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<20 mm Hg. Typically, there is a small left ventricle with
thick walls, diastolic dysfunction, and a normal LVEF
(!50%). The first diagnostic step is to ensure that data
have been recorded and measured correctly. If the patient
was hypertensive, repeat evaluation after control of BP
should be considered. Next, the valve area should be
indexed to body size because an apparent small valve area
may be only moderate AS in a small patient; an aortic valve
area index "0.6 cm2/m2 suggests severe AS. Transaortic
stroke volume should be calculated from the LV outflow
tract diameter and Doppler velocity time integral; a stroke
volume indexed to body surface area <35 mL/m2 is
consistent with low flow. If the degree of valve calcification
cannot be adequately assessed on TTE, TEE, CT imag-
ing, or fluoroscopy may be considered. The patient should
be evaluated for other potential causes of symptoms to
ensure that symptoms are most likely due to valve
obstruction. The risk of surgery and patient comorbidities
should also be taken into account.
Supporting References: (8,146,159–166)
See Online Data Supplement 8 for more information on

outcomes in patients with low-flow/low-gradient AS with
preserved LVEF.

CLASS IIa

5. AVR is reasonable for patients with moderate AS (stage B) with
an aortic velocity between 3.0 m per second and 3.9 m per
second or mean pressure gradient between 20 mm Hg and 39
mm Hg who are undergoing cardiac surgery for other in-
dications. (Level of Evidence: C)

Calcific AS is a progressive disease, and once moderate
AS is present, the likelihood of symptom onset within 5
years is significant. When the risk of progressive VHD is
balanced against the risk of repeat surgery within 5 years, it
is reasonable to perform AVR at the time of other cardiac
surgery when moderate AS is present (Sections 4.3.3. and 10).
This decision must be individualized based on the specific
operative risk in each patient, clinical factors such as age and
comorbid conditions, valve durability, and patient preferences.
Supporting References: (25,92,138,154,155)

CLASS IIb

1. AVR may be considered for asymptomatic patients with severe
AS (stage C1) with an aortic velocity 4.0 m per second or
greater or mean pressure gradient 40 mm Hg or higher if the
patient is at low surgical risk and serial testing shows an in-
crease in aortic velocity 0.3 m per second or greater per year.
(Level of Evidence: C)

Predictors of rapid disease progression include older age,
more severe valve calcification, and a faster rate of hemo-
dynamic progression on serial studies. In patients with
severe AS and predictors of rapid disease progression,
elective AVR may be considered if the surgical risk is low
and after consideration of other clinical factors and patient
preferences.

Supporting References: (115,167,168)

3.2.4. Choice of Intervention: Recommendations

See Table 10 for a summary of recommendations from this
section.

These recommendations for choice of intervention for
AS apply to both surgical and transcatheter AVR; in-
dications for AVR are discussed in Section 3.2.3. The
integrative approach to assessing risk of surgical or trans-
catheter AVR is discussed in Section 2.5. The choice of
proceeding with surgical versus transcatheter AVR is based
on multiple parameters, including the risk of operation,
patient frailty, and comorbid conditions. Concomitant
severe CAD may also affect the optimal intervention
because severe multivessel coronary disease may best be
served by AVR and CABG.
CLASS I

1. Surgical AVR is recommended in patients who meet an indica-
tion for AVR (Section 3.2.3) with low or intermediate surgical
risk (Section 2.5) (74,148). (Level of Evidence: A)

AVR is indicated for survival benefit, improvement in
symptoms, and improvement in LV systolic function in
patients with severe symptomatic AS (Section 3.2.3.).
Given the magnitude of the difference in outcomes be-
tween those undergoing AVR and those who refuse AVR

Table 10. Summary of Recommendations for AS: Choice of Surgical or Transcatheter Intervention

Recommendations COR LOE References

Surgical AVR is recommended in patients who meet an indication for AVR (Section 3.2.3)
with low or intermediate surgical risk

I A (74,148)

For patients in whom TAVR or high-risk surgical AVR is being considered, members of a Heart
Valve Team should collaborate to provide optimal patient care

I C N/A

TAVR is recommended in patients who meet an indication for AVR for AS who have a prohibitive
surgical risk and a predicted post-TAVR survival >12 mo

I B (169,170)

TAVR is a reasonable alternative to surgical AVR in patients who meet an indication for AVR
(Section 3.2.3) and who have high surgical risk (Section 2.5)

IIa B (171,172)

Percutaneous aortic balloon dilation may be considered as a bridge to surgical or transcatheter
AVR in severely symptomatic patients with severe AS

IIb C N/A

TAVR is not recommended in patients in whom existing comorbidities would preclude the
expected benefit from correction of AS

III:
No Benefit

B (169)

AS indicates aortic stenosis; AVR, aortic valve replacement; COR, Class of Recommendation; LOE, Level of Evidence; N/A, not applicable; and TAVR, transcatheter aortic valve replacement.
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echocardiography with a focus on haemodynamic progression, LV
function and hypertrophy, and the ascending aorta. Type and inter-
val of follow-up should be determined on the basis of the initial
examination.
Asymptomatic severe AS should be re-evaluated at least every 6

months for the occurrence of symptoms, change in exercise toler-
ance (ideally using exercise testing if symptoms are doubtful), and
change in echo parameters. Measurement of natriuretic peptides
may be considered.
In the presence of significant calcification, mild and moderate

AS should be re-evaluated yearly. In younger patients with mild
AS and no significant calcification, intervals may be extended to
2 to 3 years.

5.7 Special patient populations
Combined AVR and CABG carries a higher risk than isolated
AVR.32–35 However, AVR late after CABG is also associated
with significantly increased risk. Although there are no prospective
randomized trials, data from retrospective analyses indicate that
patients in whom CABG is indicated—and who have moderate AS
(mean gradient in the presence of normal flow 25–40 mmHg,

valve area 1.0–1.5 cm2)—will, in general, benefit from concomitant
AVR. It has also been suggested that if age is ,70 years and, more
importantly, an average rate of AS progression of 5 mmHg per
year is documented, patients may benefit from valve replacement
at the time of coronary surgery once the baseline peak gradient
exceeds 30 mmHg.117 Individual judgement is recommended,
taking into consideration BSA, haemodynamic data, leaflet calcifica-
tion, progression rate of AS, patient life expectancy and associated
comorbidities, as well as the individual risk of either concomitant
valve replacement or late reoperation.

Patients with severe symptomatic AS and diffuse CAD that
cannot be revascularized should not be denied AVR, even
though this is a high-risk group.

A few studies have recommended the potential use of percutan-
eous coronary intervention in place of CABG in patients with AS.
However, currently the available data are not sufficient to recom-
mend this approach, apart from selected high-risk patients with
acute coronary syndromes or in patients with non-severe AS.

Combined percutaneous coronary intervention and TAVI have
been shown to be feasible, but require more data before a firm
recommendation can be made. The question of whether to
proceed, as well as the chronology of interventions, should be
the subject of individualized discussion, based on the patient’s clin-
ical condition, coronary anatomy, and myocardium at risk.

When MR is associated with severe AS, its severity may be over-
estimated in the presence of the high ventricular pressures
and careful quantification is required (see General comments,
Section 3). As long as there are no morphological leaflet abnormal-
ities (flail or prolapse, post-rheumatic changes, or signs of infective
endocarditis), mitral annulus dilatation or marked abnormalities of
LV geometry, surgical intervention on the mitral valve is in general
not necessary and non-severe secondary MR usually improves
after the aortic valve is treated.

Concomitant aneurysm/dilatation of the ascending aorta
requires the same treatment as in AR (see Section 4).

For congenital AS, see the ESC Guidelines on grown-up
congenital heart disease.11

6. Mitral regurgitation
In Europe, MR is the second most frequent valve disease requiring
surgery.1 Treatment has been redefined as a result of the good
results of valve repair. This section deals separately with primary
and secondary MR, according to the mechanism of MR.118 In the
rare cases where both mechanisms are present, one of them is
usually predominant and will guide the management.

6.1 Primary mitral regurgitation
Primary MR covers all aetiologies in which intrinsic lesions affect
one or several components of the mitral valve apparatus.
Reduced incidence of rheumatic fever and increased lifespan in
industrialized countries have progressively changed the distribution
of aetiologies, with degenerative MR now being the most
common.1,2,12 Endocarditis is dealt with in separate, specific ESC
Guidelines.10

Table 11 Recommendations for the use of
transcatheter aortic valve implantation

Recommendations Class a Level b Ref C

TAVI should only be 
undertaken with a 
multidisciplinary ‘heart team’ 
including cardiologists and 
cardiac surgeons and other 
specialists if necessary.

I C

TAVI should only be 
performed in hospitals with 
cardiac surgery on-site.

I C

TAVI is indicated in patients 
with severe symptomatic 
AS who are not suitable for 
AVR as assessed by a ‘heart 
team’ and who are likely to 
gain improvement in their 
quality of life and to have a 
life expectancy of more than 
1 year after consideration of 
their comorbidities.

I B 99

TAVI should be considered in 
high-risk patients with severe 
symptomatic AS who may 
still be suitable for surgery, 
but in whom TAVI is favoured 
by a ‘heart team’ based on 
the individual risk profile and 
anatomic suitability.

IIa B 97

AS ¼ aortic stenosis; AVR ¼ aortic valve replacement; TAVI ¼ transcatheter
aortic valve implantation.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.
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Décrets, arrêtés, circulaires 

TEXTES GÉNÉRAUX 

MINISTÈRE DES AFFAIRES SOCIALES, DE LA SANTÉ 
ET DES DROITS DES FEMMES 

Arrêté du 29 août 2014 relatif à l’inscription de la bioprothèse valvulaire aortique par voie 
transcutanée EDWARDS SAPIEN 3 modèle 9600TFX de la société EDWARDS LIFESCIENCES 
SAS au chapitre 2 du titre III de la liste des produits et prestations remboursables prévue à 
l’article L. 165-1 du code de la sécurité sociale 

NOR : AFSS1420656A 

Le ministre des finances et des comptes publics et la ministre des affaires sociales, de la santé et des droits des 
femmes, 

Vu le code de la santé publique ; 
Vu le code de la sécurité sociale, notamment ses articles L. 165-1 à L. 165-5 et R. 165-1 à R. 165-30 ; 
Vu les avis de la Commission nationale d’évaluation des dispositifs médicaux et des technologies de santé, 

Arrêtent : 
Art. 1er. – Au titre III de la liste des produits et prestations remboursables, chapitre 2, section 1, sous-section 1, 

paragraphe 2, dans la rubrique « Société EDWARDS Lifesciences SAS (EDWARDS) », après le code 3239144, 
sont ajoutés les produits suivants : 

CODE NOMENCLATURE 

3239865 Bioprothèse valvulaire, transcutanée, aortique, EDWARDS SAPIEN 3 + CERTITUDE. 
EDWARDS SAPIEN 3 est une valve aortique d’origine bovine implantée par voie transapicale avec cathéter de pose CERTITUDE. 
1. INDICATION : 
La prise en charge est assurée chez les patients contre-indiqués à la chirurgie ayant une sténose aortique sévère symptomatique. 

L’indication du remplacement valvulaire aortique doit être posée et la contre-indication à la chirurgie évaluée lors d’une réunion 
multidisciplinaire en prenant en compte les scores de risque opératoire (Euroscore logistique ≥ 20 % ou STS ≥ 10 %) et les 
comorbidités. Cette réunion doit être assortie de la rédaction d’un compte rendu qui sera annexé au dossier médical du patient. 

Il est rappelé la nécessité du respect de toutes les contre-indications figurant au marquage CE des dispositifs. 
Le refus de la chirurgie de remplacement valvulaire aortique ne constitue pas une indication à la technique de remplacement valvulaire 

aortique par voie transcutanée. 
Les patients ayant une espérance de vie inférieure à 1 an compte tenu de facteurs extracardiaques (comorbidités) ne sont pas éligibles à la 

technique (non indication). 
2. RÉFÉRENCES PRISES EN CHARGE : 
2.1. Système de 23 mm S3FTA123 regroupant : la valve cardiaque transcathéter Edwards Sapien 3 9600TFX de 23 mm et les ancillaires 

(CERTITUDE) dont les références sont : 
– valve cardiaque transcathéter Edwards SAPIEN 3 9600TFX (23 mm) ; 
– système de mise en place CERTITUDE 9620TA23 ; 
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Objectives The authors sought to examine the adoption of transcatheter aortic valve replacement (TAVR) in Western Europe
and investigate factors that may influence the heterogeneous use of this therapy.

Background Since its commercialization in 2007, the number of TAVR procedures has grown exponentially.

Methods The adoption of TAVR was investigated in 11 European countries: Germany, France, Italy, United Kingdom, Spain,
the Netherlands, Switzerland, Belgium, Portugal, Denmark, and Ireland. Data were collected from 2 sources: 1) lead
physicians submitted nation-specific registry data; and 2) an implantation-based TAVR market tracker. Economic
indexes such as healthcare expenditure per capita, sources of healthcare funding, and reimbursement strategies
were correlated to TAVR use. Furthermore, we assessed the extent to which TAVR has penetrated its potential
patient population.

Results Between 2007 and 2011, 34,317 patients underwent TAVR. Considerable variation in TAVR use existed across
nations. In 2011, the number of TAVR implants per million individuals ranged from 6.1 in Portugal to 88.7 in
Germany (33 ! 25). The annual number of TAVR implants performed per center across nations also varied widely
(range 10 to 89). The weighted average TAVR penetration rate was low: 17.9%. Significant correlation was found
between TAVR use and healthcare spending per capita (r ¼ 0.80; p ¼ 0.005). TAVR-specific reimbursement systems
were associated with higher TAVR use than restricted systems (698 ! 232 vs. 213 ! 112 implants/million
individuals #75 years; p ¼ 0.002).

Conclusions The authors’ findings indicate that TAVR is underutilized in high and prohibitive surgical risk patients with severe
aortic stenosis. National economic indexes and reimbursement strategies are closely linked with TAVR use and help
explain the inequitable adoption of this therapy. (J Am Coll Cardiol 2013;62:210–9) ª 2013 by the American
College of Cardiology Foundation

From the *Department of Interventional Cardiology at McGill University Health
Centre, Montreal, Quebec, Canada; yGalway University Hospital, Galway, Ireland;
zErasmus University Medical Center, Rotterdam, the Netherlands; xDepartment of
Cardiology, Bern University Hospital, Bern, Switzerland; kInstitut Cardiovasculaire
Paris Sud, Massy, France; {University Hospital Basel, Basel, Switzerland; #Depart-
ment of Cardiac Surgery, San Raffaele Hospital, Milan, Italy; **Royal Brompton
Hospital and on behalf of NICOR, London, United Kingdom; yyDepartment of
Cardiology, Rigshospitalet, Copenhagen, Denmark; zzDepartment of Cardiology,
University Hospital Antwerp, Wilrijk, Belgium; xxHospital de Santa Cruz, Lisbon,
and on behalf of VAP APIC-SPC, Portugal; kkHeart Centre, Royal Victoria
Hospital, Belfast, Northern Ireland, United Kingdom; {{Servicio de Cardiología,
Hospital Clínico San Carlos, Madrid, Spain; and the ##Department of Cardiovascular
Surgery, German Heart Center, Munich, Germany. Dr. Windecker has received
institutional research grants from Abbott Vascular, Biotronik, Biosensors, Boston
Scientific, Cordis, Medtronic, Edwards Lifesciences, and St. Jude Medical; and lecture

fees from Edwards Lifesciences and Medtronic. Dr. Lefèvre has served as a proctor for
Edwards Lifesciences; and received minor fees from Directflow and Boston Scientific.
Dr. Jeger has received travel cost reimbursements from Edwards Lifesciences and
Medtronic. Dr. Wenaweser has served as a proctor for and has received honoraria from
Medtronic and Edwards Lifesciences; and has served as a consultant for Biotronik.
Dr. Maisano has served as a consultant for Abbott Vascular, Medtronic, St. Jude
Medical, and Valtech Cardio; is a founder of 4Tech; and has received royalties from
Edwards Lifesciences. Drs. Søndergaard and Piazza have served as proctors and
consultants for Medtronic. Dr. Bosmans has served as a proctor for Medtronic.
Dr. Teles has served as a consultant for Medtronic; and has received research grants
from Boston Scientific. Dr. Manoharan has served as a proctor and consultant for
Medtronic and St. Jude Medical. All other authors have reported that they have no
relationships relevant to the contents of this paper to disclose.
Manuscript received January 12, 2013; revised manuscript received March 20, 2013,

accepted March 26, 2013.

Journal of the American College of Cardiology Vol. 62, No. 3, 2013
! 2013 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.jacc.2013.03.074

Heart Valve Disease

Transcatheter Aortic Valve Replacement in Europe
Adoption Trends and Factors Influencing Device Utilization

Darren Mylotte, MD,*y Ruben L. J. Osnabrugge, MSC,z Stephan Windecker, MD,x
Thierry Lefèvre, MD,k Peter de Jaegere, MD, PHD,z Raban Jeger, MD,{ Peter Wenaweser, MD,x
Francesco Maisano, MD,# Neil Moat, MD,** Lars Søndergaard, MD,yy Johan Bosmans, PHD,zz
Rui C. Teles, MD,xx Giuseppe Martucci, MD,* Ganesh Manoharan, MD,kk Eulogio Garcia, MD,{{
Nicolas M. Van Mieghem, MD,z A. Pieter Kappetein, MD, PHD,z Patrick W. Serruys, MD, PHD,z
Ruediger Lange, MD, PHD,## Nicolo Piazza, MD, PHD*##

Montreal, Canada; Galway, Ireland; Rotterdam, the Netherlands; Bern and Basel, Switzerland; Massy, France;
Milan, Italy; London and Belfast, United Kingdom; Copenhagen, Denmark; Wilrijk, Belgium;
Lisbon, Portugal; Madrid, Spain; and Munich, Germany

Objectives The authors sought to examine the adoption of transcatheter aortic valve replacement (TAVR) in Western Europe
and investigate factors that may influence the heterogeneous use of this therapy.

Background Since its commercialization in 2007, the number of TAVR procedures has grown exponentially.

Methods The adoption of TAVR was investigated in 11 European countries: Germany, France, Italy, United Kingdom, Spain,
the Netherlands, Switzerland, Belgium, Portugal, Denmark, and Ireland. Data were collected from 2 sources: 1) lead
physicians submitted nation-specific registry data; and 2) an implantation-based TAVR market tracker. Economic
indexes such as healthcare expenditure per capita, sources of healthcare funding, and reimbursement strategies
were correlated to TAVR use. Furthermore, we assessed the extent to which TAVR has penetrated its potential
patient population.

Results Between 2007 and 2011, 34,317 patients underwent TAVR. Considerable variation in TAVR use existed across
nations. In 2011, the number of TAVR implants per million individuals ranged from 6.1 in Portugal to 88.7 in
Germany (33 ! 25). The annual number of TAVR implants performed per center across nations also varied widely
(range 10 to 89). The weighted average TAVR penetration rate was low: 17.9%. Significant correlation was found
between TAVR use and healthcare spending per capita (r ¼ 0.80; p ¼ 0.005). TAVR-specific reimbursement systems
were associated with higher TAVR use than restricted systems (698 ! 232 vs. 213 ! 112 implants/million
individuals #75 years; p ¼ 0.002).

