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also documented the role of excess tissue in the genesis of SAM
after valve repair.2 The surgical correction (or prevention) of SAM
relies on several principles that have been previously proposed.3

First, the height of the posterior leaflet is easily reduced to no more
than 1.5 cm by using the sliding plasty with triangular resection of
the mural leaflet. Second, the choice of the ring annuloplasty is
critical. One should make sure that the vertical diameter of the ring
is the same as the height of the anterior leaflet. Third, in some
instances of important excess tissue, reduction of the height of the
anterior leaflet becomes a good solution. Application of these

simple principles has led to sustained disappearance of SAM in our
patients as documented by iterative TTEs.

Other authors have also recently proposed that the height of the
anterior leaflet be reduced either to correct or to prevent postrepair
SAM in Barlow disease.4,5 In our experience, suboptimal reduc-
tion of the height of the posterior leaflet is a frequent cause of
postrepair SAM. Reduction is still easily feasible without reper-
forming the sliding plasty. A large surface of leaflet coaptation is
certainly critical to achieve good long-term results in valve repair.
Because we believe that too much reduction of the height of the
anterior mitral valve may compromise the long-term durability of
the repair, we therefore recommend that it should not be performed
systematically in Barlow disease. This procedure may be useful in
cases of excess valvular tissue involving the anterior leaflet when
the other predisposing factors to SAM have been adequately
addressed.
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Figure 2. Schematic representation of the sliding plasty associ-
ated with an ovoid resection of the anterior valve (interrupted
lines).

Figure 1. Left, Preoperative TEE study showing SAM of the mitral valve (position and length of the leaflets are
better visualized with the interrupted lines). Right, Postoperative TEE study of the same patient revealing that SAM
has disappeared after repair. AL, Anterior leaflet; PL, posterior leaflet; LA, left atrium.
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Figure 1B: Techniques for the repair of the anterior mitral leaflet. The figure panel shows the essential steps of further techniques detailed in Table 1 for the
repair of the anterior mitral leaflet. Original figures adapted from the relevant publications.
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Figure 1A: Techniques for the repair of the anterior mitral leaflet. The figure panel shows the essential steps of the techniques detailed in Table 1 for the repair of
the anterior mitral leaflet. Original figures adapted from the relevant publications.
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valve replacement with a continent mitral valve and was not
included as a reoperation. Three reoperations were required
early (before day 30), and 7 reoperations were required at 3,
7, 7, 8, 8, 10, and 12 years, respectively. One patient died at
reoperation (10%). For these 10 patients, there were 7 valve
replacements and 3 repeat repairs (30%). Of the 3 repeat
repairs, 1 was performed postoperatively on day 3 with good
long-term results, and 2 patients who underwent repeat repair
at 7 and 12 years were reoperated on at 7 and 1 year,
respectively.

For the 10 patients who underwent reoperation for recur-
rent mitral valve regurgitation, valve analysis at the time of
the first operation showed 2 of type I (annulus dilatation,
perforation of leaflet) and 8 of type II (leaflet prolapse): 1
posterior leaflet, 3 anterior leaflet, and 4 complex anterior and
posterior leaflet combination.

Figure 3 shows the freedom from reoperation according to
valve analysis in type II patients.

In type II involving the posterior leaflet alone (n!93),
98.5% of patients at 10 years and 96.9% of patients at 20
years were free from reoperation; in type II involving the
anterior leaflet alone (n!28), 86.2% and 86.2% were free
from reoperation, respectively; and in type II involving both
leaflets, 88.1% and 82.6% were free from reoperation,
respectively.

There was a significant difference in the risk for reopera-
tion among the 3 groups (P"0.03, log-rank test).

There was no difference in survival among the 3 groups.
The overall survival rates at 10 and 20 years were 81.2% and

46% for type II involving the posterior leaflet alone, 70.8%
and 45.8% for type II involving the anterior leaflet alone, and
69.6% and 50.4% for type II involving both leaflets,
respectively.

For the 7 patients who underwent late reoperation, 5 had a
significant murmur at discharge, indicating that an incom-
plete repair probably was the cause of reoperation.

At 10 and 20 years, 94% (95% CI 90% to 98%) and 92%
(95% CI 87% to 97%) of the patients were free from
reoperation. The mitral valve reoperation rate was 0.4%
patient-year. Only 1 patient had postoperative bacterial endo-
carditis and had been treated medically with success, for a
linearized rate of 0.04% patient-year.

Six patients had a stroke: 4 patients had a thromboembolic
episode (of whom 3 were in atrial fibrillation), for a linearized
rate of 0.17% patient-year, and 2 patients had bleeding, for a
linearized rate of 0.09% patient-year. Two patients (1 with
embolic stroke and 1 with hemorrhagic stroke) died after the
stroke.

Recent Doppler echocardiographic studies (within 2 years)
available for 26 patients as part of routine follow-up showed
that 17 (65%) had no mitral regurgitation, 5 (19%) had mild
regurgitation, and 4 (15%) had moderate or important
regurgitation.

At the end of the study, 65 patients were alive (median
follow-up 19 years). The age of the survivors ranged from 41
to 95 years (median 76 years). All except 1 were in NYHA
functional class I/II.

Discussion
Controversy remains as to the predictability of the techniques
and the stability of the results in valve reconstruction.
Contradictory data have been reported in the literature with
opposing conclusions. Some authors have found a striking
superiority of mitral valve reconstruction over valve replace-
ment, whereas others have noted little difference between
these 2 approaches. This diversity of opinion reflects the
variety of the techniques that are used. Several authors have
reported results with different and sometimes contradictory
techniques, although it is now clear that a narrowing annu-
loplasty differs from a remodeling annuloplasty and that a
chordal plication differs from a chordal shortening repair.
Contradictory results can also be explained by heterogeneous
patient populations, resulting from a mix of adults and

Figure 1. Rates at 10 and 20 years for freedom from cardiac
death, expected survival, and overall survival.

Figure 2. Cardiac event-free survival rates at 10 and 20 years.

Figure 3. Reoperations according to leaflet prolapse. MR indi-
cates mitral regurgitation.
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rate of 0.17% patient-year, and 2 patients had bleeding, for a
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ment, whereas others have noted little difference between
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Very long term results (more than 20 years…) 
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Very Long-Term Survival and Durability of Mitral Valve
Repair for Mitral Valve Prolapse

Dania Mohty, MD; Thomas A. Orszulak, MD; Hartzell V. Schaff, MD; Jean-Francois Avierinos, MD;
Jamil A. Tajik, MD; Maurice Enriquez-Sarano, MD

Background—Mitral regurgitation (MR) due to mitral valve prolapse (MVP) is often treatable by surgical repair. However,
the very long-term (!10-year) durability of repair in both anterior leaflet prolapse (AL-MVP) and posterior leaflet
prolapse (PL-MVP) is unknown.

Methods and Results—In 917 patients (aged 65"13 years, 68% male), surgical correction of severe isolated MR due to
MVP (679 repairs and 238 replacements [MVRs]) was performed between 1980 and 1995. Survival after repair was
better than survival after MVR for both PL-MVP (at 15 years, 41"5% versus 31"6%, respectively; P#0.0003) and
AL-MVP (at 14 years, 42"8% versus 31"5%, respectively; P#0.003). In multivariate analysis adjusting for predictors
of survival, repair was independently associated with lower mortality in PL-MVP (adjusted risk ratio [RR] 0.61, 95%
CI 0.44 to 0.85; P#0.0034) and in AL-MVP (adjusted RR 0.67, 95% CI 0.47 to 0.96; P#0.028). The reoperation rate
was not different after repair or MVR overall (at 19 years, 20"5% for repair versus 23"5% for MVR; P#0.4) or
separately in PL-MVP (P#0.3) or AL-MVP (P#0.3). However, the reoperation rate was higher after repair of AL-MVP
than after repair of PL-MVP (at 15 years, 28"7% versus 11"3%, respectively; P#0.0006). From the 1980s to the
1990s, the RR of reoperation after repair of AL-MVP versus PL-MVP did not change (RR 2.5 versus 2.7, respectively;
P#0.58), but the absolute rate of reoperation decreased similarly in PL-MVP and AL-MVP (at 10 years, from 10"3%
to 5"2% and from 24"6% to 10"2%, respectively; P#0.04).

Conclusions—In severe MR due to MVP, mitral valve repair compared with MVR provides improved very long-term
survival after surgery for both AL-MVP and PL-MVP. Reoperation is similarly required after repair or replacement but
is more frequent after repair of AL-MVP. Recent improvement in long-term durability of repair suggests that it should
be the preferred mode of surgical correction of MVP whether it affects anterior or posterior leaflets and is an additional
incentive for early surgery of severe MR due to MVP. (Circulation. 2001;104[suppl I]:I-1-I-7.)

Key Words: follow up studies ! mitral valve ! regurgitation ! surgery

Mitral valve prolapse (MVP) is frequent,1 and is the most
common cause of surgical severe mitral regurgitation

(MR) in the United States.2 In view of the poor outcome of
patients with MVP and severe MR with3 or without4 flail
leaflet, early surgery (ie, surgery performed before the occur-
rence of severe symptoms or left ventricular dysfunction) is
often considered.5 MVP is also the most reparable of the
lesions causing MR.6 Previous studies have suggested that
mitral valve repair should be the preferred procedure for
surgical correction of MR because compared with valve
replacement, it provides an improved outcome.7 Therefore,
there is a general trend to consider patients with MVP and
severe MR as the best surgical candidates for early surgery.8

However, many questions regarding the very long-term
outcome of surgery that are crucial to patients with MVP
remain unresolved. Most previous studies comparing mitral
valve repair and mitral valve replacement (MVR) did not

focus on MVP.9–12 In the comparative studies including
mostly MVP, posterior leaflet prolapse (PL-MVP) was the
predominant lesion,7,13–15 and the reported superiority of
repair essentially reflects the results in treating this lesion. It
is unclear whether the superiority of results after repair apply
equally to anterior leaflet prolapse (AL-MVP), in which
repair appears more challenging.13 More important, even in
large series,7,13 information beyond 10 years of follow-up is
absent or minimal.16 Because reoperation is mostly motivated
by the development of new degenerative lesions,17 the very
long-term outcome of repair, in particular, the need for
reoperation, is questionable. Deterioration beyond 10 years of
follow-up may negate the initial survival benefit of valve
repair and would be a major limitation to the concept of early
surgery. Therefore, it is essential to analyze at 10 years and
beyond the very long-term durability of repair of both
AL-MVP and PL-MVP. In addition, new surgical techniques
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(4!1% and 5!2%, respectively) than for AL-MVP (9!2%
and 10!2%, respectively), with RR 2.7 and 95% CI 1.3 to 5.6
(P"0.01) (Figure 4).

