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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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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
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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

[()TD$FIG]

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).

[()TD$FIG]

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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5) LONGEVITY OF BIOLOGICAL PROSTHESES  
 

Possible Subclinical Leaflet Thrombosis in TAVI  
Makkar et al. N Engl	J	Med	2015;373:2015-24	

Corevalve											PorJco																Sapiens	XT												Perimount	

n engl j med 373;21 nejm.org November 19, 20152020

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

in 42 patients (32%) and within 3 months in 73 
patients (55%). These patients underwent im-
plantation of 105 transcatheter valves and 27 
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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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
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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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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.

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2011. For permissions please email: journals.permissions@oup.com

 European Heart Journal Advance Access published August 6, 2011
 by guest on A

pril 27, 2016
http://eurheartj.oxfordjournals.org/

D
ow

nloaded from
 

5	years	FU	in	a	female	aged	74		

Conclusion	

TAMI	

Ring	

Neochord	

Clip	
	

MIS	

TAVI	



OBADIA	Jean-François 	 	 	30ème	J	Cardio	des	Yvelines		-	Paris	-			27	Janvier	2017 																		Download	this	presenta0on	on		«	chircardio-lyon.org		1-EH	4	0566	01	11/2010		

	 	Brahim	Harbaoui,	MD,	MSC,*y	Pierre-Yves	Courand,	MD,	MSC,*y	Zoé	Schmi-,	
MD,z	Fadi	Farhat,	MD,	PHD,x	Raphael	Dauphin,	MD,*	Pierre	Lantelme,	MD,	PHD*y			JACC	
Cardiovasc	Interv.	2016	

2	years	FU	in	a	64	Y	male	

Conclusion	

TAMI	

Ring	

Neochord	

Clip	
	

MIS	

TAVI	



OBADIA	Jean-François 	 	 	30ème	J	Cardio	des	Yvelines		-	Paris	-			27	Janvier	2017 																		Download	this	presenta0on	on		«	chircardio-lyon.org		

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
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Fig. A.Macroscopic view of the extracted transcatheter valve. Severe calcifications are apparent on the leaflets.
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(Fig. A). Histological analysis confirmed these findings and showed
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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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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.

834 BOURGUIGNON ET AL Ann Thorac Surg
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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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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.
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A
D

U
LT

C
A

R
D

IA
C

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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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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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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TAVR in Rouen since 2002
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Actuarial Analysis –
Freedom from Mortality

• 5 patients (2%) excluded (lost FU)

• 194 patients died

• Total FU: 686.3 patient-years

• Maximum FU: 9.4 years

• Patients still alive were censored to 

the latest visit or echo date available
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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
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• No patient with mean GR > 40mmHg

• Only 1 patient had definite SVD: 

severe AR + elevated gradient, 

leading to re-intervention (TF-TAVR 
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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
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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3895	Surgeries	/	17surgeons	(<	20	cases)	
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Discussion
No prospective, randomized studies comparing MIS-MV 
surgery with a conventional sternotomy approach exist to 
date. Given the strong attitudes of surgeons on both sides 
of the issue and the relative infrequency of mitral valve sur-
gery, it is unlikely that such a randomized trial will ever be 

performed. Propensity-matched comparisons of the 2 tech-
niques observed similarly excellent outcomes for both types 
of operations, with no apparent drawbacks of the MIS-MV 
approach.11,12 In addition, our study reveals an overall mitral 
valve repair rate (82.4%), a rate of intraoperative repair 
failure (1.4%), and a rate of early valve-related reoperation 

all severe complications
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Figure 1. Average development of selected adverse events according to total number of operations performed per surgeon. The patients 
were divided into groups of 50 consecutive operations by the same surgeon. Mean±SD values are depicted.
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Figure 2. Institutional learning curve for the development of adverse events (conversion to sternotomy, re-exploration for bleeding, valve-
related reoperation, new dialysis, stroke, myocardial infarction, low-cardiac-output syndrome, or death) during minimally invasive mitral 
valve surgery. The black dots along the x axis indicate the first operation performed by each new surgeon in the program. The average 
mortality per year is also depicted (gray line).
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Minimally invasive surgery of the mitral valve (MIS-MV) 
has become the routine approach to mitral valve dis-

ease in some centers, particularly in Europe, with excellent 
short- and long-term results.1,2 However, most reports come 
from high-volume centers with extensive experience in these 
techniques. Surgeons at other centers might be reluctant to 
adopt the minimally invasive approach because of the initial 
learning curve involved. Although several publications have 
discussed the learning curve associated with MIS-MV opera-
tions,3–5 such publications are expert opinion only with few 
supportive data.

Clinical Perspective on p 491
For many operators, it remains a question whether the 

potential benefits of MIS-MV, such as reduced respiratory 
support, less pain, improved cosmetics, and lower risk of 
wound infections can outweigh the potential drawbacks of 
an initially higher complication rate when a new approach is 
adopted. In fact, some experts have argued that the learning 
curve for minimally invasive procedures should prevent its 
widespread implementation.6,7 To the best of our knowledge, 

however, no study to date has methodically examined the true 
learning curve for MIS-MV.

Therefore, the purpose of our study was to analyze and 
compare the learning curves of surgeons who have started 
performing MIS-MV operations at our institution, to calculate 
average trends, and to provide recommendations on the neces-
sary experience to achieve and retain high-quality outcomes 
in this field.

Methods
Patients
A total of 5287 patients who underwent mitral valve or tricuspid 
valve surgery or atrial fibrillation ablation therapy between 1994 and 
2011 at our institution were analyzed. Patients undergoing other con-
comitant procedures such as coronary bypass surgery, aortic valve 
replacement, or aortic surgery were excluded. Nine patients under-
going robotic mitral valve surgery by both staff and guest surgeons 
were also excluded. Such procedures were never performed on a 
routine basis at our center because of time and resource use. Of the 
5287 patients, 3907 (74%) were operated on with an MIS-MV tech-
nique. The percentage of MIS-MV varied over time and is shown 
in Table 1. The 3907 operations were performed by a total of 21 

Background—Learning curves are vigorously discussed and viewed as a negative aspect of adopting new procedures. 
However, very few publications have methodically examined learning curves in cardiac surgery, which could lead to a 
better understanding and a more meaningful discussion of their consequences. The purpose of this study was to assess the 
learning process involved in the performance of minimally invasive surgery of the mitral valve using data from a large, 
single-center experience.

Methods and Results—All mitral (including tricuspid, or atrial fibrillation ablation) operations performed over a 17-year 
period through a right lateral mini-thoracotomy with peripheral cannulation for cardiopulmonary bypass (n=3907) 
were analyzed. Data were obtained from a prospective database. Individual learning curves for operation time and 
complication rates (using sequential probability cumulative sum failure analysis) and average results were calculated. A 
total of 3895 operations by 17 surgeons performing their first minimally invasive surgery of the mitral valve operation at 
our institution could be evaluated. The typical number of operations to overcome the learning curve was between 75 and 
125. Furthermore, >1 such operation per week was necessary to maintain good results. Individual learning curves varied 
markedly, proving the need for good monitoring or mentoring in the initial phase.