Conclusions The authors’ findings indicate that TAVR is underutilized in high and prohibitive surgical risk patients with severe
aortic stenosis. National economic indexes and reimbursement strategies are closely linked with TAVR use and help
explain the inequitable adoption of this therapy. (J Am Coll Cardiol 2013;62:210–9) ª 2013 by the American
College of Cardiology Foundation

From the *Department of Interventional Cardiology at McGill University Health
Centre, Montreal, Quebec, Canada; yGalway University Hospital, Galway, Ireland;
zErasmus University Medical Center, Rotterdam, the Netherlands; xDepartment of
Cardiology, Bern University Hospital, Bern, Switzerland; kInstitut Cardiovasculaire
Paris Sud, Massy, France; {University Hospital Basel, Basel, Switzerland; #Depart-
ment of Cardiac Surgery, San Raffaele Hospital, Milan, Italy; **Royal Brompton
Hospital and on behalf of NICOR, London, United Kingdom; yyDepartment of
Cardiology, Rigshospitalet, Copenhagen, Denmark; zzDepartment of Cardiology,
University Hospital Antwerp, Wilrijk, Belgium; xxHospital de Santa Cruz, Lisbon,
and on behalf of VAP APIC-SPC, Portugal; kkHeart Centre, Royal Victoria
Hospital, Belfast, Northern Ireland, United Kingdom; {{Servicio de Cardiología,
Hospital Clínico San Carlos, Madrid, Spain; and the ##Department of Cardiovascular
Surgery, German Heart Center, Munich, Germany. Dr. Windecker has received
institutional research grants from Abbott Vascular, Biotronik, Biosensors, Boston
Scientific, Cordis, Medtronic, Edwards Lifesciences, and St. Jude Medical; and lecture

fees from Edwards Lifesciences and Medtronic. Dr. Lefèvre has served as a proctor for
Edwards Lifesciences; and received minor fees from Directflow and Boston Scientific.
Dr. Jeger has received travel cost reimbursements from Edwards Lifesciences and
Medtronic. Dr. Wenaweser has served as a proctor for and has received honoraria from
Medtronic and Edwards Lifesciences; and has served as a consultant for Biotronik.
Dr. Maisano has served as a consultant for Abbott Vascular, Medtronic, St. Jude
Medical, and Valtech Cardio; is a founder of 4Tech; and has received royalties from
Edwards Lifesciences. Drs. Søndergaard and Piazza have served as proctors and
consultants for Medtronic. Dr. Bosmans has served as a proctor for Medtronic.
Dr. Teles has served as a consultant for Medtronic; and has received research grants
from Boston Scientific. Dr. Manoharan has served as a proctor and consultant for
Medtronic and St. Jude Medical. All other authors have reported that they have no
relationships relevant to the contents of this paper to disclose.
Manuscript received January 12, 2013; revised manuscript received March 20, 2013,

accepted March 26, 2013.

Journal of the American College of Cardiology Vol. 62, No. 3, 2013
! 2013 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.jacc.2013.03.074

JACC	  Vol.	  62,	  No.	  3,	  2013	  

the next most frequent implanters (Table 1). Ireland
accounted for the smallest proportion of implants (0.4%).
In 2011, the highest annual increases in procedural volume
were observed in France (61%) and Germany (49%), whereas
Ireland (!15%) and Portugal (!3%) were the only nations to
experience declines. The annual number of implants increased
33-fold from 455 in 2007 to 14,946 in 2011 (Fig. 1B).
Although the annual procedural volume growth rate decreased
from 429% in 2008 to 40% in 2011, it remained positive.

We observed a wide variation in the number of TAVR
implants per million population (Figs. 2A and 2B). Germany
(88.7) and Portugal (6.1) accounted for the highest and
lowest number of TAVR implants per million population

A

B

Figure 2
TAVR Implants per Million Population
in the Study Nations

TAVR implant dynamics in the study nations between 2007 and 2011. (A) TAVR
implants per million population. (B) TAVR implants per million population age "75
years. Broken line represents mean. Abbreviation as in Figure 1.

A

B

C

Figure 3 TAVR Centers in Europe

(A) Cumulative TAVR centers in 11 Western European nations from 2007 to 2011.
(B) TAVR centers per million population in 2011. (C) Mean number of TAVR
implants per center in each nation in 2011. Broken line represents mean.
Abbreviation as in Figure 1.
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(intracranial hemorrhage, gastrointestinal, bleeding that complicates a
procedure); and thromboembolic. Additionally, we considered discharge
status as either routine or nonroutine (death; to another level of care;
against medical advice).

Statistical Analysis
Baseline characteristics for the study population are reported and

compared using percentages and c2 analysis for categoric variables; and
medians, interquartile ranges, and Wilcoxon rank-sum tests for continuous
variables. Procedure utilization is examined over time, graphically, by pa-
tient age, concomitant CABG, and hospital volume. The use data presented
are weighted to reflect national estimates.

We created a propensity score for each patient’s probability of receiving
a bioprosthetic valve, using logistic regression for potential confounding
variables of year of surgery, age group, gender, coronary artery disease,
congestive heart failure, hypertension, diabetes, chronic pulmonary
disease, renal disease, concurrent CABG, hospital teaching status, and
hospital valve-procedure volume. Patients were paired based on the logit
of the propensity score, using a 1:1 nearest-neighbor–matching
algorithm,22 with a minimum difference of 0.2 times the standard
deviation, as recommended by Austin.23 We assessed balance using the
postmatch c-statistic and standardized differences (Table E1).24

After matching, we ran a sensitivity analysis to see if results were
consistent in isolated, first-time aortic-valve recipients who did not have
endocarditis. In addition, we tested sensitivity to alternate model
specifications and to facility-level variation, by matching patients within
centers. In the propensity-matched cohort, all statistical comparisons are
made using tests for paired data. All analyses were performed using
SAS, version 9.3 (SAS Institute, Inc, Cary, NC).

RESULTS
Bioprosthetic valves made up most (53.3%) of an

estimated 767,375 implanted valves. In the years 1998
to 2001, only 37.7% of the valves were bioprosthetic,
but this proportion increased to 63.6% in the years
2007 to 2011 (Figure 1). Patients aged <65 years were
more likely to receive mechanical valves, whereas pa-
tients aged !75 years were more likely to receive bio-
prosthetic valves. This finding is consistent with the
higher proportions of patients who received bioprosthetic,
versus mechanical, valves being Medicare recipients
(73.0% vs 53.6%). Patients who received bioprosthetic,
versus mechanical, valves were more likely to have coro-
nary artery disease (58.5% vs 50.5%), and to require
concomitant CABG (46.7% vs 41.9%). In addition,
they were more likely, compared with those who received
mechanical valves, to have congestive heart failure
(35.7% vs 32.7%), hypertension (52.2% vs 48.7%), dia-
betes (23.7% vs 21.0%), chronic pulmonary disease
(19.5% vs 18.2%), and chronic renal insufficiency
(8.0% vs 4.2%). Mechanical valve recipients were
more likely, compared with those who received bio-
prosthetic valves, to have peripheral vascular disease
(18.6% vs 17.5%). As the propensity-matched cohort
has been balanced for these differences, the matched pa-
tients receiving bioprosthetic valves are generally younger
and have fewer comorbidities than the national population
(Table 1).

Patients receiving bioprosthetic valves weremore likely to
have surgery in a high-volume (>250 cases per year) center
(31.3%), compared with patients receiving mechanical
valves (18.5%); in fact, 44.7%of cases involvingmechanical
valves were in centers with <100 valve-replacement
procedures per year (Table 1). The percentage of use of valve
types at the hospital level showed significant variation
(Figure 2). Although the highest percentage of bioprosthetic
valves are used in patients age >65 years, use has been
increasing across age groups, most markedly in those age
55 to64years.The slightly higher level of use of bioprosthetic
valves in patients undergoing concomitant CABG has
remained unchanged over time. Although low-volume
hospitals doubled their use level of bioprosthetic valves
from 1998 to 2011, it is consistently lower than that of mid-
and high-volume facilities (Figure 3).

In unadjusted, weighted national data, being in the group
of patients who received bioprosthetic valves, versus in the
group who received mechanical valves, was associated
with, respectively: a longer length of stay (in days; median
8, interquartile range: 6-13 vs median 6, interquartile range:
8-12, P < .001); a higher occurrence of in-hospital
complications (55.9% vs 48.6%, P < .001); and more
nonroutine discharges (61.4% vs 47.1%, P < .001), but
lower in-hospital mortality (4.4% vs 4.9%, P< .001). In
the propensity-matched cohort, in which known patient
and hospital risk factors have been balanced between the
2 valve groups, higher in-hospital mortality was found
among patients who received mechanical valves (5.2%),
compared with bioprosthetic valves (4.4%); P < .001.
Post–valve surgery complications were still slightly higher
with bioprosthetic, versus mechanical, valves (53.0% vs
51.1%, P<.001). In addition, discharges to nursing homes
and skilled nursing facilities were higher in the group
receiving bioprosthetic valves (56.2% vs 51.7%). Within
the subset of patients who had a complication, in-hospital
mortality was lower with bioprosthetic, versus mechanical,

FIGURE 1. Estimated national volume of bioprosthetic and mechanical

aortic valve replacement procedures, by year, from 1998 to 2011.
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National trends in utilization and in-hospital outcomes of mechanical
versus bioprosthetic aortic valve replacements

Abby J. Isaacs, MS,a Jeffrey Shuhaiber, MD,b Arash Salemi, MD,c O. Wayne Isom, MD,c and
Art Sedrakyan, MD, PhDa

ABSTRACT

Objective: Substantial controversy surrounds the choice between a mechanical
versus bioprosthetic prosthesis for aortic valve replacement (AVR), based on
age. This study aims to investigate national trends and in-hospital outcomes of
the 2 prosthesis choices.

Methods: All patients aged>18 years in the National Inpatient Sample who
received an AVR between 1998 and 2011 were considered. Valve-type use was
examined by patient, procedural, and hospital characteristics, after which we
matched patients based on their propensity score for receiving a bioprosthetic
valve and compared their in-hospital outcomes.

Results: Bioprosthetic valves comprised 53.3% of 767,375 implanted valves, an in-
crease in use from 37.7% in the period 1998 to 2001 to 63.6% in the period 2007 to
2011. The median age was 74 years for patients receiving bioprosthetic valves, and
67years for those receivingmechanical valves.Use of bioprosthetic valves increased
across all age groups, most markedly in patients age 55 to 64 years. Compared with
patients receiving mechanical valves, these patients had a higher incidence of renal
disease (8.0% vs 4.2%), coronary artery disease (58.5% vs 50.5%), concomitant
coronary artery bypass grafting (46.7% vs 41.9%), and having surgery in a high-
volume (>250 cases per year) center (31.3% vs 18.5%). Patients receiving bio-
prosthetic valves had a higher occurrence of in-hospital complications (55.9% vs
48.6%), but lower in-hospital mortality (4.4% vs 4.9%) than patients receivingme-
chanical valves. This difference was confirmed in propensity-matched analyses
(complications: 52.7% vs 51.5%; mortality: 4.3% vs 5.2%).

Conclusions: Use of bioprosthetic valves in AVR increased dramatically from
1998 to 2011, particularly in patients age 55 to 64 years. Prosthesis selection varied
significantly by facility, with low-volume facilities favoring mechanical valves.
Aortic valve replacement with a bioprosthetic valve, compared with a mechanical
valve, was associated with lower in-hospital mortality. (J Thorac Cardiovasc Surg
2015;149:1262-9)

Percent bioprosthetic aortic valves 1998-2011 by (A) age, (B)
concomitant CABG, and (C) hospital valve volume.

Central Message

We found that bioprosthetic aortic valve use is increasing
nationally, particularly in patients age 55 to 64 years. Use
varies by center, with low-volume facilities using more
mechanical valves. Bioprosthetic valves are associated
with lower in-hospital mortality, compared with
mechanical valves.

Perspective

Substantial uncertainty remains regarding the choice of
mechanical versus bioprosthetic devices for aortic valve
replacement.We found substantial variation, nationally,
among centers, in type of valves used, ranging from 0%
to 100% bioprosthetic or mechanical. Our finding that
lower in-hospital mortality is associated with bio-
prosthetic valves is novel and requires reflection by
the surgical community. More-frequent use of
mechanical valves, and the related higher mortality in
low-volume hospitals, might require a review and pol-
icy intervention to ensure appropriate patient and valve
selection.

See Editorial page 1242.

Supplemental material is available online.

Aortic valve replacement (AVR) is the recommended
treatment for severe aortic stenosis, including high-risk
patients who can tolerate surgery.1 Substantial controversy
remains regarding the criteria that should guide the
choice of the type of implanted valves. Since the inception
of heart valve surgery, mechanical or bioprosthetic valves
have been the mainstream options.2 Clinical trials with
long-term follow-up and meta-analyses have shown that
overall survival for the 2 valve types—mechanical and
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the 10 years. Despite these changes, overall mortality fell
for each subgroup. It also fell for most patient subsets out-
lined in Table 5. Subgroup stroke rate also decreased dur-
ing the 10-year period despite increasing age and risk in
this AVR population (Table 5 and Figure 6). To a degree,
stroke and mortality are dependent, because stroke leads to
higher mortality. Nonetheless, for patients younger than 70
years, risk of stroke after AVR was 0.7% in 2006. Be-
tween the ages of 70 and 80 years, stroke rate in 2006
was less than 2.0%, and even for octogenarians, stroke
was less than 2.5% (Table 5 and Figure 6). Stroke rate
in this study was time dependent as well as age dependent.
Female patients had higher mortality, higher stroke rate,
and longer postoperative stay relative to male patients.
This was true for the overall population, the 1997 group,
and the 2006 group. Bridges and coworkers17 previously
demonstrated a relationship between size and outcome in
the STS database in the setting of AVR. Because female
patients have a smaller body size on average than do

male patients, the increased mortality among female pa-
tients is consistent with reports linking body size to out-
come. Factors that cause this effect of higher female

TABLE 3. Relative changes in frequency of selected patient characteristics between 1997 and 2006

Relative change 95% Confidence interval c2 P value

Age !70 y 10.0% 6.4% to 13.6% 31.997 <.0001

Female "0.3% "3.6% to 3.2% 0.025 .87513

Nonwhite 18.0% 2.8% to 35.6% 5.491 .01911

Body mass index !30 kg/m2 37.9% 31.7% to 44.3% 191.399 <.0001

Diabetes 64.6% 55.5% to 74.1% 299.396 <.0001

Type 1 diabetes 38.7% 22.7% to 56.8% 27.376 <.0001

Hypertension 39.3% 35.7% to 43.0% 603.955 <.0001

Nonelective operation 40.8% 20.9% to 64.1% 19.274 .00001

Emergency operation "51.6% "67.6% to"27.8% 12.648 .00038

Chronic obstructive pulmonary disease 217.9% 165.0% to 281.5% 154.655 <.0001

Chronic obstructive pulmonary disease in subset 38.8% 23.9% to 55.5% 32.11 <.0001

Peripheral vascular disease 10.9% "3.9% to 27.9% 1.994 .15796

Cerebrovascular disease 63.8% 44.9% to 85.2% 62.422 <.0001

Cerebrovascular accident 15.4% 3.6% to 28.6% 6.729 .00949

Renal failure 36.1% 19.5% to 55.1% 21.581 <.0001

Dialysis 26.0% 0.9% to 57.3% 4.168 .04121

Immunosuppressant medication 47.2% 19.2% to 81.7% 12.913 .00033

Previous coronary artery bypass grafting 60.4% 45.0% to 77.5% 83.535 <.0001

Previous valve surgery "24.5% "32.6% to"15.3% 23.248 <.0001

Previous myocardial infarction 25.4% 10.0% to 43.0% 11.433 .00072

Myocardial infarction within 21 d 19.1% "18.8% to 74.6% 0.799 .37146

Congestive heart failure "18.2% "23.9% to"12.1% 29.7 <.0001

Angina 3.2% "5.6% to 12.7% 0.476 .49024

Arrhythmia "25.6% "31.3% to"19.5% 53.366 <.0001

New York Heart Association functional class IV "38.1% "47.1% to"27.4% 35.059 <.0001

New York Heart Association functional class IV in subset "47.2% "55.5% to"37.2% 52.569 <.0001

Ejection fraction<30% "2.3% "15.9% to 13.6% 0.09 .76396

Ejection fraction<30% in subset "9.3% "24.1% to 8.2% 1.176 .27826

Aortic stenosis 11.2% 8.2% to 14.4% 55.839 <.0001

Aortic insufficiency 20.3% 11.9% to 29.3% 25.148 <.0001

Aortic insufficiency in subset "4.7% "14.6% to 6.4% 0.723 .39503

Mechanical valve "58.8% "61.8% to"55.7% 549.909 <.0001

Bioprosthetic valve 79.7% 67.6% to 92.6% 273.527 <.0001

FIGURE 1. Percentage use of bioprosthetic valves relative to mechanical

valves from 1997 through 2006. Bioprosthetic valve use increased progres-

sively during 10 years. Asterisk indicates P< .000001.
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Isolated aortic valve replacement in North America comprising
108,687 patients in 10 years: Changes in risks, valve types, and
outcomes in the Society of Thoracic Surgeons National Database

James M. Brown, MD,a Sean M. O’Brien, PhD,b Changfu Wu, PhD,a Jo Ann H. Sikora, CRNP,a Bartley P. Griffith, MD,a and

James S. Gammie, MDa

Objective: More than 200,000 aortic valve replacements are performed annually worldwide. We describe
changes in the aortic valve replacement population during 10 years in a large registry and analyze outcomes.

Methods: The Society of Thoracic Surgeons National Database was queried for all isolated aortic valve replace-
ments between January 1, 1997, and December 31, 2006. After exclusion for endocarditis and missing age or sex
data, 108,687 isolated aortic valve replacements were analyzed. Time-related trends were assessed by comparing
distributions of risk factors, valve types, and outcomes in 1997 versus 2006. Differences in case mix were sum-
marized by comparing average predicted mortality risks with a logistic regression model. Differences across
subgroups and time were assessed.

Results: There was a dramatic shift toward use of bioprosthetic valves. Aortic valve replacement recipients in
2006 were older (mean age 65.9 vs 67.9 years, P< .001) with higher predicted operative mortality risk (2.75
vs 3.25, P<.001); however, observed mortality and permanent stroke rate fell (by 24% and 27%, respectively).
Female sex, age older than 70 years, and ejection fraction less than 30%were all related to higher mortality, higher
stroke rate and longer postoperative stay. There was a 39% reduction in mortality with preoperative renal failure.

Conclusions:Morbidity and mortality of isolated aortic valve replacement have fallen, despite gradual increases
in patient age and overall risk profile. There has been a shift toward bioprostheses. Women, patients older than 70
years, and patients with ejection fraction less than 30% have worse outcomes for mortality, stroke, and postop-
erative stay.

The first aortic valve replacement (AVR) was performed by
Harken 48 years ago.1 In the setting of aortic valve disease,
patients are predominantly seen with aortic stenosis, which
necessitates valve replacement. Ferguson and colleagues2

reviewed the Society of Thoracic Surgeons (STS) database
with regard to coronary artery bypass grafting. They found
that the population undergoing this procedure had aged
and was at higher risk yet had a lower mortality. Edwards
and associates3 developed a model for risk prediction in
the setting of valve replacement surgery. This model was
validated and proved accurate in predicting outcomes.
Two percent of the population have bicuspid aortic valves,
which are at risk for stenosis.4,5 Four percent of the elderly
population have significant aortic stenosis.6,7 The size of
the population older than 65 years will grow 50% between
2000 and 2030.8,9 Devices for transcatheter AVR are in de-
velopment and clinical investigation. Early results suggest
the feasibility of transcatheter valve therapy10,11; however,
standard outcome measures must continue to drive clinical

behavior. To this end, we explored the last 10 years of iso-
lated AVR in the STS database with regard to the character-
istics and outcomes of this group of patients as a whole and
with time.

MATERIALS AND METHODS
Patient Population

The study population consisted of patients 20 years old or older who un-

derwent isolated AVR at STS-participating hospitals between January 1,

1997, and December 31, 2006. From an initial population of 115,163 iso-
lated AVR cases, we identified a subset of 108,791 patients (94.5%) with-

out a history of endocarditis. From these, we excluded 104 patients (0.1%)

with missing data on two key study variables, age and sex. The final study

population consisted of 108,687 patients from 928 participating hospitals
and surgeon groups. Although 928 participants contributed data during

the study period, the number of participants in any single calendar year

ranged from 365 to 756.

End Points
Outcome measures consisted of in-hospital mortality, permanent stroke,

and postoperative stay. Postdischarge 30-day mortality was not analyzed,

because this end point was not captured consistently by many participants
during the study period.