After adjustment for MVP type, repair in the 1990s (versus
the 1980s) was independently associated with lower absolute
reoperation rate, with RR 0.56 and 95% CI 0.31 to 0.99
(P"0.04) (Figure 4).

Effect of Residual MR at End of Surgery
Intraoperative residual MR presence after repair could be
determined in 669 (98.5%) of 679 patients, and 122 had MR
judged to be mild or mild to moderate (none was severe).

Reoperation rates were higher after repair with residual
MR (14!3%, 8!4%, and 21!5% at 5, 10, and 15 years,
respectively) than without residual MR (5!1%, 9!2%, and
14!4%, respectively) (P"0.002), as shown in Figure 5.

In AL-MVP, reoperation rates with residual MR (21!6%
and 35!10% at 5 and 10 years, respectively) were higher
than were reoperation rates without residual MR (8!2% and
14!4% at 5 and 10 years, respectively) (P"0.005).

Similarly, in PL-MVP, reoperation rates with residual MR
(10!4% at 5 and 10 years, respectively) were higher than
reoperation rates without residual MR (2!1% and 6!2% at
5 and 10 years, respectively) (P"0.01).

TABLE 2. Comparison of Baseline Characteristics Between Patients Who Had Mitral Repair and MVR in
AL-MVP and PL-MVP Subgroups

AL-MVP PL-MVP

Repair MVR P Repair MVR P

No. of patients 251 150 428 88

Preoperative characteristics

Age, y 63!14 65!13 0.2 65!12 67!11 0.2

Male sex, % 69 61 0.1 69 72 0.7

NYHA class III–IV, % 42 71 0.001 46 67 0.001

Angina class III–IV, % 10 13 0.3 7 13 0.1

Overt CAD, % 29 26 0.5 27 33 0.2

AF at presentation, % 43 57 0.004 36 43 0.2

Creatinine, mg/dL 1.16!0.26 1.22!0.31 0.03 1.25!0.75 1.29!0.35 0.63

Hypertension, % 31 21 0.03 3 27 0.2

Diabetes, % 4 7 0.2 6 6 0.9

LV and LA characteristics

LVD, mm 61!9 62!9 0.5 62!9 63!8 0.2

LVS, mm 38!8 39!10 0.8 37!8 38!8 0.9

LA, mm 54!9 56!11 0.1 55!10 54!10 0.9

EF, % 62!9 61!12 0.7 63!9 63!11 0.5

Operative and postoperative characteristics

Bypass duration, min 88!47 100!43 0.001 82!41 108!41 #0.001

CABG, % 30 23 0.2 26 31 0.4

IMA, % 19 8 0.003 17 6 0.009

Values are mean!1 SD or as indicated. Abbreviations as in Table 1.

Figure 1. Long-term survival after surgical correction of MR due
to MVP (repair, dashed lines; replacement [MVR], solid lines) in
patients with AL-MVP (left) and PL-MVP (right). Numbers at bot-
tom of each graph indicate number of patients at risk for the
interval. Survival estimates (mean!SE) are indicated at 5 and 10
years.

Figure 2. Long-term reoperation rate after mitral valve repair
(dashed line) and replacement (MVR, solid line). Reoperation
rate estimates (mean!SE) are indicated at 5, 10, and 15 years.
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(P"0.01) (Figure 4).
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Figure 1. Long-term survival after surgical correction of MR due
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patients with AL-MVP (left) and PL-MVP (right). Numbers at bot-
tom of each graph indicate number of patients at risk for the
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Figure 2. Long-term reoperation rate after mitral valve repair
(dashed line) and replacement (MVR, solid line). Reoperation
rate estimates (mean!SE) are indicated at 5, 10, and 15 years.
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quality of repair or replacement by TEE and to complete 
the de-airing procedure. Thereafter, CPB is resumed, the 
cardioplegia needle vent is removed, haemostasis is checked 
and the pericardium is closed. The patient is then finally 
weaned off CPB and decannulated.

Follow-up

Follow-up was obtained by personal contact, mailed 

questionnaires, or by phone contact with patients and family 
members, with supplemental information being supplied 
by family physicians and referring cardiologists. The mean 
GPMMPX�VQ�JOUFSWBM�XBT���������ZFBST�BOE�XBT������DPNQMFUF��

Results

Of the 3,438 of patients undergoing minimally-invasive 
mitral valve surgery, 2,829 underwent MVRp and 609 
VOEFSXFOU�.73
�SFTVMUJOH�JO�B�SFQBJS�SBUF�PG��������5IJT�
also included patients with valve pathology that was not 
amenable to repair. Our database, however, does account 
for patients who undergo a formal repair attempt with 
annuloplasty, are weaned off CPB and then have to undergo 
MVR due to an unsatisfactory repair on TEE. A total of 
���QBUJFOUT�	����
�SFRVJSFE�.73�EVF�UP�GBJMVSF�PG�SFQBJS
�
either during the primary operation itself or at reoperation 
performed before discharge. This would result in a 
SFQBJS�SBUF�PG�������JO�QBUJFOUT�XIPTF�NJUSBM�WBMWFT�XFSF�
considered highly reparable before the operation.

Demographic characteristics and intraoperative 
parameters

Demographic characteristics and intraoperative parameters 
of patients undergoing minimally invasive MVRp are 
depicted in Table 1. Almost two-thirds of patients were 
males. Most patients had good left ventricular function, 
a low preoperative risk profile and underwent elective 
surgery. Very few patients had active infective endocarditis 
requiring urgent or emergent surgery. The minimally 
invasive approach was avoided in patients with suspicion of 
paravalvular abscesses.

It is the policy at our institution to use a ring annuloplasty 
for all repairs. The majority of patients received a complete 
ring. The right minithoracotomy approach also allows 
excellent access to the atrial septum, the tricuspid valve and 
UIF� MFGU�BOE�SJHIU�BUSJB� GPS�DSZPBCMBUJPO��-FTT� UIBO����PG�
patients required conversion to sternotomy.

Postoperative outcomes and follow-up

0WFSBMM����QBUJFOUT�	����
�EJFE�XJUIJO����EBZT�PG�TVSHFSZ��
The postoperative outcomes are presented in Table 2. All 
patients underwent transthoracic echocardiography before 
discharge. Of the 45 patients who required a MVR due to 
B�GBJMFE�SFQBJS
�UXP�QBUJFOUT�	����
�EJFE�XJUIJO����EBZT�BOE�
BOPUIFS�òWF�EJFE�XJUIJO�POF�ZFBS�BGUFS�TVSHFSZ��

Table 1 Distribution of preoperative and intraoperative variables

Preoperative variables

Age in years 60.3±13

Male 1,733 (61.3)

Body-mass index (kg/m2) 25.6±3.9

Preoperative cerebrovascular accident 90 (3.2)

Left ventricular ejection fraction (%) 56.8±18.9

Prior cardiac surgery 152 (5.4)

Active endocarditis 36 (1.3)

Timing of surgery

Elective 2,632 (93)

Urgent/emergent 197 (7)

Log EuroSCORE (%) 4.9±6

Intraoperative parameters

Mitral valve repair† 2,829 (100)

Ring annuloplasty 2,829 (100)

Complete ring 2,440 (86.4)

Partial ring 389 (13.6)

Ring size 31.1±5.2

Combined procedures

Tricuspid valve repair 303 (10.7)

Tricuspid valve replacement 4 (0.1)

Atrial septal defect/patent foreamen ovale 
closure

272 (9.6)

Cryoablation 793 (28)

Excision of cardiac tumors 3 (0.1)

Aortic cross-clamp time (minutes) 76.4±35.1 

Cardiopulmonary bypass time (minutes) 133.6±68.6

Length of surgery (minutes) 180.1±133.6

Conversion to sternotomy 39 (1.4)

Mitral valve repair failure 45 (1.6)
†, includes patients with failed mitral valve repair. Continuous 
variables expressed as mean ± standard deviation. 
Percentages are shown in parentheses.
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The survival  of  al l  patients (MVR and MVRp) 
undergoing minimally invasive mitral valve surgery and 
those undergoing MVRp is depicted in Figures 1 and 2, 
respectively. The 5- and 10-year survival of all patients 
(MVR and MVRp) undergoing minimally invasive mitral 
WBMWF�TVSHFSZ�XBT�����������BOE����������
�SFTQFDUJWFMZ��
A total of 447 patients undergoing MVRp died during 
GPMMPX�VQ
� SFTVMUJOH� JO� B� TVSWJWBM� PG� ���������� BOE�
����������BU�òWF�BOE�UFO�ZFBST��0OF�IVOESFE�BOE�UIJSUFFO�
patients required a cardiac reoperation during follow-up, 
DVMNJOBUJOH� JO�B� GSFFEPN�GSPN�SFPQFSBUJPO�PG�����������

BOE�����������BU�òWF�BOE�UFO�ZFBST�	Figure 3).

Discussion

Ever since the description of the techniques of MVRp by 
Alain Carpentier in his famous publication “The French 
Correction” (11) MVRp has become the gold standard 
for patients with MR, especially due to degenerative and 
ischemic pathology. 