Conclusions—A true learning curve exists for minimally invasive surgery of the mitral valve. Although the number of 
operations required to overcome the learning curve is substantial, marked variation exists between individual surgeons. 
Such information could be very helpful in structuring future training and maintenance of competence programs for this 
kind of surgery. (Circulation. 2013;128:483–491.)

Key Words: learning curve ◼ mitral valve ◼ surgery
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(3.1%) comparable to those described for sternotomy mitral 
valve surgery in the literature. The percentage of patients 
who required mitral valve reoperation during follow-up has 
been described in detail in previous publications from our 
institution, with reoperation rates that are within the range of 
results published for full sternotomy mitral valve surgery.2,3,13 
However, these studies come from high-volume centers with 
vast experience in MIS-MV surgery.

The MIS-MV approach has gained increasing acceptance 
during the last decade, now being performed in 34% of patients 
undergoing isolated mitral valve surgery in Germany.14 
Increased acceptance of MIS-MV is probably attributable to 
a combination of the following factors: improved instruments 
for surgical access with good visualization of the mitral valve, 

preservation of the integrity of the osseous thoracic wall, 
faster patient recovery, very good short- and long-term results 
with high rates of mitral valve repair, and increasing patient 
demand.15 Patient demand is likely to increase as knowledge 
of percutaneous mitral valve repair methods becomes increas-
ingly widespread, which may lead to more surgeons adopting 
the MIS-MV technique.

Several concerns have been raised arguing against the wide-
spread adoption of MIS-MV surgery, however. An increased 
stroke rate possibly resulting from retrograde systemic perfu-
sion has been observed in a large registry and has been dis-
cussed in detail.16 Pertaining to another concern that has been 
discussed in detail, we recorded 10 aortic dissections (0.26%) 
that we attributed to peripheral cannulation, cardioplegia 
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Figure 3. Individual learning curves of all surgeons listed according to the year they started performing minimally invasive mitral valve 
surgery.
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Figure 4. Institutional learning curves for development of adverse events. The black line shows the same adverse event complication 
curve as in Figure 2. The gray line shows the learning curve after the exclusion of re-exploration for bleeding from the analysis.
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needle insertion, cross-clamping of the ascending aorta, or 
injury from an endoaortic balloon clamp. These complications 
were not related to the stage of training of the surgeon.

Other potential drawbacks include prolonged cardiopulmo-
nary bypass and ischemic times, the associated learning curve, 
exposure difficulties in patients with challenging anatomy, 
suboptimal deairing techniques, and complex methods of car-
dioplegia administration.

The purpose of our study was to formally assess a poten-
tial drawback of MIS-MV surgery: the learning curve. The 
consistency in patient selection, surgical techniques, and 
perioperative management over the study period allowed us 
a unique opportunity to assess the MIS-MV learning curve 
in our institution. In addition, the large number of opera-
tions performed by a relatively large number of surgeons 
allowed us to compare learning curves between surgeons and 
to assess the importance of operation frequency on adverse 
outcomes.

CUSUM analysis has been previously used to examine learn-
ing curve associated with off-pump coronary bypass surgery 
and minimally invasive direct coronary artery bypass,10,17–19 
but it has not been applied in the area of MIS-MV surgery. 
The CUSUM technique allows monitoring of changes in peri-
operative mortality and morbidity during the patient care pro-
cess. It can be repeated as often as desired, even after each 
operation, providing an almost real-time monitoring of surgi-
cal performance.20 We observed a large degree of variability 
in CUSUM failure curves according to individual surgeons. 
Such information may be critically important to those centers 
that are planning to adopt an MIS-MV program and may be 
helpful in structuring training and maintenance of competence 
programs.

In the present study, the calculation of average learning 
curves for the entire group of surgeons supplied a general 
impression of the learning process of this operative technique. 
The large standard deviation of some values indicates that 
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Figure 5. Examples of learning curve 
patterns from individual surgeons. 
The dashed lines depict the borders 
of statistical significance indicating a 
significantly higher- (top border) or lower- 
(bottom border) than-expected failure 
rate. A, Classic normal learning curve 
pattern. B, Learning curve pattern from an 
outperforming surgeon. C, Learning curve 
pattern from an underperforming surgeon. 
Chir indicates surgeon.
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Minimally invasive surgery of the mitral valve (MIS-MV) 
has become the routine approach to mitral valve dis-

ease in some centers, particularly in Europe, with excellent 
short- and long-term results.1,2 However, most reports come 
from high-volume centers with extensive experience in these 
techniques. Surgeons at other centers might be reluctant to 
adopt the minimally invasive approach because of the initial 
learning curve involved. Although several publications have 
discussed the learning curve associated with MIS-MV opera-
tions,3–5 such publications are expert opinion only with few 
supportive data.

Clinical Perspective on p 491
For many operators, it remains a question whether the 

potential benefits of MIS-MV, such as reduced respiratory 
support, less pain, improved cosmetics, and lower risk of 
wound infections can outweigh the potential drawbacks of 
an initially higher complication rate when a new approach is 
adopted. In fact, some experts have argued that the learning 
curve for minimally invasive procedures should prevent its 
widespread implementation.6,7 To the best of our knowledge, 

however, no study to date has methodically examined the true 
learning curve for MIS-MV.

Therefore, the purpose of our study was to analyze and 
compare the learning curves of surgeons who have started 
performing MIS-MV operations at our institution, to calculate 
average trends, and to provide recommendations on the neces-
sary experience to achieve and retain high-quality outcomes 
in this field.

Methods
Patients
A total of 5287 patients who underwent mitral valve or tricuspid 
valve surgery or atrial fibrillation ablation therapy between 1994 and 
2011 at our institution were analyzed. Patients undergoing other con-
comitant procedures such as coronary bypass surgery, aortic valve 
replacement, or aortic surgery were excluded. Nine patients under-
going robotic mitral valve surgery by both staff and guest surgeons 
were also excluded. Such procedures were never performed on a 
routine basis at our center because of time and resource use. Of the 
5287 patients, 3907 (74%) were operated on with an MIS-MV tech-
nique. The percentage of MIS-MV varied over time and is shown 
in Table 1. The 3907 operations were performed by a total of 21 

Background—Learning curves are vigorously discussed and viewed as a negative aspect of adopting new procedures. 
However, very few publications have methodically examined learning curves in cardiac surgery, which could lead to a 
better understanding and a more meaningful discussion of their consequences. The purpose of this study was to assess the 
learning process involved in the performance of minimally invasive surgery of the mitral valve using data from a large, 
single-center experience.

Methods and Results—All mitral (including tricuspid, or atrial fibrillation ablation) operations performed over a 17-year 
period through a right lateral mini-thoracotomy with peripheral cannulation for cardiopulmonary bypass (n=3907) 
were analyzed. Data were obtained from a prospective database. Individual learning curves for operation time and 
complication rates (using sequential probability cumulative sum failure analysis) and average results were calculated. A 
total of 3895 operations by 17 surgeons performing their first minimally invasive surgery of the mitral valve operation at 
our institution could be evaluated. The typical number of operations to overcome the learning curve was between 75 and 
125. Furthermore, >1 such operation per week was necessary to maintain good results. Individual learning curves varied 
markedly, proving the need for good monitoring or mentoring in the initial phase.