Analysis
The distributions of patient characteristics and outcomes were summa-

rized with percentages for categorical variables and means and medians
for continuous variables. Differences in the prevalence of risk factors and

outcomes in 1997 versus 2006 were assessed with stratified Mantel–Haens-

zel c2 statistics, with STS participant identity serving as the stratification

variable. Confidence intervals for the relative change in risk factor
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Freedom from SVD – Hancock II 

David T et al. The J of  Thoracic Cardiovascular Surgery 2001;121:268-78 

980 pts (mean age 65.0 yrs) – undergoing AVR+MVR using the Hancock II 
valve between 1982-1994 @ Toronto General Hospital, Toronto, Canada  
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Actuarial freedom from structural valve failure 

Aupart MR et al. J Heart Valve Dis 2006;768-75 

1,133 pts (mean age 72.6 yrs) – undergoing AVR using the Perimount valve 
between 1984-2003 @Trousseau Hospital, F. Rabelais University, Tours France   

99% 

77% 

45% 

Conclusion	  

Results	  

Technic	  

Context	  

INTRO	  



OBADIA	  Jean-‐François 	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  EACTS	  advanced	  course–	  Winsor–	  10-‐11	  July	  2015 	  	  	  	  	  	  	  	  	  	  	  	  Download	  this	  presenta0on	  on	  	  «	  chircardio-‐lyon.org	  »	  	  

Perimount Edwards 

Edwards Lifesciences Perimount brochure 2007 Conclusion	  

Results	  

Technic	  

Context	  

INTRO	  



OBADIA	  Jean-‐François 	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  EACTS	  advanced	  course–	  Winsor–	  10-‐11	  July	  2015 	  	  	  	  	  	  	  	  	  	  	  	  Download	  this	  presenta0on	  on	  	  «	  chircardio-‐lyon.org	  »	  	  

Repeat Heart Valve Surgery 

Jones  J. M. et al.; J Thorac Cardiovasc Surg 2001;122:913-918 

671 pts (mean age 54.7 yrs) – 1st repeat heart valve surgery between 1969-1998 
@Royal Victoria Hospital, Belfast, Northern Ireland   
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FOCUS ISSUE: STRUCTURAL HEART DISEASE Prosthetic Valve Failure

State-of-the-Art Paper

Transcatheter Valve-in-Valve Implantation
for Failed Surgical Bioprosthetic Valves

Ronen Gurvitch, MBBS,*† Anson Cheung, MD,* Jian Ye, MD,* David A. Wood, MD,*
Alexander B. Willson, MBBS,* Stefan Toggweiler, MD,* Ronald Binder, MD,* John G. Webb, MD*

Vancouver, British Columbia, Canada; and Melbourne, Victoria, Australia

When bioprosthetic cardiac valves fail, reoperative valve replacement carries a higher risk of morbidity and mor-
tality compared with initial valve replacement. Transcatheter heart valve implantation may be a viable alterna-
tive to surgical aortic valve replacement for high-risk patients with native aortic stenosis, and valve-in-valve (V-
in-V) implantation has been successfully performed for failed surgical bioprostheses in the aortic, mitral,
pulmonic, and tricuspid positions. Despite some core similarities to transcatheter therapy of native valve dis-
ease, V-in-V therapy poses unique clinical and anatomic challenges. In this paper, we review the challenges, se-
lection criteria, techniques, and outcomes of V-in-V implantation. (J Am Coll Cardiol 2011;58:2196–209)
© 2011 by the American College of Cardiology Foundation

Despite the shorter durability of bioprosthetic cardiac valves
compared with mechanical prostheses, the former are often
used to reduce thromboembolic risk and to avoid anticoag-
ulation and the associated increased risk of bleeding (1,2).
When bioprosthetic valves degenerate, reoperative valve
replacement is the current standard of care (3–5). However,
patients requiring redo valvular surgery are generally at an
increased risk of adverse perioperative events. Factors that
have been shown to portend a higher reoperative risk
include advanced age, renal failure, pulmonary disease,
cognitive impairment, reduced ejection fraction, higher
New York Heart Association functional class, need for
concomitant bypass surgery, need for more than 1 reopera-
tion, and reoperation for failed mitral valves (higher risk
than aortic) (3,5–12). Operative mortality for redo valve
surgery may be higher than 20% in such high-risk patients,
whereas in low-risk patients, it may be !4% (8,12).

Transcatheter aortic valve replacement for native aortic
stenosis has evolved as a viable alternative to open heart
surgery in patients with high or prohibitive surgical risk
(13–20). As transcatheter aortic valve replacement evolved
and clinical outcomes improved, transcatheter treatment of

degenerated bioprosthetic valves became possible using
valve-in-valve (V-in-V) implantation, in which the new
transcatheter valve is inserted inside the degenerated bio-
prosthesis. V-in-V implantation has been successfully per-
formed in degenerated aortic, mitral, pulmonic, and tricus-
pid bioprostheses as well as in pulmonary conduits. A
variety of percutaneous and minimally invasive surgical
techniques have been used. This article reviews the chal-
lenges, selection criteria, techniques, and what is known of
the outcomes of this evolving therapy.
Structural elements of bioprosthetic valves. Contempo-
rary surgical bioprostheses generally incorporate leaflets
derived from porcine valve leaflets or bovine pericardium
(heterograft/xenograft). These are generally preserved in
glutaraldehyde to attenuate calcific degeneration by cross-
linking collagen fibers, reducing antigenicity, and prevent-
ing remodeling of extracellular matrix (21,22). Human
tissue (homograft) is less commonly used. For the less
common pulmonic position, valved conduits of various types
are often used.

Bioprosthetic valves may be stented or stentless. Stented
valves are usually constructed of whole porcine aortic valves
or bovine pericardium, suspended from a support structure
such as a stent or frame (Fig. 1). The support structures of
current valves are composed of various alloys or plastics,
designed to absorb forces on the leaflets during valve
function and maintain structural integrity. The support
structure is attached to a basal ring, which is covered by a
fabric sewing cuff. The basal ring may be circular or scallop
shaped. Newer valve designs often incorporate low-profile
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or supra-aortic design features intended to optimize hemody-
namic functioning (e.g., Mitroflow or Soprano valve, Sorin,
Canada).

Stentless valves are sutured to the root in the position of
a native valve and eliminate the support stent/frame to
improve hemodynamic performance and durability (23,24).
These may be of autograft, heterograft, or homograft origin.
Although stentless valves tend to have better laminar flow
and lower post-operative gradients, clinical outcomes have
not been superior to stented valves (25,26). Some stentless
valves have been associated with exuberant calcification of
the aortic root, posing a particular challenge for reoperation.
Stentless valves pose unique challenges for V-in-V therapy
given the lack of a frame to anchor the new transcatheter
heart valve (THV), and the absence of radiopaque markers
to aid with positioning.
Causes of bioprosthetic valve failure. Failure of biopros-
thetic valves may occur due leaflet failure or nonleaflet
failure or both. Leaflet failures are the result of leaflet
degeneration (wear and tear or calcification) or leaflet
destruction (due to endocarditis). Nonleaflet failures are
typically the result of pannus, thrombus, or paravalvular
leaks. The outcomes of these failures may be stenosis,
regurgitation, or a combination of both. In general, failure
due to calcification, pannus formation, or thrombus results
in valvular stenosis, and failure due to leaflet destruction
(endocarditis) or paravalvular leak results in regurgitation.
In failure due to wear and tear, which is frequently associ-
ated with calcification and abnormal leaflet coaptation,
mixed stenosis/regurgitation is common. With current bio-

prosthetic valves, freedom from
failure at 10 years is between 70%
and 90% and at 15 years between
40% and 70% (22,27–31). Com-
mon risk factors for bioprosthetic
failure include mitral valve posi-
tion, younger age at implanta-
tion, renal failure, and hyperparathyroidism (22,29–31).
Bioprosthetic valve calcification is markedly accelerated in
younger patients, with failure rates as high as 40% at 4 years
in patients younger than 30 years old (29). Not surprisingly,
the lifetime risk of needing reoperation decreases with the
increasing age of the patient (29,32).

When bioprosthetic valves degenerate, calcific deposits
are often located within the leaflet tissue, with particular
predisposition to areas of high leaflet stress (e.g., commis-
sural and attachment points). Glutaraldehyde fixation treat-
ments creating stable crosslinks between collagen aim to
render the valve material inert, although residual glutaral-
dehyde may also serve as calcium binding sites (22). Various
anticalcification treatments aim to reduce residual glutaral-
dehyde or phospholipids (e.g., Medtronic AOS [Medtronic
Inc., Minneapolis, Minnesota] or Edwards ThermaFix
[Edwards Lifesciences, Irvine, California]). Frequently,
leaflet calcification and subsequent tears also result in some
degree of valvular regurgitation. Although calcification is
responsible for the majority of bioprosthetic valve failures,
progressive collagen damage related to a number of immune
and atherosclerotic processes may also be contributory
(33–35). Pannus formation results from growth of host

Figure 1 Schematic Diagram of Stented Bioprosthetic Valves

Valve leaflet (A), stent frame (B), and external sewing ring (C). The internal, outer, and external diameters all represent different dimensions of surgical bioprostheses.

Abbreviations
and Acronyms

THV ! transcatheter heart
valve

V-in-V ! valve-in-valve
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When bioprosthetic cardiac valves fail, reoperative valve replacement carries a higher risk of morbidity and mor-
tality compared with initial valve replacement. Transcatheter heart valve implantation may be a viable alterna-
tive to surgical aortic valve replacement for high-risk patients with native aortic stenosis, and valve-in-valve (V-
in-V) implantation has been successfully performed for failed surgical bioprostheses in the aortic, mitral,
pulmonic, and tricuspid positions. Despite some core similarities to transcatheter therapy of native valve dis-
ease, V-in-V therapy poses unique clinical and anatomic challenges. In this paper, we review the challenges, se-
lection criteria, techniques, and outcomes of V-in-V implantation. (J Am Coll Cardiol 2011;58:2196–209)
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Despite the shorter durability of bioprosthetic cardiac valves
compared with mechanical prostheses, the former are often
used to reduce thromboembolic risk and to avoid anticoag-
ulation and the associated increased risk of bleeding (1,2).
When bioprosthetic valves degenerate, reoperative valve
replacement is the current standard of care (3–5). However,
patients requiring redo valvular surgery are generally at an
increased risk of adverse perioperative events. Factors that
have been shown to portend a higher reoperative risk
include advanced age, renal failure, pulmonary disease,
cognitive impairment, reduced ejection fraction, higher
New York Heart Association functional class, need for
concomitant bypass surgery, need for more than 1 reopera-
tion, and reoperation for failed mitral valves (higher risk
than aortic) (3,5–12). Operative mortality for redo valve
surgery may be higher than 20% in such high-risk patients,
whereas in low-risk patients, it may be !4% (8,12).

Transcatheter aortic valve replacement for native aortic
stenosis has evolved as a viable alternative to open heart
surgery in patients with high or prohibitive surgical risk
(13–20). As transcatheter aortic valve replacement evolved
and clinical outcomes improved, transcatheter treatment of

degenerated bioprosthetic valves became possible using
valve-in-valve (V-in-V) implantation, in which the new
transcatheter valve is inserted inside the degenerated bio-
prosthesis. V-in-V implantation has been successfully per-
formed in degenerated aortic, mitral, pulmonic, and tricus-
pid bioprostheses as well as in pulmonary conduits. A
variety of percutaneous and minimally invasive surgical
techniques have been used. This article reviews the chal-
lenges, selection criteria, techniques, and what is known of
the outcomes of this evolving therapy.
Structural elements of bioprosthetic valves. Contempo-
rary surgical bioprostheses generally incorporate leaflets
derived from porcine valve leaflets or bovine pericardium
(heterograft/xenograft). These are generally preserved in
glutaraldehyde to attenuate calcific degeneration by cross-
linking collagen fibers, reducing antigenicity, and prevent-
ing remodeling of extracellular matrix (21,22). Human
tissue (homograft) is less commonly used. For the less
common pulmonic position, valved conduits of various types
are often used.

Bioprosthetic valves may be stented or stentless. Stented
valves are usually constructed of whole porcine aortic valves
or bovine pericardium, suspended from a support structure
such as a stent or frame (Fig. 1). The support structures of
current valves are composed of various alloys or plastics,
designed to absorb forces on the leaflets during valve
function and maintain structural integrity. The support
structure is attached to a basal ring, which is covered by a
fabric sewing cuff. The basal ring may be circular or scallop
shaped. Newer valve designs often incorporate low-profile
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tissue and is to some extent part of the normal healing
reaction to prosthesis implantation. More than 60% of
explanted valves show evidence of mild pannus at the
tissue-valve interface. In those with severe pannus forma-
tion, leaflet dysfunction can occur largely due to leaflet
stiffness and restricted mobility. An important distinction
must be made between pannus and thrombus, with quali-
tative and quantitative ultrasound intensity on transesoph-
ageal echocardiography helping differentiate them (36).

In patients with bioprosthetic valve regurgitation, clini-
cians must clarify whether it is transvalvular or paravalvular
regurgitation. Although the former may be successfully
treated using V-in-V therapy, the latter is not suitable for
such techniques. Patients with bioprosthetic paravalvular

regurgitation who are deemed unsuitable for reoperation
may, however, benefit from other percutaneous techniques
to occlude the paravalvular leak (37).

Technical Considerations

Transcatheter systems for V-in-V implantation. To date,
3 devices have been described in the setting V-in-V implan-
tation. 1) The Edwards SAPIEN valve (Edwards Life-
sciences) is balloon expandable, composed of a metal stent
frame with bovine pericardial leaflets crimped onto a bal-
loon catheter (15,16) (Fig. 2). Initial models used stainless
steel frames, whereas recent versions use a lower profile
cobalt chromium frame (38). The current SAPIEN XT

Figure 2 The 3 Types of Widely Available Transcatheter Systems

Edwards SAPIEN valve (A) and Edwards Novaflex delivery system (with Edwards SAPIEN XT valve) (B), Medtronic CoreValve (C),
Medtronic CoreValve delivery system (D), Medtronic Melody valve (E), and Medtronic Melody delivery system (F).
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stenosis, valve underexpansion may contribute to hemody-
namically significant residual gradients after V-in-V im-
plantation. Table 4 provides a summary of the hemody-
namic outcomes associated with V-in-V implantation
(57–66).

Valve underexpansion may be expected to affect transval-
vular gradients, effective orifice areas, and leaflet and stent
durability. Post-procedural transaortic mean gradients are in
the range of 10 to 22 mm Hg in most series (range: 4 to 30
mm Hg). In comparison, mean gradients after transcatheter
therapy for native aortic stenosis are generally around 10
mm Hg (67,68). Although elevated gradients may be
acceptable in some patients who cannot undergo open-heart
surgery, they may be inadequate in others with longer
expected survival.

There are currently insufficient long-term outcome data
to understand the clinical sequelae of such residual gradi-
ents. From our own experience, we have yet to see patients

fail to improve or return for further intervention because of
elevated gradients. For example, 2 patients from our cohort
had transaortic gradients of 24 and 27 mm Hg, and at a
follow-up of 610 and 540 days, respectively; both remain
improved and relatively asymptomatic. However, it is likely
that some patients may fail to obtain adequate symptomatic
improvement if sufficiently low transvalvular gradients are
not obtained. V-in-V designs that minimize residual gradi-
ents will become increasingly important as younger and
lower risk patients are treated in the future.

Figure 6
In Vitro Demonstration of a
Transcatheter Valve (Edwards SAPIEN)
Implanted Within a Carpentier Edwards Valve

(A) Incorrect positioning: the transcatheter valve is implanted too high within
the outflow tract of the surgical valve. This may result in splaying of the surgi-
cal valve posts and transcatheter valve embolization. (B) Correct valve posi-
tioning: the transcatheter valve (arrow) is implanted such that it overlaps the
surgical sewing ring, allowing better anchoring and a more secure position.
Reprinted, with permission, from Webb et al. (46).

Figure 7 Fluoroscopic Appearance of
Various Stented Surgical Bioprostheses

Carpentier Edwards (CE) Perimount Standard (A), CE Porcine SupraAnnular (B),
CE pericardial (the radiopaque base ring has 3 “holes”) (C), Hancock II (D),
CE Porcine (E), Mosaic (radiopaque rings at the top of each stent post only)
(F), Mitroflow (G), Epic (very faint base ring only) (H).
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Despite the shorter durability of bioprosthetic cardiac valves
compared with mechanical prostheses, the former are often
used to reduce thromboembolic risk and to avoid anticoag-
ulation and the associated increased risk of bleeding (1,2).
When bioprosthetic valves degenerate, reoperative valve
replacement is the current standard of care (3–5). However,
patients requiring redo valvular surgery are generally at an
increased risk of adverse perioperative events. Factors that
have been shown to portend a higher reoperative risk
include advanced age, renal failure, pulmonary disease,
cognitive impairment, reduced ejection fraction, higher
New York Heart Association functional class, need for
concomitant bypass surgery, need for more than 1 reopera-
tion, and reoperation for failed mitral valves (higher risk
than aortic) (3,5–12). Operative mortality for redo valve
surgery may be higher than 20% in such high-risk patients,
whereas in low-risk patients, it may be !4% (8,12).

Transcatheter aortic valve replacement for native aortic
stenosis has evolved as a viable alternative to open heart
surgery in patients with high or prohibitive surgical risk
(13–20). As transcatheter aortic valve replacement evolved
and clinical outcomes improved, transcatheter treatment of

degenerated bioprosthetic valves became possible using
valve-in-valve (V-in-V) implantation, in which the new
transcatheter valve is inserted inside the degenerated bio-
prosthesis. V-in-V implantation has been successfully per-
formed in degenerated aortic, mitral, pulmonic, and tricus-
pid bioprostheses as well as in pulmonary conduits. A
variety of percutaneous and minimally invasive surgical
techniques have been used. This article reviews the chal-
lenges, selection criteria, techniques, and what is known of
the outcomes of this evolving therapy.
Structural elements of bioprosthetic valves. Contempo-
rary surgical bioprostheses generally incorporate leaflets
derived from porcine valve leaflets or bovine pericardium
(heterograft/xenograft). These are generally preserved in
glutaraldehyde to attenuate calcific degeneration by cross-
linking collagen fibers, reducing antigenicity, and prevent-
ing remodeling of extracellular matrix (21,22). Human
tissue (homograft) is less commonly used. For the less
common pulmonic position, valved conduits of various types
are often used.

Bioprosthetic valves may be stented or stentless. Stented
valves are usually constructed of whole porcine aortic valves
or bovine pericardium, suspended from a support structure
such as a stent or frame (Fig. 1). The support structures of
current valves are composed of various alloys or plastics,
designed to absorb forces on the leaflets during valve
function and maintain structural integrity. The support
structure is attached to a basal ring, which is covered by a
fabric sewing cuff. The basal ring may be circular or scallop
shaped. Newer valve designs often incorporate low-profile
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valve is manufactured with expanded external diameters of
20, 23, 26, and 29 mm, allowing treatment of failed
bioprostheses in all positions. 2) The CoreValve system
(Medtronic Inc.) is composed of a self-expandable nitinol
multilevel frame with porcine pericardial leaflets (Fig. 2).
This valve is available in external diameters of 26 and 29
mm, with additional sizes anticipated. The device is de-
ployed by retraction of a sheath. The valve can only be
mounted in 1 direction within the restraining sheath; hence,
the current device can only be delivered in a retrograde
orientation via a transfemoral or subclavian/axillary/
transaortic approach. The long frame limits its utility for
V-in-V implantation for failed aortic bioprostheses. 3) The
Melody transcatheter valve (Medtronic Inc.) is composed of
a bovine jugular venous valve attached to a platinum iridium
stent scaffold delivered using a balloon-in-balloon system to
facilitate positioning during expansion (Fig. 2). The valve is
designed for use in the pulmonary circulation, mostly to
treat dysfunctional right ventricular outflow tract conduits
or other pulmonary bioprostheses in patients with congen-
ital heart disease.
Manufacturer sizing and labeling of surgical bioprosthetic
heart valves. The methodologies for labeling valve sizes are
not standardized and vary by the different manufacturers.

Internal diameters vary markedly for a given labeled size
(39,40). The labeling of valve sizes may refer to internal or
outer diameters of the valve (in the case of stented valves,
Fig. 1) or the external diameter for most stentless valves. In
most cases, the labeled size of a stented valve refers to the
stent outer diameter (apart from the Soprano valve in which
the label reflects the internal diameter). Different biopros-
theses with the same label size frequently have different
internal diameters and external sewing ring diameters. The
external sewing ring diameter generally reflects the original
native annulus diameter as measured by the surgeon at the
time of the original valve implantation.

