorded in the
absence of structural valve dysfunction.

Structural Valve Deterioration (SVD) and Reoperation
for SVD
The bioprosthesis was considered to have deteriorated on
strict echocardiographic assessment whenever severe
aortic stenosis (mean transvalvular gradient > 40 mmHg)
or severe aortic regurgitation (effective regurgitant orifice
area > 0.30 cm2, vena contracta > 0.6 cm) was observed,
even if the patient was asymptomatic.

Structural valve deterioration was reported in 157 pa-
tients. Of these, 123 underwent reoperation to replace the
valve and of the remaining 34 patients, 21 died soon after
SVD diagnosis, 11 were alive at the time of censor, and 2
were lost to follow-up. The cause of SVD was due to
calcification in the majority of cases (97 of 157; 61.8%), due
to leaflet tear in 45 (28.7%), and was reported as mixed
etiology in 15 (9.6%).

All cases of valve failure were late events. Mean time to
SVD was similar for cases of calcification (11.8 ! 4.6
years), tears (12.8 ! 4.3 years), and mixed etiology (13.5 !
5.6 years). Only 6 cases of SVD (5 calcifications, 1 tear)
arose within the first 5 years.

Actuarial freedom from SVD at 15 and 20 years was
78.6% ! 2.2% and 48.5% ! 4.6%, respectively. The 15- and
20-year actuarial freedom from valve explant due to SVD
was 84.0% ! 1.9% and 54.3% ! 4.8%, respectively. The
expected valve durability, calculated by the MST from the
actuarial freedom from SVD was 19.7 years for the entire
cohort (95% CI 18.5 to 21.1).

Overall, age at implant was a significant risk factor for
SVD (HR 0.965; 95% CI 0.954 to 0.976; p < 0.001). No
significant associations were observed with valve size or
concomitant coronary artery bypass.

Competing risk analysis, including 3 distinct failures
(non-valve-related death, valve-related death, and
explant due to SVD) was performed. The cumulative risk
of valve explantation owing to SVD at 20 years was 13.6%
! 1.3%, much lower than the corresponding actuarial
estimate (45.7% ! 1.4%), and lower than the corre-
sponding probability of death (78.5% ! 2.8%).

Effect of Age on SVD and Reoperation
The population was divided into different age groups at
implantation for analysis. Freedom from SVD at 15 and 20
years was 66.8% ! 4.2% and 37.2% ! 5.4%, respectively,
for patients aged 60 years or younger, 77.7% ! 3.4% and
53.% ! 8.0% for those aged 60 to 70 years, and 91.6% !
2.3% at 15 years and above for the oldest group (Fig 3).

The freedom from reoperation for SVD at 15 and 20
years was 70.8 % ! 4.1% and 38.1% ! 5.6%, respectively,

for the group aged 60 years or less, 82.7% ! 2.9% and
59.6% ! 7.6% for those 60 to 70 years, and 98.1% ! 0.8% at
15 years and above for the oldest group (Fig 4). The re-
sults of competing risk regression analysis to evaluate the
cumulative risk of reoperation for SVD with age as the
unique covariate are shown in Figure 5. The corre-
sponding hazard ratio was 0.93 (95% CI 0.92 to 0.94; p <
0.001). The data were also computed to indicate the
number of years a patient could expect before requiring
reoperation for SVD depending on age at implantation
(Table 3).

Fig 3. Kaplan-Meier freedom from structural valve deterioration
(SVD) by age groups. The expected valve durability (median survival
time without SVD) was 17.6 and 22.1 years for the younger (" 60)
and the 60 to 70 years group, respectively.

Fig 4. Kaplan-Meier freedom from explant due to structural valve
deterioration by age groups.
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Endocarditis was reported in 73 patients (3 early events).
Ten patients died without reoperation, 28 underwent
reoperation, and 35 were successfully treated using anti-
biotics alone.

Nonstructural Dysfunction
No clinically significant hemolysis was recorded in the
absence of structural valve dysfunction.

Structural Valve Deterioration (SVD) and Reoperation
for SVD
The bioprosthesis was considered to have deteriorated on
strict echocardiographic assessment whenever severe
aortic stenosis (mean transvalvular gradient > 40 mmHg)
or severe aortic regurgitation (effective regurgitant orifice
area > 0.30 cm2, vena contracta > 0.6 cm) was observed,
even if the patient was asymptomatic.

Structural valve deterioration was reported in 157 pa-
tients. Of these, 123 underwent reoperation to replace the
valve and of the remaining 34 patients, 21 died soon after
SVD diagnosis, 11 were alive at the time of censor, and 2
were lost to follow-up. The cause of SVD was due to
calcification in the majority of cases (97 of 157; 61.8%), due
to leaflet tear in 45 (28.7%), and was reported as mixed
etiology in 15 (9.6%).

All cases of valve failure were late events. Mean time to
SVD was similar for cases of calcification (11.8 ! 4.6
years), tears (12.8 ! 4.3 years), and mixed etiology (13.5 !
5.6 years). Only 6 cases of SVD (5 calcifications, 1 tear)
arose within the first 5 years.

Actuarial freedom from SVD at 15 and 20 years was
78.6% ! 2.2% and 48.5% ! 4.6%, respectively. The 15- and
20-year actuarial freedom from valve explant due to SVD
was 84.0% ! 1.9% and 54.3% ! 4.8%, respectively. The
expected valve durability, calculated by the MST from the
actuarial freedom from SVD was 19.7 years for the entire
cohort (95% CI 18.5 to 21.1).

Overall, age at implant was a significant risk factor for
SVD (HR 0.965; 95% CI 0.954 to 0.976; p < 0.001). No
significant associations were observed with valve size or
concomitant coronary artery bypass.

Competing risk analysis, including 3 distinct failures
(non-valve-related death, valve-related death, and
explant due to SVD) was performed. The cumulative risk
of valve explantation owing to SVD at 20 years was 13.6%
! 1.3%, much lower than the corresponding actuarial
estimate (45.7% ! 1.4%), and lower than the corre-
sponding probability of death (78.5% ! 2.8%).

Effect of Age on SVD and Reoperation
The population was divided into different age groups at
implantation for analysis. Freedom from SVD at 15 and 20
years was 66.8% ! 4.2% and 37.2% ! 5.4%, respectively,
for patients aged 60 years or younger, 77.7% ! 3.4% and
53.% ! 8.0% for those aged 60 to 70 years, and 91.6% !
2.3% at 15 years and above for the oldest group (Fig 3).

The freedom from reoperation for SVD at 15 and 20
years was 70.8 % ! 4.1% and 38.1% ! 5.6%, respectively,

for the group aged 60 years or less, 82.7% ! 2.9% and
59.6% ! 7.6% for those 60 to 70 years, and 98.1% ! 0.8% at
15 years and above for the oldest group (Fig 4). The re-
sults of competing risk regression analysis to evaluate the
cumulative risk of reoperation for SVD with age as the
unique covariate are shown in Figure 5. The corre-
sponding hazard ratio was 0.93 (95% CI 0.92 to 0.94; p <
0.001). The data were also computed to indicate the
number of years a patient could expect before requiring
reoperation for SVD depending on age at implantation
(Table 3).

Fig 3. Kaplan-Meier freedom from structural valve deterioration
(SVD) by age groups. The expected valve durability (median survival
time without SVD) was 17.6 and 22.1 years for the younger (" 60)
and the 60 to 70 years group, respectively.

Fig 4. Kaplan-Meier freedom from explant due to structural valve
deterioration by age groups.
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Hancock II Bioprosthesis for Aortic Valve
Replacement: The Gold Standard of Bioprosthetic
Valves Durability?
Tirone E. David, MD, Susan Armstrong, MS, and Manjula Maganti, MS
Division of Cardiovascular Surgery of Peter Munk Cardiac Centre, Toronto General Hospital and University of Toronto, Toronto,
Ontario, Canada

Background. This study examined the long-term dura-
bility of the Hancock II bioprosthesis (Medtronic, Min-
neapolis, MN) in the aortic position.