Conclusions—A true learning curve exists for minimally invasive surgery of the mitral valve. Although the number of 
operations required to overcome the learning curve is substantial, marked variation exists between individual surgeons. 
Such information could be very helpful in structuring future training and maintenance of competence programs for this 
kind of surgery. (Circulation. 2013;128:483–491.)

Key Words: learning curve ◼ mitral valve ◼ surgery
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average numbers should serve as only a general impression, 
which may lead to a more thorough analysis of individual 
adverse outcome failure curves.

Interestingly, we did not observe an obvious learning 
curve with regard to operative times, probably because sur-
geons were assigned less complex patients during their initial 
MIS-MV experience. Operative times do not usually play a 
decisive role in patient outcomes, however, as long as they are 
not excessively long.

The results of our analysis for adverse outcomes support 
the hypothesis that MIS-MV surgery has a prolonged learning 
curve, even in a center performing a large volume of MIS-MV 
operations. The learning curve is particularly noteworthy 
given that all surgeons in the present study had significant 

prior experience with mitral valve surgery performed through 
a sternotomy (at least 40 operations). Although substantial 
intersurgeon variability existed, a higher complication rate 
during the beginning phase of MIS-MV adoption was the rule 
rather than the exception. In addition, we found that the per-
formance of >1 MIS-MV operations per week was associated 
with the best outcomes.

It should be stressed, however, that the predominant 
driving factor behind our observed learning curve was the 
requirement for rethoracotomy for bleeding. Removal of this 
complication from our composite adverse event outcome 
resulted in a much more favorable view of the learning curve 
for the entire group of surgeons (Figure 4). Our observed 
rethoracotomy for bleeding rate (7.2%) appears higher than 
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Figure 6. Typical examples of operative 
times (aortic cross-clamp time and total 
time in the operating room) according to 
surgeon experience. No definite learning 
curves could be identified with regard to 
operative times. Chir indicates surgeon.
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in fact may result in worse short-term and mid-term survival.
This effect may be particularly pronounced in the UK consid-
ering the 10-fold higher operative mortality risk for mitral valve
replacement (6.2%) than for repair (0.6%) in NYHA class I
patients reported in the SCTS database.1 The 6.2% mortality
risk with mitral valve replacement implies one in 17 asymp-
tomatic patients in the UK undergoing valve replacement did
not leave hospital. Additionally, patients receiving a valve
replacement have been shown to be subject to a higher mid-term
risk of stroke.7 Guidelines in North America recommend that
surgery should only be undertaken in asymptomatic patients in
designated reference valve repair centres with a very high
probability of repair,6 while the European Guidelines do not
endorse mitral valve surgery in asymptomatic patients.5 The
current UK data suggest that neither guideline is being followed
as many asymptomatic patients do receive valve replace-
mentdthe very thing the guidelines are striving to avoid. The
importance of avoiding valve replacements in this patient
subgroup was reinforced in a recent UK consensus statement
which recommends that centres undertaking valve repair in
asymptomatic patients be subject to close audit to ensure that
recommended high standards of practice are achieved.8

VARIATION IN REPAIR RATE ACROSS CENTRES: A POSTCODE
LOTTERY
The most notable observation, however, raised by the database
report1 is the marked variation in use of mitral valve repair
among heart centres in the UK. The highest ranking centre
repaired almost 90% of all valves while the lowest ranking
centre repaired 20% of valves. While other factors may
contribute, these variations probably reflect true local and
regional variations in healthcare provisionda so called ‘postcode
lottery ’ where the treatment received is related to where one
lives or the hospital one attends. Variation was particularly
marked in patients with degenerative disease: although the
national repair rate for this aetiological subgroup was 66%, this
varied among hospitals from 0% to 98% (figure 1). Within some
towns or regions, the repair rates were very different between
institutions.

Looking specifically at high-volume centresdthose doing
more than 30 mitral valve operations for degenerative disease per
yeardthey did not, as one might expect, consistently deliver
higher repair rates and there remained great variability (figure 1).
The repair rate for degenerative mitral valve disease ranged from
36% to 98% in these high-volume centres.

The SCTS data thus demonstrate a postcode lottery in access
to state of the art management of mitral valve disease in the UK,
with one’s chances of a repair (and by extension long-term,
event-free survival) depending heavily on the hospital in which
the operation is carried out. While high-volume centres were
more likely to deliver repair, this was not consistent as only
three of the high-volume centres reported repair rates >85% and
the median repair rate for all high-volume centres was 67.5%.
These high-volume centres performed 61% of all procedures for
degenerative mitral valve disease in the UK. Repair rates among
the low- and medium-volume centres were variable, but only
one medium-volume centre had a repair rate >85%.

IMPLICATIONS OF DIFFERENCES IN REPAIR RATE ACROSS
HOSPITALS
These differences in repair rates are of critical importance
because the SCTS report1 shows a marked difference in
outcomes between patients having valve repair as opposed to
replacement. For example, the mortality rate for an isolated
mitral valve repair for degenerative disease was 1.3% and peri-
operative stroke rate 0.8%, compared with 4.3% and 3%,
respectively, for mitral valve replacement.1 If concurrent coro-
nary artery bypass grafting or other procedures were under-
taken, the mortality rates were even higher (approximately 8%
with replacement compared with 4% with repair). Isolated valve
repair also had a substantially better 5-year survival (90.0% vs
83.6% for valve replacement). Even in the elderly age group,
mitral valve repair was associated with substantial survival
advantage (operative mortality for valve repair patients aged
$80 years was 5.5% vs 15.6% for replacement). Although these
data were not adjusted for patient risk or valve pathology, the
observed marginal benefit of valve repair over replacement is
consistent with published literature.9e11 The independent
survival advantage of mitral valve repair over replacement is also
supported by recent analysis of 47 126 patients reported to the
Society of Thoracic Surgeons Database in the United States,
where the risk adjusted mortality for valve repair was demon-
strated to be lower than replacement using both multivariable
logistic regression (OR¼0.54, 95% CI 0.47 to 0.63) and propen-
sity matching (standardised mortality rate for replacement 3.0%
vs 1.7% for repair p<0.001).3 The unpleasant reality, therefore, is
that some patients, by virtue of the hospitals they go to in the
UK (and we believe the same is so for most other countries), will
be less likely to survive surgery, less likely to be alive at 5 years
and more likely to have a stroke, because of a higher use of valve
replacement in those centres.