The exact internal dimensions of a surgical bioprosthesis
are those that are most relevant for V-in-V therapy, and in
the case of most stented valves, these diameters are signif-
icantly smaller than the labeled valve size. Most stented
bioprostheses with labeled diameters of 19 to 21 mm may
have internal diameters that are too small to achieve
acceptable hemodynamics with V-in-V therapy. Given the
heterogeneity of valve types and sizing nomenclature, oper-
ators contemplating V-in-V therapy must familiarize them-
selves with the structural elements and dimensions of the
specific bioprosthesis that they are treating. Obtaining a
detailed operative report is critical. Tables 1, 2, and 3

Valve Dimensions for Selected 18- to 23-mm Stented Surgical Bioprostheses,per Manufacturer Product InformationTable 1 Valve Dimensions for Selected 18- to 23-mm Stented Surgical Bioprostheses,
per Manufacturer Product Information

Valve
Label Size Valve Type/Model (Manufacturer)

Sewing Ring External
Diameter, mm

Stent Outer
Diameter, mm

Stent Internal
Diameter, mm

18 Soprano (Sorin Biomedica) 26 21 17.8

19 Magna (Edwards Lifesciences) 24 19 18

Perimount (Edwards Lifesciences) 26 19 18

Mosaic (Medtronic) 25 19 17.5

Hancock Ultra (Medtronic) 24 19 17.5

Hancock II (Medtronic) N/A N/A N/A

Mitroflow (Sorin Biomedica) 21 18.6 15.4

Trifecta (St. Jude Medical) 24 19 N/a

Epic/Biocor (St. Jude Medical) N/A N/A N/A

Epic Supra/Biocor Supra (St. Jude Medical) N/A N/A N/A

20 Soprano (Sorin Biomedica) 28 23 19.8

21 Magna (Edwards Lifesciences) 26 21 20

Perimount (Edwards Lifesciences) 29 21 20

Mosaic/Hancock II (Medtronic) 27 21 18.5

Hancock/Hancock Ultra (Medtronic) 26 21 18.5

Mitroflow (Sorin Biomedica) 23 20.7 17.3

Trifecta (St. Jude Medical) 26 21 N/A

Epic/Biocor (St. Jude Medical) N/A 21 19

Epic Supra/Biocor Supra (St. Jude Medical) N/A 21 21

22 Soprano (Sorin Biomedica) 30 25 21.7

23 Magna (Edwards Lifesciences) 28 23 22

Perimount (Edwards Lifesciences) 31 23 22

Mosaic/Hancock II (Medtronic) 30 23 20.5

Hancock/Hancock Ultra (Medtronic) 28 23 22

Mitroflow (Sorin Biomedica) 26 22.7 19

Trifecta (St. Jude Medical) 28 23 N/A

Epic/Biocor (St. Jude Medical) N/A 23 21

Epic Supra/Biocor Supra (St. Jude Medical) N/A 23 23

N/A ! not available.
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Despite the shorter durability of bioprosthetic cardiac valves
compared with mechanical prostheses, the former are often
used to reduce thromboembolic risk and to avoid anticoag-
ulation and the associated increased risk of bleeding (1,2).
When bioprosthetic valves degenerate, reoperative valve
replacement is the current standard of care (3–5). However,
patients requiring redo valvular surgery are generally at an
increased risk of adverse perioperative events. Factors that
have been shown to portend a higher reoperative risk
include advanced age, renal failure, pulmonary disease,
cognitive impairment, reduced ejection fraction, higher
New York Heart Association functional class, need for
concomitant bypass surgery, need for more than 1 reopera-
tion, and reoperation for failed mitral valves (higher risk
than aortic) (3,5–12). Operative mortality for redo valve
surgery may be higher than 20% in such high-risk patients,
whereas in low-risk patients, it may be !4% (8,12).

Transcatheter aortic valve replacement for native aortic
stenosis has evolved as a viable alternative to open heart
surgery in patients with high or prohibitive surgical risk
(13–20). As transcatheter aortic valve replacement evolved
and clinical outcomes improved, transcatheter treatment of

degenerated bioprosthetic valves became possible using
valve-in-valve (V-in-V) implantation, in which the new
transcatheter valve is inserted inside the degenerated bio-
prosthesis. V-in-V implantation has been successfully per-
formed in degenerated aortic, mitral, pulmonic, and tricus-
pid bioprostheses as well as in pulmonary conduits. A
variety of percutaneous and minimally invasive surgical
techniques have been used. This article reviews the chal-
lenges, selection criteria, techniques, and what is known of
the outcomes of this evolving therapy.
Structural elements of bioprosthetic valves. Contempo-
rary surgical bioprostheses generally incorporate leaflets
derived from porcine valve leaflets or bovine pericardium
(heterograft/xenograft). These are generally preserved in
glutaraldehyde to attenuate calcific degeneration by cross-
linking collagen fibers, reducing antigenicity, and prevent-
ing remodeling of extracellular matrix (21,22). Human
tissue (homograft) is less commonly used. For the less
common pulmonic position, valved conduits of various types
are often used.

Bioprosthetic valves may be stented or stentless. Stented
valves are usually constructed of whole porcine aortic valves
or bovine pericardium, suspended from a support structure
such as a stent or frame (Fig. 1). The support structures of
current valves are composed of various alloys or plastics,
designed to absorb forces on the leaflets during valve
function and maintain structural integrity. The support
structure is attached to a basal ring, which is covered by a
fabric sewing cuff. The basal ring may be circular or scallop
shaped. Newer valve designs often incorporate low-profile
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manipulation of the delivery system or guidewire may then
be required to achieve coaxial alignment. For radiolucent
valves (e.g., stentless) angiography with a pigtail catheter in
one of the valve cusps and transesophageal echocardio-
graphic guidance may be helpful.

When treating failed pulmonic homografts/conduits,
pre-stenting with a bare metal stent may provide additional
radial strength and reduce the risk of stent fracture with the
Melody valve. Similarly, pre-stenting may provide a longer
“landing zone” with a greater margin of safety during
positioning with the relatively short Edwards SAPIEN/XT
valve (less necessary when treating failed stented biopros-
theses that may provide an adequate support structure).
Pre-stenting with a covered stent may also reduce the risk
associated with conduit rupture when this is a concern.
Pacing. The Edwards valves have generally been deployed
with rapid ventricular pacing to aid accurate positioning
of the relatively short valve. This may not be required in
the lower pressure venous system; although, if cardiac
motion is problematic, we have used either rapid pacing
or induced ventricular fibrillation. The Medtronic Mel-
ody valve is generally deployed without rapid pacing in
the more commonly treated pulmonary and tricuspid

positions (50), but with pacing in the aortic position.
Rapid pacing is generally not used when using the
CoreValve device, although this may be of value during
difficult deployment, particularly when treating a severely
regurgitant bioprosthesis.

Results

Early pre-clinical studies. Boudjemline et al. (53) evalu-
ated the concept of mitral V-in-V therapy in a sheep model.
A bovine jugular valve was mounted onto a stent and
implanted off-pump using a transatrial approach. Walther et
al. (54) evaluated the use of a more contemporary transcath-
eter system in both the aortic and mitral positions in pigs.
Edwards THVs were implanted into Carpentier Edwards
xenografts transapically in the beating heart model. Azadani
et al. (55) evaluated the hemodynamic performance of
23-mm THVs within degenerated surgical bioprostheses.
They demonstrated in an in vitro model that incomplete
stent expansion resulted in leaflet distortion and central
regurgitation when implanted in 19- and 21-mm biopros-
theses. In a subsequent report, the same group used a

Figure 3 Mitral Valve-in-Valve

(A) Fluoroscopic image of a regurgitant Carpentier Edwards valve in the mitral position, with the stent frame radiopaque (white arrow). The valve is perpendicular to the
image intensifier. (B) Same valve is shown “down the barrel.” This would be a poor angiographic projection in which to position a transcatheter valve. (C) Perpendicular
projection after implantation of an Edwards SAPIEN valve. (D) “Down the barrel” projection after implantation of an Edwards SAPIEN valve (black arrow) inside the old
valve (white arrow).
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Transcatheter Valve-in-Valve Implantation
for Failed Surgical Bioprosthetic Valves

Ronen Gurvitch, MBBS,*† Anson Cheung, MD,* Jian Ye, MD,* David A. Wood, MD,*
Alexander B. Willson, MBBS,* Stefan Toggweiler, MD,* Ronald Binder, MD,* John G. Webb, MD*

Vancouver, British Columbia, Canada; and Melbourne, Victoria, Australia

When bioprosthetic cardiac valves fail, reoperative valve replacement carries a higher risk of morbidity and mor-
tality compared with initial valve replacement. Transcatheter heart valve implantation may be a viable alterna-
tive to surgical aortic valve replacement for high-risk patients with native aortic stenosis, and valve-in-valve (V-
in-V) implantation has been successfully performed for failed surgical bioprostheses in the aortic, mitral,
pulmonic, and tricuspid positions. Despite some core similarities to transcatheter therapy of native valve dis-
ease, V-in-V therapy poses unique clinical and anatomic challenges. In this paper, we review the challenges, se-
lection criteria, techniques, and outcomes of V-in-V implantation. (J Am Coll Cardiol 2011;58:2196–209)
© 2011 by the American College of Cardiology Foundation

Despite the shorter durability of bioprosthetic cardiac valves
compared with mechanical prostheses, the former are often
used to reduce thromboembolic risk and to avoid anticoag-
ulation and the associated increased risk of bleeding (1,2).
When bioprosthetic valves degenerate, reoperative valve
replacement is the current standard of care (3–5). However,
patients requiring redo valvular surgery are generally at an
increased risk of adverse perioperative events. Factors that
have been shown to portend a higher reoperative risk
include advanced age, renal failure, pulmonary disease,
cognitive impairment, reduced ejection fraction, higher
New York Heart Association functional class, need for
concomitant bypass surgery, need for more than 1 reopera-
tion, and reoperation for failed mitral valves (higher risk
than aortic) (3,5–12). Operative mortality for redo valve
surgery may be higher than 20% in such high-risk patients,
whereas in low-risk patients, it may be !4% (8,12).

Transcatheter aortic valve replacement for native aortic
stenosis has evolved as a viable alternative to open heart
surgery in patients with high or prohibitive surgical risk
(13–20). As transcatheter aortic valve replacement evolved
and clinical outcomes improved, transcatheter treatment of

degenerated bioprosthetic valves became possible using
valve-in-valve (V-in-V) implantation, in which the new
transcatheter valve is inserted inside the degenerated bio-
prosthesis. V-in-V implantation has been successfully per-
formed in degenerated aortic, mitral, pulmonic, and tricus-
pid bioprostheses as well as in pulmonary conduits. A
variety of percutaneous and minimally invasive surgical
techniques have been used. This article reviews the chal-
lenges, selection criteria, techniques, and what is known of
the outcomes of this evolving therapy.
Structural elements of bioprosthetic valves. Contempo-
rary surgical bioprostheses generally incorporate leaflets
derived from porcine valve leaflets or bovine pericardium
(heterograft/xenograft). These are generally preserved in
glutaraldehyde to attenuate calcific degeneration by cross-
linking collagen fibers, reducing antigenicity, and prevent-
ing remodeling of extracellular matrix (21,22). Human
tissue (homograft) is less commonly used. For the less
common pulmonic position, valved conduits of various types
are often used.

Bioprosthetic valves may be stented or stentless. Stented
valves are usually constructed of whole porcine aortic valves
or bovine pericardium, suspended from a support structure
such as a stent or frame (Fig. 1). The support structures of
current valves are composed of various alloys or plastics,
designed to absorb forces on the leaflets during valve
function and maintain structural integrity. The support
structure is attached to a basal ring, which is covered by a
fabric sewing cuff. The basal ring may be circular or scallop
shaped. Newer valve designs often incorporate low-profile
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1. Paravalvular: arising between the native valve and the
original failed bioprosthetic valve. THV implantation
is unlikely to ameliorate this, and paravalvular leak
closure with an occlusive plug may be an option.

2. Intervalvular: arising from the area between the old
“outer” bioprosthetic valve and the new “inner” trans-
catheter valve. This may occur from incomplete THV
expansion (undersizing, severe calcification of biopros-
thetic valve leaflets). This has not been a major issue in
published series thus far.

3. Transvalvular: arising through the newly implanted
THV. This may occur from incomplete leaflet coap-
tation due to an oversized and deformed THV or a
THV leaflet “stuck” in an open position. This has not
been a major issue in published series thus far.

Coronary concerns. Most stented surgical bioprostheses
have leaflet tissue mounted internal to the stent frame (Fig. 11).
To some extent, this ensures that degenerated bioprosthetic
tissue will not be displaced external to the valve posts. When
bioprosthetic tissue is mounted external to the valve frame or
there is no stent frame, there is no such assurance. For
example, acute coronary ostial occlusion by displaced exter-
nally mounted pericardial tissue has been reported after
V-in-V implantation within the Mitroflow valve (Sorin
Group, Burnaby, British Columbia, Canada) (69), although
many successful and uncomplicated such implantations have
also been performed. Coronary obstruction has similarly
been observed with stentless prostheses. It is reasonable to
think that post–V-in-V implantation coronary compromise
might also occur with other failed bioprostheses that have
externally mounted leaflets, are nonstented, implanted in a

supra-annular position, or have unusually bulky diseased
leaflets, particularly in patients with low-lying coronary ostia
and shallow sinuses. When considering aortic V-in-V im-

Figure 10 Possible Sources of Regurgitation After
V-in-V Implantation

“Down the barrel/end on” image of an Edwards SAPIEN valve (white arrow)
implanted within a Medtronic Mosaic valve (black arrows indicate the
radiopaque markers). The large surrounding circle represents surrounding
native tissue. Regurgitation may arise from 3 areas depicted schematically by
the 3 black circles: 1, paravalvular, arising between the native tissue and the
original failed bioprosthetic valve; 2, intervalvular, arising from the area
between the old “outer” surgical valve and the new “inner” transcatheter valve;
and 3, transvalvular, arising from within the transcatheter valve.

Clinical and Hemodynamic Outcomes of V-in-V ImplantationTable 4 Clinical and Hemodynamic Outcomes of V-in-V Implantation

Valve Position

First Author (Ref. #) No. of Valves Reported THV Implanted Residual Transvalvular Gradient, mm Hg 30-Day Survival

Aortic

Khawaja et al. (42) 4 CoreValve PG 30–39 100%

Maroto et al. (57) 2 Edwards SAPIEN PG 13 and 17 Not reported

Pasic et al. (58) 14 Edwards SAPIEN MG 3–23 (mean MG 13.1 ! 6.4) 86%

Seiffert et al. (59) 4 Edwards SAPIEN MG 12–30 (mean MG 19.0 ! 12.4) 75%

Kempfer et al. (60) 11 Edwards SAPIEN MG 11 ! 4 100%

Gotzmann et al. (61) 5 CoreValve Mean MG 16.4 ! 3.6 100%

Webb et al. (46) 10 Edwards SAPIEN Mean MG 20.2 ! 6.7 100%

Mitral

Cheung et al. (43) 11 Edwards SAPIEN Mean MG 7 (range 5–8) 100%

Seiffert et al. (59) 1 Edwards SAPIEN MG 3 0%

De Weger et al. (62) 1 Edwards SAPIEN (into a failed mitral annuloplasty ring) MG 4 100%

Cerillo et al. (44) 3 Edwards SAPIEN MG 4–9 75%

Tricuspid

Roberts et al. (48) 15 Melody MG 3.9 93%

Webb et al. (46) 1 Edwards SAPIEN MG 4 100%

Cerillo et al. (44) 1 Edwards SAPIEN MG 9 100%

Van Garsee et al. (63) 1 Edwards SAPIEN MG 2 Not reported

Pulmonic

Zahn et al. (64) 34 Melody Mean MG 17.3 ! 7.3 100%

Khambadkone et al. (65) 59 Early version of the Melody valve Mean MG 19.5 ! 15.3 100%

Boone et al. (66) 7 Edwards SAPIEN MG 14.9 ! 6.9 100%

McElhinney et al. (47) 124 Melody Median peak 12 99%

MG " mean gradient; PG " peak gradient; THV " transcatheter heart valve.
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Regurgitation post–V-in-V. Although paravalvular leaks
are common after transcatheter aortic valve replacement for
native aortic stenosis, regurgitation appears to be absent or
mild in most published V-in-V reports thus far. The

circular sewing ring of surgical bioprostheses appears to
facilitate intervalvular sealing. We suggest reporting 3
sources of regurgitation in the context of V-in-V therapy
(Fig. 10):

Figure 8 Fluoroscopic Positioning for V-in-V Implantation for Bioprosthetic Aortic Valve Failure

Importance of knowing the radiological appearance of the surgical valve treated. (A) Carpentier Edwards pericardial valve (the wire frame within the valve posts is visible,
although the rigid sewing ring below this required for V-in-V fixation is radiolucent in this model). (B) Positioning of the Edwards SAPIEN just below the lowest radiopaque
portion (arrow indicates lowest portion of the SAPIEN valve). (C) Sorin Mitroflow valve. (D) Positioning the Edwards SAPIEN just below the lowest radiopaque portion. (E)
Medtronic Mosaic valve: the radiopaque markers are near the top of the surgical stent posts (black arrows), hence the valve is positioned completely below these mark-
ers (white arrows). (F) Deployed Edwards SAPIEN valve. The “waist” at the lower part of the implanted valve demonstrates the narrowest location of the surgical valve
(white arrow). The SAPIEN valve remained slightly underexpanded, and the residual mean gradient was 30 mm Hg.

Figure 9 Perpendicular Alignment for Implantation

Flouroscopic images of a Carpentier Edwards pericardial valve in the mitral position. (A) In the posterior-anterior projection, the valve is not perpendicular to the image
intensifier, leading to foreshortening. (B) In the 25o right anterior oblique projection, the valve is now perpendicular/orthogonal to the image intensifier, allowing more
accurate positioning of a transcatheter valve.

2205JACC Vol. 58, No. 21, 2011 Gurvitch et al.
November 15, 2011:2196–209 Valve-in-Valve Therapy for Failed Surgical Valves

plants, the relationship of the failed valve to the coronary
ostia must be carefully evaluated.

Conclusions

Initial results with V-in-V therapy are very encouraging.
However, in the absence of rigorous evaluation and long-
term follow-up, V-in-V therapy is probably best considered
only for patients who present with a prohibitive reoperative
risk. Therapy of small (e.g., !21-mm aortic valves) should
be approached with caution as significant residual gradients
may remain with currently available valves. Operators should
be encouraged to share their experience, whether favorable or
unfavorable. Future technologic advances may continue to
improve both hemodynamic and clinical outcomes.

Reprint requests and correspondence: Dr. John G. Webb, St.
Paul’s Hospital, 1081 Burrard Street, Vancouver, British Colum-
bia V6Z 1Y6, Canada. E-mail: john.webb@vch.ca.
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Figure 11 Selected Stented Surgical Bioprosthetic Valves

Carpentier Edwards Perimount (A), Medtronic Mosaic (B), St. Jude Medical EPIC (C), and Sorin Medical Mitroflow (D) valves.
In A to C, the leaflets are inside the stent frame. In D, the leaflets are outside of the stent frame (the stent frame is not visible).
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The Valve-in-Valve Technique for
Treatment of Aortic Bioprosthesis Malposition
An Analysis of Incidence and 1-Year Clinical Outcomes
From the Italian CoreValve Registry

Gian Paolo Ussia, MD,*† Marco Barbanti, MD,* Angelo Ramondo, MD,‡ Anna Sonia Petronio, MD,§
Federica Ettori, MD,! Gennaro Santoro, MD,¶ Silvio Klugmann, MD,# Francesco Bedogni, MD,**
Francesco Maisano, MD,†† Antonio Marzocchi, MD,‡‡ Arnaldo Poli, MD,§§
Massimo Napodano, MD,‡ Corrado Tamburino, MD, PHD*†
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Objectives We appraised the incidence and clinical outcomes of patients who were treated with the valve-in-valve (ViV)
technique for hemodynamically destabilizing paraprosthetic leak (PPL).

Background Device malpositioning causing severe PPL after transcatheter aortic valve implantation is not an uncommon finding.
It occurs after release of the prosthesis, leading to hemodynamic compromise. It can be managed successfully in
selected cases with implantation of a second device inside the malpositioned primary prosthesis (ViV technique).

Methods Consecutive patients (n ! 663) who underwent transcatheter aortic valve implantation with the 18-F CoreValve
ReValving System (Medtronic, Inc., Minneapolis, Minnesota) at 14 centers across Italy were included in this pro-
spective web-based registry. We identified patients treated with the ViV technique for severe PPL and analyzed
their clinical and echocardiographic outcomes. Primary end points were major adverse cerebrovascular and car-
diac events and prosthesis performance at the 30-day and midterm follow-up.