The long-term outcomes after MVRp through a 
sternotomy approach have been excellent and have been 

Table 2 Distribution of postoperative outcomes

Outcomes n (%)

30-day mortality 23 (0.8)

Low output syndrome 31 (1.1)

Failed mitral valve repair 45 (1.6)

Re-exploration for bleeding 198 (7)

Myocardial infarction 18 (0.6)

Sepsis 24 (0.8)

Stroke 57 (2)

Postoperative new dialysis 87 (3.1)

Postoperative symptomatic neuropsychotic 
syndrome

71 (2.5)

Hospital stay, days 12.2±9.4

Continuous variables expressed as standard ± mean deviation.
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Figure 2 Survival of patients undergoing mitral valve repair.
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valve repair.
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A meta-analysis of minimally invasive versus conventional mitral valve 
repair for patients with degenerative mitral disease

Christopher Cao1, Sunil Gupta1, David Chandrakumar1, Thomas A. Nienaber1, Praveen Indraratna1, 
Su C. Ang1, Kevin Phan1,2, Tristan D. Yan1,2

1The Collaborative Research (CORE) Group, Macquarie University, Sydney, Australia; 2The Royal Prince Alfred Hospital, Sydney University, Sydney, 

Australia

Corresponding to: Christopher Cao. The Collaborative Research (CORE) Group, Macquarie University, Sydney, Australia. Email: drchriscao@gmail.com.

Background: Minimally invasive mitral valve surgery through a mini-thoracotomy approach was developed 

in the mid-1990s as an alternative to conventional sternotomy, but with reduced trauma and quicker 

recovery. However, technical demands and a paucity of comparative data have thus far limited the widespread 

adoption of minimally invasive mitral valve repair (MIMVR). Previous meta-analyses have grouped various 

surgical techniques and underlying valvular disease aetiologies together for comparison. The present study 

aimed to compare the clinical outcomes of MIMVR versus conventional mitral valve repair in patients with 

degenerative mitral valve disease. 

Methods: A systematic review of the current literature was performed through nine electronic databases 

from January 1995 to July 2013 to identify all relevant studies with comparative data on MIMVR versus 

conventional mitral valve surgery. Measured endpoints included mortality, stroke, renal failure, wound 

JOGFDUJPO
�SFPQFSBUJPO�GPS�CMFFEJOH
�BPSUJD�EJTTFDUJPO
�NZPDBSEJBM� JOGBSDUJPO
�BUSJBM�òCSJMMBUJPO
�SFBENJTTJPO�
within 30 days, cross clamp time, cardiopulmonary bypass time and durations of intensive care unit (ICU) 

stay and overall hospitalization. Echocardiographic outcomes were also assessed when possible. 

Results: Seven relevant studies were identified according to the predefined study selection criteria, 

including one randomized controlled trial and six retrospective studies. Meta-analysis of clinical outcomes 

EJE�OPU� JEFOUJGZ�BOZ�TUBUJTUJDBMMZ�TJHOJòDBOU�EJGGFSFODFT�CFUXFFO�.*.73�BOE�DPOWFOUJPOBM�NJUSBM�WBMWF�
SFQBJS��5IF�EVSBUJPO�PG�*$6�TUBZ�XBT�TJHOJòDBOUMZ�TIPSUFS�GPS�QBUJFOUT�XIP�VOEFSXFOU�.*.73
�CVU�UIJT�
did not translate to a shorter hospitalization period. Patients who underwent MIMVR required longer 

cross clamp time as well as cardiopulmonary bypass time. Both surgical techniques appeared to achieve 

satisfactory echocardiographic outcomes. Pain-related outcomes was assessed in one study and reported 

TJHOJòDBOUMZ�MFTT�QBJO�GPS�QBUJFOUT�XIP�VOEFSXFOU�.*.73��)PXFWFS
�UIJT�MJNJUFE�EBUB�XBT�OPU�TVJUBCMF�GPS�
meta-analysis.

Conclusions: The existing literature has limited data on comparative outcomes after MIMVR versus 

conventional mitral valve repair for patients with degenerative disease. From the available evidence, there are 

OP�TJHOJòDBOU�EJGGFSFODFT�CFUXFFO�UIF�UXP�TVSHJDBM�UFDIOJRVFT�JO�SFHBSET�UP�DMJOJDBM�PVUDPNFT��1BUJFOUT�XIP�
underwent MIMVR required longer cardiopulmonary bypass and cross clamp times, but the duration of stay 

JO�UIF�*$6�XBT�TJHOJòDBOUMZ�TIPSUFS�UIBO�DPOWFOUJPOBM�NJUSBM�WBMWF�SFQBJS�
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than 50% was considered substantial heterogeneity. When 
there was substantial heterogeneity, the possible clinical 
and methodological reasons for this were investigated. 
All P values were 2-sided. All statistical analysis was 
conducted with Review Manager Version 5.1.2 (Cochrane 
Collaboration, Software Update, Oxford, United Kingdom).

Results

Quantity and quality of trials

A systematic review of the nine electronic database searches 
identified 4,513 potentially relevant references. After 
exclusion of duplicate or irrelevant references, 61 potentially 
relevant articles were retrieved for more detailed evaluation. 
After applying the selection criteria, seven comparative 
studies remained eligible for quantitative assessment. A 

PRISMA chart summarizing the search strategy is presented 
in Figure 1 (13). The seven selected articles included one 
randomized-controlled trial and six retrospective studies, as 
summarized in Table 1 (14-20). In these seven studies, 1,964 
patients who underwent mitral valve surgery were compared, 
including 953 patients who underwent the minimally 
invasive thoracotomy approach and 1,011 patients who 
underwent the conventional sternotomy approach. Three 
retrospective studies attempted to match patients according 
to important prognostic factors (14,16,18). 

Patient characteristics
Baseline patient characteristics such as age, gender, 
hypertension, diabetes mellitus and previous stroke were 
similar between the MIMVR and conventional sternotomy 
cohorts, as summarized in Table 2. In addition, preoperative 
New York Heart Association (NYHA) functional status was 

Figure 1 Summary of search strategy performed to identify relevant comparative studies on mitral valve repair through minimally invasive 

thoracotomy versus conventional sternotomy approaches.
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deviation values were available for cross-clamp time, 
cardiopulmonary bypass time, duration of ICU stay and 
overall duration of hospitalization, as summarized in Table 5. 
5IF�MFOHUI�PG�*$6�TUBZ�XBT�TJHOJòDBOUMZ�TIPSUFS�GPS�QBUJFOUT�
who underwent MIMVR. However, there was no statistical 
difference in regards to the entire duration of hospitalization 
between the two treatment arms. Patients who underwent 
.*.73�SFRVJSFE�TJHOJòDBOUMZ�MPOHFS�QFSJPET�PG�DSPTT�DMBNQ�
time and cardiopulmonary bypass time.

Echocardiography outcomes

8IFO�BWBJMBCMF�FDIPDBSEJPHSBQIJD�òOEJOHT�GSPN�JOEJWJEVBM�
studies were summarized and categorized into predefined 
severities of none/trivial/mild mitral regurgitation (MR) 

and moderate/severe MR, patients who underwent MIMVR 
were reported to have moderate/severe MR in 98.7% of 
cases preoperatively, compared to 98.4% of patients who 
underwent conventional sternotomy. Postoperatively, 
patients who underwent MIMVR had persistent moderate/
severe MR in 0.1% of cases compared to 0.3% of patients 
who underwent conventional sternotomy. A summary of 
UIFTF�FDIPDBSEJPHSBQIJD�òOEJOHT�CFGPSF�BOE�BGUFS�TVSHFSZ�JT�
presented in Figure 4A,B. 

Discussion

To achieve minimal surgical access and reduced trauma, 
a number of novel approaches to mitral valve surgery 
were developed in the mid-1990s, including right 

Figure 3 Forest plot of the relative risk (RR) of cerebrovascular accidents after minimally invasive mitral valve repair (MIMVR) versus 

conventional sternotomy repair for degenerative mitral valve disease. The estimate of the RR of each trial corresponds to the middle of the 

TRVBSFT
�BOE�UIF�IPSJ[POUBM�MJOF�TIPXT�UIF�����DPOòEFODF�JOUFSWBM�	$*
��0O�FBDI�MJOF
�UIF�OVNCFST�PG�FWFOUT�BT�B�GSBDUJPO�PG�UIF�UPUBM�OVNCFS�
treated are shown for both treatment groups. For each subgroup, the sum of the statistics, along with the summary RR, is represented by the 

middle of the solid diamonds. A test of heterogeneity between the trials within a subgroup is given below the summary statistics.

Figure 4 A summary of severity of mitral regurgitation before (A) and after (B) mitral valve repair through the minimally invasive (blue) or 

conventional sternotomy (red) approach.
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deviation values were available for cross-clamp time, 
cardiopulmonary bypass time, duration of ICU stay and 
overall duration of hospitalization, as summarized in Table 5. 
5IF�MFOHUI�PG�*$6�TUBZ�XBT�TJHOJòDBOUMZ�TIPSUFS�GPS�QBUJFOUT�
who underwent MIMVR. However, there was no statistical 
difference in regards to the entire duration of hospitalization 
between the two treatment arms. Patients who underwent 
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and moderate/severe MR, patients who underwent MIMVR 
were reported to have moderate/severe MR in 98.7% of 
cases preoperatively, compared to 98.4% of patients who 
underwent conventional sternotomy. Postoperatively, 
patients who underwent MIMVR had persistent moderate/
severe MR in 0.1% of cases compared to 0.3% of patients 
who underwent conventional sternotomy. A summary of 
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Discussion

To achieve minimal surgical access and reduced trauma, 
a number of novel approaches to mitral valve surgery 
were developed in the mid-1990s, including right 
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Repair of All Leaflet Subsets is as Durable as
Mechanical Replacement
Several studies have searched for factors contributing to
the durability of MV repair [1, 3, 13, 21–23] and have
identified modifications that have led to improvement in
the current era [3]. The present study analyzes a large
homogeneous population of patients with isolated MR
due to leaflet prolapse over 20 years. These features are
important in drawing accurate conclusions regarding the
failure rate of MV repair. Additionally, although others
have followed the echocardiographic endpoint of MR
recurrence after repair [24], we continue to feel that the
most important clinical determinant of surgical durability
is the need for MV-specific reoperation. Mitral valve
reoperation after repair was as low as that found after
replacement. Moreover, repair versus replacement was

not an independent predictor of mitral reoperation after
surgical correction of MR by multivariate analysis. Risk
factors for reoperation overall, using multivariate analy-
sis, included increasing degrees of residual predischarge
MR, isolated AL prolapse, BL prolapse, and the presence
of significant CAD. Independent predictors of reopera-
tion after repair were younger age, AL prolapse, chordal
shortening-transfer, no leaflet resection, no prosthetic
annuloplasty, increasing degrees of predischarge MR,
and the presence of significant CAD. The majority of
these factors have been implicated in prior reports [3].
The identification of young age as a predictor for reop-
eration might be explained by the increased number of
years the repair is at risk.