STUDYING REASONS FOR VARIATIONS IN REPAIR RATES
In order to clarify the reasons for the relatively high frequency of
valve replacement in the UK, future iterations of the SCTS
database, and other mitral valve databases, should collect data
on the type of degenerative disease, the location of leaflet
prolapse (anterior, posterior, bileaflet) and presence of advanced
pathology, such as leaflet calcification.12 These data are required
to stratify cases according to complexity of repairs that are
required. An ‘intention-to-repair ’ field will also be helpful in
separating valve replacements in which replacement was the
preoperative plan from those cases in which a repair had been
planned but not executed. These categorisations are critical to
developing a means of matching individual patients to surgeons
and centres most likely to achieve a successful a repair.13 It has
been suggested that repair of Barlow valvesdwhich are the most
complex of degenerative valves to repairdbe limited to a few

Figure 1 Variations in rates of mitral valve repair for degenerative
disease among 46 heart centres in the UK (adapted from Bridgewater,
et al1).
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The lottery of mitral valve repair surgery
Anelechi C Anyanwu,1 Benjamin Bridgewater,2 David H Adams1

ABSTRACT
Valve repair, where feasible, rather than valve
replacement is the guideline recommended treatment for
severe mitral regurgitation. To characterise ‘real-world’
clinical practice data were reviewed on 12 255 mitral
valve operations performed in the UK between 2004 and
2008, as reported in the 2009 UK Adult Cardiac Surgical
Database Report. The data demonstrate a large variation
in the use of mitral valve repair; while the national repair
rate was 51%, this varied from 20% to 90% among
different hospitals. Outcomes were worse in patients
who had valve replacement as opposed to repair,
including a higher risk of operative mortality and stroke,
in all subgroups examined. Some patients were, by virtue
of the hospitals they attend, therefore, less likely to
survive and more likely to have complications, because
of a low use of valve repair in those centres.
Concentration of mitral valve surgery in designated
regional reference centres should allow more equitable
access to mitral valve repair.

The publication in July 2009 of the sixth National
adult cardiac surgical database report by the Society
of Cardiothoracic Surgery (SCTS) in Great Britain
and Ireland1 received substantial media coverage,
and was notable for the observation of reduction in
overall operative mortality rates after heart surgery
in the UK. Aside from mortality, this mandatory
national database captures a wide array of data on
heart surgery in the UK and is a useful resource to
explore patterns in healthcare provision. The most
recent report includes a 10-year analysis of almost
20 000 mitral valve operations reported to the
database between 1999 and 2008.1 A review of this
subanalysis provides a wealth of information about
the status and provision of mitral valve surgery in
the UK and Ireland. For most patients with severe
mitral valve regurgitation, the preferred surgical
treatment is a repair of the valve, if feasible. The
alternative, prosthetic valve replacement, is associ-
ated with higher operative mortality, reduced life
expectancy, higher long-term risk of stroke and
complications unique to valve replacement such as
valve thrombosis and structural valve degeneration.2

MITRAL VALVE SURGERY IN THE UK: MORTALITY,
REPAIR RATES AND TIMING OF SURGERY
What does the recent database report1 tell us about
healthcare provision for patients with mitral valve
disease in the UK? The report shows a lower crude
mortality for mitral valve repair (2.0%) than for
mitral valve replacement (6.1%), and the mortality
benefit of valve repair over replacement existed in
all subgroups examined. This mirrors a recent
Society of Thoracic Surgeons database report on
almost 60 000 North American patients operated

on between 2000 and 2007, which found repair was
associated with less operative mortality, even after
risk adjustment (OR¼0.52).3

Despite the clear advantage of repair over
replacement, surprisingly the overall mitral valve
repair rate in the UK was only 51.7%. This differed
among the different causes of mitral regurgitation:
the highest reported repair rate was for ischaemic
aetiology (74.1%). For degenerative mitral valve
regurgitation, the repair rate was 64.6%. Valve
repair was uncommon for rheumatic heart disease
(8.5% repair rate) and active endocarditis (27%
repair rate). It is important to recognise that some
miscoding of aetiology may have occurred in this
dataset, as the importance of accurate aetiological
subclassification of mitral valve disease has only
recently been emphasised.3 4 The accuracy of data
is also difficult to verify as the SCTS database is
currently not subject to rigorous validation.
Nonetheless, there are indications from this

analysis that the UK population with degenerative
mitral valve disease, typically manifesting as mitral
valve prolapse, is indeed underserved by current
clinical practice. In the SCTS report, 24.7% of those
with degenerative disease had depressed left
ventricular function and 42% were reported as
being in class III or IV heart failure at the time of
surgery. This suggests that many patients were not
being offered surgery until they developed advanced
symptoms. One has to conclude that patients in
the UK with minimal symptoms but declining left
ventricular function (a class I indication for mitral
valve surgery according to both European and
North American Guidelines5 6) were either not
identified by appropriate echocardiographic
surveillance, or were not referred or operated on in
a timely fashion. Such a high percentage of patients
with severe symptoms or left ventricular dysfunc-
tion at the time of surgical intervention suggests
a need for national surveillance protocols of
patients known to have mitral regurgitation and
also mechanisms that would facilitate earlier
surgery for appropriate patients.

MITRAL VALVE REPLACEMENT IN
ASYMPTOMATIC PATIENTS
Also concerning was the use of mitral valve
replacement in asymptomatic patients with
degenerative mitral valve disease. Of 709 patients in
New York Heart association (NYHA) class I with
degenerative aetiology over the study period, 177
(25.0%) received a valve replacement. Mitral valve
replacement is, however, not recommended as
treatment for asymptomatic mitral regurgitation6

because it may reduce, rather than extend, the life
expectancy in asymptomatic patients. Valve
replacement has not been shown to have benefit
over watchful waiting in this patient subgroup and
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Minimally invasive surgery of the mitral valve (MIS-MV) 
has become the routine approach to mitral valve dis-

ease in some centers, particularly in Europe, with excellent 
short- and long-term results.1,2 However, most reports come 
from high-volume centers with extensive experience in these 
techniques. Surgeons at other centers might be reluctant to 
adopt the minimally invasive approach because of the initial 
learning curve involved. Although several publications have 
discussed the learning curve associated with MIS-MV opera-
tions,3–5 such publications are expert opinion only with few 
supportive data.

Clinical Perspective on p 491
For many operators, it remains a question whether the 

potential benefits of MIS-MV, such as reduced respiratory 
support, less pain, improved cosmetics, and lower risk of 
wound infections can outweigh the potential drawbacks of 
an initially higher complication rate when a new approach is 
adopted. In fact, some experts have argued that the learning 
curve for minimally invasive procedures should prevent its 
widespread implementation.6,7 To the best of our knowledge, 

however, no study to date has methodically examined the true 
learning curve for MIS-MV.

Therefore, the purpose of our study was to analyze and 
compare the learning curves of surgeons who have started 
performing MIS-MV operations at our institution, to calculate 
average trends, and to provide recommendations on the neces-
sary experience to achieve and retain high-quality outcomes 
in this field.

Methods
Patients
A total of 5287 patients who underwent mitral valve or tricuspid 
valve surgery or atrial fibrillation ablation therapy between 1994 and 
2011 at our institution were analyzed. Patients undergoing other con-
comitant procedures such as coronary bypass surgery, aortic valve 
replacement, or aortic surgery were excluded. Nine patients under-
going robotic mitral valve surgery by both staff and guest surgeons 
were also excluded. Such procedures were never performed on a 
routine basis at our center because of time and resource use. Of the 
5287 patients, 3907 (74%) were operated on with an MIS-MV tech-
nique. The percentage of MIS-MV varied over time and is shown 
in Table 1. The 3907 operations were performed by a total of 21 

Background—Learning curves are vigorously discussed and viewed as a negative aspect of adopting new procedures. 
However, very few publications have methodically examined learning curves in cardiac surgery, which could lead to a 
better understanding and a more meaningful discussion of their consequences. The purpose of this study was to assess the 
learning process involved in the performance of minimally invasive surgery of the mitral valve using data from a large, 
single-center experience.