Results Overall procedural success was obtained in 650 patients (98.0%). The ViV technique was used in 24 (3.6%) of
663 patients. The 30-day major adverse cerebrovascular and cardiac event rates were 7.0% and 0% in patients
undergoing the standard procedure and ViV technique, respectively (p ! 0.185); the mortality rates were 5.6%
versus 0% in patients undergoing the standard procedure and ViV technique, respectively (p ! 0.238). There was
an improvement in the mean transaortic gradient in all patients without significant difference between the 2
groups (from 52.1 " 17.1 mm Hg and 45.4 " 14.8 mm Hg [p ! 0.060] to 10.1 " 4.2 mm Hg and 10.5 " 5.2
mm Hg, respectively [p ! 0.838]). At 12 months, the major adverse cerebrovascular and cardiac event rates in
the standard procedure and ViV technique groups were 4.5% and 14.1%, respectively (p ! 0.158), and the mor-
tality rates were 4.5% versus 13.7%, respectively (p ! 0.230).

Conclusions This large, multicenter registry provides important information about the feasibility, safety, and efficacy of the
ViV technique with the third-generation CoreValve ReValving System. The clinical and echocardiographic end
points compare favorably with those of patients undergoing the standard procedure. The ViV technique offers a
viable therapeutic option in patients with acute significant PPL without recourse to emergent surgery. (J Am
Coll Cardiol 2011;57:1062–8) © 2011 by the American College of Cardiology Foundation

Transcatheter aortic valve implantation (TAVI) has matured
into a viable treatment alternative for patients with severe aortic
stenosis at high-risk for conventional aortic valve replacement
(1,2). Large registries have indicated that TAVI can be
accomplished successfully with acute and midterm clinical

outcomes that compare favorably with those of aortic valve
replacement (1,2).

TAVI is technically a challenging procedure even for
experienced operators. A careful assessment of the anatomic
features of the aortic apparatus is an integral part of the
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procedure (3). Accurate positioning of the device with respect
to the aortic annulus is critical for ensuring a successful
procedure, whereas suboptimal deployment can result in sig-
nificant hemodynamic compromise that is poorly tolerated and
portends a poor procedural and clinical outcome.

It is almost impossible to reposition fully the current
commercially available devices after initial deployment.
Several percutaneous techniques have been described to
manage suboptimal prosthesis deployment without recourse
to surgical bailout therapy (4,5).

Paraprosthetic leak (PPL) is a common finding after device
deployment (1,2). It is usually mild and well tolerated (1,2).
Rarely, it is severe and induces hemodynamic instability (1,2).
The mechanism of PPL in cases of suboptimal deployment of
the CoreValve ReValving System (CRS) (Medtronic, Inc.,
Minneapolis, Minnesota) already has been described (4).
Moreover, the feasibility of implanting a second prosthesis
inside the first malfunctioning CRS device with the valve-in-
valve (ViV) technique has been reported (4,5).

In the present multicenter prospective study, including a
cohort of patients undergoing TAVI with the 18-F CRS
device, we analyzed the incidence and characteristics of PPL
requiring a second device with the ViV technique and report
clinical and echocardiographic outcomes at 1 year of follow-up.

Methods

Consecutive patients (n ! 663)
undergoing TAVI with the 18-F
CRS at 14 centers across Italy
were enrolled prospectively in a
dedicated web-based database.
Patient eligibility criteria, regis-
try design, features of the third-
generation CRS, and technical
details of the procedure have
been described elsewhere (1,6).
End point definitions. Proce-
dural success was defined as device deployment with fall of
transaortic peak-to-peak gradient, without any periprocedural
major adverse cardiovascular and cerebrovascular event
(MACCE) within 24 h of prosthesis implantation.

MACCE were defined as the composite of death resulting
from any cause, myocardial infarction, stroke, or conversion to
open heart surgery. Myocardial infarction was defined as
creatinine kinase-MB enzyme elevation 3 times the upper limit
of the normal value. Major access site complication was defined
as vascular rupture with fatal bleeding or need for urgent
vascular surgery or transcatheter repair. Major bleeding was

Baseline CharacteristicsTable 1 Baseline Characteristics

Overall Population
(n ! 663)

No ViV Group
(n ! 639)

ViV Group
(n ! 24) p Value

Age, yrs 81.0 " 7.3 81.0 " 7.3 80.3 " 6.2 0.656

Female 371 (56.0) 358 (56.0) 13 (54.1) 0.857

Diabetes mellitus 175 (26.4) 171 (26.7) 4 (16.6) 0.271

Coronary artery disease 320 (48.3) 306 (47.9) 14 (58.3) 0.315

Prior acute pulmonary edema 213 (32.1) 203 (31.8) 10 (41.7) 0.308

Prior balloon valvuloplasty 113 (17.0) 111 (17.4) 2 (8.3) 0.193

Prior myocardial infarction 143 (21.6) 138 (21.6) 5 (20.9) 0.929

Prior stroke 48 (7.2) 45 (7.0) 3 (12.5) 0.248

Prior bypass graft surgery 104 (15.7) 100 (15.6) 4 (16.7) 0.535

Prior percutaneous coronary intervention 189 (28.5) 181 (28.3) 8 (33.3) 0.594

Peripheral vascular disease 127 (19.2) 123 (19.2) 4 (16.7) 0.500

Chronic obstructive pulmonary disease 141 (21.3) 136 (21.3) 5 (20.8) 0.958

Cirrhosis Child class A or B 13 (2.0) 11 (1.7) 2 (8.3) 0.077

Prior neoplasia 84 (12.7) 79 (12.4) 5 (20.8) 0.176

Renal insufficiency* 154 (23.2) 149 (23.3) 5 (20.8) 0.777

Atrial fibrillation 109 (16.4) 106 (16.6) 3 (12.5) 0.424

Prior pacemaker 42 (6.3) 41 (6.4) 1 (4.2) 0.542

Porcelain aorta 72 (10.9) 72 (11.3) 0 (0.0) 0.060

NYHA functional class III and IV 434 (71.5) 415 (64.9) 19 (79.2) 0.486

Logistic EuroSCORE, % 23.0 " 13.7 22.9 " 13.7 23.6 " 14.3 0.803

Baseline echocardiographic parameters

Left ventricular ejection fraction, % 52.1 " 25.5 52.2 " 25.9 49.3 " 15.1 0.581

Peak pressure gradient, mm Hg 83.7 " 25.2 83.9 " 25.2 79.0 " 22.4 0.359

Mean pressure gradient, mm Hg 51.8 " 17.0 52.0 " 17.1 45.4 " 14.8 0.062

Annulus diameter, mm 22.2 " 2.2 22.1 " 2.1 23.6 " 2.7 0.010†

Aortic regurgitation 3# or 4# 35 (5.3) 33 (5.1) 2 (8.3) 0.365

Values are mean " SD or n (%). *Defined as serum creatinine $1.5 mg/dl. †Significant differences between patients who underwent standard procedure and those who underwent 2-valve implantation.
NYHA ! New York Heart Association; ViV ! valve-in-valve.
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procedure (3). Accurate positioning of the device with respect
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defined as severe bleeding associated with transfusion of 5 U or
more of packed red blood cells.
Statistical analysis. Continuous variables are presented as
mean ! SD and were compared with the use of the paired t
test or the Wilcoxon signed-rank test, as applicable. Categor-
ical variables are presented as counts and percentages and
compared with the use of the Fisher exact or chi-square test, as
appropriate. A 2-sided p value "0.05 was considered statisti-
cally significant. MACCE and mortality rates and actuarial
freedom from adverse events were estimated by using the
Kaplan-Meier method, and differences between the groups
were evaluated with the log-rank test. All data were processed
using the Statistical Package for Social Sciences version 18
(SPSS, Inc., Chicago, Illinois).

Results

A total of 663 patients (mean age, 81.0 ! 7.3 years; mean
logistic EuroSCORE, 23.0 ! 13.7%) who underwent TAVI
were included in this analysis. No statistically significant
difference was observed in terms of baseline clinical character-
istics between patients who underwent the standard procedure
(non-ViV group) and those requiring an additional prosthesis
with the ViV technique (ViV group) (Table 1). The mean
annulus diameter measured by transthoracic echocardiogram
or transesophageal echocardiogram was larger in the ViV
group (22.1 ! 2.12 mm vs. 23.6 ! 2.7 mm; p # 0.010).
Transfemoral access was the preferred route for implantation
used in a large majority of patients (n # 599; 90.3%).

Subclavian access was used as an alternative in cases with
unfavorable ileofemoral anatomic characteristics (n # 54;
8.1%). Implantation of the 26-mm CRS prosthesis was more
frequent (n # 394; 59.4%) than implantation of the 29-mm
device (n # 269; 40.9%).
Procedural outcomes. In the following paragraph, presen-
tation style for parameter results is XX/XX/XX for overall/
non-ViV/ViV groups (p value for non-ViV group vs. ViV
group). Procedural outcomes are reported in Table 2. The ViV
technique was associated with longer procedural time (p #
0.001) and fluoroscopy time (p " 0.001).

Overall procedural success rate was high: 98%/97.9%/100%
(p # 0.616). Intraprocedural mortality (0.9%/0.9%/0%; p #
0.801) and MACCE (2.7%/2.8%/0%; p # 0.510) were similar
in all groups. No significant differences were observed in the
treatment groups in the occurrence of other important com-
plications such as major access site complications (2.0%/3.7%/
4.2%; p # 0.348) or cardiac tamponade (1.2%/1.2%/0%; p #
0.743).

Prosthesis underexpansion was managed in all cases with
post-implant balloon dilation, whereas prosthesis migration
occurred in 4 cases and was managed successfully with implan-
tation of 2 (in-series) Corevalve prostheses (Medtronic, Inc.)
(n # 2), 1 conversion to surgery, and 1 balloon aortic
valvuloplasty.

Of all the patients in ViV group (n # 24), the 26-mm CRS
was implanted as the primary device in 15 patients (62.4%) and
the larger 29-mm prosthesis was implanted in 9 patients

Procedural OutcomesTable 2 Procedural Outcomes

Overall Population
(n ! 663)

No ViV Group
(n ! 639)

ViV Group
(n ! 24) p Value

Procedural variables, min

Procedure time 79.1 ! 33.6 78.0 ! 33.4 101.3 ! 30.8 0.001*

Fluoroscopy time 21.3 ! 13.3 20.6 ! 12.2 35.9 ! 25.5 "0.001*

Approach 0.306

Transfemoral 599 (90.3) 576 (90.1) 23 (90.4)

Transsubclavian 64 (9.7) 63 (9.9) 1 (9.6)

Device† 0.898

CRS 26 mm 394 (59.4) 379 (59.3) 15 (62.5)

CRS 29 mm 269 (40.6) 260 (40.7) 9 (37.5)

Ratio CRS diameter/aortic annulus‡ 1.23 ! 0.1 1.23 ! 0.1 1.21 ! 0.9 0.397

Post dilation 68 (10.2) 56 (8.8) 12 (50) "0.001*

Procedural success 650 (98.0) 626 (97.9) 24 (100) 0.616

Valve embolization 4 (0.6) 4 (0.6) 0 (0.0) 0.831

Death 6 (0.9) 6 (0.9) 0 (0.0) 0.801

Myocardial infarction 0 (0) 0 (0) 0 (0.0) 1.000

Stroke 8 (1.2) 8 (1.2) 0 (0.0) 0.743

Conversion to open heart surgery 5 (0.8) 5 (0.8) 0 (0.0) 0.831

MACCE 18 (2.7) 18 (2.8) 0 (0.0) 0.510

Major access site complications 13 (2.0) 12 (3.7) 1 (4.2) 0.384

Cardiac tamponade 8 (1.2) 8 (1.2) 0 (0.0) 0.743

Values are mean ! SD or n (%). *Significant differences between patients who underwent standard procedure and those who underwent 2-valve implantation. †Refers to the first prosthesis implanted.
‡Aortic annulus measured by transthoracic echocardiogram.

CRS # CoreValve Revalving System; MACCE # major adverse cardiovascular and cerebrovascular event(s); ViV # valve-in-valve.
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a strategy to manage prosthesis malposition in the catheteriza-
tion laboratory, trying to avoid bailout cardiac surgery, because
commercially available devices are extremely limited in their
ability for repositioning after initial deployment (4,5).

Several percutaneous bailout strategies have been developed
to address failed implantation, but few attempts have been
made to estimate the frequency and to discuss the follow-up
outcomes of these procedural issues (4). The ViV technique is
one of the most interesting interventional options to manage
device malposition that can occur during TAVI (4,5). To date,
the literature provides only a few anecdotal cases that demon-
strate the feasibility of this approach and show its midterm
effectiveness in isolated patients (5). In this study, we compared
acute and up to 12-month outcomes of patients undergoing
the standard procedure and those who had a second prosthesis
implanted inside the first one with the ViV technique as a
result of severe PPL.

A number of important messages emerge from this multi-
center registry. First, implantation of the CRS device was
performed with a very high success rate (98%) across different
centers, suggesting increasing operator familiarity and confi-
dence with the CRS device. The ViV technique was used in 24
patients (3.6%); among them, 62.5% received a 26-mm CRS

and 37.5% received a 29-mm CRS as their primary device. The
most common type of device malposition was deployment that
was too low inside the LVOT (75% of cases), whereas a higher
implantation relative to the aortic annulus occurred less fre-
quently. In more than one half of cases, balloon dilation was
necessary to optimize the expansion of the second device. This
was accomplished without any damage to the leaflets or aortic
root structures.

Second, the procedural, 30-day, and 12-month outcomes of
the ViV group are not different from the outcomes of those
who underwent the uneventful procedure. Procedural success
was obtained in 100% of the ViV patients, with no periproce-
dural death. Overall survival as well as freedom from MACCE
at 1 and 12 months were not statistically different between the
2 groups, with high 12-month survival (86.3% vs. 95.5%,
non-VIV vs. ViV group, respectively). Midterm prosthesis
performances were good. No cases of valve deterioration or
new onset of central or perivalvular regurgitation were ob-
served. In addition, there were no reports of thrombotic or
embolic events in the ViV group, which reflects well on the
design features and the endothelialization of the CRS device.
The initial clinical and echocardiographic successes were main-
tained for up to 1 year in all patients.

Figure 2 Example of High Implantation of CRS Device Conditioning Severe PPL

The dotted line indicates the sinuses of Valsalva contour, and the white line designates the aortic annulus level. Abbreviations as in Figure 1.
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Finally, there was no impingement on the coronary ostia or
restriction of mitral valve leaflets in the ViV group. The
incidence of atrioventricular block requiring definitive pacing
was higher (33.3% vs. 14.5% in the non-ViV group; p !
0.020). This correlates with the fact that nearly 80% of patients
undergoing the ViV procedure had placement of the first
prosthesis that was too low into the left ventricle, which
exposed them to the risk of developing permanent conduction
disorders (7).

The demonstration of the effectiveness of the ViV technique
at midterm follow-up in a large number of cases performed at
different institutions has implications. The ViV technique can
be used readily in the catheterization laboratory as bailout
therapy for a failed implantation resulting from a malposi-
tioned valve with severe PPL when the attempt of reposition
with the snare technique fails, preventing conversion to emer-
gency open-heart surgery (5). The availability of a bailout
provides a margin of safety and enhances operator confidence.
This is important for a nascent technology like TAVI to gain
widespread clinical acceptance.

However, 2 main potential concerns associated with this
technique still remain. It is unknown whether the presence of
2 valves could impact on the long-term durability of the
prosthesis, and the feasibility of cannulating the coronary ostia
after the ViV procedure needs to be carefully assessed.

Conclusions

This analysis from the Italian CoreValve Registry demon-
strates that the ViV technique is an effective percutaneous
approach that may be accomplished with encouraging acute
and midterm outcomes when severe PPL occurs after TAVI.
This technique can be performed safely as a bailout procedure
to avoid surgical conversion. Larger series and longer follow-up
are warranted to determine the safety, efficacy, and durability of
this technique.
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with the snare technique fails, preventing conversion to emer-
gency open-heart surgery (5). The availability of a bailout
provides a margin of safety and enhances operator confidence.
This is important for a nascent technology like TAVI to gain
widespread clinical acceptance.

However, 2 main potential concerns associated with this
technique still remain. It is unknown whether the presence of
2 valves could impact on the long-term durability of the
prosthesis, and the feasibility of cannulating the coronary ostia
after the ViV procedure needs to be carefully assessed.

Conclusions

This analysis from the Italian CoreValve Registry demon-
strates that the ViV technique is an effective percutaneous
approach that may be accomplished with encouraging acute
and midterm outcomes when severe PPL occurs after TAVI.
This technique can be performed safely as a bailout procedure
to avoid surgical conversion. Larger series and longer follow-up
are warranted to determine the safety, efficacy, and durability of
this technique.
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Objectives We appraised the incidence and clinical outcomes of patients who were treated with the valve-in-valve (ViV)
technique for hemodynamically destabilizing paraprosthetic leak (PPL).

Background Device malpositioning causing severe PPL after transcatheter aortic valve implantation is not an uncommon finding.
It occurs after release of the prosthesis, leading to hemodynamic compromise. It can be managed successfully in
selected cases with implantation of a second device inside the malpositioned primary prosthesis (ViV technique).

Methods Consecutive patients (n ! 663) who underwent transcatheter aortic valve implantation with the 18-F CoreValve
ReValving System (Medtronic, Inc., Minneapolis, Minnesota) at 14 centers across Italy were included in this pro-
spective web-based registry. We identified patients treated with the ViV technique for severe PPL and analyzed
their clinical and echocardiographic outcomes. Primary end points were major adverse cerebrovascular and car-
diac events and prosthesis performance at the 30-day and midterm follow-up.

Results Overall procedural success was obtained in 650 patients (98.0%). The ViV technique was used in 24 (3.6%) of
663 patients. The 30-day major adverse cerebrovascular and cardiac event rates were 7.0% and 0% in patients
undergoing the standard procedure and ViV technique, respectively (p ! 0.185); the mortality rates were 5.6%
versus 0% in patients undergoing the standard procedure and ViV technique, respectively (p ! 0.238). There was
an improvement in the mean transaortic gradient in all patients without significant difference between the 2
groups (from 52.1 " 17.1 mm Hg and 45.4 " 14.8 mm Hg [p ! 0.060] to 10.1 " 4.2 mm Hg and 10.5 " 5.2
mm Hg, respectively [p ! 0.838]). At 12 months, the major adverse cerebrovascular and cardiac event rates in
the standard procedure and ViV technique groups were 4.5% and 14.1%, respectively (p ! 0.158), and the mor-
tality rates were 4.5% versus 13.7%, respectively (p ! 0.230).

Conclusions This large, multicenter registry provides important information about the feasibility, safety, and efficacy of the
ViV technique with the third-generation CoreValve ReValving System. The clinical and echocardiographic end
points compare favorably with those of patients undergoing the standard procedure. The ViV technique offers a
viable therapeutic option in patients with acute significant PPL without recourse to emergent surgery. (J Am
Coll Cardiol 2011;57:1062–8) © 2011 by the American College of Cardiology Foundation

Transcatheter aortic valve implantation (TAVI) has matured
into a viable treatment alternative for patients with severe aortic
stenosis at high-risk for conventional aortic valve replacement
(1,2). Large registries have indicated that TAVI can be
accomplished successfully with acute and midterm clinical

outcomes that compare favorably with those of aortic valve
replacement (1,2).

TAVI is technically a challenging procedure even for
experienced operators. A careful assessment of the anatomic
features of the aortic apparatus is an integral part of the
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Transcatheter Aortic Valve Implantation
in Failed Bioprosthetic Surgical Valves
Danny Dvir, MD; John G. Webb, MD; Sabine Bleiziffer, MD; Miralem Pasic, MD, PhD; RonWaksman, MD; Susheel Kodali, MD; Marco Barbanti, MD;
Azeem Latib, MD; Ulrich Schaefer, MD; Josep Rodés-Cabau, MD; Hendrik Treede, MD; Nicolo Piazza, MD, PhD; David Hildick-Smith, MD;
Dominique Himbert, MD; ThomasWalther, MD; Christian Hengstenberg, MD; Henrik Nissen, MD, PhD; Raffi Bekeredjian, MD; Patrizia Presbitero, MD;
Enrico Ferrari, MD; Amit Segev, MD; Arend deWeger, MD; StephanWindecker, MD; Neil E. Moat, FRCS; Massimo Napodano, MD; Manuel Wilbring, MD;
Alfredo G. Cerillo, MD; Stephen Brecker, MD; Didier Tchetche, MD; Thierry Lefèvre, MD; Federico DeMarco, MD; Claudia Fiorina, MD;
Anna Sonia Petronio, MD; Rui C. Teles, MD; Luca Testa, MD; Jean-Claude Laborde, MD; Martin B. Leon, MD; Ran Kornowski, MD;
for the Valve-in-Valve International Data Registry Investigators

IMPORTANCE Owing to a considerable shift toward bioprosthesis implantation rather than
mechanical valves, it is expected that patients will increasingly present with degenerated
bioprostheses in the next few years. Transcatheter aortic valve-in-valve implantation is a less
invasive approach for patients with structural valve deterioration; however, a comprehensive
evaluation of survival after the procedure has not yet been performed.