An unexpected finding was that significant CAD is an
independent predictor of reoperation after mitral valve

Fig 3. Risk of reoperation (mitral specific) after mechanical mitral valve replacement (light solid line} versus repair subsets: isolated AL
(dashed line), PL (dotted line), or BL (heavy solid line). The analysis is divided into three phases: A: overall 1980 to 2000; B: 1980 to 1989
(1980s); and C: 1990 to 2000. Zero time on abscissa represents date of operation and numbers at the bottom of the figure represent patients at
risk. (AL ! anterior leaflet; BL ! bileaflet; HR!hazard ratio for reoperation compared with mechanical replacement group; PL ! posterior
leaflet.)
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repair. It may be that patients with significant CAD may
develop some degree of chronic ischemia, possibly pre-
disposing them to progressive ventricular dilation, alter-
ing MV geometry and leading to recurrent MR. We have
no data to either support or refute this hypothesis at the
current time, but the issue will be investigated in the
future.

It is instructive to compare durability of MV repair to
durability of specific types of valve prostheses. The only
predictor of reoperation after valve replacement was the
use of a biological prosthesis (Table 4). Additionally,
Kaplan-Meier analysis (Fig 2) demonstrated that whereas
the long-term durability of MV repair was similar to
mechanical valve replacement, the risk of reoperation
was substantially elevated for patients undergoing re-
placement with a biological prosthesis. The rate of reop-
eration increased markedly ten years after replacement
with a biological valve. The longevity of these devices
might improve in the future with novel tissue treatments,
but currently there is no clear proven durability benefit
over mitral repair.

We also examined the durability of valve repair by
stratifying outcomes of various leaflet subsets in compar-
ison with those patients having mitral valve replacement
with mechanical prostheses. As shown in Figure 3, repair
of isolated AL prolapse was associated with an elevated
risk of subsequent mitral reoperation during the first
decade of the study. During the second decade, durabil-
ity of valve repair in all leaflet subsets improved to the
extent that risk of reoperation among all categories of
leaflet prolapse was similar to mechanical valve replace-
ment (Fig 3). The linearized risk of reoperation after
repair of the PL was 0.5% per year, approximately half
that for a BL procedure (0.92% per year), and a third of
that for an AL repair (1.64% per year). These findings do
not support the perception by many clinicians that re-

sults of valve replacement for mitral prolapse are more
predictable as regards subsequent risk of reoperation
(0.74% per year overall).

The identification of BL prolapse as a unique entity has
recently gained attention [20]. Our data suggest that
outcome of correction of BL disease approaches that of
PL repair. It may be that there are structural [25] and
physiologic implications of severe AL prolapse, which
are distinct from those prevalent when the PL is involved.

The evolution of mitral valvuloplasty techniques in to
the current era have been well described [6, 20, 23, 26],
and we believe that these improvements have led to
better outcome of repair for all subsets [3]. In the current
analysis, we have found substantially better durability of
AL repair in the most recent decade compared with
results from the 1980s. Indeed, the durability of AL repair
is currently statistically indistinguishable from repair of
other leaflet subsets and mechanical valve replacement
(Fig 3). Our approach to a repair of anterior leaflet
prolapse can be summarized as follows. For patients with
diffuse anterior leaflet prolapse where the free edge of
the leaflet overrides the posterior leaflet along a broad
plane, we initially perform posterior annuloplasty (tri-
gone to trigone) with a flexible band 63 mm in length; this
is sufficient for most such patients. When there is seg-
mental prolapse of the anterior leaflet as occurs with
ruptured or elongated groups of chords, we favor inser-
tion of polytetrafluorethylene (Gore-Tex) neochordae [8].
In selected patients, small areas of anterior leaflet pro-
lapse are corrected with limited triangular resection [27].
The edge-to-edge repair is rarely used as a primary
technique but may be useful to supplement the above
methods when there is residual leakage [28]. We have
largely abandoned use of chordal shortening and chordal
transfer although others still report satisfactory results
with these techniques.

Limitations
This retrospective analysis has inherent limitations. Fol-
low-up data were obtained from hospital records, outside
reports, and survey information; many patients live some
distance from our Clinic and do not come for regular
care. We have, however, made every effort to obtain
important clinical information on those patients. We
recorded death as obtained through hospital records and
social security database information; these data are ac-
curate but incomplete as to cause of death. Multivariable
analyses were employed to control for disparities in
preoperative risk factor profiles. Although valid, this
method cannot account for other factors, such as surgical
judgment and referral bias, that may influence outcome.
Finally, we acknowledge that the most objective method
to assess durability of mitral valvuloplasty would be to
follow recurrence of MR over time by echocardiography.
In reality, such tracking of healthy patients is impractical
in a large cohort such as this. It may be that our study,
and others like it, underestimate the failure of repair as
judged by recurrent valve leakage, but we believe that
the recurrence of significant MR and referral for surgical
assessment are closely linked in our patient population.

Fig 4. Linearized risk of reoperation (mitral specific) for patients
undergoing surgical correction of MR in the 1990s. Results from the
current era demonstrate that PL repair has the lowest risk of reop-
eration at 0.5% per year followed by mechanical valve replacement
(0.66% per year), BL repair (0.92% per year), and AL repair (1.64%
per year). (Filled bars ! repair groups; unfilled bar ! mechanical
replacement group; AL ! anterior leaflet; BL ! bileaflet; MR ! mi-
tral repair; PL ! posterior leaflet.)
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9.6% in the repair group versus 13.6% in the replacement
group.

Among the 13 patients who died between 1 and 6 months,
69.2% died during the second postoperative month. In the
replacement group, 66.7% died during the secondmonth, and
all deaths between 1 and 6 months were related to
postoperative complications with long-term ICU stay (extu-
bation failure, pulmonary infection, neurologic complica-
tions, and multi-organ failure). In the repair group, 71.4%
mortality occurred within the second month, also related to
complications of long-term intensive care unit stay, but, in
two cases, death occurred after hospital discharge, with non-
cardiovascular cause. Among nine patients with second
month mortality, seven occurred before 1998.

Six-month, 1-year, and 7-year survival (95% CI) were
higher after mitral repair than after mitral replacement: 84%
(76—93), 81.3% (73—91), and 51% (38—69) versus 70.4% (59—
84), 65% (53—79), and 32.5% (20—52), respectively (Fig. 2).

After initial (30 days) excess mortality for the replace-
ment group, survival curves remained parallel (Fig. 3) with a
cumulated mortality risk of 39% (95% CI, 23—57) between 6
months and 7 years in the repair group (mean annual
mortality risk of 8%) versus 54% (95% CI, 34—74) (mean annual
mortality risk of 6%) in the replacement group. For patients
surviving after 6 months, there was no significative
difference between survival curves of the two groups (log-
rank test, p = 0.32).

In multivariate analysis (Fig. 2) for late survival with the
studied prognostic factors, mortality relative risk was 1.0
(0.9—1.2 ( p = 0.69)) for age, 1.0 (0.5—1.0 ( p = 0.98)) for

male gender, 1.6 (0.7—3.5 ( p = 0.27)] and 1.0 (0.1—8.0
( p = 0.98)) for moderate and severe left ventricular dysfunc-
tion, respectively, 2.3 (0.6—8.0 ( p = 0.21)) for degenerative
etiology, and 1.4 [0.8—2.6 ( p = 0.26)] for mitral replace-
ment.

3.3. Quality of life

3.3.1. Lifestyle
Of the total patients, 54.2% lived in a nursing home after

repair and 65.9% after replacement.

3.3.2. Mobility
Of the total patients, 67.1% and 81.2% walked unassisted

at least 500 m a day, 26% and 18.2% walked with assistance
(sticks or walking frames), and 6.9% and 0%were confined to a
wheelchair, after repair and replacement, respectively.

4. Discussion

4.1. Demography of elderly candidates for mitral surgery

This 21-year experience clearly illustrates the growing
proportion of elderly (>80 years of age) patients referred for
mitral surgery in our department (Fig. 1). This increase is
related to enhanced life expectancy and reported better
outcome of mitral surgery in this population, and the growing
demands of a community in which age-related disability is no
longer considered as fatal. Higher level of health care, better
social environment, and evolution of purchasing power have
significantly changed, over the past two decades, the
octogenarian medical condition. Besides, the age used to
define the elderly population in the medical literature is
constantly evolving, especially in published series relating to
mitral surgery: initially >70 years [7,8], then >75 years [9],
and now >80 years [10—12] of age.

4.2. Repair or replacement, an impossible comparison?

Mitral valve repair was initially considered to be an
excessive procedure in elderly subjects [13], but the repair
rate has nevertheless continued to grow [12,14—16]. The
present study corroborates this trend, with an increasing
ratio of repair over replacement over time in the elderly (24%
during the first decade vs 66% during the second decade,
p = 0.01) without CPB time difference between the two

J. Nloga et al. / European Journal of Cardio-thoracic Surgery 39 (2011) 875—880878
[()TD$FIG]

Fig. 3. Actuarial survival after mitral surgery in the octogenarian. Kaplan—
Meier survival curves with numbers below indicating patient at risk for each
cohort.

Table 4. Previous published studies for elderly mitral surgery.