Methods and Results—All mitral (including tricuspid, or atrial fibrillation ablation) operations performed over a 17-year 
period through a right lateral mini-thoracotomy with peripheral cannulation for cardiopulmonary bypass (n=3907) 
were analyzed. Data were obtained from a prospective database. Individual learning curves for operation time and 
complication rates (using sequential probability cumulative sum failure analysis) and average results were calculated. A 
total of 3895 operations by 17 surgeons performing their first minimally invasive surgery of the mitral valve operation at 
our institution could be evaluated. The typical number of operations to overcome the learning curve was between 75 and 
125. Furthermore, >1 such operation per week was necessary to maintain good results. Individual learning curves varied 
markedly, proving the need for good monitoring or mentoring in the initial phase.

Conclusions—A true learning curve exists for minimally invasive surgery of the mitral valve. Although the number of 
operations required to overcome the learning curve is substantial, marked variation exists between individual surgeons. 
Such information could be very helpful in structuring future training and maintenance of competence programs for this 
kind of surgery. (Circulation. 2013;128:483–491.)

Key Words: learning curve ◼ mitral valve ◼ surgery
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Reoperation at 1 and 4 years 

respectively; and 2.0 cm2, and 14.7 mm Hg, respectively, at
30-day follow-up. The patient underwent mitral valve
replacement surgery for recurrent MR 61 days after the
index procedure.
Effectiveness endpoint at 4 years. The overall rate of
freedom from death, surgery for mitral valve dysfunction
(other than the assigned treatment in the surgical arm), and
MR 3þ or 4þ was 39.8% in the percutaneous arm versus
53.4% in the surgical arm (p ¼ 0.070) (Table 3).
Severity of mitral regurgitation. The MR severity as
measured by the echocardiography core laboratory is shown

for the percutaneous repair and surgical groups in Figure 2.
Both groups show an immediate reduction in the number
of patients with moderate-to-severe (3þ) and severe (4þ)
MR at discharge. Patients in the surgical group experienced
more MR reduction at discharge and throughout 4-year
follow-up than percutaneous repair group patients. At 12
months and 4 years, the proportions of patients with 3þ or
4þ MR in the percutaneous repair group were 18.8% (28 of
149) and 20.6% (20 of 97), respectively (4 subjects with 3þ
or 4þ MR at year 1 died before year 4; 2 had surgery for
MR; and 7 were observed to have had a reduction in MR to

Figure 3 Continued

(B) Kaplan-Meier estimates of freedom from surgery to treat mitral valve dysfunction at 4 years. In the percutaneous repair arm, any surgery after randomization is considered; in
the surgery arm, only reoperation is considered. Blue lines indicate device group (n ¼ 178); red lines indicate control group (n ¼ 80). CI ¼ confidence interval.

JACC Vol. 62, No. 4, 2013 Mauri et al.
July 23, 2013:317–28 The EVEREST II Trial 4-Year Results
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EMEA	EMEA 2013 2014 2015 2016 '14 / '13 '15 / '14 '16 / '15 
Implants 4,241 5,843 7,005 8,376 38% 20% 20% 

Open accounts 234 303 360 390 29% 19% 8% 
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Aper	Everest		:	Cohorts	&	Registries	?	
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Franzen O. Eur J Heart Failure 2011; 13: 569–576 Ohno Y. Eur Heart Journal 2014; 15: 51246-55 

Influence	of	extra-cardiac	comorbi0es	è	
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2)	QuesJonable	:	Impact	on	mortality	?	

2014	

- 	628	paJents	in	Europe	(25	centers,	8	countries)	
- 	FU	for	secondary	and	primary	MR	
- 1	year	echo	assessement	

-  194	paJents	(brandeburgh,	New	york)	
-  Mortality	versus		Searle	HF	model	

2015	
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3)	Likely	:	Improved	Symptoms	/	decreased	MR	

2014	

- 	628	paJents	in	Europe	(25	centers,	8	countries)	
- 	FU	for	secondary	and	primary	MR	
- 1	year	echo	assessement	

- 	Meta	analysis		
- 9	studies	
- 875	paJents	
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4)	Complex	:	Echographic	analysis	

2014	

- 	628	paJents	in	Europe	(25	centers,	8	countries)	
- FU	for	secondary	and	primary	MR	
- 1	year	echo	assessement	
- 15	centers	with	>	90%	FU	è	368	echo	at	1	year	

EF	sPAP	
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No	clinical	benefit	Clinical	benefit	

FMR3 
65% 

DMR 21% 

Mixed 
14% 
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Worldwide Clinical Experience
• Over 10,000 patients have been treated with the MitraClip Therapy worldwide.1

– 75% are considered high risk* for mitral valve surgery

– 67% have functional mitral regurgitation (MR)

– 96% Implant Rate

• The use of the MitraClip is supported by a rigorous clinical trial program.1

– 50% are considered high risk* for mitral valve surgery

– 60% have functional MR

1. Data as of July 2013.Source: Abbott Vascular
* Determination of high surgical risk based on: logistic EuroSCORE ≥ 20%, or STS calculated mortality ≥ 12%, or pre-specified high surgical risk co-morbidities specified in EVEREST II High Risk Study protocol.

10.1056/nejmoa1009355 nejm.org 1

The new england 
journal of medicine

Percutaneous Repair or Surgery for Mitral Regurgitation

Ted Feldman, M.D., Elyse Foster, M.D., Donald G. Glower, M.D., Saibal Kar, M.D., Michael J. Rinaldi, M.D.,  
Peter S. Fail, M.D., Richard W. Smalling, M.D., Ph.D., Robert Siegel, M.D., Geoffrey A. Rose, M.D.,  

Eric Engeron, M.D., Catalin Loghin, M.D., Alfredo Trento, M.D., Eric R. Skipper, M.D., Tommy Fudge, M.D.,  
George V. Letsou, M.D., Joseph M. Massaro, Ph.D., and Laura Mauri, M.D., for the EVEREST II Investigators*

A bs tr ac t

From Evanston Hospital, NorthShore 
University Health System, Evanston, IL 
(T. Feldman); University of California at 
San Francisco, San Francisco (E.F.); Duke 
University Medical Center, Durham (D.G.), 
and Sanger Heart and Vascular Institute, 
Carolinas Medical Center, Charlotte 
(M.J.R., G.A.R., E.R.S.) — both in North 
Carolina; the Heart Institute, Cedars–Sinai 
Medical Center, Los Angeles (S.K., R.S., 
A.T.); Terrebonne General Medical Cen-
ter, Houma, LA (P.S.F., E.E., T. Fudge); 
Memorial Hermann Heart and Vascular 
Institute/UT Health, Houston (R.W.S., 
C.L., G.V.L.); and Boston University 
School of Public Health, Harvard Clinical 
Research Institute ( J.M.M.), and Brigham 
and Women’s Hospital, Harvard Clinical 
Research Institute, Harvard Medical 
School (L.M.) — all in Boston. Address re-
print requests to Dr. Feldman at Evanston 
Hospital Cardiology Division–Walgreen 
Bldg., 3rd Fl., 2650 Ridge Ave., Evanston, IL 
60201, or at tfeldman@northshore.org.