OBJECTIVE To determine the survival of patients after transcatheter valve-in-valve
implantation inside failed surgical bioprosthetic valves.

DESIGN, SETTING, AND PARTICIPANTS Correlates for survival were evaluated using a
multinational valve-in-valve registry that included 459 patients with degenerated
bioprosthetic valves undergoing valve-in-valve implantation between 2007 andMay 2013 in
55 centers (mean age, 77.6 [SD, 9.8] years; 56%men; median Society of Thoracic Surgeons
mortality prediction score, 9.8% [interquartile range, 7.7%-16%]). Surgical valves were
classified as small (!21 mm; 29.7%), intermediate (>21 and <25mm; 39.3%), and large ("25
mm; 31%). Implanted devices included both balloon- and self-expandable valves.

MAIN OUTCOMES ANDMEASURES Survival, stroke, and New York Heart Association functional
class.

RESULTS Modes of bioprosthesis failure were stenosis (n = 181 [39.4%]), regurgitation (n = 139
[30.3%]), and combined (n = 139 [30.3%]). The stenosis group had a higher percentage of
small valves (37% vs 20.9% and 26.6% in the regurgitation and combined groups,
respectively; P = .005). Within 1 month following valve-in-valve implantation, 35 (7.6%)
patients died, 8 (1.7%) hadmajor stroke, and 313 (92.6%) of surviving patients had good
functional status (New York Heart Association class I/II). The overall 1-year Kaplan-Meier
survival rate was 83.2% (95%CI, 80.8%-84.7%; 62 death events; 228 survivors). Patients in
the stenosis group hadworse 1-year survival (76.6%; 95%CI, 68.9%-83.1%; 34 deaths; 86
survivors) in comparisonwith the regurgitation group (91.2%; 95%CI, 85.7%-96.7%; 10
deaths; 76 survivors) and the combined group (83.9%; 95%CI, 76.8%-91%; 18 deaths; 66
survivors) (P = .01). Similarly, patients with small valves hadworse 1-year survival (74.8% [95%
CI, 66.2%-83.4%]; 27 deaths; 57 survivors) vs with intermediate-sized valves (81.8%; 95%CI,
75.3%-88.3%; 26 deaths; 92 survivors) andwith large valves (93.3%; 95%CI, 85.7%-96.7%; 7
deaths; 73 survivors) (P = .001). Factors associatedwithmortality within 1 year included
having small surgical bioprosthesis (!21mm; hazard ratio, 2.04; 95%CI, 1.14-3.67; P = .02) and
baseline stenosis (vs regurgitation; hazard ratio, 3.07; 95%CI, 1.33-7.08; P = .008).

CONCLUSIONS AND RELEVANCE In this registry of patients who underwent transcatheter
valve-in-valve implantation for degenerated bioprosthetic aortic valves, overall 1-year survival
was 83.2%. Survival was lower among patients with small bioprostheses and those with
predominant surgical valve stenosis.
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Results

Patient Demographics
Table 1 shows clinical characteristics of the 459 patients in-
cluded in the registry.Meanagewas 77.6 (SD, 9.8) years (range,
25-92 years) and 56% were men. The mechanism of failure of
surgical bioprostheseswas stenosis in 181patients (39.4%), re-
gurgitation in 139 (30.3%), and combined in 139 (30.3%). The
balloon-expandabledevicewasusedin246patients (53.6%)and
the self-expandable in 213 patients (46.4%). The distribution
offailuremodedifferedbetweentheballoon-expandabledevice
group (stenosis, n = 106 [43.1%]; regurgitation, n = 61 [24.8%];
combined,n = 79[32.1%])andtheself-expandabledevicegroup
(stenosis, n = 75 [35.2%]; regurgitation, n = 78 [36.6%]; com-
bined,n = 60 [28.2%]), asmore regurgitantbioprostheseswere
treatedbyself-expandabledevice implantation (P = .02).There
wereno significantdifferences in surgical risk scoreswhenpa-
tients were stratified according tomechanism of failure or ac-
cording to the device used during the valve-in-valve proce-
dure. The stenosis grouphadmorewomen andhigher patient
bodyweight, bodymass index, andbody surface area levels in
comparison with the other groups (Table 1).

Degenerated Bioprosthetic Valves and Characteristics
of Valve-in-Valve Procedures
Patients included in the registryhad1 to4previouscardiac sur-
geries (Table 2 andeTable 2 in the Supplement). Surgical valve
sizes were characterized as small (label size ≤21 mm; n = 133
[29%]), intermediate (>21 mm and <25 mm; n = 176 [38.3%]),
large (≥25mm;n = 139 [30.3%]), andunknown (n = 11 [2.4%]).
Bioprostheses were either stented (n = 366 [79.7%]) or stent-
less (n = 93 [20.3%]). The stenosis group had more stented
valves (95.6% vs 60.4% in the regurgitation group and 78.4%
in the combined group; P < .001) andmore small valves (37%
vs 20.9%and26.6%, respectively;P = .005). Therewasno sig-
nificant difference between the self-expandable andballoon-
expandable device groups in the rate of valve-in-valve proce-
dures performed in small bioprostheses (31.9% vs 26.4%,
respectively; P = .19).

Devices used included balloon-expandable 20-mm, 23-
mm, 26-mm, and 29-mm sizes (58.9% SAPIEN XT) and self-
expandable 23-mm,26-mm,29-mm,and31-mmsizes. eTable3
in the Supplement shows data on valve-in-valve procedural
characteristics. Device delivery access included transfemoral
(n = 270 [58.8%]), transapical (n = 171 [37.3%]), transaxillary
(n = 13 [2.8%]), and direct aortic (n = 5 [1.1%]). The main ac-

Table 1. Baseline Characteristics at the Time of Valve-in-Valve Procedure

Characteristics
All

(n = 459)

Mechanism of Surgical Valve Failure Device Used

Stenosis
(n = 181)

Regurgitation
(n = 139)

Combined
(n = 139) P Value

Self-
Expandable
(n = 213)

Balloon-
Expandable
(n = 246) P Value

Age, mean (SD), y 77.6 (9.8) 78.8 (7.8) 77.1 (10.6) 76.6 (11.1) .10 77.6 (10) 77.6 (9.7) .95

Men, No. (%) 257 (56) 87 (48) 93 (66.9) 77 (55.4) .002 113 (53.1) 144 (58.5) .25

Height, mean (SD), cm 167.2 (9.8) 167.1 (9.9) 168.1 (9.7) 166.5 (9.8) .20 166.9 (10) 167.4 (9.7) .59

Weight, mean (SD), kg 73.9 (15.2) 77.6 (16.5) 72 (13.3) 70.8 (14.1) <.001 73.7 (15) 74 (15.4) .84

BMI, mean (SD)a 26.4 (4.8) 27.7 (4.8) 25.4 (3.9) 25.5 (4.2) <.001 26.4 (4.6) 26.3 (4.4) .78

BSA, mean (SD), m2 1.85 (0.22) 1.89 (0.24) 1.83 (0.2) 1.8 (0.21) .002 1.84 (0.22) 1.85 (0.23) .76

LogEuroSCORE,
median (IQR), %b

29
(19.1-42.3)

29.8
(20-39.9)

25.7
(16-41.9)

30.3
(22.3-44.7)

.18 29
(18.6-38.7)

29
(19.3-44.2)

.48

STS score,
median (IQR), %b

10
(6.2-16.1)

9.9
(6.1-13.9)

9.9
(5.8-15.6)

10.8
(7.1-18.4)

.33 11
(6.2-17.3)

9.3
(6.1-14.1)

.13

Diabetes mellitus, No. (%) 125 (28.7) 69 (40.1) 28 (21.2) 28 (21.4) .001 62 (31.1) 63 (26.5) .29

Peripheral vascular disease,
No. (%)

114 (26.1) 53 (30.6) 31 (23.5) 30 (22.9) .22 37 (17.4) 77 (31.3) <.001

Chronic renal failure,
No. (%)c

224 (48.8) 80 (44.2) 71 (51.1) 72 (51.8) .37 81 (38) 140 (56.9) <.001

Previous stroke/TIA,
No. (%)

51 (11.7) 23 (13.3) 17 (12.8) 12 (9.2) .52 24 (12.2) 27 (11.3) .76

>1 Previous SAVR, No. (%) 62 (13.5) 16 (8.8) 23 (16.5) 23 (16.5) .06 27 (12.7) 35 (14.2) .63

NYHA functional class,
No. (%)

II 35 (7.8) 14 (7.7) 10 (7.2) 11 (7.9) .97 15 (7) 20 (8.1) .66

III 283 (61.9) 130 (71.8) 78 (56.1) 75 (54) .001 124 (58.2) 159 (64.6) .16

IV 141 (30.3) 37 (26.2) 51 (36.7) 53 (38.1) .001 74 (34.7) 67 (27.2) .08

Left ventricular ejection
fraction, mean (SD), %

50.3 (13.1) 51.7 (12.9) 49.0 (13.1) 49.7 (13.3) .16 49.1 (13.4) 51.2 (12.8) .08

Abbreviations: BMI, Bodymass index; BSA, body surface area; IQR, interquartile
range; NYHA, New York Heart Association; SAVR, surgical aortic valve
replacement; STS, Society of Thoracic Surgeons; TIA, transient ischemic attack.
a Bodymass index is calculated as weight in kilograms divided by height in
meters squared.

b Prediction of operative mortality after conventional surgical valve
replacement (STS score: http://riskcalc.sts.org/de.aspx; LogEuroSCORE:
http://www.euroscore.org/calcold.html). Range of scores is 0% to 100%;
higher score indicates greater patient risk.

c Calculated glomerular filtration rate <60mL/min.
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25-92 years) and 56% were men. The mechanism of failure of
surgical bioprostheseswas stenosis in 181patients (39.4%), re-
gurgitation in 139 (30.3%), and combined in 139 (30.3%). The
balloon-expandabledevicewasusedin246patients (53.6%)and
the self-expandable in 213 patients (46.4%). The distribution
offailuremodedifferedbetweentheballoon-expandabledevice
group (stenosis, n = 106 [43.1%]; regurgitation, n = 61 [24.8%];
combined,n = 79[32.1%])andtheself-expandabledevicegroup
(stenosis, n = 75 [35.2%]; regurgitation, n = 78 [36.6%]; com-
bined,n = 60 [28.2%]), asmore regurgitantbioprostheseswere
treatedbyself-expandabledevice implantation (P = .02).There
wereno significantdifferences in surgical risk scoreswhenpa-
tients were stratified according tomechanism of failure or ac-
cording to the device used during the valve-in-valve proce-
dure. The stenosis grouphadmorewomen andhigher patient
bodyweight, bodymass index, andbody surface area levels in
comparison with the other groups (Table 1).

Degenerated Bioprosthetic Valves and Characteristics
of Valve-in-Valve Procedures
Patients included in the registryhad1 to4previouscardiac sur-
geries (Table 2 andeTable 2 in the Supplement). Surgical valve
sizes were characterized as small (label size ≤21 mm; n = 133
[29%]), intermediate (>21 mm and <25 mm; n = 176 [38.3%]),
large (≥25mm;n = 139 [30.3%]), andunknown (n = 11 [2.4%]).
Bioprostheses were either stented (n = 366 [79.7%]) or stent-
less (n = 93 [20.3%]). The stenosis group had more stented
valves (95.6% vs 60.4% in the regurgitation group and 78.4%
in the combined group; P < .001) andmore small valves (37%
vs 20.9%and26.6%, respectively;P = .005). Therewasno sig-
nificant difference between the self-expandable andballoon-
expandable device groups in the rate of valve-in-valve proce-
dures performed in small bioprostheses (31.9% vs 26.4%,
respectively; P = .19).

Devices used included balloon-expandable 20-mm, 23-
mm, 26-mm, and 29-mm sizes (58.9% SAPIEN XT) and self-
expandable 23-mm,26-mm,29-mm,and31-mmsizes. eTable3
in the Supplement shows data on valve-in-valve procedural
characteristics. Device delivery access included transfemoral
(n = 270 [58.8%]), transapical (n = 171 [37.3%]), transaxillary
(n = 13 [2.8%]), and direct aortic (n = 5 [1.1%]). The main ac-

Table 1. Baseline Characteristics at the Time of Valve-in-Valve Procedure

Characteristics
All

(n = 459)

Mechanism of Surgical Valve Failure Device Used

Stenosis
(n = 181)

Regurgitation
(n = 139)

Combined
(n = 139) P Value

Self-
Expandable
(n = 213)

Balloon-
Expandable
(n = 246) P Value

Age, mean (SD), y 77.6 (9.8) 78.8 (7.8) 77.1 (10.6) 76.6 (11.1) .10 77.6 (10) 77.6 (9.7) .95

Men, No. (%) 257 (56) 87 (48) 93 (66.9) 77 (55.4) .002 113 (53.1) 144 (58.5) .25

Height, mean (SD), cm 167.2 (9.8) 167.1 (9.9) 168.1 (9.7) 166.5 (9.8) .20 166.9 (10) 167.4 (9.7) .59

Weight, mean (SD), kg 73.9 (15.2) 77.6 (16.5) 72 (13.3) 70.8 (14.1) <.001 73.7 (15) 74 (15.4) .84

BMI, mean (SD)a 26.4 (4.8) 27.7 (4.8) 25.4 (3.9) 25.5 (4.2) <.001 26.4 (4.6) 26.3 (4.4) .78

BSA, mean (SD), m2 1.85 (0.22) 1.89 (0.24) 1.83 (0.2) 1.8 (0.21) .002 1.84 (0.22) 1.85 (0.23) .76

LogEuroSCORE,
median (IQR), %b

29
(19.1-42.3)

29.8
(20-39.9)

25.7
(16-41.9)

30.3
(22.3-44.7)

.18 29
(18.6-38.7)

29
(19.3-44.2)

.48

STS score,
median (IQR), %b

10
(6.2-16.1)

9.9
(6.1-13.9)

9.9
(5.8-15.6)

10.8
(7.1-18.4)

.33 11
(6.2-17.3)

9.3
(6.1-14.1)

.13

Diabetes mellitus, No. (%) 125 (28.7) 69 (40.1) 28 (21.2) 28 (21.4) .001 62 (31.1) 63 (26.5) .29

Peripheral vascular disease,
No. (%)

114 (26.1) 53 (30.6) 31 (23.5) 30 (22.9) .22 37 (17.4) 77 (31.3) <.001

Chronic renal failure,
No. (%)c

224 (48.8) 80 (44.2) 71 (51.1) 72 (51.8) .37 81 (38) 140 (56.9) <.001

Previous stroke/TIA,
No. (%)

51 (11.7) 23 (13.3) 17 (12.8) 12 (9.2) .52 24 (12.2) 27 (11.3) .76

>1 Previous SAVR, No. (%) 62 (13.5) 16 (8.8) 23 (16.5) 23 (16.5) .06 27 (12.7) 35 (14.2) .63

NYHA functional class,
No. (%)

II 35 (7.8) 14 (7.7) 10 (7.2) 11 (7.9) .97 15 (7) 20 (8.1) .66

III 283 (61.9) 130 (71.8) 78 (56.1) 75 (54) .001 124 (58.2) 159 (64.6) .16

IV 141 (30.3) 37 (26.2) 51 (36.7) 53 (38.1) .001 74 (34.7) 67 (27.2) .08

Left ventricular ejection
fraction, mean (SD), %

50.3 (13.1) 51.7 (12.9) 49.0 (13.1) 49.7 (13.3) .16 49.1 (13.4) 51.2 (12.8) .08

Abbreviations: BMI, Bodymass index; BSA, body surface area; IQR, interquartile
range; NYHA, New York Heart Association; SAVR, surgical aortic valve
replacement; STS, Society of Thoracic Surgeons; TIA, transient ischemic attack.
a Bodymass index is calculated as weight in kilograms divided by height in
meters squared.

b Prediction of operative mortality after conventional surgical valve
replacement (STS score: http://riskcalc.sts.org/de.aspx; LogEuroSCORE:
http://www.euroscore.org/calcold.html). Range of scores is 0% to 100%;
higher score indicates greater patient risk.

c Calculated glomerular filtration rate <60mL/min.
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IMPORTANCE Owing to a considerable shift toward bioprosthesis implantation rather than
mechanical valves, it is expected that patients will increasingly present with degenerated
bioprostheses in the next few years. Transcatheter aortic valve-in-valve implantation is a less
invasive approach for patients with structural valve deterioration; however, a comprehensive
evaluation of survival after the procedure has not yet been performed.

OBJECTIVE To determine the survival of patients after transcatheter valve-in-valve
implantation inside failed surgical bioprosthetic valves.

DESIGN, SETTING, AND PARTICIPANTS Correlates for survival were evaluated using a
multinational valve-in-valve registry that included 459 patients with degenerated
bioprosthetic valves undergoing valve-in-valve implantation between 2007 andMay 2013 in
55 centers (mean age, 77.6 [SD, 9.8] years; 56%men; median Society of Thoracic Surgeons
mortality prediction score, 9.8% [interquartile range, 7.7%-16%]). Surgical valves were
classified as small (!21 mm; 29.7%), intermediate (>21 and <25mm; 39.3%), and large ("25
mm; 31%). Implanted devices included both balloon- and self-expandable valves.

MAIN OUTCOMES ANDMEASURES Survival, stroke, and New York Heart Association functional
class.

RESULTS Modes of bioprosthesis failure were stenosis (n = 181 [39.4%]), regurgitation (n = 139
[30.3%]), and combined (n = 139 [30.3%]). The stenosis group had a higher percentage of
small valves (37% vs 20.9% and 26.6% in the regurgitation and combined groups,
respectively; P = .005). Within 1 month following valve-in-valve implantation, 35 (7.6%)
patients died, 8 (1.7%) hadmajor stroke, and 313 (92.6%) of surviving patients had good
functional status (New York Heart Association class I/II). The overall 1-year Kaplan-Meier
survival rate was 83.2% (95%CI, 80.8%-84.7%; 62 death events; 228 survivors). Patients in
the stenosis group hadworse 1-year survival (76.6%; 95%CI, 68.9%-83.1%; 34 deaths; 86
survivors) in comparisonwith the regurgitation group (91.2%; 95%CI, 85.7%-96.7%; 10
deaths; 76 survivors) and the combined group (83.9%; 95%CI, 76.8%-91%; 18 deaths; 66
survivors) (P = .01). Similarly, patients with small valves hadworse 1-year survival (74.8% [95%
CI, 66.2%-83.4%]; 27 deaths; 57 survivors) vs with intermediate-sized valves (81.8%; 95%CI,
75.3%-88.3%; 26 deaths; 92 survivors) andwith large valves (93.3%; 95%CI, 85.7%-96.7%; 7
deaths; 73 survivors) (P = .001). Factors associatedwithmortality within 1 year included
having small surgical bioprosthesis (!21mm; hazard ratio, 2.04; 95%CI, 1.14-3.67; P = .02) and
baseline stenosis (vs regurgitation; hazard ratio, 3.07; 95%CI, 1.33-7.08; P = .008).

CONCLUSIONS AND RELEVANCE In this registry of patients who underwent transcatheter
valve-in-valve implantation for degenerated bioprosthetic aortic valves, overall 1-year survival
was 83.2%. Survival was lower among patients with small bioprostheses and those with
predominant surgical valve stenosis.

JAMA. 2014;312(2):162-170. doi:10.1001/jama.2014.7246
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cess route in the self-expandabledevicegroupwas transfemo-
ral (n = 197 [92.5%]) while in the majority of the balloon-
expandable device group was transapical (n = 171 [69.5%];
P < .001). Device retrieval was attempted in 10.3% of self-
expandableprocedures.Asecondtranscatheterdevicewas im-
planted in 5.7%of the total patients (self-expandable, 7.5%vs
balloon-expandable, 4.1%; P = .05). Ostial coronary obstruc-
tion followingvalve-in-valve implantationoccurred in 2%and
was more frequent in the stenosis group (3.9%; P = .02).