Authors, year [ref.] No. of
patients

Age of
population

Type of surgery Mortality Conclusions

Ailawadi et al., 2008 [12] 117 !75 years Repair versus replacement 7.1% versus 23.4% Mitral repair associated
with lower mortality

Thourani et al., 2003 [9] 1250 !55 years 10-year survival: 62% versus 46%
p < 0.0001

Mitral repair increases
10-year survival

Nagendran et al., 2005 [15] 58 !80 years Repair versus replacement 15%
Detaint et al., 2006 [19] 284 !75 years Mitral surgery 5-year survival: 57 " 3%
Gogbashian et al., 2006 [20] 292 !70 years Repair versus replacement 5-year survival: 81% versus 63%
Lyon present study 129 !80 years Repair versus replacement 5-year survival: 62.1% versus 46.5% Mitral replacement

increases operative
and late mortality
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Valve repair versus valve replacement for degenerative
mitral valve disease
A. Marc Gillinov, MD,a Eugene H. Blackstone, MD,a,b Edward R. Nowicki, MD,a Worawong Slisatkorn, MD,a

Ghannam Al-Dossari, MD,a Douglas R. Johnston, MD,a Kristopher M. George, MD,a Penny L. Houghtaling, MS,b

Brian Griffin, MD,c Joseph F. Sabik, III, MD,a and Lars G. Svensson, MD, PhDa

Supplemental material is
available online.

Objective: The study objective was to identify characteristics differentiating patients
undergoing valve replacement versus valve repair for degenerativemitral valve disease
and to use this information to compare survival and reoperation after each procedure.

Methods: From 1985 to 2005, 3286 patients underwent isolated primary operation for
degenerative mitral valve disease. Valve repair was performed in 3051 patients (93%),
and valve replacement was performed in 235 patients (7.2%). A propensity model and
score developed for fair comparison of outcomes yielded 195 matched pairs.

Results: Patients undergoing replacement were older (706 12 years vs 576 13 years)
and had more complex valvar pathology, symptoms, and left ventricular dysfunction.
Thus, the characteristics of the propensity-matched patients undergoing repair more
resembled those of the patients undergoing replacement (older, complex valvar pa-
thology) than patients undergoing typical repair. Eight patients died in the hospital
(0.26%) after repair and 5 patients (2.1%) died after replacement (P 5 .001). Unad-
justed survival at 5, 10, and 15 years was 95%, 87%, and 68% after repair and
80%, 60%, and 44% after replacement, respectively (P , .0001); however, among
propensity-matched patients, survival was similar (P 5 .8): 86% versus 83% at 5
years, 63% versus 62% at 10 years, and 43% versus 48% at 15 years. Freedom
from reoperation among propensity-matched patients was 94% at 5 and 10 years after
repair and 95% and 92% at 5 and 10 years after replacement, respectively (P 5 .6).

Conclusion: It is reasonable to perform valve repair in elderly patients with complex
degenerative mitral valve pathology because it can eliminate the need for anticoagu-
lation and risk of prosthesis-related complications. However, when valve pathology is
so complex that repair is infeasible, this study demonstrates that valve replacement
does not diminish long-term outcomes.

T
he reported advantages of mitral valve repair over mitral valve replacement in-
clude preservation of left ventricular function; greater freedoms from endocar-
ditis, thromboembolism, and anticoagulant-related hemorrhage; and, most

important, improved survival.1-5 For these reasons, valve repair is preferred to valve
replacement in patients with degenerative mitral valve disease.6 However, there are
few data available to clarify the relative effects of patient factors and choice of valve
procedure (repair vs replacement) on outcome after surgery for mitral regurgitation
(MR) caused by degenerative disease. Selected patients with rheumatic and ischemic
MR seem to have equal, and in some cases better, survival with valve replacement as
with valve repair, illustrating the importance of patient characteristics on outcome.7,8

In patients with degenerative MR, we sought to 1) identify characteristics differenti-
ating those undergoing valve replacement from those undergoing valve repair, 2) use
this information to compare, among matched patients, survival and reoperation after
each procedure, and 3) contrast these outcomes with those of typical patients under-
going valve repair.
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Survival in Unmatched Patients
Survival was greater in patients undergoing repair who could
not be matched to patients undergoing replacement (Fig-
ure 4); these represent typical patients undergoing repair (Ta-
ble 3): young with no or mild symptoms, generally in sinus
rhythm, and having isolated posterior leaflet prolapse without
valve calcification. Survival was lowest in unmatched pa-
tients undergoing replacement, who were older (75 6 8.1
years), were more symptomatic, were more likely to be in
atrial fibrillation and have noncardiac comorbidities, and
rarely had isolated posterior mitral leaflet prolapse (7.5%),
but rather anterior or bileaflet prolapse and mitral valve cal-
cification. These comparisons were similar by multivariable
analysis of attempted repair (P . .5, Table E1) and intent-
to-treat analyses (P . .6).

Freedom from Reoperation
Among propensity-matched patients, there were 21 mitral
valve reoperations, 10 in the repair group and 11 in the re-

placement group (8/144 who received a bioprosthetic and
3/51 who received a mechanical prosthesis). Actuarial free-
dom from reoperation was similar (P 5 .9) among these
groups (Figure 5).

Discussion
Key Findings
In an institution where mitral valve repair is distinctly pre-
ferred, patients undergoing valve replacement rather than re-
pair for degenerative MR are older and sicker, with complex
mitral valve pathology and multiple comorbidities. Both
groups, however, experienced long-term survival commen-
surate with that of the general population. At this end of
the spectrum, survival and freedom from mitral valve reoper-
ation were similar after repair or replacement, including a
period of higher early postoperative risk.

Factors Associated With Mitral Valve Replacement
versus Repair
The primary objective of this study was to determine the
impact of mitral valve repair versus replacement on survival
and reoperation in patients with degenerative disease. How-
ever, examination of the data revealed important differences
between these patient groups. Patients undergoing valve
replacement were more likely to have complex valvar
pathology, including calcification and anterior or bileaflet
prolapse; these factors increase the difficulty of valve repair.
Although most replacements occurred in this group, our data
also demonstrate that the majority of such valves are repair-
able, and previous studies document excellent long-term du-
rability after repair.2,3,16,17 Patients with this complex valvar
pathology represent a distinct subgroup of those presenting
for surgical management of degenerative mitral valve dis-
ease; they are older and have more symptoms and comorbid-
ities, including atrial fibrillation for which they are already

Figure 1. Factors associated with mitral valve repair versus re-
placement. Raw grouped frequencies (closed circles) and trend
(solid line). A, Time trend for mitral valve repair. B, Age trend for
mitral valve repair.

TABLE 2. Factors associated with type of mitral valve
surgery

Factors Estimate 6 SE P
Reliability

(%)*

Associated with replacement
Older age 1 .26 6 0.111 ,.0001 100
Anterior or bileaflet prolapse 2.1 6 0.178 ,.0001 82
MV calcification 1 .09 6 0.173 ,.0001 90
Surgeon A 2.2 6 0.56 ,.0001 58
Surgeon B 2.1 6 0.38 ,.0001 83
Surgeon C 1.54 6 0.55 .005 54

Associated with repair
More recent date

of operation
20.033 6 0.0162 .04 65

Surgeon D 21.44 6 0.179 ,.0001 99

MV, Mitral valve; SE, standard error. *Percent of occurrences in 500
bootstrap models.
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subgroup of patients with complex valvar pathology. When
a valve either appears unrepairable or attempts to repair
fail, neither survival nor reoperation is adversely affected
by replacement.

Limitations
This is a single-institution study of operations performed dur-
ing a 20-year time span. However, repair techniques have re-
mained nearly constant, and valve replacement has included
chordal sparing since the late 1980s. This study addresses
survival and, to a lesser extent, reoperation after surgery for
degenerative mitral valve disease; we did not seek to examine
effects of mitral procedure on other outcomes, such as free-
dom from prosthesis-related morbidity.

This is not a randomized trial. At this point in the history
of mitral valve surgery, such a trial involving patients with
typical degenerative disease is likely infeasible. Rather, the
choice of surgical procedure and its conduct were surgeon-
dependent; for this reason, surgeon identity was included in
the analyses. This revealed that even in our institution
some surgeons are somewhat more likely than others to elect
valve replacement over valve repair.

The small number of valve replacements among typical
younger patients with degenerative disease prohibited assess-
ing the effect of repair versus replacement in that group.
Therefore, comparative survival analyses may apply only

Figure 3. Survival in propensity-matched patients having repair
(blue) or replacement (red) compared with age-sex–matched US
population (green). Format is as in Figure 2.

Figure 4. Survival in propensity-matched patients having repair
(blue) or replacement (red) compared with unmatched patients
having repair (orange) or replacement (black). Format is as in
Figure 2.

Figure 5. Reoperation in propensity-matched patients after mitral
valve repair (blue), replacement with bioprosthetic valve (red), or
replacement with mechanical valve (black). Format of actuarial
estimates is as in Figure 2.

Figure 2. Unadjusted survival after mitral valve repair (blue) or
replacement (red) compared with age and sex-matched US pop-
ulation (dot-dash curves). Each symbol represents a death, and
vertical bars are 68% actuarial confidence limits. Numbers in pa-
rentheses represent patients remaining at risk. Solid lines are
parametric survival estimates enclosed within dashed 68% confi-
dence limits.
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Very long-term results (up to 17 years) with the double-orifice mitral
valve repair combined with ring annuloplasty for degenerative
mitral regurgitation

Michele De Bonis, MD,a Elisabetta Lapenna, MD,a Roberto Lorusso, MD, PhD,b Nicola Buzzati, MD,a

Sandro Gelsomino, MD, PhD,c Maurizio Taramasso, MD,a Enrico Vizzardi, MD,d and Ottavio Alfieri, MDa

Objective: The very long-term results of the double-orifice mitral valve repair are unknown. The aim of this
study was to assess the late clinical and echocardiographic outcomes of this technique in patients with degen-
erative mitral regurgitation.