Methods. From 1982 to 2004, 1134 patients underwent
aortic valve replacement (AVR) with Hancock II biopros-
thesis and were prospectively monitored. Mean patient
age was 67 ! 11 years; 202 patients were younger than 60,
402 were 60 to 70, and 526 were older than 70. Median
follow-up was 12.2 years and 99.2% complete. Valve
function was assessed in 94% of patients. Freedom from
adverse events was estimated by the Kaplan-Meier
method.

Results. Survival at 20 and 25 years was 19.2% ! 2%
and 6.7% ! 2.8%, respectively, with only 34 and 3
patients at risk. Survival at 20 years was 54.9% ! 6.4% in
patients younger than 60 years, 22.7% ! 3.3% in those 60
to 70, and 2.4% ! 1.9% in those older than 70 (p " 0.01).
Structural valve deterioration developed in 67 patients

aged younger than 60, in 18 patients aged 60 to 70, and in
2 patients older than 70. The freedom from structural
valve deterioration at 20 years was 63.4% ! 4.2% in the
entire cohort, 29.2% ! 5.7% in patients younger than 60
years, 85.2% ! 3.7% in patients aged 60 to 70, and 99.8% !
0.2% in patients older than 70 (truncated at 18 years).
Repeat AVR was performed in 104 patients (74 for
structural valve failure, 16 for endocarditis, and 14 for
other reasons). At 20 years, the overall freedom from
AVR was 65.1% ! 4% for any reason, 29.8% ! 5.4% in
patients younger than 60 years, 86.8% ! 3.3% in patients
60 to 70, and 98.3% ! 0.6% in patients older than 70.

Conclusions: Hancock II bioprosthesis is a very dura-
ble valve in patients 60 years and older and is probably
the gold standard of bioprosthetic valve durability in this
patient population.

(Ann Thorac Surg 2010;90:775–81)
© 2010 by The Society of Thoracic Surgeons

There is a widespread notion that pericardial valves
are more durable than porcine valves when used for

aortic valve replacement (AVR). This view was likely
borne from comparative studies of first-generation por-
cine aortic valves with currently available pericardial
valves and without consideration to patients’ ages [1].
Age is undoubtedly the single most important determi-
nant of bioprosthetic valve durability [2–6]. We continue
to favor the use of a porcine valve over pericardial valves
when valve durability is a factor in the choice of biopros-
thetic valve [2].

The Hancock II bioprosthetic heart valve (Medtronic,
Minneapolis, MN) is a second-generation porcine aortic
valve fixed with a buffered 0.625% glutaraldehyde solu-
tion in two stages: an initial stage of low pressure and a
late stage of physiologic pressure. It is also chemically
treated with sodium dodecyl sulfate to retard calcification
[7]. The stent of this bioprosthesis is made of Delrin
(DuPont, Wilmington, DE) instead of polypropylene, as
in the stent of the original Hancock valve, to prevent
creeping.

The Hancock II used for AVR was designed to be
implanted in a supraannular position. This valve was
introduced in September 1982, and the first implant
was in a patient in our institution [8]. Since then we
have implanted several hundred of these valves,
mostly in the aortic position of older patients. We have
monitored these patients prospectively, and this report
describes the long-term clinical outcomes of patients
who had AVR with this bioprosthetic valve. In the
Discussion, we compare the durability of this biopros-
thetic valve with others with similarly long-term
follow-up.

Patients and Methods

This study was approved by our Institutional Review
Ethics Board. Consent for clinical follow-up was obtained
at the time of operation.

From September 1982 to December 2004, 1134 consec-
utive patients had AVR with Hancock II bioprosthesis
valve to treat isolated aortic valve disease with or without
replacement of the ascending aorta and with or without
coronary artery bypass graft. Patients who had concom-
itant mitral valve operations were excluded. The patients
were a mean age of 67 ! 11 years (range, 19 to 94 years)
at the time of AVR. They were monitored prospectively

Accepted for publication May 17, 2010.

Address correspondence to Dr David, 200 Elizabeth St, 4N457, Toronto,
ON M5G 2C4, Canada; e-mail: tirone.david@uhn.on.ca.

© 2010 by The Society of Thoracic Surgeons 0003-4975/$36.00
Published by Elsevier Inc doi:10.1016/j.athoracsur.2010.05.034
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treated medically, and 13 died during antibiotic treat-
ment. The linearized rate of prosthetic valve endocar-
ditis was 0.39% per year. The freedom from prosthetic
valve endocarditis at 1, 5, 10, 15, and 20 years was
99.3% ! 0.2%, 97.7% ! 0.4%, 94.5% ! 1%, 94.5% ! 1%,
and 94.5% ! 1%, respectively. No variable was identi-
fied as predictive of prosthetic valve endocarditis by
Cox regression analysis.

Hemorrhagic Complications
A major hemorrhage occurred in 42 patients (39 were
taking warfarin sodium and 3 were not). Of these, 12
patients died, 14 required blood transfusion, and 16 were
hospitalized for diagnosis and observation. At the last
follow-up contact, 90 patients (17%) were taking warfarin
sodium because of previous stroke, heart block with a
permanent pacemaker, or atrial fibrillation.

Nonstructural Valve Failure
Paravalvular leakage was documented by transthoracic
echocardiography in 4 patients; 2 required reoperation.
In addition, 1 patient was reoperated on 3 years after
implantation for stenosis due to pannus in the inflow of
the valve.

Structural Valve Deterioration
Structural valve failure (SVD) was documented in 87
patients by echocardiography or operation, or both. Re-
peat AVR was performed in 74 patients, and 13 patients
were believed to be inoperable (6 in " 60 age group and
7 in !60 years group). There were only 2 valve failures in
patients older than 70 years, 18 in patients aged 60 to 70
years, and 67 in patients younger than 60 years. Age was
the only independent predictor of SVD. Freedom of SVD
is shown for all patients in Figure 2A and according to
age group in Figure 2B. Freedom from reoperation due to
SVD is shown in all patients in Figure 3A and by age
group Figure 3B. Only 1 patient older than 70 years was
at risk at 20 years, making the value unreliable (standard
error, 15.1). The freedom from SVD at 15 and at 20 years
was, respectively, 80.7% ! 2.6% and 66.0% ! 3.4% in
patients aged younger than 65 and 99.0% ! 4.2% and
97.8 ! 8.2% in patients aged 65 and older. The freedom
from SVD at 15 and 20 years was, respectively, 83.6% !
2.5% and 60.9% ! 4.9% in patients without coronary
artery disease and 91.9% ! 2.4% and 66.9% ! 8.2% in
patients with coronary artery disease (p # 0.06), but
patients with coronary artery disease were older (p #
0.01).

Reoperations on the Aortic Valve
Repeat AVR was performed in 104 patients, including 74
for structural valve failure, 16 for endocarditis, 3 for
nonstructural valve failure, 4 for dissection, 3 for ascend-
ing aorta/root aneurysm, and 3 normally functioning
valves older than 10 years at the time of coronary artery
bypass grafting or mitral valve operation. The operative
mortality for reoperation was 7% (7 of 104). The freedom
from AVR at 20 years was 65.1% ! 4% overall; 29.8% !

5.4% in patients younger than 60, 86.8% ! 3% in patients
aged 60 to 70, and 98.3% ! 0.6% in patients older than 70
(p # 0.01).

Functional Class
At the latest follow-up contact, 56% of patients were in
New York Heart Association functional class I, 26% were
in class II, and 17% were in class III.