* Additional investigators in the Endovas-
cular Valve Edge-to-Edge Repair Study 
(EVEREST) II are listed in the Supplemen-
tary Appendix, available at NEJM.org.

This article (10.1056/NEJMoa1009355) was 
published on April 4, 2011, at NEJM.org.

N Engl J Med 2011.
Copyright © 2011 Massachusetts Medical Society.

Background
Mitral-valve repair can be accomplished with an investigational procedure that in-
volves the percutaneous implantation of a clip that grasps and approximates the 
edges of the mitral leaflets at the origin of the regurgitant jet.

Methods
We randomly assigned 279 patients with moderately severe or severe (grade 3+ or 4+) 
mitral regurgitation in a 2:1 ratio to undergo either percutaneous repair or conven-
tional surgery for repair or replacement of the mitral valve. The primary composite 
end point for efficacy was freedom from death, from surgery for mitral-valve dys-
function, and from grade 3+ or 4+ mitral regurgitation at 12 months. The primary 
safety end point was a composite of major adverse events within 30 days.

Results
At 12 months, the rates of the primary end point for efficacy were 55% in the percu-
taneous-repair group and 73% in the surgery group (P = 0.007). The respective rates 
of the components of the primary end point were as follows: death, 6% in each group; 
surgery for mitral-valve dysfunction, 20% versus 2%; and grade 3+ or 4+ mitral 
regurgitation, 21% versus 20%. Major adverse events occurred in 15% of patients in 
the percutaneous-repair group and 48% of patients in the surgery group at 30 days 
(P<0.001). At 12 months, both groups had improved left ventricular size, New York 
Heart Association functional class, and quality-of-life measures, as compared with 
baseline.

Conclusions
Although percutaneous repair was less effective at reducing mitral regurgitation 
than conventional surgery, the procedure was associated with superior safety and 
similar improvements in clinical outcomes. (Funded by Abbott Vascular; EVEREST II 
ClinicalTrials.gov number, NCT00209274.)

The New England Journal of Medicine 
Downloaded from nejm.org by COME de SAUVEBEUF on April 4, 2011. For personal use only. No other uses without permission. 

 Copyright © 2011 Massachusetts Medical Society. All rights reserved. 

PHRC	2012	:	Appel	à	projet	DGOS		
MITRACLIP®	pour	IM	fonc1onnelles	symptoma1ques.	
Soumission	Janvier	2012		è		AcceptaJon	Décembre	2012	

Premiers	pa<ents	français		
	
	

	Inclusion	
Janvier	
2014	
	

MITRA.fr	(Currently	enrolling)	

STIC	2010	:	TECH.	INNOV.	COUTEUSES	
MITRACLIP®	pour	IM	fonc1onnelles	symptoma1ques.	
Soumission	Oct	2010			è		refus	Sept	2011		
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Deaths	+	Hosp	
							-	Clip33%	
							-	rt	50%	

Deaths	=	19;1%	
Hospit	=	55%	
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Lille 

Lyon 

Bichat, Massy, 
Créteil, Le Plessis-
Robinson, Parly 2, 
Neuilly, HEGP, Pitié 
salpêtrière, IMM 

Marseille  
(La Timone, Saint 
Joseph) 

Montpellier 
(CHU et Clinique 

Millénaire) 

Strasbour
g 

Bordeaux 

Nancy 

Clermont-
Ferrand 

Besançon 
Nantes 

Rennes 

Toulouse (CHU, 
clinique Pasteur) 
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		 					RESHAPE-HF	 					COAPT	 							MITRA.fr	
Sponsor	 Abbor	Vascular	 Abbor	Vascular	 PHRC	/	Abbor	

Méthodology	 ProspecJve,	randomized	 ProspecJve,	randomized	 ProspecJve,	randomized	

Comparison	 OpJmal	Medical	MedicaJon	 OpJmal	Medical	
MedicaJo	

OpJmal	Medical	
MedicaJon	

MR	eJology	 Secondary	MR	 Secondary	MR	 Secondary	MR	

EjecJon	FracJon	 	15	to	40%	 >	30%	 	15	to	40%	
HospitalisaJon	HF	<	12	

months	?	 100%	 		 100%	

High	Risk	PaJents	 		 Surgical	CI	(heart	team)	 Surgical	CI	(heart	team)	

NHYA	 III	to	IV	 II,	III,	IV	 II,	III,	IV	

Principal	Criteria	 %	all	deaths	or	rehospitalisaJon	rate	HF	 Safety	et	efficacy	(hospit	pour	
CHF)	

%		all	deaths	ou	%	hospitalisaJon	HF	
Idem	Ship	Ivabradine	è	Lancet	

Hypothesis	 18	vs	14	%	death	and	0,6	vs	0,45	
hospit	 		 50%	versus	33%	

Lost	pats	 15%	 		 10%	

Number	of	inclusions	 400	x	2	 250	x	2	 144	x	2	

Number	of	centres	 50	 75	 26	

293	+	200		Reshape	2				

Conclusion	

TAMI	

Ring	

Neochord	

	
Clip	
	

MIS	

TAVI	



OBADIA	Jean-François 	 	 	30ème	J	Cardio	des	Yvelines		-	Paris	-			27	Janvier	2017 																		Download	this	presenta0on	on		«	chircardio-lyon.org		

						Transapical	Off	Pump		MV	Repair	
	

	 		2009	:	1er	paJent	
	

	 		2013	:	CE	mark	
	

	 		2014	:	100	Pts	
	

	 	2015	:	300	Pts	
	 		
	 	2016	:	>	500	Pts	

	

2016	

French	PHRC	
Mitrachord	
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Pre-operaJve	evaluaJon	
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ImplantaJon	Technique	
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Post-implantaJon	control	
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1	Year	Follow-up	
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PML + AML 
AP 

Leaflet-to-Annulus	Index	(LAI)	

>1.25	predicJve	of	MR≤1+	at	1y	FU	
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00	

01	

02	

03	

04	

Preop	 Intraop	 Discharge	 1month	 6months	 12months	 24months	

Average	 Type	A	 Type	B	 Type	C	

Type%A! Type%B! Type%C!
Anatomical$
characteris7cs$
of$Mitral$
regurguta7on!

•  Eccentric$regurgitant$
jet!

•  Central$P2$prolapse,$
extension$up$to$50%$
of$en7re$PML.$No$
pericommissural$
involvement.$!

•  No$anterior$leaflet$
prolapse$or$tethering!

•  No$severe$LV$
dilata7on!

•  Eccentric$
regurgitant$jet!

•  Extension$of$
prolapse$to$include$
the$por7ons$of$P1$
or$P3$adjacent$to$
P2!