Methods: From 1993 to 2000, 174 patients with severe degenerative mitral regurgitation were treated with the
double-orifice technique combined with ring annuloplasty. Mean age of patients was 52 ! 12.8 years, New
York Heart Association class I or II was present in 71% of the patients, atrial fibrillation in 17.2%, and pre-
operative left ventricular ejection fraction was 59.5% ! 7.5%. Mitral regurgitation was due to anterior leaflet
prolapse in 36 patients (20.6%), bileaflet prolapse in 128 (73.5%), and posterior leaflet prolapse in 10
patients (5.7%).

Results: There were no hospital deaths. At hospital discharge, mitral regurgitation was absent or mild in 169
patients (97.1%) and moderate (2þ/4þ) in 5 patients (2.8%). Mitral stenosis requiring reoperation was detected
in 1 patient (0.6%). Clinical and echocardiographic follow-up was 97.1% complete (mean length, 11.5 ! 2.53
years; median, 11.6 years; longest duration, 17.6 years). At 14 years, actuarial survival was 86.9% ! 3.37%,
freedom from cardiac death was 95.8% ! 1.54%, and freedom from reoperation was 89.6 ! 2.51%. At the
last echocardiographic examination, recurrence of mitral regurgitation #3þ was documented in 23 patients
(23/169, 13.6%). Freedom from mitral regurgitation #3þat 14 years was 83.8% ! 3.39%. The only predictor
of recurrence of mitral regurgitation#3þwas residual mitral regurgitation greater thanmild at hospital discharge
(hazard ratio, 5.7; 95% confidence interval, 1.6-20.6; P ¼ .007).

Conclusions: The double-orifice repair combined with ring annuloplasty provides very satisfactory long-term
results in patients with degenerative mitral regurgitation in the setting of bileaflet and anterior leaflet prolapse.
(J Thorac Cardiovasc Surg 2012;144:1019-26)

The edge-to-edge (E-to-E) technique was introduced in the
surgical armamentarium of mitral valve repair during the
early 1990s and has been used to treat mitral regurgitation
(MR) resulting from different etiologies and mecha-
nisms.1-8 The basic concept behind the E-to-E approach is
that the competence of a regurgitant mitral valve can be
restored effectively with a functional rather than an
anatomic repair. Once the location of the regurgitant jet is
identified accurately by transesophageal echocardiography,

the free edge of one leaflet is sutured to the corresponding
edge of the opposing leaflet exactly in correspondence to
the regurgitant jet, thereby eliminating MR. When the
approximation of the free edge of the leaflets is carried out
centrally, away from the commissural area, a double-
orifice mitral valve is created artificially. We have reported
previously the 5-year results of the double orifice repair
(DO) used for the treatment of MR resulting from different
etiologies and mechanisms.2 Effectiveness and durability
were very satisfactory, although suboptimal outcomes were
observed in patients with rheumatic valve disease and in
those who did not undergo annuloplasty. These findings
and increasing clinical experience demonstrated that the
main indication for the E-to-E technique is degenerative
MR resulting frombileaflet prolapse (BLP) or anterior leaflet
prolapse (ALP), and that a concomitant annuloplasty should
be performed concomitantly to increase the durability of the
repair. Therefore, we decided to assess the long-term (up to
17.5 years) clinical and echocardiographic outcomes of DO
mitral valve repair adopted specifically for patientswith pure
degenerative, severe MR undergoing concomitant ring
annuloplasty.
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was 86.9% ! 3.37% and freedom from cardiac death was
95.8% ! 1.54%.

Reoperation
Seventeen patients (6 with ALP and 11 with BLP) were

reoperated for significant mitral stenosis (1 patient) or se-
vere MR (16 patients) between 1 month and 14.2 years after

the initial repair (mean, 6.1! 4.1 years; median, 6.8 years).
Mitral stenosis requiring reoperation was detected in 1 pa-
tient (0.6%) with preoperative Barlow’s disease and BLP
who underwent mitral valve replacement about 1 month af-
ter DO repair. The atrioventricular obstruction was found to
be at the subvalvular level on transesophageal echocardiog-
raphy and was the result of the impingement of hypertro-
phic papillary muscles in the orifices of the valve. The
remaining 16 patients were all reoperated because of severe
MR. Three of them already had residual moderate (2þ/4þ)
MR at hospital discharge. Reoperations were performed
in our institution for 8 patients and in other centers in the
remaining 9 patients. The cause of recurrence of MR could
be established in 4 patients only and was recurrent leaflet
prolapse (2 patients) and anterior leaflet flail resulting
from to a new chordal rupture in correspondence to the pos-
terior orifice of the DO repair (1 patient). In the 4th patient,
recurrent MR was a result of tearing of the leaflet by the
E-to-E suture, associated with severe hemolysis secondary
to partial prosthetic ring detachment. In the remaining 12
patients, the mechanism responsible for recurrent MR re-
mained unclear either because reoperations were performed
at other institutions or because this information was not de-
scribed in detail in the operative reports. At reoperation, 16
patients had successful mitral valve replacement and 1
received a re-repair with a new E-to-E. Actuarial freedom
from reoperation at 14 years was 89.6% ! 2.51%
(Figure 1) and was not significantly different in BLP versus
ALP (90.6%! 2.96%vs 82%! 6.64% at 12 years,P¼ .22).

Echocardiographic Follow-up and Functional Status
All patients underwent transesophageal echocardio-

graphic control in the operating room followed by transtho-
racic echocardiogram at discharge. At hospital discharge,
MR was absent or mild in 169 patients (97.1%) and moder-
ate (2þ/4þ) in 5 patients (2.8%). One hundred sixty-nine
patients (169/174, 97.1%) had at least 1 transthoracic echo-
cardiogram performed at the last follow-up at a mean of
10.7! 3.1 years (median, 11.2 years; IQR, 10.2-12.1 years)
after mitral repair. Mitral stenosis requiring reoperation was
detected in 1 patient (0.6%). At the last follow-up, mean
mitral valve area was 3.2 ! 0.4 cm2 and MR was absent
in 42 patients (24.8%), mild in 83 (49.1%), moderate in
21 (12.4%), moderate to severe in 6 (3.5%), and severe
in 17 patients (10%). Recurrence of MR $ 3þoccurred at
a median of 8.2 years (IQR, 2.8-10.7 years) after the initial
repair. Freedom from MR $ 3þ at 14 years was 83.8 !
3.39% (Figure 2). The mechanism ofMRwas not identified
as a risk factor for recurrentMR$ 3þ. In particular, freedom
from MR $ 3þwas not significantly different in patients
with BLP or ALP (at 12 years, 86.3% ! 3.54% vs 82%
! 6.64%; P ¼ .54). The only predictor of recurrence of
MR $ 3þwas residual MR greater than mild at hospital dis-
charge (hazard ratio, 5.7; 95% confidence interval, 1.6-20.6;

TABLE 1. Baseline characteristics of the patients and operative data

No. of patients 174

Age, y 53.2 ! 12.8

Male sex, n (%) 113 (64.9)

NYHA class, n (%)

I 48 (27.5)

II 76 (43.6)

III 50 (28.7)

Atrial fibrillation at presentation, n (%) 30 (17.2)

Mechanism of MR, n (%)

Flail/prolapse of both leaflets 128 (73.5)

Flail/prolapse of the anterior leaflet 36 (20.6)

Flail/prolapse of the posterior leaflet 10 (5.7)

Ejection fraction, % 59 ! 7.5

Ring used for mitral annuloplasty, n (%)

Seguin St. Jude Medical 140 (80.4)

Carpentier-Edwards classic 34 (19.5)

Mean size of annuloplasty ring (mm) 36.6 ! 2.5

Associated procedures, n (%)

ASD correction 1 (0.5)

PFO closure 3 (1.7)

CABG 3 (1.7)

Tricuspid annuloplasty 7 (4)

Radiofrequency ablation of AF 12 (6.8)

NYHA, New York Heart Association;MR, mitral regurgitation; ASD, atrial septal de-
fect; PFO, patent foramen ovale; CABG, coronary artery bypass grafting; AF, atrial
fibrillation.

TABLE 2. Postoperative and late complications

Complications n (%)

Postoperative morbidity

Low-output syndrome 5 (2.8)

Prolonged ventilatory support (>48h) 4 (2.3)

Reexploration for bleeding 3 (1.7)

Pericardial effusion 3 (1.7)

Pacemaker implantation 2 (1.1)

Stroke 1 (0.5)

Transischemic attack 1 (0.5)

Sternal rewiring 1 (0.5)

Late complications

Acute myocardial infarction 2 (1.1)

Stroke 2 (1.1)

Congestive heart failure 3 (1.7)

Pacemaker implantation 9 (5.1)

Pericarditis 1 (0.5)

PTCA stenting for angina 2 (1.1)

Right ventricular failure 1 (0.5)

Aortic dissection 1 (0.5)

PTCA, Percutaneous transluminal coronary angioplasty.
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P¼ .007). None of the other preoperative variables reached
statistical significance; therefore, a multivariable analysis
was not performed (Table 3). All patients with recurrent se-
vere (4þ/4þ) MRwere reoperated with the exception of 1 pa-
tient in whom severeMR developed 12 years after the initial
repair and who has refused surgery so far. Freedom from the

combined end point of reoperation andMR# 3þat 14 years
was 83.4% $ 3.4% (85.6%$ 3.58% for BLP and 82% $
6.64% for ALP, P ¼ .62). From a functional point of view,
NYHA class I was documented in 112 patients (66.2%),
NYHA class II in 49 (28.9%), and NYHA class III in 8
(4.7%; P ¼ .0001 compared with preoperative values).