Comment

This report is an accurate account of clinical outcomes of
AVR with Hancock II bioprosthesis because our patients
have been prospectively followed-up at approximately
2-year intervals, and most of them had echocardio-
graphic assessment of the bioprosthetic valve. Thus,
every adverse event from a minor nosebleed to death was
recorded. In addition, this large consecutive series of
AVR with bioprosthetic valve has complete follow-up in
99.2% of the patients. Overall patient survival at 25 years
was low, at 6.7%, but they were a mean age of 67 years at
the time of AVR. There were only 3 survivors at 25 years.
For this reason we analyzed clinical outcomes up to 20

Fig 2. Freedom from structural valve deterioration is shown for
(A) all patients (dotted lines on either side of solid line represent
upper and lower 95% confidence intervals) and (B) according to
age group.
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99.3% ! 0.2%, 97.7% ! 0.4%, 94.5% ! 1%, 94.5% ! 1%,
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fied as predictive of prosthetic valve endocarditis by
Cox regression analysis.
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taking warfarin sodium and 3 were not). Of these, 12
patients died, 14 required blood transfusion, and 16 were
hospitalized for diagnosis and observation. At the last
follow-up contact, 90 patients (17%) were taking warfarin
sodium because of previous stroke, heart block with a
permanent pacemaker, or atrial fibrillation.

Nonstructural Valve Failure
Paravalvular leakage was documented by transthoracic
echocardiography in 4 patients; 2 required reoperation.
In addition, 1 patient was reoperated on 3 years after
implantation for stenosis due to pannus in the inflow of
the valve.
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were believed to be inoperable (6 in " 60 age group and
7 in !60 years group). There were only 2 valve failures in
patients older than 70 years, 18 in patients aged 60 to 70
years, and 67 in patients younger than 60 years. Age was
the only independent predictor of SVD. Freedom of SVD
is shown for all patients in Figure 2A and according to
age group in Figure 2B. Freedom from reoperation due to
SVD is shown in all patients in Figure 3A and by age
group Figure 3B. Only 1 patient older than 70 years was
at risk at 20 years, making the value unreliable (standard
error, 15.1). The freedom from SVD at 15 and at 20 years
was, respectively, 80.7% ! 2.6% and 66.0% ! 3.4% in
patients aged younger than 65 and 99.0% ! 4.2% and
97.8 ! 8.2% in patients aged 65 and older. The freedom
from SVD at 15 and 20 years was, respectively, 83.6% !
2.5% and 60.9% ! 4.9% in patients without coronary
artery disease and 91.9% ! 2.4% and 66.9% ! 8.2% in
patients with coronary artery disease (p # 0.06), but
patients with coronary artery disease were older (p #
0.01).

Reoperations on the Aortic Valve
Repeat AVR was performed in 104 patients, including 74
for structural valve failure, 16 for endocarditis, 3 for
nonstructural valve failure, 4 for dissection, 3 for ascend-
ing aorta/root aneurysm, and 3 normally functioning
valves older than 10 years at the time of coronary artery
bypass grafting or mitral valve operation. The operative
mortality for reoperation was 7% (7 of 104). The freedom
from AVR at 20 years was 65.1% ! 4% overall; 29.8% !

5.4% in patients younger than 60, 86.8% ! 3% in patients
aged 60 to 70, and 98.3% ! 0.6% in patients older than 70
(p # 0.01).

Functional Class
At the latest follow-up contact, 56% of patients were in
New York Heart Association functional class I, 26% were
in class II, and 17% were in class III.

Comment

This report is an accurate account of clinical outcomes of
AVR with Hancock II bioprosthesis because our patients
have been prospectively followed-up at approximately
2-year intervals, and most of them had echocardio-
graphic assessment of the bioprosthetic valve. Thus,
every adverse event from a minor nosebleed to death was
recorded. In addition, this large consecutive series of
AVR with bioprosthetic valve has complete follow-up in
99.2% of the patients. Overall patient survival at 25 years
was low, at 6.7%, but they were a mean age of 67 years at
the time of AVR. There were only 3 survivors at 25 years.
For this reason we analyzed clinical outcomes up to 20
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Freedom from severe stenosis, regurgitation, or 
re-intervention

THV severe failure was defined severe AS AND/OR severe AR. KM estimate of THV degeneration included censoring of patients at 
their date of last known THV functioning well without evidence for failure  per study definition.

Ten Year Follow-Up of TAVI 
from Vancouver

John Webb MD and Danny Dvir MD
St. Paul’s Hospital, University of BC

Vancouver, Canada

Structural Valve Degeneration 
(baseline n=266)

SVD definition
# of 

cases
% of 

cases
Severe Stenosis and/or Regurgitation1, 5 1.9%

Re-intervention (SAVR or TAVR) 3 3 1.1%

Severe AS, severe AR, or Re-intervention 5 1.9%

1. predominantly: stenosis in 3, regurgitation in 
2. EOA   <0.8cm2 or indexed EOA <-0.5cm2A<0.5cm2/
3. SAVR in 3 patients, 2 of whom died peri-operatively
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Endocarditis
Endocarditis was reported in 73 patients (3 early events).
Ten patients died without reoperation, 28 underwent
reoperation, and 35 were successfully treated using anti-
biotics alone.

Nonstructural Dysfunction
No clinically significant hemolysis was recorded in the
absence of structural valve dysfunction.

Structural Valve Deterioration (SVD) and Reoperation
for SVD
The bioprosthesis was considered to have deteriorated on
strict echocardiographic assessment whenever severe
aortic stenosis (mean transvalvular gradient > 40 mmHg)
or severe aortic regurgitation (effective regurgitant orifice
area > 0.30 cm2, vena contracta > 0.6 cm) was observed,
even if the patient was asymptomatic.

Structural valve deterioration was reported in 157 pa-
tients. Of these, 123 underwent reoperation to replace the
valve and of the remaining 34 patients, 21 died soon after
SVD diagnosis, 11 were alive at the time of censor, and 2
were lost to follow-up. The cause of SVD was due to
calcification in the majority of cases (97 of 157; 61.8%), due
to leaflet tear in 45 (28.7%), and was reported as mixed
etiology in 15 (9.6%).

All cases of valve failure were late events. Mean time to
SVD was similar for cases of calcification (11.8 ! 4.6
years), tears (12.8 ! 4.3 years), and mixed etiology (13.5 !
5.6 years). Only 6 cases of SVD (5 calcifications, 1 tear)
arose within the first 5 years.

Actuarial freedom from SVD at 15 and 20 years was
78.6% ! 2.2% and 48.5% ! 4.6%, respectively. The 15- and
20-year actuarial freedom from valve explant due to SVD
was 84.0% ! 1.9% and 54.3% ! 4.8%, respectively. The
expected valve durability, calculated by the MST from the
actuarial freedom from SVD was 19.7 years for the entire
cohort (95% CI 18.5 to 21.1).

Overall, age at implant was a significant risk factor for
SVD (HR 0.965; 95% CI 0.954 to 0.976; p < 0.001). No
significant associations were observed with valve size or
concomitant coronary artery bypass.

Competing risk analysis, including 3 distinct failures
(non-valve-related death, valve-related death, and
explant due to SVD) was performed. The cumulative risk
of valve explantation owing to SVD at 20 years was 13.6%
! 1.3%, much lower than the corresponding actuarial
estimate (45.7% ! 1.4%), and lower than the corre-
sponding probability of death (78.5% ! 2.8%).

Effect of Age on SVD and Reoperation
The population was divided into different age groups at
implantation for analysis. Freedom from SVD at 15 and 20
years was 66.8% ! 4.2% and 37.2% ! 5.4%, respectively,
for patients aged 60 years or younger, 77.7% ! 3.4% and
53.% ! 8.0% for those aged 60 to 70 years, and 91.6% !
2.3% at 15 years and above for the oldest group (Fig 3).