Clinical Outcomes
Themedian duration of hospital stay after the procedurewas
8 days (interquartile range, 5-12 days). At 30 days, 35 patients
(7.6%) had died. Table 3 includes data on procedural out-
comes. Patients in the stenosis grouphadahigher 30-daymor-
tality rate (10.5% vs 4.3% in the regurgitation group and 7.2%
in the combinedgroup;P = .04). Therewerenodifferencesbe-
tween the self-expandable and balloon-expandable device
groups in terms of mortality or stroke rates. The balloon-
expandable device group had more major/life-threatening
bleeding andmore acute kidney injury events, while the self-
expandabledevicegrouphadmorepermanentpacemaker im-
plantation.Aortic regurgitationofat leastmoderatedegreewas
evident in 25 cases (5.4%) after valve-in-valve procedure and
was more common in the regurgitation group (9.4% vs 2.8%
in the stenosis group and 5% in the combined group; P = .04)
and in the self-expandable device group (8.9% vs 2.4% in the
balloon-expandable device group; P = .002).

The degree of postprocedure residual aortic stenosis was
higher in the stenosis group, manifested by lower mean ori-
fice area and higher mean gradient (orifice area, 1.37 [SD,
0.33] cm2 and mean gradient, 18.5 [SD, 9.8] mm Hg vs 1.56
[SD, 0.51] cm2 and 12 [SD, 6.7] mm Hg in the regurgitation
group and 1.56 [SD, 0.65] cm2 and 16.1 [SD, 8.3] mmHg in the
combined group, respectively; P < .001 for each compari-
son). Postprocedural gradients were assessed in 429
patients. Moderately elevated postprocedural gradients
(mean gradients ≥20 mm Hg) were recorded in 115 patients
(26.8%) (eFigure 2 in the Supplement). Elevated postproce-
dural gradients were more common with balloon-
expandable devices in comparison with self-expandable
devices (HR, 1.87; 95% CI, 1.21-2.9; P = .005); for small surgi-
cal valves, 41.2% vs 23.4% (P = .04) and for intermediate-
sized valves, 35.8% vs 19.4% (P = .01), respectively. Severe
PPM occurred in 31.8% of patients surviving aortic valve-in-
valve procedure. The incidence of severe PPM was lower in
patients with predominantly bioprosthesis regurgitation at
baseline (19.3% vs 36.1% and 36.4% in those with predomi-
nant stenosis and combined failure, respectively; P = .03)
and higher in patients who received a balloon-expandable
device vs a self-expandable device (43.8% vs 15.2%, respec-
tively; P < .001). One-year survival was not affected by hav-
ing severe PPM (86.7% [95% CI, 77.6%-95.8%] vs 89.1% [95%
CI, 82.2%-96%] in patients without severe PPM; P = .69).

Time-to-event curves are depicted in Figure 1. No pa-
tients were lost to follow-up. Median follow-up time was 301

Table 2. Surgical Valve Characteristics at the Time of Valve-in-Valve Procedure

Characteristics
All

(n = 459)

Mechanism of Surgical Valve Failure Device Used

Stenosis
(n = 181)

Regurgitation
(n = 139)

Combined
(n = 139) P Value

Self-
Expandable
(n = 213)

Balloon-
Expandable
(n = 246) P Value

Time since last SAVR, median
(IQR), ya

9 (6-12) 8 (5-11) 10(7-14) 10 (7-14) .04 9 (7-13) 9 (6-12) .08

Type, No. (%) <.001 <.001

Stented 366 (79.7) 173 (95.6) 84 (60.4) 109 (78.4) 152 (71.4) 214 (87)

Stentless 93 (20.3) 8 (4.4) 55 (29.6) 30 (21.6) 61 (28.6) 32 (13)

Label size, No. (%)

≤21 mm 133 (29) 67 (37) 29 (20.9) 37 (26.6) .005 68 (31.9) 65 (26.4) .19

>21 mm and <25 mm 176 (38.3) 74 (40.9) 43 (30.9) 59 (42.4) .09 83 (39) 93 (37.8) .80

≥25 mm 139 (30.3) 34 (18.8) 65 (46.8) 40 (28.8) <.001 53 (24.9) 86 (35) .02

Unknown 11 (2.4) 6 (3.3) 2 (1.4) 3 (2.2) .54 9 (4.2) 2 (0.8) .02

Internal diameter, No. (%)

<20 mm 126 (27.5) 53 (29.3) 32 (23) 41 (41.7) .37 66 (31) 60 (24.4) .11

≥20 mm and <23 mm 230 (50.1) 102 (56.4) 64 (34.5) 64 (46) .10 100 (46.5) 130 (52.8) .21

≥23 mm 103 (22.4) 26 (14.4) 43 (30.9) 34 (24.5) .002 46 (21.6) 57 (23.2) .69

AV area, mean (SD), cm2 0.95 (0.48) 0.69 (0.21) 1.48 (0.6) 0.91 (0.31) <.001 0.99 (0.49) 0.91 (0.46) .04

AV index, mean (SD), cm2/m2b 0.51 (0.28) 0.38(0.13) 0.83 (0.37) 0.51(0.19) <.001 0.55 (0.31) 0.49 (0.25) .05

AV maximum gradient, mean
(SD), mm Hg

60.8 (27.4) 75.2 (23.1) 34.3 (17.7) 64.6 (22.8) <.001 59.7 (27.2) 61.8 (27.6) .44

AV gradient, mean (SD), mm Hg 36.2 (18.4) 46.4 (16.1) 18.0 (10.1) 37.6 (14.9) <.001 35 (18.5) 37.3 (18.3) .21

AV regurgitation of at least
moderate degree, No. (%)c

296 (64.5) 22 (12.2) 139 (100) 135 (97.1) <.001 143 (67.1) 153 (63) .27

Abbreviations: AV, aortic valve; IQR, interquartile range; SAVR, surgical aortic
valve replacement.
a Time interval between last SAVR and valve-in-valve procedure.

bAV index = AV area (cm2)/patient body surface area (m2).
c Evaluated according to the criteria of the American Society of
Echocardiography.18
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IMPORTANCE Owing to a considerable shift toward bioprosthesis implantation rather than
mechanical valves, it is expected that patients will increasingly present with degenerated
bioprostheses in the next few years. Transcatheter aortic valve-in-valve implantation is a less
invasive approach for patients with structural valve deterioration; however, a comprehensive
evaluation of survival after the procedure has not yet been performed.

OBJECTIVE To determine the survival of patients after transcatheter valve-in-valve
implantation inside failed surgical bioprosthetic valves.

DESIGN, SETTING, AND PARTICIPANTS Correlates for survival were evaluated using a
multinational valve-in-valve registry that included 459 patients with degenerated
bioprosthetic valves undergoing valve-in-valve implantation between 2007 andMay 2013 in
55 centers (mean age, 77.6 [SD, 9.8] years; 56%men; median Society of Thoracic Surgeons
mortality prediction score, 9.8% [interquartile range, 7.7%-16%]). Surgical valves were
classified as small (!21 mm; 29.7%), intermediate (>21 and <25mm; 39.3%), and large ("25
mm; 31%). Implanted devices included both balloon- and self-expandable valves.

MAIN OUTCOMES ANDMEASURES Survival, stroke, and New York Heart Association functional
class.

RESULTS Modes of bioprosthesis failure were stenosis (n = 181 [39.4%]), regurgitation (n = 139
[30.3%]), and combined (n = 139 [30.3%]). The stenosis group had a higher percentage of
small valves (37% vs 20.9% and 26.6% in the regurgitation and combined groups,
respectively; P = .005). Within 1 month following valve-in-valve implantation, 35 (7.6%)
patients died, 8 (1.7%) hadmajor stroke, and 313 (92.6%) of surviving patients had good
functional status (New York Heart Association class I/II). The overall 1-year Kaplan-Meier
survival rate was 83.2% (95%CI, 80.8%-84.7%; 62 death events; 228 survivors). Patients in
the stenosis group hadworse 1-year survival (76.6%; 95%CI, 68.9%-83.1%; 34 deaths; 86
survivors) in comparisonwith the regurgitation group (91.2%; 95%CI, 85.7%-96.7%; 10
deaths; 76 survivors) and the combined group (83.9%; 95%CI, 76.8%-91%; 18 deaths; 66
survivors) (P = .01). Similarly, patients with small valves hadworse 1-year survival (74.8% [95%
CI, 66.2%-83.4%]; 27 deaths; 57 survivors) vs with intermediate-sized valves (81.8%; 95%CI,
75.3%-88.3%; 26 deaths; 92 survivors) andwith large valves (93.3%; 95%CI, 85.7%-96.7%; 7
deaths; 73 survivors) (P = .001). Factors associatedwithmortality within 1 year included
having small surgical bioprosthesis (!21mm; hazard ratio, 2.04; 95%CI, 1.14-3.67; P = .02) and
baseline stenosis (vs regurgitation; hazard ratio, 3.07; 95%CI, 1.33-7.08; P = .008).

CONCLUSIONS AND RELEVANCE In this registry of patients who underwent transcatheter
valve-in-valve implantation for degenerated bioprosthetic aortic valves, overall 1-year survival
was 83.2%. Survival was lower among patients with small bioprostheses and those with
predominant surgical valve stenosis.
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gurgitation;HR, 3.07; 95%CI, 1.33-7.08;P = .008), transapical
access (HR, 2.25; 95% CI, 1.26-4.02; P = .006), and STS score
(per 1% increment; HR, 1.01; 95% CI, 1.00-1.01; P < .001). In-
dependent correlates for early mortality (≤30 days) included
small surgical bioprostheses (HR, 2.25; 95% CI, 1.03-4.93;
P = .04) and for latemortality (>30days) includedbaseline sur-
gical bioprosthesis stenosis (HR, 3.33; 95% CI, 1.00-11.31;
P = .05).

Discussion
The VIVID Registry is a multinational comprehensive evalu-
ation of transcatheter valve implantations for failed surgical
aortic bioprostheses. Survival after valve-in-valve proce-
dureswas associatedwith surgical valve size andmechanism
of failure. Patientswithbaseline stenosis and thosewith small
surgical valves had worse clinical outcomes after valve-in-
valve procedures.

Mechanism of Failure of Bioprosthetic Valves
and Valve-in-Valve Procedures
Valve-in-valve implantation should be considered a hetero-
geneousgroupofprocedures,performed inwidelydiverse sur-
gical valveswithdifferent degenerationmodes.22 Bioprosthe-
sis failuremaypresentas stenosis thatoccursasaconsequence
of calcification, pannus, or, less commonly, thrombosis. Fail-
ure may also present as regurgitation secondary to wear and
tear or infection.23,24 The mode of failure in the VIVID regis-
trywas relativelybalancedamong stenosis, regurgitation, and
acombinationofboth.Although therewasnodifference inpa-
tient age or calculated risk scores among the groups, clinical
outcomes differed significantly. Higher mortality in the ste-
nosis groupcouldpartially be attributed tohigher rates of spe-
cific life-threatening procedural complications, such as ostial
leftmainobstruction.Nevertheless, long-termdissimilaritybe-
tween the groups could be a result of differences in baseline
characteristicsandpostproceduralhemodynamics.Aftervalve-
in-valve implantation, patients with baseline stenosis had a
lower valve area andhigher gradients. Prosthetic-patientmis-
match occurs when the effective orifice area is physiologi-
cally too small in relation to patient body size.21 In the cur-
rent analysis, patients with predominantly surgical valve
stenosis had larger body size measures (body weight, body
mass index, and body surface area); nevertheless, they had
smaller surgical valves implanted compared with the other
groups. In patients undergoing surgical aortic valve replace-
ment, lower effective orifice area in relation to body size is as-
sociated with lower left ventricular mass regression, less re-
covery in ventricular systolic function, and lower long-term
survival.21,25-28

Evaluation of Patients for Valve-in-Valve Procedures
Thorough assessment of candidates for valve-in-valve
implantation is a key step to obtain optimal results.22 The
current analysis highlights the need for meticulous evalua-
tion of bioprosthesis mechanism of failure before attempt-
ing a valve-in-valve procedure. Patients who are diagnosed
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leftmainobstruction.Nevertheless, long-termdissimilaritybe-
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cific life-threatening procedural complications, such as ostial
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tween the groups could be a result of differences in baseline
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in-valve implantation, patients with baseline stenosis had a
lower valve area andhigher gradients. Prosthetic-patientmis-
match occurs when the effective orifice area is physiologi-
cally too small in relation to patient body size.21 In the cur-
rent analysis, patients with predominantly surgical valve
stenosis had larger body size measures (body weight, body
mass index, and body surface area); nevertheless, they had
smaller surgical valves implanted compared with the other
groups. In patients undergoing surgical aortic valve replace-
ment, lower effective orifice area in relation to body size is as-
sociated with lower left ventricular mass regression, less re-
covery in ventricular systolic function, and lower long-term
survival.21,25-28
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implantation is a key step to obtain optimal results.22 The
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tion of bioprosthesis mechanism of failure before attempt-
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Occasionally, it is clinically difficult to differentiate between

Figure 1. Time-to-Event Curves in Patients Undergoing Valve-in-Valve
Procedures

10

40

30

20

10

0

No. at risk by valve label size
Small
Intermediate
Large

0

133
176
139

3

81
116

89

6

68
103

82

9

61
95
76

12

57
92
73

D
ea

th
 D

ue
 t

o 
A

ny
 C

au
se

, %

Month

Surgical valve label sizeaB

Log-rank P = .001

40

30

20

10

0

No. at risk by type of valve failure
Stenosis
Regurgitation
Combined

0

181
139
139

3

112
92
85

6

98
84
76

9

91
78
68

12

86
76
66

D
ea

th
 D

ue
 t

o 
A

ny
 C

au
se

, %

Month

Mechanism of surgical valve failureA

Log-rank P = .01

Type of valve failure

Valve label size

Type of device

Stenosis

Regurgitation

Combined

40

30

20

0

No. at risk by type of device
Balloon-expandable
Self-expandable

0

246
213

3

163
126

6

146
112

9

136
101

12

130
98

D
ea

th
 D

ue
 t

o 
A

ny
 C

au
se

, %

Month

Device used during valve-in-valve implantationC

Log-rank P = .44

Balloon-expandable

Self-expandable

Small

Intermediate

Large

a Surgical valve sizes were as follows: small, label size !21 mm; intermediate,
>21 mm and <25mm; and large, "25mm. In 11 patients (2.4%), label size was
unknown.

Transcatheter Aortic Valves in Failed Bioprosthetic Valves Original Investigation Research

jama.com JAMA July 9, 2014 Volume 312, Number 2 167

Copyright 2014 American Medical Association. All rights reserved.

Conclusion	  

Results	  

Technic	  

Context	  

INTRO	  



OBADIA	  Jean-‐François 	   	   	  	  	  	  	  	  	  	  	  	  	  	  	  EACTS	  advanced	  course–	  Winsor–	  10-‐11	  July	  2015 	  	  	  	  	  	  	  	  	  	  	  	  Download	  this	  presenta0on	  on	  	  «	  chircardio-‐lyon.org	  »	  	  

Copyright 2014 American Medical Association. All rights reserved.

Transcatheter Aortic Valve Implantation
in Failed Bioprosthetic Surgical Valves
Danny Dvir, MD; John G. Webb, MD; Sabine Bleiziffer, MD; Miralem Pasic, MD, PhD; RonWaksman, MD; Susheel Kodali, MD; Marco Barbanti, MD;
Azeem Latib, MD; Ulrich Schaefer, MD; Josep Rodés-Cabau, MD; Hendrik Treede, MD; Nicolo Piazza, MD, PhD; David Hildick-Smith, MD;
Dominique Himbert, MD; ThomasWalther, MD; Christian Hengstenberg, MD; Henrik Nissen, MD, PhD; Raffi Bekeredjian, MD; Patrizia Presbitero, MD;
Enrico Ferrari, MD; Amit Segev, MD; Arend deWeger, MD; StephanWindecker, MD; Neil E. Moat, FRCS; Massimo Napodano, MD; Manuel Wilbring, MD;
Alfredo G. Cerillo, MD; Stephen Brecker, MD; Didier Tchetche, MD; Thierry Lefèvre, MD; Federico DeMarco, MD; Claudia Fiorina, MD;
Anna Sonia Petronio, MD; Rui C. Teles, MD; Luca Testa, MD; Jean-Claude Laborde, MD; Martin B. Leon, MD; Ran Kornowski, MD;
for the Valve-in-Valve International Data Registry Investigators

IMPORTANCE Owing to a considerable shift toward bioprosthesis implantation rather than
mechanical valves, it is expected that patients will increasingly present with degenerated
bioprostheses in the next few years. Transcatheter aortic valve-in-valve implantation is a less
invasive approach for patients with structural valve deterioration; however, a comprehensive
evaluation of survival after the procedure has not yet been performed.

OBJECTIVE To determine the survival of patients after transcatheter valve-in-valve
implantation inside failed surgical bioprosthetic valves.

DESIGN, SETTING, AND PARTICIPANTS Correlates for survival were evaluated using a
multinational valve-in-valve registry that included 459 patients with degenerated
bioprosthetic valves undergoing valve-in-valve implantation between 2007 andMay 2013 in
55 centers (mean age, 77.6 [SD, 9.8] years; 56%men; median Society of Thoracic Surgeons
mortality prediction score, 9.8% [interquartile range, 7.7%-16%]). Surgical valves were
classified as small (!21 mm; 29.7%), intermediate (>21 and <25mm; 39.3%), and large ("25
mm; 31%). Implanted devices included both balloon- and self-expandable valves.

MAIN OUTCOMES ANDMEASURES Survival, stroke, and New York Heart Association functional
class.

RESULTS Modes of bioprosthesis failure were stenosis (n = 181 [39.4%]), regurgitation (n = 139
[30.3%]), and combined (n = 139 [30.3%]). The stenosis group had a higher percentage of
small valves (37% vs 20.9% and 26.6% in the regurgitation and combined groups,
respectively; P = .005). Within 1 month following valve-in-valve implantation, 35 (7.6%)
patients died, 8 (1.7%) hadmajor stroke, and 313 (92.6%) of surviving patients had good
functional status (New York Heart Association class I/II). The overall 1-year Kaplan-Meier
survival rate was 83.2% (95%CI, 80.8%-84.7%; 62 death events; 228 survivors). Patients in
the stenosis group hadworse 1-year survival (76.6%; 95%CI, 68.9%-83.1%; 34 deaths; 86
survivors) in comparisonwith the regurgitation group (91.2%; 95%CI, 85.7%-96.7%; 10
deaths; 76 survivors) and the combined group (83.9%; 95%CI, 76.8%-91%; 18 deaths; 66
survivors) (P = .01). Similarly, patients with small valves hadworse 1-year survival (74.8% [95%
CI, 66.2%-83.4%]; 27 deaths; 57 survivors) vs with intermediate-sized valves (81.8%; 95%CI,
75.3%-88.3%; 26 deaths; 92 survivors) andwith large valves (93.3%; 95%CI, 85.7%-96.7%; 7
deaths; 73 survivors) (P = .001). Factors associatedwithmortality within 1 year included
having small surgical bioprosthesis (!21mm; hazard ratio, 2.04; 95%CI, 1.14-3.67; P = .02) and
baseline stenosis (vs regurgitation; hazard ratio, 3.07; 95%CI, 1.33-7.08; P = .008).

CONCLUSIONS AND RELEVANCE In this registry of patients who underwent transcatheter
valve-in-valve implantation for degenerated bioprosthetic aortic valves, overall 1-year survival
was 83.2%. Survival was lower among patients with small bioprostheses and those with
predominant surgical valve stenosis.

JAMA. 2014;312(2):162-170. doi:10.1001/jama.2014.7246
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those entities, and a patient may have a combination of
both. Small bioprostheses (label size ≤21 mm) have small
effective orifice areas and the gradients across them are
commonly high, even in the absence of structural degenera-
tion, such as impaired leaflet mobility, significant calcifica-
tion, or pannus.29 Therefore, markers for stenosis in bio-
prostheses should lead to a more detailed assessment of
previous echocardiographic examinations and changes in
clinical status over years. It seems that the valve-in-valve
approach should only be rarely offered to patients after
implantation of small surgical valves without signs of valve
degeneration, for which gradients are relatively stable over
time.