DISCUSSION
The main finding of this study is that the DO mitral valve

repair combined with ring annuloplasty provides satisfac-
tory long-term results in patients with degenerative MR in
the setting of BLP and ALP. The DO technique was intro-
duced by our group during the early 1990s essentially to
treat patients with severe MR resulting from prolapse of
both leaflets, prolapse of the anterior leaflet and prolapse
of the posterior leaflet in the presence of an extensively cal-
cified annulus. In addition, it was applied initially to correct
MR resulting from different etiologies, including rheumatic
disease.1,9,10 The 5-year results of the DO repair used in
such a large variety of mechanisms and etiologies were re-
ported previously by our group.2 Very satisfactory out-
comes were observed in patients with degenerative MR
undergoing DO repair combined with annuloplasty. Con-
versely, suboptimal results were demonstrated in patients
with rheumatic valve disease and in those who did not un-
dergo a concomitant annuloplasty. Therefore, about 20
years after its introduction, we decided to assess the long-
term results of this surgical approach when it is adopted
in the right setting and with the proper surgical tech-
nique—namely, in degenerative MR and with a simulta-
neous prosthetic ring annuloplasty. For this reason, we did
not include in this study population patients withMR result-
ing from etiologies other than degenerative MR as well as
those who underwent DO repair without annuloplasty (or
with annuloplasty techniques other than a prosthetic ring
implantation). Indeed, particularly at the beginning of our
experience, a ring annuloplasty was mostly avoided in pa-
tients with an extensively calcified annulus.11 Similarly,
partial annuloplasties with Gore-Tex or pericardial strips

FIGURE 1. Actuarial freedom from reoperation (the standard error of the

mean is shown as error bars). Pts, patients.

FIGURE 2. Actuarial freedom from echocardiographic recurrence of MR

# 3þ (the standard error of the mean is shown as error bars). MR, Mitral

regurgitation; Pts, patients.

TABLE 3. Predictors of recurrence of mitral regurgitation #3þ

Predictor HR 95% CI P value

Age 1.01 0.97-1.04 .52

Male sex 2 0.74-5.43 .16

LVEF 0.97 0.86-1.09 .68

NYHA>2 0.88 0.32-2.41 .81

Atrial fibrillation 0.51 0.11-2.24 .37

Bileaflet prolapse 0.78 0.32-1.88 .58

Anterior leaflet prolapse 1.6 0.66-3.99 .28

Posterior leaflet prolapse 0.48 0.06-3.63 .47

Associate procedures 1.07 0.31-3.64 .90

MR>1þat discharge 5.78 1.61-20.6 .007

HR, Hazard ratio; CI, confidence interval; LVEF, left ventricular ejection fraction;
NYHA, New York Heart Association; MR, mitral regurgitation.
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caused by complex lesions requiring demanding (although
effective) surgical techniques for correction or with an
expected lower probability of successful repair, namely,
prolapse of both leaflets, prolapse of the anterior leaflet, or
prolapse of the posterior leaflet in the presence of an exten-
sively calcified anulus. Also, a small number of patients
with restricted leaflet motion caused by rheumatic or

ischemic disease were conveniently treated with the central
double-orifice technique, as were patients with erosion of
the free edge of the leaflets. After the introduction of the
central double-orifice technique, the percentage of patients
with pure MR treated with mitral valve reconstruction is
approximately 95%. Many patients in this series underwent
the operation when they were still relatively asymptomatic

Figure 3. Freedom from reoperation according to cause.

Figure 4. Freedom from reoperation in patients who received an annuloplasty procedure versus those who did not.
Dotted lines depict SE estimates for the actuarial curves.
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(Barlow disease) represents a challenging surgical problem
requiring a number of different maneuvers directed toward the
leaflets and the entire subvalvular apparatus. Prolonged aortic
crossclamp times have been reported for the correction of
bileaflet prolapse,9 and immediate and long-term results can
be affected by the complexity of the surgical procedure. In the
presence of an extensively calcified posterior anulus, decalci-
fication is required to allow annular plication for conventional
quadrangular resection, as described by el Asmar and col-
leagues,10 but this maneuver is potentially dangerous, time
consuming, and not easily reproducible. Also, MR as a result
of restricted leaflet motion caused by rheumatic or ischemic
disease may represent a condition not easily amenable to valve
repair by the conventional techniques.

Mitral valve reconstruction on the basis of the approxima-
tion of the free edge of the leaflets at the site of regurgitation
(edge-to-edge technique) has been quite effective in the afore-
mentioned complex situations.11-13 When the approximation of
the free edge of the leaflets is carried out centrally, away from
the commissural area, a double-orifice mitral valve is artificial-
ly created. In this article the effectiveness of the edge-to-edge
technique resulting in a double-orifice mitral valve configura-
tion is confirmed on the basis of a large body of experience, and
the stability of the results over time is assessed.

Methods
Patients
From October 1992 through March 2000, of 902 consecutive
patients with pure MR undergoing valve operations, 861 (95.5%)
underwent valve repair. In 260 patients regurgitation was corrected
by the central double-orifice technique. We excluded 82 patients in
whom the edge-to-edge suture was not placed in the central portion
of the leaflets; that is, it was on either P1 or P3 scallops of the pos-
terior leaflet at or near the commissure. There were 155 male and
105 female patients, with a mean age of 56 ± 14.3 years (range, 17-
79 years). At admission, 83 (31.9%) patients were in New York
Heart Association (NYHA) functional class I, 68 (26.1%) were in
class II, 104 (40.0%) were in class III, and 5 (1.9%) were in class
IV. One hundred ninety-eight (76.1%) patients were in sinus
rhythm, and 62 (23.9%) had preoperative atrial fibrillation.

The cause of the disease is shown in Table 1. In the great major-
ity of the cases, degenerative disease was the cause of MR.

Severe valve regurgitation was present in all patients. Table 2
shows the mechanism responsible for MR. The same mechanism of
MR was common to different causes. For instance, in the group of
patients with bileaflet prolapse, although the degenerative disease
was by far the most prevalent cause, patients with endocarditis
lesions were also represented, as were patients with rheumatic MR.
More than half of the patients had bileaflet prolapse (in the majority
of them, the valve showed the typical features of Barlow disease), and
approximately one fourth had isolated anterior leaflet prolapse.
Posterior leaflet prolapse was the cause of regurgitation in 31
patients. Although posterior leaflet lesions are usually treated by con-
ventional quadrangular resection, the central double-orifice technique
was adopted in 27 patients because of extensive posterior annular cal-
cification. In the other 4 patients with posterior leaflet prolapse, the

left atrium was small, and the central double-orifice technique was
conveniently used to correct MR through the aortic root during aortic
valve replacement. In the group of patients in whom the mechanism
of MR was lack of leaflet coaptation without prolapse, restricted
leaflet motion was due to ischemic heart disease in 6 patients and to
rheumatic disease in 3 patients. In 4 patients erosion of the free edge
of the leaflets as a result of endocarditis was responsible for MR.

In 44 patients severe and extensive calcification of the anulus
was present.

Four patients had a previous cardiac operation: coronary artery
bypass surgery (1 patient); correction of coarctation of the aorta (1
patient), aortic valve replacement (1 patient), and mitral valve
repair with an annuloplasty ring (1 patient).

Left ventricular ejection fraction was above 45% in 242
(93.0%) patients and below this level in 18 patients. Patients who
underwent a central double-orifice valve repair in the context of
the Batista operation were not included in this analysis.

Surgical Technique
The technique has been described before.11-13 In brief, a double-
orifice mitral valve is created by approximating the free edges of the
leaflets at the site of regurgitation, usually with a running 4-0
polypropylene suture. In case of very thin leaflets, 1 or more U-
shaped 5-0 polypropylene stitches reinforced with pledgets are used.

The operation is currently carried out through a conventional
midline sternotomy during normothermic cardiopulmonary bypass
with the use of intermittent cold-blood cardioplegia. The mitral
valve is approached through the left atrium, with the incision done
in the interatrial groove.

More recently, the operation has been performed through a
minimally invasive approach by Port-Access cannulation (10
patients; Heartport, Inc, Redwood City, Calif) and robotic tech-
nology (3 patients).

TABLE 2. Mechanism of mitral insufficiency
Mechanism of MR n %

Bileaflet prolapse 148 56.9
Anterior leaflet prolapse 68 26.2
Posterior leaflet prolapse 31 11.9
Lack of coaptation without prolapse 13 5.0

Restricted motion 9
Free-edge erosion 4

TABLE 1. Cause of mitral insufficiency
Cause n %

Degenerative 210 80.8
Rheumatic 25 9.6
Endocarditis 16 6.1
Ischemic 6 2.3
Other* 3 1.2
Total 260 100

*Functional MR in dilated cardiomyopathy (2 patients) and amyloidosis (1
patient).
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Durability of mitral valve repair in Barlow disease
versus fibroelastic deficiency
Willem Flameng, MD, PhD,a Bart Meuris, MD, PhD,a Paul Herijgers, MD, PhD,a and
Marie-Christine Herregods, MD, PhDb

Objective: Durability assessment of mitral valve repair for degenerative valve incom-
petence is limited to reoperation as a primary indicator and valve-related risk factors
for late death as a secondary indicator. We assessed serial echocardiographic follow-
up of valve function as an indicator of the durability of mitral valve repair.

Methods and Results: In 348 patients having undergone mitral valve repair for degen-
erative valve incompetence, clinical outcome was excellent: 10 years after repair, sur-
vival was 80.1% and freedom from reoperation 94.4%. However, freedom frommitral
regurgitation (.2/4), 98.7% at 1 month, decreased to 82.2% at 5 years and 64.9% at
10 years. The linearized recurrence rate of mitral regurgitation (.2/4) was 3.2% per
year. Recurrence rate was higher in patients with Barlow disease (6.0%) and lower in
those with fibroelastic deficiency (2.6%) (P 5 .01). Performing chordal shortening,
the nonuse of sliding plasty and the nonuse of an annuloplasty ring were determined
to be factors predicting recurrence of mitral regurgitation. In reconstructions avoiding
these risk factors, recurrence rate decreased to 2.4%. There was no difference between
Barlow disease and fibroelastic deficiency: 2.9% versus 2.2% (P . .05). Recurrent
regurgitation is characterized by leaflet prolapse, thickening, and calcification.

Conclusion: When optimal surgical techniques are used, the residual recurrence rate
of mitral valve regurgitation remains between 2% and 3% per year and is related to
progressive degeneration of the chordae and the leaflets. Long-term results of mitral
valve repair in Barlow disease are essentially the same as in fibroelastic deficiency.