The freedom from reoperation for SVD at 15 and 20
years was 70.8 % ! 4.1% and 38.1% ! 5.6%, respectively,

for the group aged 60 years or less, 82.7% ! 2.9% and
59.6% ! 7.6% for those 60 to 70 years, and 98.1% ! 0.8% at
15 years and above for the oldest group (Fig 4). The re-
sults of competing risk regression analysis to evaluate the
cumulative risk of reoperation for SVD with age as the
unique covariate are shown in Figure 5. The corre-
sponding hazard ratio was 0.93 (95% CI 0.92 to 0.94; p <
0.001). The data were also computed to indicate the
number of years a patient could expect before requiring
reoperation for SVD depending on age at implantation
(Table 3).

Fig 3. Kaplan-Meier freedom from structural valve deterioration
(SVD) by age groups. The expected valve durability (median survival
time without SVD) was 17.6 and 22.1 years for the younger (" 60)
and the 60 to 70 years group, respectively.

Fig 4. Kaplan-Meier freedom from explant due to structural valve
deterioration by age groups.
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Freedom from severe stenosis, regurgitation, or 
re-intervention

THV severe failure was defined severe AS AND/OR severe AR. KM estimate of THV degeneration included censoring of patients at 
their date of last known THV functioning well without evidence for failure  per study definition.

Ten Year Follow-Up of TAVI 
from Vancouver

John Webb MD and Danny Dvir MD
St. Paul’s Hospital, University of BC

Vancouver, Canada

Very Long-Term Outcomes of the
Carpentier-Edwards Perimount Valve in
Aortic Position
Thierry Bourguignon, MD, Anne-Lorraine Bouquiaux-Stablo, MD, Pascal Candolfi, PhD,
Alain Mirza, MD, Claudia Loardi, MD, Marc-Antoine May, MD, Rym El-Khoury, MD,
Michel Marchand, MD, and Michel Aupart, MD
Department of Cardiac Surgery, Tours University Hospital, France; and Department of Biostatistics, Edwards Lifesciences, Nyon,
Switzerland

Background. The Carpentier-Edwards Perimount peri-
cardial bioprosthesis (Edwards Lifesciences, Irvine, CA)
has demonstrated good long-term outcomes, but its
durability remains unclear depending on age at implan-
tation. We report our 20-year experience with the Peri-
mount valve implanted in the aortic position, with
particular attention to the probability and time to reop-
eration required due to bioprosthesis deterioration.

Methods. From 1984 to 2008 at our center, 2,659 patients
(mean age, 70.7 ± 10.4 years) underwent aortic valve
replacement using the Perimount pericardial bio-
prostheses. Patients were prospectively followed on an
annual basis (mean 6.7 ± 4.8 years, range 0 to 24.6 years)
with an echocardiogram at the time of follow-up.
Cumulative follow-up was 18,404 valve-years. Bio-
prosthesis structural valve deterioration was determined
by strict echocardiographic assessment.

Results. Overall operative mortality was 2.8%. Actu-
arial survival rates including early deaths averaged 52.4%
± 1.2%, 31.1% ± 1.4%, and 14.4% ± 1.7% after 10, 15, and 20
years of follow-up, respectively. Age-stratified freedom
from reoperation due to structural valve deterioration at
15 and 20 years was 70.8% ± 4.1% and 38.1% ± 5.6%,
respectively, for the group aged 60 years or less, 82.7% ±
2.9% and 59.6% ± 7.6% for those 60 to 70 years, and 98.1%
± 0.8% at 15 years and above for the oldest group. Ex-
pected valve durability is 19.7 years for the entire cohort.
Conclusions. With a low rate of valve-related events at

20 years, and particularly a low rate of structural valve
deterioration, the Carpentier-Edwards Perimount peri-
cardial bioprosthesis remains a reliable choice for a tissue
valve in the aortic position, especially in patients over 60
years of age.

(Ann Thorac Surg 2015;99:831–7)
! 2015 by The Society of Thoracic Surgeons

The Carpentier-Edwards (CE) Perimount pericardial
bioprosthesis (Edwards Lifesciences, Irvine, CA) is a

trileaflet valve consisting of bovine pericardial leaflets
mounted underneath a flexible cobalt-chromium stent.
This second-generation pericardial valve was designed to
minimize structural valve deterioration (SVD), which was
primarily responsible for the failure of earlier generation
pericardial bioprostheses [1, 2].

Several institutions have reported excellent clinical
outcomes with the CE pericardial valve [3–8], but few
focus on the impact of the age of the patient in terms of
reoperation risk. Indeed, it largely remains unclear as to
exactly how long a bioprosthesis may last in a patient
operated in their 50s or 60s due to a lack of empirical
long-term follow-up [9, 10].

The objective of this retrospective, observational study is
to report our 20-year experience with the CE Perimount
valve implanted in the aortic position, particularly focusing

on the patient’s perspective; in other words, the probability
that a reoperation will be required due to deterioration of
the bioprosthesis after a certain amount of time.

Patients and Methods

From July 1984 to December 2008, 2,758 CE Perimount
pericardial bioprostheses were implanted in 2,659 pa-
tients for aortic valve replacement (AVR) in our hospital.
Ninety-eight patients required a second bioprosthesis
and 1 patient required a third; all were considered
as new patients with a new valve. Indications of AVR
with a bioprosthesis rather than a mechanical valve
concerned all patients aged 60 years or older and
younger patients if they met specific conditions
(eg, endocarditis, short anticipated life expectancy
because of comorbidities, contraindication to oral anti-
coagulant treatment, informed patient’s choice). Patients

Accepted for publication Sept 19, 2014.
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Freedom from SVD in Rouen
- Using cardiac surgeon’s definition

• 6 patients were excluded (lost FU)

• Last available echo date was used in 

this actuarial analysis

0 2 4 6 8

Years Post Implant

F
re

e
d

o
m

 f
ro

m
 E

v
e

n
t 

(%
)

0 2 4 6 8

Years Post Implant

F
re

e
d

o
m

 f
ro

m
 E

v
e

n
t 

(%
)

20

40

60

80

100

At Risk: 233 107 54 17 1

• No patient with mean GR > 40mmHg

• Only 1 patient had definite SVD: 

severe AR + elevated gradient, 

leading to re-intervention (TF-TAVR 

in TA-TAVR )

Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	

Our 4 cases 
according to this definition

0

5

10

15

20

25

30

35

1m 6m 1y 2y 3y 4y 5y 6y 7y

Pt 1
Pt 2
Pt 3
Pt 4

TAVR-in-TAVR
Definite SVD

Alive – No symptoms
Probable SVD

2 deaths within 2 yrs
Possible SVD:

- Cancer & anemia 
- Unexplained death



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

Al Habash, Olivier Baron and Jean Christian Roussel
Michel, Jean-Michel Serfaty, Hubert François Carton, Christian Perigaud, Antoine Mugniot, Ousama 

Thomas Sénage, Thierry Le Tourneau, Yohann Foucher, Sabine Pattier, Caroline Cueff, Magali
Impact on Outcome in a Large Cohort of Patients

Early Structural Valve Deterioration of Mitroflow Aortic Bioprosthesis: Mode, Incidence and

Print ISSN: 0009-7322. Online ISSN: 1524-4539 
Copyright © 2014 American Heart Association, Inc. All rights reserved.

is published by the American Heart Association, 7272 Greenville Avenue, Dallas, TX 75231Circulation 
 published online October 29, 2014;Circulation. 

 http://circ.ahajournals.org/content/early/2014/10/29/CIRCULATIONAHA.114.010400
World Wide Web at: 

The online version of this article, along with updated information and services, is located on the

  
 http://circ.ahajournals.org//subscriptions/

is online at: Circulation  Information about subscribing to Subscriptions:
  

 http://www.lww.com/reprints
 Information about reprints can be found online at: Reprints:

  
document. Permissions and Rights Question and Answer available in the

Permissions in the middle column of the Web page under Services. Further information about this process is
Once the online version of the published article for which permission is being requested is located, click Request 

 can be obtained via RightsLink, a service of the Copyright Clearance Center, not the Editorial Office.Circulation
 Requests for permissions to reproduce figures, tables, or portions of articles originally published inPermissions:

 by guest on November 5, 2014http://circ.ahajournals.org/Downloaded from  by guest on November 5, 2014http://circ.ahajournals.org/Downloaded from 

Figure 2  by guest on November 5, 2014http://circ.ahajournals.org/Downloaded from Figure 4  by guest on November 5, 2014http://circ.ahajournals.org/Downloaded from Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	

617	consecuPve	paPents	
		-194	alive	at	5	years	



OBADIA	Jean-François 	 	 																						JE	SFC	–	Paris-	11-14th		January	2017 											 	 		Download	this	presenta0on	on		«	chircardio-lyon.org	»	

0%

20%

40%

60%

80%

100%

0 2 4 6 8
Time (years) 

THV degeneration was defined as at least moderate regurgitation AND/OR mean gradient ≥ 20mmHg, which did not appear 
within 30 days of the procedure and is not related to endocarditis. 
KM estimate of THV degeneration included censoring of patients at their date of last known THV functioning well without evidence for 
degeneration per study definition. 