Candidates with surgical valve regurgitation should be
evaluated for the location of the leak. Significant paravalvu-
lar leak should not be treated by valve-in-valve implantation
since no considerable change is expected in regurgitation
severity.22 The current registry reveals an elevated rate of re-
sidual leak in the group of patients with baseline regurgita-
tion (9.4%) in comparison with patients with predominantly
stenosis (2.8%). Significantpostprocedural regurgitationcould
be attributed to improper treatmentof patientswithpredomi-
nantly paravalvular leak at baseline. Transesophageal echo-

cardiography is a keymodeduring this screening process and
should be routinely performed for evaluating leak origin.

Implications for Cardiac Surgery
Increasing global valve-in-valve experience may affect car-
diac surgery practice. The valve-in-valve approach may offer
an effective, less invasive treatment for patients with failed
surgical bioprostheses and, therefore, the trend toward
implantation of bioprostheses in younger patients is
expected to grow.1 It is difficult to define an optimal cutoff
age for bioprostheses implantation rather than mechanical
valves.30 However, surgeons should be aware that their tech-
nique is crucial to allow for the possibility of successful
valve-in-valve implantation when bioprosthesis failure
occurs years later. According to the VIVID Registry analysis,
valve-in-valve outcomes are worse in patients with small
surgical valves (label size ≤21 mm) and those with stenosis as
the mechanism of failure; an attempt to address these limi-
tations may possibly be made during the index procedure by
providing the largest effective orifice area achievable. How-
ever, annular enlargement and other related techniques
must balance the potential benefit of larger valve against
described increase in operative complications.31-33

Figure 2. Results ofMultivariable Analyses for Correlates for 1-YearMortality After Valve-in-Valve Implantation
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(STS) score is a prediction of
operative mortality after
conventional surgical valve
replacement (http://riskcalc.sts.org
/de.aspx).
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Valve-in-valve transfemoral TAVR: Sapien 3 valve within a failed core valve
bioprosthesis
Anupama Shivaraju*, Ilka Ott, Adnan Kastrati, and Albert M. Kasel
Deutsches Herzzentrum, Technische Universität, Lazarettstr. 36, 80636 Munich, Germany
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A 76-year-old woman with a medical history of
stroke, hypertension, and paroxysmal atrial fibril-
lation presented with symptoms of acute decom-
pensated heart failure 1.5 years after undergoing
transcatheter aortic valve replacement (TAVR)
with a bioprosthetic Medtronic Core Valve
(CoV) for severe aortic stenosis. Her echocardio-
gram showed an ejection fraction of 33% with
severe paravalvular aortic insufficiency (AI).

The longitudial CT image (Panel A) shows a
29 mm CoV implanted 15 mm below the
annulus (red line); Therefore, the CoV skirt does
not cover the annulus along the left coronary
cusp region (arrow). The CoV skirt is 3 mm
below the annulus and 12 mm from the distal
edge (Panel B). The transverse CT image shows
an inadquately deployed CoV (Panel C). The
high degree AI jet through the paravalvular
gap (arrow) was also noted on angiography
(Panel D). A 26 mm Sapien 3 (S3) valve was
deployed with placement of its outer skirt above
the CoV gap (Panel E). The S3 valve was placed
slightly below the left main (LM) to avoid a
double stent layer at the LM coronary ostium
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The feasibility of valve-in-valve (VIV) TAVR for the treatment of failed AV prosthesis has been described before. Here, for the first time,
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edge (Panel B). The transverse CT image shows
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deployed with placement of its outer skirt above
the CoV gap (Panel E). The S3 valve was placed
slightly below the left main (LM) to avoid a
double stent layer at the LM coronary ostium
(Panel F). The high degree, eccentric AI (Panel G) as noted on echo before the S3 valve implant was successfully reduced to an insignificant
AI (Panel H) post-procedure.
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Transcatheter aortic valve implantation (TAVI): risky
and costly
Many of the 40 000 transcatheter procedures so far carried out cannot be justified on medical or
cost effectiveness grounds. Hans Van Brabandt, Mattias Neyt, and Frank Hulstaert examine why
practice has gone beyond the evidence

Hans Van Brabandt researcher 1 2, Mattias Neyt researcher 1, Frank Hulstaert researcher 1

1KCE, Belgian Health Care Knowledge Centre, Administratief Centrum Kruidtuin, Kruidtuinlaan 55, 1000 Brussels, Belgium; 2CEBAM, Belgian
Centre for Evidence-Based Medicine and Branch of the Dutch Cochrane Centre, Leuven, Belgium

Around the world, tens of thousands of people have been treated
for a life threatening heart condition using a minimally invasive
technique that many see as the wave of the future. Transcatheter
aortic valve implantation (TAVI) offers hope to patients too old
or too ill for conventional aortic valve replacement operations,
and since its introduction 10 years ago it has spread swiftly—by
the end of 2011, an estimated 40 000 transcatheter implantations
had been done.1 But serious unanswered questions remain over
the clinical outcomes and the cost effectiveness of TAVI, as
well as the regulatory process that enabled it to gain such a large
market so rapidly, particularly in Europe.
Aortic stenosis, the progressive failure of the aortic valve to
open fully, is the commonest type of valve disease in elderly
people. It is usually treated by valve replacement surgery, but
around a third of those who might benefit are turned down
because the risks of surgery are too high or because problems
such as a calcified aorta or scarring from previous surgery make
them unsuitable for surgery.2 Untreated, most will die within
five years.3 TAVI offers an alternative, in which a replacement
valve is introduced through an artery via a small incision
(usually the femoral artery) or, less often, surgically with an
incision into the chest and then into the left ventricular
apex—the transapical approach.
The numbers who could potentially benefit from TAVI are very
large.4 Almost 3% of people over 75 have aortic valve disease,5
which means that in England alone there are more than 100 000
patients in whom aortic valve surgery might at a given moment
be contemplated. But only around 1200 aortic valve
replacements are carried out in this age group in England each
year. This helps explain the enthusiasm with which TAVI has
been taken up, and the large potential market. In April 2011, a
New York securities analyst for the financial services company
Wells Fargo estimated that TAVI could generate more than
$2.4bn (£1.5bn; €2bn) in sales in the US and account for more
than a third of aortic valve replacements by 2015.6 Cardiologists
in the US also expect growing demand from patients who are

suitable for conventional surgery but who prefer the quicker
and less painful transcatheter option.
Data reported at the European Society of Cardiology (EuroPCR)
meeting in Paris inMay7 suggested that transcatheter procedures
have more than tripled in Europe since 2009, rising to 18 372
in 2011. Germany is far ahead of other European nations, being
responsible for 43% of all TAVIs, followed by France (13%),
Italy (10%), and the UK and Ireland (7%).1

Approval processes
Given the enthusiasm with which the procedure has been
adopted, we might expect the evidence for its efficacy to be
solid. But a health technology assessment we carried out,
commissioned by the Belgian government, concluded that the
Belgian health authorities should pay for TAVI in only a
minority of patients (10%) of those currently considered for
treatment—those who are deemed inoperable for technical
reasons such as a series of previous operations or irradiation of
the chest wall.8 The United Kingdom’s National Institute for
Health and Clinical Excellence (NICE) guidance issued inMarch
this year said that for patients considered unsuitable for surgery,
the evidence for TAVI was adequate from a clinical point of
view but it did not take costs into account.9 But NICE said that
for patients for whom surgery is suitable, albeit risky, the
evidence for using TAVI was inadequate, and it should be used
in these circumstances only when special arrangements for
clinical governance, consent, and data collection or research
were in place.9

In the European Union, medical devices fall outside the scope
of the European Medicines Agency and need only a simple
quality certificate (CE mark) to gain access to the market,
putting them on the same footing as domestic appliances such
as toasters. Two different valves for transcatheter implantation
gained their CE marks in 2007, long before any substantial
clinical trial evidence was available: the Edwards Sapien valve
and the Medtronics CoreValve. In the US the law demands
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Transcatheter Aortic Valve Replacement in Europe
Adoption Trends and Factors Influencing Device Utilization
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Objectives The authors sought to examine the adoption of transcatheter aortic valve replacement (TAVR) in Western Europe
and investigate factors that may influence the heterogeneous use of this therapy.

Background Since its commercialization in 2007, the number of TAVR procedures has grown exponentially.

Methods The adoption of TAVR was investigated in 11 European countries: Germany, France, Italy, United Kingdom, Spain,
the Netherlands, Switzerland, Belgium, Portugal, Denmark, and Ireland. Data were collected from 2 sources: 1) lead
physicians submitted nation-specific registry data; and 2) an implantation-based TAVR market tracker. Economic
indexes such as healthcare expenditure per capita, sources of healthcare funding, and reimbursement strategies
were correlated to TAVR use. Furthermore, we assessed the extent to which TAVR has penetrated its potential
patient population.

Results Between 2007 and 2011, 34,317 patients underwent TAVR. Considerable variation in TAVR use existed across
nations. In 2011, the number of TAVR implants per million individuals ranged from 6.1 in Portugal to 88.7 in
Germany (33 ! 25). The annual number of TAVR implants performed per center across nations also varied widely
(range 10 to 89). The weighted average TAVR penetration rate was low: 17.9%. Significant correlation was found
between TAVR use and healthcare spending per capita (r ¼ 0.80; p ¼ 0.005). TAVR-specific reimbursement systems
were associated with higher TAVR use than restricted systems (698 ! 232 vs. 213 ! 112 implants/million
individuals #75 years; p ¼ 0.002).

Conclusions The authors’ findings indicate that TAVR is underutilized in high and prohibitive surgical risk patients with severe
aortic stenosis. National economic indexes and reimbursement strategies are closely linked with TAVR use and help
explain the inequitable adoption of this therapy. (J Am Coll Cardiol 2013;62:210–9) ª 2013 by the American
College of Cardiology Foundation

From the *Department of Interventional Cardiology at McGill University Health
Centre, Montreal, Quebec, Canada; yGalway University Hospital, Galway, Ireland;
zErasmus University Medical Center, Rotterdam, the Netherlands; xDepartment of
Cardiology, Bern University Hospital, Bern, Switzerland; kInstitut Cardiovasculaire
Paris Sud, Massy, France; {University Hospital Basel, Basel, Switzerland; #Depart-
ment of Cardiac Surgery, San Raffaele Hospital, Milan, Italy; **Royal Brompton
Hospital and on behalf of NICOR, London, United Kingdom; yyDepartment of
Cardiology, Rigshospitalet, Copenhagen, Denmark; zzDepartment of Cardiology,
University Hospital Antwerp, Wilrijk, Belgium; xxHospital de Santa Cruz, Lisbon,
and on behalf of VAP APIC-SPC, Portugal; kkHeart Centre, Royal Victoria
Hospital, Belfast, Northern Ireland, United Kingdom; {{Servicio de Cardiología,
Hospital Clínico San Carlos, Madrid, Spain; and the ##Department of Cardiovascular
Surgery, German Heart Center, Munich, Germany. Dr. Windecker has received
institutional research grants from Abbott Vascular, Biotronik, Biosensors, Boston
Scientific, Cordis, Medtronic, Edwards Lifesciences, and St. Jude Medical; and lecture

fees from Edwards Lifesciences and Medtronic. Dr. Lefèvre has served as a proctor for
Edwards Lifesciences; and received minor fees from Directflow and Boston Scientific.
Dr. Jeger has received travel cost reimbursements from Edwards Lifesciences and
Medtronic. Dr. Wenaweser has served as a proctor for and has received honoraria from
Medtronic and Edwards Lifesciences; and has served as a consultant for Biotronik.
Dr. Maisano has served as a consultant for Abbott Vascular, Medtronic, St. Jude
Medical, and Valtech Cardio; is a founder of 4Tech; and has received royalties from
Edwards Lifesciences. Drs. Søndergaard and Piazza have served as proctors and
consultants for Medtronic. Dr. Bosmans has served as a proctor for Medtronic.
Dr. Teles has served as a consultant for Medtronic; and has received research grants
from Boston Scientific. Dr. Manoharan has served as a proctor and consultant for
Medtronic and St. Jude Medical. All other authors have reported that they have no
relationships relevant to the contents of this paper to disclose.
Manuscript received January 12, 2013; revised manuscript received March 20, 2013,

accepted March 26, 2013.

Journal of the American College of Cardiology Vol. 62, No. 3, 2013
! 2013 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.jacc.2013.03.074

Heart Valve Disease

Transcatheter Aortic Valve Replacement in Europe
Adoption Trends and Factors Influencing Device Utilization

Darren Mylotte, MD,*y Ruben L. J. Osnabrugge, MSC,z Stephan Windecker, MD,x
Thierry Lefèvre, MD,k Peter de Jaegere, MD, PHD,z Raban Jeger, MD,{ Peter Wenaweser, MD,x
Francesco Maisano, MD,# Neil Moat, MD,** Lars Søndergaard, MD,yy Johan Bosmans, PHD,zz
Rui C. Teles, MD,xx Giuseppe Martucci, MD,* Ganesh Manoharan, MD,kk Eulogio Garcia, MD,{{
Nicolas M. Van Mieghem, MD,z A. Pieter Kappetein, MD, PHD,z Patrick W. Serruys, MD, PHD,z
Ruediger Lange, MD, PHD,## Nicolo Piazza, MD, PHD*##

Montreal, Canada; Galway, Ireland; Rotterdam, the Netherlands; Bern and Basel, Switzerland; Massy, France;
Milan, Italy; London and Belfast, United Kingdom; Copenhagen, Denmark; Wilrijk, Belgium;
Lisbon, Portugal; Madrid, Spain; and Munich, Germany

Objectives The authors sought to examine the adoption of transcatheter aortic valve replacement (TAVR) in Western Europe
and investigate factors that may influence the heterogeneous use of this therapy.

Background Since its commercialization in 2007, the number of TAVR procedures has grown exponentially.

Methods The adoption of TAVR was investigated in 11 European countries: Germany, France, Italy, United Kingdom, Spain,
the Netherlands, Switzerland, Belgium, Portugal, Denmark, and Ireland. Data were collected from 2 sources: 1) lead
physicians submitted nation-specific registry data; and 2) an implantation-based TAVR market tracker. Economic
indexes such as healthcare expenditure per capita, sources of healthcare funding, and reimbursement strategies
were correlated to TAVR use. Furthermore, we assessed the extent to which TAVR has penetrated its potential
patient population.

Results Between 2007 and 2011, 34,317 patients underwent TAVR. Considerable variation in TAVR use existed across
nations. In 2011, the number of TAVR implants per million individuals ranged from 6.1 in Portugal to 88.7 in
Germany (33 ! 25). The annual number of TAVR implants performed per center across nations also varied widely
(range 10 to 89). The weighted average TAVR penetration rate was low: 17.9%. Significant correlation was found
between TAVR use and healthcare spending per capita (r ¼ 0.80; p ¼ 0.005). TAVR-specific reimbursement systems
were associated with higher TAVR use than restricted systems (698 ! 232 vs. 213 ! 112 implants/million
individuals #75 years; p ¼ 0.002).

Conclusions The authors’ findings indicate that TAVR is underutilized in high and prohibitive surgical risk patients with severe
aortic stenosis. National economic indexes and reimbursement strategies are closely linked with TAVR use and help
explain the inequitable adoption of this therapy. (J Am Coll Cardiol 2013;62:210–9) ª 2013 by the American
College of Cardiology Foundation

From the *Department of Interventional Cardiology at McGill University Health
Centre, Montreal, Quebec, Canada; yGalway University Hospital, Galway, Ireland;
zErasmus University Medical Center, Rotterdam, the Netherlands; xDepartment of
Cardiology, Bern University Hospital, Bern, Switzerland; kInstitut Cardiovasculaire
Paris Sud, Massy, France; {University Hospital Basel, Basel, Switzerland; #Depart-
ment of Cardiac Surgery, San Raffaele Hospital, Milan, Italy; **Royal Brompton
Hospital and on behalf of NICOR, London, United Kingdom; yyDepartment of
Cardiology, Rigshospitalet, Copenhagen, Denmark; zzDepartment of Cardiology,
University Hospital Antwerp, Wilrijk, Belgium; xxHospital de Santa Cruz, Lisbon,
and on behalf of VAP APIC-SPC, Portugal; kkHeart Centre, Royal Victoria
Hospital, Belfast, Northern Ireland, United Kingdom; {{Servicio de Cardiología,
Hospital Clínico San Carlos, Madrid, Spain; and the ##Department of Cardiovascular
Surgery, German Heart Center, Munich, Germany. Dr. Windecker has received
institutional research grants from Abbott Vascular, Biotronik, Biosensors, Boston
Scientific, Cordis, Medtronic, Edwards Lifesciences, and St. Jude Medical; and lecture

fees from Edwards Lifesciences and Medtronic. Dr. Lefèvre has served as a proctor for
Edwards Lifesciences; and received minor fees from Directflow and Boston Scientific.
Dr. Jeger has received travel cost reimbursements from Edwards Lifesciences and
Medtronic. Dr. Wenaweser has served as a proctor for and has received honoraria from
Medtronic and Edwards Lifesciences; and has served as a consultant for Biotronik.
Dr. Maisano has served as a consultant for Abbott Vascular, Medtronic, St. Jude
Medical, and Valtech Cardio; is a founder of 4Tech; and has received royalties from
Edwards Lifesciences. Drs. Søndergaard and Piazza have served as proctors and
consultants for Medtronic. Dr. Bosmans has served as a proctor for Medtronic.
Dr. Teles has served as a consultant for Medtronic; and has received research grants
from Boston Scientific. Dr. Manoharan has served as a proctor and consultant for
Medtronic and St. Jude Medical. All other authors have reported that they have no
relationships relevant to the contents of this paper to disclose.
Manuscript received January 12, 2013; revised manuscript received March 20, 2013,

accepted March 26, 2013.

Journal of the American College of Cardiology Vol. 62, No. 3, 2013
! 2013 by the American College of Cardiology Foundation ISSN 0735-1097/$36.00
Published by Elsevier Inc. http://dx.doi.org/10.1016/j.jacc.2013.03.074

JACC	  Vol.	  62,	  No.	  3,	  2013	  

algorithms outlining patient selection have become the
standard of care. Nevertheless, the variation in the adoption
of TAVR in Western Europe is clear. Physicians, medical
societies, the medical device industry, and other stakeholders
have a responsibility to ensure the appropriate use and
sensible dispersion of this innovative technology.
Study limitations. Several limitations are of note. First,
although every attempt was made to ensure the validity of
the implant data, both data sources should be considered to
be estimates. Registry data may underestimate the true scale
of TAVR use because some cases or small implant centers
may not have been included. Secondly, the estimates of
TAVR use are likely to have included patients treated for off-
label indications, such as patients at lower surgical risk, which
may have affected the estimates of TAVR penetration.

Conclusions

Despite the rapid adoption of TAVR across Europe, our
findings indicate that a sizeable treatment gap remains for
high/prohibitive surgical risk patients with severe aortic
stenosis. National economic indexes and reimbursement
strategies are closely linked with TAVR use and may explain
the inequitable adoption of TAVR across nations.
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Across Europe

Map of the 11 study nations depicting estimated TAVR penetration rate and the
2011 TAVR reimbursement systems. SAVR ¼ surgical aortic valve replacement;
other abbreviations as in Figures 1 and 5.
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volume for these complex procedures (26–28). National
health technology assessments and position papers have
suggested that each center perform a minimum of 24 TAVR
procedures per annum (27,29,30). We observed centers with
low procedural volume and therefore nonadherence to these
criteria in several nations. In particular, centers in Ireland,
Belgium, and Spain performed on average less than 20
implants in 2011. Two distinct observations explain the low
procedural volume: 1) low number of TAVR implants per
million population (Ireland); and 2) excessive number of

TAVR centers (Belgium and Spain). The reasons for the
variation in the number of TAVR centers per million pop-
ulation and center volume across nations are unclear.
National political and financial concerns, healthcare policy,
population density and profile, reimbursement strategy, and
cultural factors may be important in determining the number
of centers in each nation.

The way complex medical technology is disseminated has
been revolutionized by TAVR. Clinical site selection,
mandatory physician and team training, and detailed

A B

C D

E F

Figure 5 Factors Influencing TAVR Adoption in Europe

Correlation between TAVR implants per million population (age !75 years) and (A) volume-indexed gross domestic product (GDP); (B) healthcare expenditure (% of GDP); and
(C) annual healthcare spend per capita (U.S.$). Number of TAVR implants per million population (age !75 years) according to (D) the principal source of healthcare funding
(social insurance or taxation) and (E) the system of reimbursement (TAVR specific or constrained). (F) The average number of TAVR implants per center in 2011 and the system
of reimbursement. DRG ¼ diagnosis-related group; PPS ¼ purchasing power standards; other abbreviation as in Figure 1.
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