•  Or$may$have$more$
than$one$
prolapsing$segment$
(P1+P2,$P2+P3)!

•  Prolapse$extending$
towards$the$
commissures,$
involvement$of$
anterior$leaflet!

•  $LV$dilata7on$with$
ini7al$tethering$of$AL$
(gullwing$sign)!

•  $Central$component$
to$regurgitant$jet$
(lack$of$central$
coapta7on)!

•  $Calcified$leaflet$
segments!

$!
Surgical$
Anatomical$
Implica7ons! Op*mal%pa*ents! Good%pa*ents! Challenging%pa*ents!

Anatomical$classifica7on$for$Neochord$
Procedure$

Type	A 	 	Type	B	 	 	Type	C	

MR	grade	è	2	years	FU	

2 years Vilnius Experience,  K. Rucinskas Vilnius, Lithuania  
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	92	paJents	 Dr	Andrea	COLLI	–	Padua	

Age	(years)	 65	(57-75)	

Male	 68	(73.9%)	

Euroscore-II	(%)	 1,17	(0,7-1,9)	

Previous	Cardiac	Surgery	 3	(3,3%)	

-  NYHA	I	
-  NYHA	II	
-  NYHA	III	
-  NYHA	IV	

10	(10,9%)	
42	(45,7%)	
39	(42,3%)	
1	(1,1%)	

MR	grade	
-  Absent/trace	
-  Mild	
-  Moderate	
-  Severe	

		
0	(0%)	
0	(0%)	
0	(0%)	

92	(100%)	Conclusion	
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	Baseline	CharacterisJcs	 Median	(I-III	QuarJle		)	or	N	(%)	

Anatomic	MV	type	
-  A	
-  B	

		
32	(34,8%)	
60	(65,2%)	

Lep	ventricular	ejecJon	fracJon	(%)	
-  ≤	30	
-  31-55	
-  >	55	

62	(58-67)	
0	(0%)	

22	(23,9%)	
70	(76,1%)	

Lep	ventricular	end	diastolic	volume	(ml/m2)	
-  <	70		
-  70-100		
-  >	100		

81,0	(70,9-91,9)	
20	(21,7%)	
63	(68,4%)	
9	(9,8%)	

Pulmonary	artery	hypertension	(mmHg)	
-  ≤	25		
-  26	–	35		
-  36	–	45		
-  	>	45		

31.5	(26,8-40)	
21	(22,8%)	
34	(36.9%)	
14	(15,2%)	
19	(20.7%)	
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	OperaJve	CharacterisJcs	 Median	(I-III	QuarJle)	or	N	(%)	

Neochordae	in	place	(n)	
-  2		
-  3		
-  4		
-  5		
-  6		
-  7	

4	(3-4)	
3	(3,2%)	

26	(28,3%)	
45	(48,9%)	
13	(14,1%)	
4	(4,3%)	
1	(1,1%)	

Conversion	to	convenJonal	surgery	 1	(1,1%)	

	Procedural	ECMO	support			 2	(2,2%)	
	Procedural	IABP	support			 1	(1.1%)	
		Access	site	complicaJons	 0	(0.0%)	
	Ventricular	fibrillaJon	 1	(1,1%)	
OperaJve	Jme	(min)		 130	(116-155)	

Conclusion	

TAMI	

Ring	

Neochord	

	
Clip	
	

MIS	

TAVI	



OBADIA	Jean-François 	 	 	30ème	J	Cardio	des	Yvelines		-	Paris	-			27	Janvier	2017 																		Download	this	presenta0on	on		«	chircardio-lyon.org		

	PostoperaJve	CharacterisJcs	 (%)	

Acute	myocardial	infarcJon	 1	(1,1%)	
Vascular	complicaJons	 0	(0.0%)	
Acute	kidney	injury	
-  Stage	I	(creaJnine	increase	>	150-199%)	
-  Stage	II	(creaJnine	increase	>	200-299%	
-  Stage	III	(creaJnine	increase	>	300%)	
-  Need	of	CVVH	

		
6	(6,6%)	
0	(0,0%)	
2	(2,2%)	
2	(2,2%)	

Bleeding	
-  Minor	
-  Major	
-  Extensive	

		
8	(8,7%)	
2	(2,2%)	
4	(4,4%)	

New	onset	atrial	fibrillaJon	
-  Paroxysmal	
-  Persistent	

		
19	(20,9%)		
3	(3,3%)	Conclusion	
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Composite	Success	:	
	-	Procedure	success		
at	least	2	neochordae		
MR≤mild	VC	<	3mm		VR	<	30ml	
	
	-	Freedom	from	MACE	
death,	stroke,	MR	>	moderate,		
unplanned	interven<ons		
	
	-	decreased	in	NYHA	≥1	class	
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TTE	PARAMETERS	 PRE-OP	
(Mean±SD)	

2	YEARS	FU	
(Mean±SD)	

∆	(Mean±SD)	 p	value	

AP	diameter	(mm)	
			Systolic	
			Diastolic	

	
34.9	±	5.9	
39.8	±	5.6	

	
35.1	±	3.8	
39.4	±	4.3	

	
↓	0.2	±	5.8	
↓	0.4	±	6.1	

	
0.862	
0.741	

LL	diameter	(mm)	
			Systolic	
			Diastolic	

	
36.3	±	5.1	
39.7	±	4.4	

	
34.9	±	4.9	
39.6	±	5.8	

	
↑	1.5	±	5.3	
↑	0.2	±	6.7	

	
0.191	
0.904	

LVEDVi	(mL/m2)	 80	±	19.6	 63.8	±	19.8	 ↑	16.2	±	21.1	 0.001	

LVESVi	(mL/m2)	 35.8	±	14.2	 26	±	8.9	 ↑	9.7	±	16.1	 0.008	

LAVi	(mL/m2)	 52.9	±	21	 45.5	±	20	 ↑	7.3	±	16.7	 0.057	

LAD	(mm)	 58.5	±	10.1	 48.7	±	9.7	 ↑	9.8	±	12.1	 0.001	

sPAP	(mmHg)	 39.5	±	14.3	 23.1	±	8.5	 ↑	16.4	±	13.3	 <0.001	

LVEF	(%)	 60.4	±	10	 60	±	5.1	 ↑	0.4	±	10.3	 0.844	
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MONARC	
(Edwards	
Lifesciences	
LLC)	

Two-anchor	design	
with	chronic	
reshaping	(6weeks)	
by	a	foreshortening	
bridge	

EVOLUTION	
trial	
	(72	pts		
82%	success)		

CARILLON	
(Cardiac	
Dimensions	
Inc)	

Acute	reshaping	
device		acting	in	
P2P3,	repositionable,	
retrievable	
	

AMADEUS	trial	
(113	pts		
58	%	success	)	

PTMA		
(Viacor	Inc)	

Tri-lumen	catheter,	
reshapable,	
possibility	of	
multiple	long	term	
adjustment	
	

PTOLEMY	
(31	pts		
29	%	success	)	

 