# at risk  378 199 116 43 7 

Freedom from THV degeneration 

0%

20%

40%

60%

80%

100%

0 2 4 6 8
Time (years) 

THV degeneration was defined as at least moderate regurgitation AND/OR mean gradient ≥ 20mmHg, which did not appear 
within 30 days of the procedure and is not related to endocarditis. 
KM estimate of THV degeneration included censoring of patients at their date of last known THV functioning well without evidence for 
degeneration per study definition. 

# at risk  378 199 116 43 7 

Freedom from THV degeneration 

Conclusion	

Durability	

Pace-Maker	

Residual	AR	

Stroke	
	

Vascular	
Risk		

INTRO	

82,6	years	 90,6	years	

Finally, we subdivided the cohort by age decile and
displayed the sample life expectancy and expected valve
durability relative to the life expectancy of the general
population in France [13]. Aortic valve replacement
appeared to reduce life expectancy compared with that of
the general population; however, this difference declined
significantly as patient age at surgery increased. Except
for the 2 first deciles of age (15 to 61 years), the expected
valve durability estimate was greater than the life ex-
pectancy after AVR (Fig 6).

Reoperation
A total of 168 reoperations were reported. Of these, 123
were due to SVD, 23 due to endocarditis, 9 due to peri-
valvular leaks, and 13 valves were explanted prophylac-
tically during another cardiac operation.

Comment

In the present study we evaluated the long-term dura-
bility of the CE Perimount pericardial bioprosthesis in the
aortic position and report the longest follow-up with this
prosthesis, with 28 patients at risk at 20 years and a total
of 18,404 valve-years. This paper also presents the

patient’s viewpoint; depending on age at surgery we have
estimated the risk and number of years before a reoper-
ation due to SVD, essential information for an evidence-
based discussion between the patient and the physician.

Survival
Consistent with others [3, 4, 7, 15], we found that long-
term survival after surgery remains highly dependent
on age at implantation. For the group operated on be-
tween 1984 and 1991 (419 patients) who had a follow-up in
2011 of 20 years or longer, the life expectancy of a person
70 years of age in France was 11.2 to 12.3 years for males
and 14.6 to 15.9 years for females [13]. From our analyzed
cohort, 50% of patients were still alive at 10.4 years and
the AUC was 11.4 years. Therefore, the overall life ex-
pectancy after AVR was similar to the age- and sex-
adjusted life expectancy for the general population.
Importantly, the valve-related life expectancy, though,
demonstrated an AUC of 19.4 years, much greater than
the general population life expectancy.

Thromboembolic Events, Bleedings, and Endocarditis
Early and late complications after bioprosthetic AVR from
our analysis were consistent with other studies [3, 7, 8].
The late event linearized rates for endocarditis, throm-
boembolism, and bleeding were 0.38%/vy (95% CI 0.30 to
0.48%/vy), 0.72%/vy (95% CI 0.61% to 0.85%/vy), and
0.34%/vy (95% CI 0.26% to 0.43%/vy), respectively, much
lower than the objective performance criteria required for
bioprostheses from the US Food and Drug Administra-
tion (ie, 1.2%/vy, 2.5%/vy, and 1.4%/vy, respectively).

Expected Valve durability (SVD, Reoperation due to SVD)
In this study, SVD was determined strictly from the
annual echocardiographic assessment. As stated by
Chikwe and Filsoufi [16], comparing studies on the
durability of individual bioprostheses is challenging
because of several methodologic problems. We think that
a precise definition of SVD is a necessary prerequisite for
the proper analysis of data. Here, we reported an overall
actuarial freedom from SVD at 10 and 20 years of 94.2% !
0.8% and 48.5% ! 4.6%, respectively, with a MST of 19.7
years (95% CI 18.5% to 21.1%) before deterioration.
As others [7, 14–21], we found age at implant was a

significant risk factor for SVD. Despite the fact that bio-
prostheses are increasingly used in younger patients
[22, 23], there are still little data on the incidence of SVD
and need for reoperation in this population. For the pa-
tients aged 60 years or younger at implantation, we found

Fig 5. Competing risk regression evaluating the cumulative risk of
reoperation due to structural valve deterioration (SVD) with age at
surgery as the unique covariate.

Table 3. Explant Due to Structural Valve Deterioration (SVD) by Age Groups: Competing Risk Estimatesa

Probability/ Age 50 Years 55 Years 60 Years 65 Years 70 Years 75 Years 80 Years

5% 9.2 9.9 11.1 13.1 15.1 17.8 21.6
10% 11.1 13.1 15.1 17.5 21.2 - -
15% 13.7 15.4 17.9 23.4 - - -
20% 15.1 17.8 21.6 - - - -
25% 16.9 19.7 - - - - -

a For example, a 60-year-old patient has a 20% probability of being reoperated due to SVD after 21.6 years.
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Very Long-Term Outcomes of the
Carpentier-Edwards Perimount Valve in
Aortic Position
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Michel Marchand, MD, and Michel Aupart, MD
Department of Cardiac Surgery, Tours University Hospital, France; and Department of Biostatistics, Edwards Lifesciences, Nyon,
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Background. The Carpentier-Edwards Perimount peri-
cardial bioprosthesis (Edwards Lifesciences, Irvine, CA)
has demonstrated good long-term outcomes, but its
durability remains unclear depending on age at implan-
tation. We report our 20-year experience with the Peri-
mount valve implanted in the aortic position, with
particular attention to the probability and time to reop-
eration required due to bioprosthesis deterioration.

Methods. From 1984 to 2008 at our center, 2,659 patients
(mean age, 70.7 ± 10.4 years) underwent aortic valve
replacement using the Perimount pericardial bio-
prostheses. Patients were prospectively followed on an
annual basis (mean 6.7 ± 4.8 years, range 0 to 24.6 years)
with an echocardiogram at the time of follow-up.
Cumulative follow-up was 18,404 valve-years. Bio-
prosthesis structural valve deterioration was determined
by strict echocardiographic assessment.

Results. Overall operative mortality was 2.8%. Actu-
arial survival rates including early deaths averaged 52.4%
± 1.2%, 31.1% ± 1.4%, and 14.4% ± 1.7% after 10, 15, and 20
years of follow-up, respectively. Age-stratified freedom
from reoperation due to structural valve deterioration at
15 and 20 years was 70.8% ± 4.1% and 38.1% ± 5.6%,
respectively, for the group aged 60 years or less, 82.7% ±
2.9% and 59.6% ± 7.6% for those 60 to 70 years, and 98.1%
± 0.8% at 15 years and above for the oldest group. Ex-
pected valve durability is 19.7 years for the entire cohort.
Conclusions. With a low rate of valve-related events at

20 years, and particularly a low rate of structural valve
deterioration, the Carpentier-Edwards Perimount peri-
cardial bioprosthesis remains a reliable choice for a tissue
valve in the aortic position, especially in patients over 60
years of age.

(Ann Thorac Surg 2015;99:831–7)
! 2015 by The Society of Thoracic Surgeons

The Carpentier-Edwards (CE) Perimount pericardial
bioprosthesis (Edwards Lifesciences, Irvine, CA) is a

trileaflet valve consisting of bovine pericardial leaflets
mounted underneath a flexible cobalt-chromium stent.
This second-generation pericardial valve was designed to
minimize structural valve deterioration (SVD), which was
primarily responsible for the failure of earlier generation
pericardial bioprostheses [1, 2].

Several institutions have reported excellent clinical
outcomes with the CE pericardial valve [3–8], but few
focus on the impact of the age of the patient in terms of
reoperation risk. Indeed, it largely remains unclear as to
exactly how long a bioprosthesis may last in a patient
operated in their 50s or 60s due to a lack of empirical
long-term follow-up [9, 10].

The objective of this retrospective, observational study is
to report our 20-year experience with the CE Perimount
valve implanted in the aortic position, particularly focusing

on the patient’s perspective; in other words, the probability
that a reoperation will be required due to deterioration of
the bioprosthesis after a certain amount of time.

Patients and Methods

From July 1984 to December 2008, 2,758 CE Perimount
pericardial bioprostheses were implanted in 2,659 pa-
tients for aortic valve replacement (AVR) in our hospital.
Ninety-eight patients required a second bioprosthesis
and 1 patient required a third; all were considered
as new patients with a new valve. Indications of AVR
with a bioprosthesis rather than a mechanical valve
concerned all patients aged 60 years or older and
younger patients if they met specific conditions
(eg, endocarditis, short anticipated life expectancy
because of comorbidities, contraindication to oral anti-
coagulant treatment, informed patient’s choice). Patients
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trial groups are presented in Table S7 in the 
Supplementary Appendix. Treatment assignment 
to TAVR or surgery was not a significant predic-
tor of mortality. The time-dependent effects of 
disabling stroke, life-threatening bleeding, acute 
kidney injury, and major vascular complication 
were all significantly associated with a higher 
risk of death over the period of 2 years in both 
the TAVR group and the surgery group (P<0.001 
for all comparisons).

 Other Clinical End Points
At 30 days, major vascular complications were 
more frequent in the TAVR group than in the 
surgery group (7.9% vs. 5.0%, P = 0.008) (Table 2). 
However, several other complications were less 
frequent in the TAVR group than in the surgery 
group, including life-threatening bleeding (10.4% 
vs. 43.4%, P<0.001), acute kidney injury (1.3% vs. 
3.1%, P = 0.006), and new-onset atrial fibrillation 
(9.1% vs. 26.4%, P<0.001). The percentage of pa-

Figure 1. Time-to-Event Curves for the Primary Composite End Point.

The insets show the same data on an enlarged y axis. TAVR denotes transcatheter aortic-valve replacement.
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BACKGROUND
Previous trials have shown that among high-risk patients with aortic stenosis, survival 
rates are similar with transcatheter aortic-valve replacement (TAVR) and surgical aortic-
valve replacement. We evaluated the two procedures in a randomized trial involving 
intermediate-risk patients.
METHODS
We randomly assigned 2032 intermediate-risk patients with severe aortic stenosis, at 57 
centers, to undergo either TAVR or surgical replacement. The primary end point was death 
from any cause or disabling stroke at 2 years. The primary hypothesis was that TAVR would 
not be inferior to surgical replacement. Before randomization, patients were entered into 
one of two cohorts on the basis of clinical and imaging findings; 76.3% of the patients were 
included in the transfemoral-access cohort and 23.7% in the transthoracic-access cohort.
RESULTS
The rate of death from any cause or disabling stroke was similar in the TAVR group and 
the surgery group (P = 0.001 for noninferiority). At 2 years, the Kaplan–Meier event rates 
were 19.3% in the TAVR group and 21.1% in the surgery group (hazard ratio in the TAVR 
group, 0.89; 95% confidence interval [CI], 0.73 to 1.09; P = 0.25). In the transfemoral-
access cohort, TAVR resulted in a lower rate of death or disabling stroke than surgery 
(hazard ratio, 0.79; 95% CI, 0.62 to 1.00; P = 0.05), whereas in the transthoracic-access 
cohort, outcomes were similar in the two groups. TAVR resulted in larger aortic-valve 
areas than did surgery and also resulted in lower rates of acute kidney injury, severe bleed-
ing, and new-onset atrial fibrillation; surgery resulted in fewer major vascular complica-
tions and less paravalvular aortic regurgitation.
CONCLUSIONS
In intermediate-risk patients, TAVR was similar to surgical aortic-valve replacement with 
respect to the primary end point of death or disabling stroke. (Funded by Edwards Life-
sciences; PARTNER 2 ClinicalTrials.gov number, NCT01314313.)
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Late Outcomes of Transcatheter Aortic
Valve Replacement in High-Risk Patients
The FRANCE-2 Registry
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ABSTRACT

BACKGROUND Transcatheter aortic valve replacement (TAVR) has revolutionized management of high-risk patients
with severe aortic stenosis. However, survival and the incidence of severe complications have been assessed in relatively

small populations and/or with limited follow-up.

OBJECTIVES This report details late clinical outcome and its determinants in the FRANCE-2 (FRench Aortic National

CoreValve and Edwards) registry.

METHODS The FRANCE-2 registry prospectively included all TAVRs performed in France. Follow-up was scheduled at

30 days, at 6 months, and annually from 1 to 5 years. Standardized VARC (Valve Academic Research Consortium) outcome

definitions were used.

RESULTS A total of 4,201 patients were enrolled between January 2010 and January 2012 in 34 centers. Approaches

were transarterial (transfemoral 73%, transapical 18%, subclavian 6%, and transaortic or transcarotid 3%) or, in 18%
of patients, transapical. Median follow-up was 3.8 years. Vital status was available for 97.2% of patients at 3 years. The

3-year all-cause mortality was 42.0% and cardiovascular mortality was 17.5%. In a multivariate model, predictors of

3-year all-cause mortality were male sex (p < 0.001), low body mass index, (p < 0.001), atrial fibrillation (p < 0.001),

dialysis (p < 0.001), New York Heart Association functional class III or IV (p < 0.001), higher logistic EuroSCORE

(p < 0.001), transapical or subclavian approach (p < 0.001 for both vs. transfemoral approach), need for permanent

pacemaker implantation (p ¼ 0.02), and post-implant periprosthetic aortic regurgitation grade $2 of 4 (p < 0.001).

Severe events according to VARC criteria occurred mainly during the first month and subsequently in <2% of

patients/year. Mean gradient, valve area, and residual aortic regurgitation were stable during follow-up.

CONCLUSIONS The FRANCE-2 registry represents the largest database available on late results of TAVR. Late

mortality is largely related to noncardiac causes. Incidence rates of severe events are low after the first month.

Valve performance remains stable over time. (J Am Coll Cardiol 2016;68:1637–47) © 2016 by the American College of

Cardiology Foundation.
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Very Long-Term Outcomes of the
Carpentier-Edwards Perimount Valve in
Aortic Position
Thierry Bourguignon, MD, Anne-Lorraine Bouquiaux-Stablo, MD, Pascal Candolfi, PhD,
Alain Mirza, MD, Claudia Loardi, MD, Marc-Antoine May, MD, Rym El-Khoury, MD,
Michel Marchand, MD, and Michel Aupart, MD
Department of Cardiac Surgery, Tours University Hospital, France; and Department of Biostatistics, Edwards Lifesciences, Nyon,
Switzerland

Background. The Carpentier-Edwards Perimount peri-
cardial bioprosthesis (Edwards Lifesciences, Irvine, CA)
has demonstrated good long-term outcomes, but its
durability remains unclear depending on age at implan-
tation. We report our 20-year experience with the Peri-
mount valve implanted in the aortic position, with
particular attention to the probability and time to reop-
eration required due to bioprosthesis deterioration.