INDIRECTE	Annuloplasty	
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Patients were followed at discharge and at 1, 3, 6, and 12
months.
Imaging and core laboratory analysis. An electrocardiogram
was obtained before and after the implant procedure.
Transthoracic echocardiography was performed before the
implant, at discharge, and at 1, 3, 6, and 12 months of
follow-up. Transesophageal echocardiography was per-
formed before the implant and at 3-month follow-up and
analyzed at a core laboratory (Cardiovascular Research
Institute, Washington, D.C.). Coronary angiography was
performed before the implant procedure and at 3-month
follow-up and analyzed at a core laboratory (University of
Colorado Health Science Center, Denver, Colorado).
Computerized tomographic (CT) scans were performed
before and 3 months after the implant procedure and
analyzed at a core laboratory (Ohio State University Med-
ical Center, Columbus, Ohio). Chest X-rays were obtained
at discharge and at 1, 6, and 12 months of follow-up.
Creatine kinase, creatine kinase-myocardial band, and tro-
ponins were measured after the procedure and as indicated
for suspicion of recurrent ischemia.
Statistical methodology. Analysis of safety end points was
performed in all patients. Analysis of efficacy was performed
only in patients with implanted devices. Paired t tests and
Wilcoxon signed rank tests were used to assess the differ-

ences from baseline to follow-up of continuous and ordinal
variables, respectively. A p value of !0.05 was considered
significant.

Results

Baseline features and implantation procedures. A total of 72
patients were enrolled between October 2005 and March
2007 at 8 participating centers in Canada, France, Ger-
many, and Sweden. The mean age was 70.0 " 9.8 years
(range 37 to 90 years); 20 (18%) were women. Diabetes was
present in 17 patients (24%), hypertension in 39 (54%), and
hypercholesterolemia in 39 (54%). Most patients (68%) had
underlying coronary artery disease, as manifested by a
history of prior MI (57%), and/or coronary arterial bypass
graft (47%) and/or percutaneous coronary intervention
(40%). The baseline New York Heart Association (NYHA)
class was I in 4%, II in 42%, III in 50%, and IV in 4%. The
mean left ventricular ejection fraction was 37.8 " 10.7%
(range 23% to 67%). Mitral regurgitation at baseline as
assessed by the core laboratory (transthoracic echocardiog-
raphy in 59 patients and transesophageal echocardiography
in 13 patients) was grade 1# in 8%, grade 2# in 54%, grade
3# in 21%, and grade 4# in 17%.

A B

Figure 1. The Mode of Action of the MONARC Device

The MONARC device encircles the posterior leaflet of the mitral valve in systole at implant (A) and in its activated state (B). The small distal anchor is positioned
in the anterior interventricular vein, the springlike bridge section is positioned in the great cardiac vein, and the large proximal anchor is positioned in the
ostium of the coronary sinus. The bridge section shortens during the first month after implantation. The putative mechanism of action is a reduction of the sep-
tal-lateral diameter of the mitral annulus with improved coaptation of the leaflets and a reduction in mitral regurgitation. AIV $ anterior interventricular vein;
CS $ coronary sinus; GCV $ great cardiac vein.

J A C C : C A R D I O V A S C U L A R I N T E R V E N T I O N S , V O L . 4 , N O . 1 , 2 0 1 1 Harnek et al.
J A N U A R Y 2 0 1 1 : 1 1 5 – 2 2 The EVOLUTION Phase I Study
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Valtech	Cardio	–	CARDIOBAND	
First	in	man	in	2013	
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Valtech	Cardio	–	CARDIOBAND	
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Which	is	surgical	?	Percutaneous	?	

Surgical	Ring	 	 	 	 	 	 		Cardioband	
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Cardioband	European	Study		
Early	Outcomes	(N=30)	

EffecJveness		

•  MR	≤	2+	in	1	month	follow	up	(N=27)																																																									89%		

•  MR	≤	2+	in	6	month	follow	up	(N=16)																																																									88%		

Procedure	

•  Implants	successfully	deployed	on	annulus																																										(30/30)		

•  Average	reduc<on	of	septolateral	diameter																																															20%	

Safety	

•  Procedural	mortality																																																																																				0/30				

•  30	days	Mortality	(according	to	VARC)																																																							2/30	

No	Device	Related	Major	Adverse	Events	as	adjudicated	by	independent	commiree		

Courtesy	of	Francesco	MAISANO	
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Cardioband	European	Study		
Early	Outcomes	(N=30)	

EffecJveness		

•  MR	≤	2+	in	1	month	follow	up	(N=27)																																																									89%		

•  MR	≤	2+	in	6	month	follow	up	(N=16)																																																									88%		

•  Accumula<ve	implanta<on	<me																																																				>270months	

Procedure	

•  Implants	successfully	deployed	on	annulus																																										(30/30)		

•  Intra-procedure	MR	reduc<on	≥1	degree																																														(28/30)	

•  Average	reduc<on	of	septolateral	diameter																																															20%	
Safety	

•  Procedural	mortality																																																																																				0/30				

•  30	days	Mortality	(according	to	VARC)																																																							2/30	

•  No	Device	Related	Major	Adverse	Events	as	adjudicated	by	independent	commiree		
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Percutaneous		
Mitral	Plasty	techniques	

Surgical	
MV	Repair	

+	
	
=	

CarpenJer	French	CorrecJon	
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CardiAQ	valve	 Tiara	valve	 Tendyne	valve.		Conclusion	
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Vue	en	échographie	3D	de	la	prothèse	(face	auriculaire)	
avant	l’intervenJon	

1:	Anneau	de	la	prothèse	

2:	Eversion	complète	d’une	cusp	
expliquant	la	fuite	importante	

1	

2	
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Guidage	échographique	de	l’implantaJon	de	la	prothèse		

Vue	en	biplan	de	la	progression		du	guide	à	par<r	de	
l’apex	du	ventricule	gauche	(flèche	bleu)	

Prothèse	mitrale	 Prothèse	mitrale	

Guide	
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Vue	en	échographie	3D	de	la	prothèse	mitrale	(face	
auriculaire)	en	fin	d’intervenJon	

Prothèse	fermée	 Prothèse	ouverte	

Le	contrôle	en	échographie	3D	en	fin	d’interven<on	montre	un	bon	
posi<onnement	de	la	prothèse	percutanée		(qui	recouvre	complètement	la	
prothèse	défectueuse)	et	l’absence	de	fuite	mitrale	résiduelle.		Conclusion	
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PHRC	2014		Mitra.fr	(Secondary	MR)	

											2015 							2016 												2017 								2018	
	

ProspecJve	French	Studies	

	
PHRC	2015	Mitrachord	Primary	MR	/	surg	
2017 				2018 				2019 	2020	

	

	
PHRC	2016			Primary	MR	High	risk	

		2018 			2019							2020 	2021….	
	
	

Reimbursment	
ContrindicaJon	to	Surgery	
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Regular	meeJngs	at	a	precise	Jme	(Weekly	basis)	
Pre-program	announcing	the	files	to	discus	
a	minimum	of	3	different	specialJes	
Several		members		/		SpecialJes	
Involving	Coordinator/nurse	
Wriren	decisions	recorded	
Yearly	evaluaJon	
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