Methods. From 1984 to 2008 at our center, 2,659 patients
(mean age, 70.7 ± 10.4 years) underwent aortic valve
replacement using the Perimount pericardial bio-
prostheses. Patients were prospectively followed on an
annual basis (mean 6.7 ± 4.8 years, range 0 to 24.6 years)
with an echocardiogram at the time of follow-up.
Cumulative follow-up was 18,404 valve-years. Bio-
prosthesis structural valve deterioration was determined
by strict echocardiographic assessment.

Results. Overall operative mortality was 2.8%. Actu-
arial survival rates including early deaths averaged 52.4%
± 1.2%, 31.1% ± 1.4%, and 14.4% ± 1.7% after 10, 15, and 20
years of follow-up, respectively. Age-stratified freedom
from reoperation due to structural valve deterioration at
15 and 20 years was 70.8% ± 4.1% and 38.1% ± 5.6%,
respectively, for the group aged 60 years or less, 82.7% ±
2.9% and 59.6% ± 7.6% for those 60 to 70 years, and 98.1%
± 0.8% at 15 years and above for the oldest group. Ex-
pected valve durability is 19.7 years for the entire cohort.
Conclusions. With a low rate of valve-related events at

20 years, and particularly a low rate of structural valve
deterioration, the Carpentier-Edwards Perimount peri-
cardial bioprosthesis remains a reliable choice for a tissue
valve in the aortic position, especially in patients over 60
years of age.

(Ann Thorac Surg 2015;99:831–7)
! 2015 by The Society of Thoracic Surgeons

The Carpentier-Edwards (CE) Perimount pericardial
bioprosthesis (Edwards Lifesciences, Irvine, CA) is a

trileaflet valve consisting of bovine pericardial leaflets
mounted underneath a flexible cobalt-chromium stent.
This second-generation pericardial valve was designed to
minimize structural valve deterioration (SVD), which was
primarily responsible for the failure of earlier generation
pericardial bioprostheses [1, 2].

Several institutions have reported excellent clinical
outcomes with the CE pericardial valve [3–8], but few
focus on the impact of the age of the patient in terms of
reoperation risk. Indeed, it largely remains unclear as to
exactly how long a bioprosthesis may last in a patient
operated in their 50s or 60s due to a lack of empirical
long-term follow-up [9, 10].

The objective of this retrospective, observational study is
to report our 20-year experience with the CE Perimount
valve implanted in the aortic position, particularly focusing

on the patient’s perspective; in other words, the probability
that a reoperation will be required due to deterioration of
the bioprosthesis after a certain amount of time.

Patients and Methods

From July 1984 to December 2008, 2,758 CE Perimount
pericardial bioprostheses were implanted in 2,659 pa-
tients for aortic valve replacement (AVR) in our hospital.
Ninety-eight patients required a second bioprosthesis
and 1 patient required a third; all were considered
as new patients with a new valve. Indications of AVR
with a bioprosthesis rather than a mechanical valve
concerned all patients aged 60 years or older and
younger patients if they met specific conditions
(eg, endocarditis, short anticipated life expectancy
because of comorbidities, contraindication to oral anti-
coagulant treatment, informed patient’s choice). Patients
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Address correspondence to Dr Bourguignon, Department of Cardiac
Surgery, Trousseau Hospital, 37044 Chambray, France; e-mail:
thierry-bourguignon@hotmail.fr.

Drs Aupart, Bourguignon, Marchand, and Candolfi
disclose financial relationships with Edwards
Lifesciences.

! 2015 by The Society of Thoracic Surgeons 0003-4975/$36.00
Published by Elsevier http://dx.doi.org/10.1016/j.athoracsur.2014.09.030

A
D
U
LT

C
A
R
D
IA

C

Finally, we subdivided the cohort by age decile and
displayed the sample life expectancy and expected valve
durability relative to the life expectancy of the general
population in France [13]. Aortic valve replacement
appeared to reduce life expectancy compared with that of
the general population; however, this difference declined
significantly as patient age at surgery increased. Except
for the 2 first deciles of age (15 to 61 years), the expected
valve durability estimate was greater than the life ex-
pectancy after AVR (Fig 6).

Reoperation
A total of 168 reoperations were reported. Of these, 123
were due to SVD, 23 due to endocarditis, 9 due to peri-
valvular leaks, and 13 valves were explanted prophylac-
tically during another cardiac operation.

Comment

In the present study we evaluated the long-term dura-
bility of the CE Perimount pericardial bioprosthesis in the
aortic position and report the longest follow-up with this
prosthesis, with 28 patients at risk at 20 years and a total
of 18,404 valve-years. This paper also presents the

patient’s viewpoint; depending on age at surgery we have
estimated the risk and number of years before a reoper-
ation due to SVD, essential information for an evidence-
based discussion between the patient and the physician.

Survival
Consistent with others [3, 4, 7, 15], we found that long-
term survival after surgery remains highly dependent
on age at implantation. For the group operated on be-
tween 1984 and 1991 (419 patients) who had a follow-up in
2011 of 20 years or longer, the life expectancy of a person
70 years of age in France was 11.2 to 12.3 years for males
and 14.6 to 15.9 years for females [13]. From our analyzed
cohort, 50% of patients were still alive at 10.4 years and
the AUC was 11.4 years. Therefore, the overall life ex-
pectancy after AVR was similar to the age- and sex-
adjusted life expectancy for the general population.
Importantly, the valve-related life expectancy, though,
demonstrated an AUC of 19.4 years, much greater than
the general population life expectancy.

Thromboembolic Events, Bleedings, and Endocarditis
Early and late complications after bioprosthetic AVR from
our analysis were consistent with other studies [3, 7, 8].
The late event linearized rates for endocarditis, throm-
boembolism, and bleeding were 0.38%/vy (95% CI 0.30 to
0.48%/vy), 0.72%/vy (95% CI 0.61% to 0.85%/vy), and
0.34%/vy (95% CI 0.26% to 0.43%/vy), respectively, much
lower than the objective performance criteria required for
bioprostheses from the US Food and Drug Administra-
tion (ie, 1.2%/vy, 2.5%/vy, and 1.4%/vy, respectively).

Expected Valve durability (SVD, Reoperation due to SVD)
In this study, SVD was determined strictly from the
annual echocardiographic assessment. As stated by
Chikwe and Filsoufi [16], comparing studies on the
durability of individual bioprostheses is challenging
because of several methodologic problems. We think that
a precise definition of SVD is a necessary prerequisite for
the proper analysis of data. Here, we reported an overall
actuarial freedom from SVD at 10 and 20 years of 94.2% !
0.8% and 48.5% ! 4.6%, respectively, with a MST of 19.7
years (95% CI 18.5% to 21.1%) before deterioration.
As others [7, 14–21], we found age at implant was a

significant risk factor for SVD. Despite the fact that bio-
prostheses are increasingly used in younger patients
[22, 23], there are still little data on the incidence of SVD
and need for reoperation in this population. For the pa-
tients aged 60 years or younger at implantation, we found

Fig 5. Competing risk regression evaluating the cumulative risk of
reoperation due to structural valve deterioration (SVD) with age at
surgery as the unique covariate.

Table 3. Explant Due to Structural Valve Deterioration (SVD) by Age Groups: Competing Risk Estimatesa

Probability/ Age 50 Years 55 Years 60 Years 65 Years 70 Years 75 Years 80 Years

5% 9.2 9.9 11.1 13.1 15.1 17.8 21.6
10% 11.1 13.1 15.1 17.5 21.2 - -
15% 13.7 15.4 17.9 23.4 - - -
20% 15.1 17.8 21.6 - - - -
25% 16.9 19.7 - - - - -

a For example, a 60-year-old patient has a 20% probability of being reoperated due to SVD after 21.6 years.
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Endocarditis
Endocarditis was reported in 73 patients (3 early events).
Ten patients died without reoperation, 28 underwent
reoperation, and 35 were successfully treated using anti-
biotics alone.

Nonstructural Dysfunction
No clinically significant hemolysis was recorded in the
absence of structural valve dysfunction.

Structural Valve Deterioration (SVD) and Reoperation
for SVD
The bioprosthesis was considered to have deteriorated on
strict echocardiographic assessment whenever severe
aortic stenosis (mean transvalvular gradient > 40 mmHg)
or severe aortic regurgitation (effective regurgitant orifice
area > 0.30 cm2, vena contracta > 0.6 cm) was observed,
even if the patient was asymptomatic.

Structural valve deterioration was reported in 157 pa-
tients. Of these, 123 underwent reoperation to replace the
valve and of the remaining 34 patients, 21 died soon after
SVD diagnosis, 11 were alive at the time of censor, and 2
were lost to follow-up. The cause of SVD was due to
calcification in the majority of cases (97 of 157; 61.8%), due
to leaflet tear in 45 (28.7%), and was reported as mixed
etiology in 15 (9.6%).

All cases of valve failure were late events. Mean time to
SVD was similar for cases of calcification (11.8 ! 4.6
years), tears (12.8 ! 4.3 years), and mixed etiology (13.5 !
5.6 years). Only 6 cases of SVD (5 calcifications, 1 tear)
arose within the first 5 years.

Actuarial freedom from SVD at 15 and 20 years was
78.6% ! 2.2% and 48.5% ! 4.6%, respectively. The 15- and
20-year actuarial freedom from valve explant due to SVD
was 84.0% ! 1.9% and 54.3% ! 4.8%, respectively. The
expected valve durability, calculated by the MST from the
actuarial freedom from SVD was 19.7 years for the entire
cohort (95% CI 18.5 to 21.1).

Overall, age at implant was a significant risk factor for
SVD (HR 0.965; 95% CI 0.954 to 0.976; p < 0.001). No
significant associations were observed with valve size or
concomitant coronary artery bypass.

Competing risk analysis, including 3 distinct failures
(non-valve-related death, valve-related death, and
explant due to SVD) was performed. The cumulative risk
of valve explantation owing to SVD at 20 years was 13.6%
! 1.3%, much lower than the corresponding actuarial
estimate (45.7% ! 1.4%), and lower than the corre-
sponding probability of death (78.5% ! 2.8%).

Effect of Age on SVD and Reoperation
The population was divided into different age groups at
implantation for analysis. Freedom from SVD at 15 and 20
years was 66.8% ! 4.2% and 37.2% ! 5.4%, respectively,
for patients aged 60 years or younger, 77.7% ! 3.4% and
53.% ! 8.0% for those aged 60 to 70 years, and 91.6% !
2.3% at 15 years and above for the oldest group (Fig 3).

The freedom from reoperation for SVD at 15 and 20
years was 70.8 % ! 4.1% and 38.1% ! 5.6%, respectively,

for the group aged 60 years or less, 82.7% ! 2.9% and
59.6% ! 7.6% for those 60 to 70 years, and 98.1% ! 0.8% at
15 years and above for the oldest group (Fig 4). The re-
sults of competing risk regression analysis to evaluate the
cumulative risk of reoperation for SVD with age as the
unique covariate are shown in Figure 5. The corre-
sponding hazard ratio was 0.93 (95% CI 0.92 to 0.94; p <
0.001). The data were also computed to indicate the
number of years a patient could expect before requiring
reoperation for SVD depending on age at implantation
(Table 3).

Fig 3. Kaplan-Meier freedom from structural valve deterioration
(SVD) by age groups. The expected valve durability (median survival
time without SVD) was 17.6 and 22.1 years for the younger (" 60)
and the 60 to 70 years group, respectively.

Fig 4. Kaplan-Meier freedom from explant due to structural valve
deterioration by age groups.
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Ten patients died without reoperation, 28 underwent
reoperation, and 35 were successfully treated using anti-
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Nonstructural Dysfunction
No clinically significant hemolysis was recorded in the
absence of structural valve dysfunction.

Structural Valve Deterioration (SVD) and Reoperation
for SVD
The bioprosthesis was considered to have deteriorated on
strict echocardiographic assessment whenever severe
aortic stenosis (mean transvalvular gradient > 40 mmHg)
or severe aortic regurgitation (effective regurgitant orifice
area > 0.30 cm2, vena contracta > 0.6 cm) was observed,
even if the patient was asymptomatic.

Structural valve deterioration was reported in 157 pa-
tients. Of these, 123 underwent reoperation to replace the
valve and of the remaining 34 patients, 21 died soon after
SVD diagnosis, 11 were alive at the time of censor, and 2
were lost to follow-up. The cause of SVD was due to
calcification in the majority of cases (97 of 157; 61.8%), due
to leaflet tear in 45 (28.7%), and was reported as mixed
etiology in 15 (9.6%).

All cases of valve failure were late events. Mean time to
SVD was similar for cases of calcification (11.8 ! 4.6
years), tears (12.8 ! 4.3 years), and mixed etiology (13.5 !
5.6 years). Only 6 cases of SVD (5 calcifications, 1 tear)
arose within the first 5 years.

Actuarial freedom from SVD at 15 and 20 years was
78.6% ! 2.2% and 48.5% ! 4.6%, respectively. The 15- and
20-year actuarial freedom from valve explant due to SVD
was 84.0% ! 1.9% and 54.3% ! 4.8%, respectively. The
expected valve durability, calculated by the MST from the
actuarial freedom from SVD was 19.7 years for the entire
cohort (95% CI 18.5 to 21.1).

Overall, age at implant was a significant risk factor for
SVD (HR 0.965; 95% CI 0.954 to 0.976; p < 0.001). No
significant associations were observed with valve size or
concomitant coronary artery bypass.

Competing risk analysis, including 3 distinct failures
(non-valve-related death, valve-related death, and
explant due to SVD) was performed. The cumulative risk
of valve explantation owing to SVD at 20 years was 13.6%
! 1.3%, much lower than the corresponding actuarial
estimate (45.7% ! 1.4%), and lower than the corre-
sponding probability of death (78.5% ! 2.8%).

Effect of Age on SVD and Reoperation
The population was divided into different age groups at
implantation for analysis. Freedom from SVD at 15 and 20
years was 66.8% ! 4.2% and 37.2% ! 5.4%, respectively,
for patients aged 60 years or younger, 77.7% ! 3.4% and
53.% ! 8.0% for those aged 60 to 70 years, and 91.6% !
2.3% at 15 years and above for the oldest group (Fig 3).

The freedom from reoperation for SVD at 15 and 20
years was 70.8 % ! 4.1% and 38.1% ! 5.6%, respectively,

for the group aged 60 years or less, 82.7% ! 2.9% and
59.6% ! 7.6% for those 60 to 70 years, and 98.1% ! 0.8% at
15 years and above for the oldest group (Fig 4). The re-
sults of competing risk regression analysis to evaluate the
cumulative risk of reoperation for SVD with age as the
unique covariate are shown in Figure 5. The corre-
sponding hazard ratio was 0.93 (95% CI 0.92 to 0.94; p <
0.001). The data were also computed to indicate the
number of years a patient could expect before requiring
reoperation for SVD depending on age at implantation
(Table 3).

Fig 3. Kaplan-Meier freedom from structural valve deterioration
(SVD) by age groups. The expected valve durability (median survival
time without SVD) was 17.6 and 22.1 years for the younger (" 60)
and the 60 to 70 years group, respectively.

Fig 4. Kaplan-Meier freedom from explant due to structural valve
deterioration by age groups.
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In 2016, 5 issues deserve a particular attention and represent the 
matter of debate to limit the enlargement of the indications 
 
 
 

 1) NeurologicComplications 
 

 2) Vascular Complications   
 

 3) Residual Aortic Regurgitation 
 

 4) Pacemaker Implantation 
 

 5) Durability of the biological prostheses 
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