I
n a recent report, we1 demonstrated that the linearized recurrence rate of recur-
rent mitral regurgitation greater than 2/4 after surgical repair was 3.7% per year
in patients with degenerative valve disease. Inadequate surgical techniques

could only partially explain this recurrence of regurgitation. In patients receiving
optimal repair techniques, the recurrence rate of regurgitation dropped to 2.5%
per year. We suggested that the progression of the degenerative disease of the valve
was responsible for this small but constant recurrence rate. Recurrence rates of re-
gurgitation were not previously reported because most studies so far were focusing
on survival and reoperation rates, which were found to be excellent.2-9 In our study,
survival was also high (80.1% at 10 years), as was freedom from reoperation (94%
at 10 years). Diseased valves can be successfully repaired by a variety of surgical
techniques, and our results confirmed this high immediate operative success:
98.3% of the patients was free of significant (.2/4) regurgitation 1 month postop-
eratively as defined by echocardiography.1 However, as recent studies have demon-
strated, myxomatous valve leaflets are structurally, biochemically, physically, and
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size of the posterior annulus without deformation of the normal parts
of the posterior leaflet. When the annulus showed no or mild dilata-
tion, the prolapse was preferentially corrected by artificial chordae.
Prolapse of the anterior leaflet was never corrected by leaflet seg-
ment resection but by chordal transfer or artificial chorda implanta-
tion. Prolapse induced by chordal elongation was treated by chordal
shortening. This was done by either chordal burring or papillary
muscle repositioning. The latter procedure was mostly used for
anterior leaflet prolapse or commissural prolapse of both leaflets.
Mitral ring annuloplasty was performed in most cases to complete
the repair, except in extreme situations either when the annulus
was not or only slightly dilated or when the anterior leaflet was so
large that SAM could be expected after ring annuloplasty.

In every patient, the specific surgical repair techniques used were
identified and coded at the end of the operation: intervention at the
leaflet (none, quadrangular resection, triangular resection, plication,
cleft closure), intervention at the annulus (none, sliding plasty, pli-
cation, decalcification), at the chordae (none, shortening, transposi-
tion, artificial chordae), at the papillary muscles (none, shortening),
and the placement of an annuloplasty ring (yes or no). The frequency
with which these different techniques were used is listed in Table 2.

Follow-up
Clinical and echocardiographic follow-up were performed shortly
before hospital discharge, at 1 month, and then every 6 months by
the referring cardiologist. Survival, reoperation, cerebrovascular

accidents, bleeding complications, anticoagulation therapy, New
York Heart Association (NYHA) function class, and cardiac rhythm
were registered. On the echocardiogram, mitral regurgitation was
classified from grade 1 to 4.

Statistical Analysis
The Cox proportional hazards methods were used to analyze the
data on recurrence of mitral regurgitation in time. For survival and
follow-up of events, Kaplan–Meier techniques were used with
log–rank testing. For recurrence of mitral regurgitation, a classic
Kaplan–Meier technique was used with the first echocardiographic
follow-up date demonstrating the recurrence of regurgitation as date
of the event. Since the mitral regurgitation did in fact recur between
the last echocardiogram without regurgitation (or the date of the op-
eration if the echocardiogram before hospital discharge showed mi-
tral regurgitation) and the first echocardiogram with regurgitation,
an interval-censored survival curve using the Turnbull algorithm

TABLE 2. Surgical data in mitral valve repair

Total Barlow FED

MV repair
Segmental resection leaflet 274 59 (71%) 215 (81%)
Other leaflet intervention
(patch, plicature, cleft suture)

13 4 (5%) 9 (3%)

Chordal shortening 22 12 (15%) 10 (4%)
Chordal transfer 27 5 (6%) 22 (8%)
Chordal replacement
with PTFE sutures

48 38 (46%) 10 (15%)

Decalcification and reconstruction
of mitral annulus

8 3 (4%) 5 (2%)

Mitral annulus reduction
By sliding leaflet technique 243 48 (58%) 195 (74%)
By annulus plication 17 6 (7%) 11 (4%)

Mitral ring annuloplasty
None 11 4 (5%) 7 (3%)
Rigid Carpentier ring 326 79 (95%) 247 (93%)
Flexible ring 11 0 (0%) 11 (4%)

Ring size
Smaller than 34 32 (39%) 223 (84%)
34 or larger 51 (61%) 42 (16%)

Concomitant cardiac surgery
CABG 74 10 (12%) 64 (24%)
Aortic valve 9 0 (0%) 9 (3%)
Tricuspid valve 30 6 (7%) 24 (8%)
Redo surgery 2 0 (0%) 2 (1%)

FED, Fibroelastic deficiency;MV,mitral valve; PTFE, polytetrafluoroethylene;
CABG, coronary artery bypass grafting.

Figure 1. A, Survival of the whole patient group. B, Freedom from
reoperation for the whole patient group and for the two subgroups
(fibroelastic deficiency and Barlow disease; P 5 .002).
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was constructed additionally. For plotting the nonparametric maxi-
mum likelihood estimate on the basis of interval-censored data, the
mass was always placed at the at rightmost limit of the interval.

Results
Survival and Reoperation Rate
Hospital mortality was 1.6%. Survival at 5 years was 93.1%
6 1.5% and 80.1% 6 3.7% at 10 years (Figure 1, A). Sur-
vival was identical between patients having Barlow disease
and patients having fibroelastic deficiency (P . .05). Sur-
vival did not differ significantly between patients with or
without associated coronary artery bypass graft procedures
(P . .05). Freedom from reoperation at 5 years was 95.4%
6 1.4% and 94.4% 6 1.6% at 10 years for all patients (Fig-
ure 1, B). Freedom from reoperation for fibroelastic defi-
ciency was better (96.6% at 10 years) than for Barlow
disease (86.1% at 10 years) (P 5 .002).

Clinical Outcome and Morbidity
No patient was lost to clinical follow-up. At least one echo-
cardiographic examination was obtained in every patient.
In 19 patients, the only echocardiogram was the discharge
echocardiogram. The remaining patients received several fol-
low-up echocardiograms with a mean of 4.6 echocardio-
grams per patient, ranging from 2 to 16. In total, the
clinical follow-up represents 1836 patient-years, with
a mean follow-up of 5.9 6 3.4 years (range 0.5–15.3 years).

During the most recent postoperative follow-up period,
NYHA class was recorded. Corresponding to the mean fol-
low-up time of the entire population, 91.3% of the patients
improved by at least one NYHA functional class. Seventy-
five percent of the patients were in class I, 19% in class II,
5% in class III, and 1% in class IV. Postoperatively, 71%
of the patients had sinus rhythm, 22% had atrial fibrillation,
and 7% had a pacemaker. Anticoagulation therapy using cou-
marin was given during the follow-up period in 35% of the
patients. Freedom from thromboembolic events and/or major
anticoagulant-related bleeding was 93.5%6 1.5% at 5 years
and 86.7% 6 2.7% at 10 years for the whole group.

Immediate Surgical Result of Mitral Valve Repair
Operative success of the mitral valve repair was assessed by
the echocardiographic examination of mitral valve function
within the first 4 weeks postoperatively. At 1 month postop-
eratively, 98.7% of all patients had no or trivial mitral regur-
gitation (0/4 or 1/4). In patients having fibroelastic
degeneration, this was 99.8% and in Barlow disease 97.1%.
Suture dehiscence of the ring annuloplasty was encountered
in 2 patients. Endocarditis of the repaired valve did not occur
in this series.

Recurrence of Mitral Regurgitation
Postoperative echocardiography was performed serially at 6-
month intervals. According to the classic Kaplan–Meier ap-

proach, freedom from failing repair (regurgitation . 2/4)
was 98.7% 6 1.2% at 1 month, 82.2% 6 3.7% at 5 years,
and 64.9% 6 5.6% at 10 years (Figure 2). When the inter-
val-censored Turnbull approach is used to calculate the free-
dom from recurrence of mitral incompetence, similar results
are obtained. Freedom from failing repair is better in fibro-
elastic deficiency and worse in Barlow disease (P 5 .01).
Remarkable is the constant rate of recurrence of mitral regur-
gitation after the first 6 months postoperatively. When the
classic Kaplan–Meier curves are restricted to the period
from 6 months until 7 years postoperatively, a linear regres-
sion can be made, allowing calculation of recurrence rates per
year. Recurrence of mitral regurgitation of greater than 2/4
occurs at a constant rate of 3.2% per year for the whole
patient group (Table 3). The linearized curves are shown
for the patients with fibroelastic disease and Barlow disease
separately in Figure 3, A and B.

Figure 2. Freedom from recurrent mitral regurgitation (MR) of
greater than 2/4 for the whole patient group and for the two sub-
groups (fibroelastic deficiency and Barlow disease; P 5 .01).

TABLE 3. Linearized recurrence rates (in percent per year)
for recurrent mitral regurgitation greater than 2/4

Linearized recurrence
rates for mitral

regurgitation > 2/4

All patients FED Barlow

Overall 3.2 2.6 6.0
Without surgical risk 2.4 2.2 2.9
With surgical risk 4.7 3.6 14.9

FED, Fibroelastic deficiency. When only patients without surgical risk fac-
tors are included, the rates for fibroelastic disease and Barlow disease
are similar.
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Recurrent MR
Twenty-eight patients had severe MR and 61 had moderate
MR during the follow-up. The remaining patients had mild,
trace, or no MR. Figures 3 and 4 show the freedom from
moderate or severe MR in all patients and in the various
groups, respectively. The freedom from severe recurrent
MR at 12 years was 89% ! 2% for all patients, 92% ! 3%
for patients with PL prolapse, 86% ! 6% for patients with
AL prolapse, and 86% ! 4% for patients with BL prolapse
(P " .13). Predictors of recurrent moderate or severe MR
are shown in Table 3. The degree of myxomatous changes
in the MV, the type of repair used to correct the prolapse,
and the type of mitral annuloplasty had no effect on recur-
rent MR in the entire group or in the AL and BL groups.

Atrial Fibrillation
AF was recorded in 134 patients during the follow-up. Since
the introduction of the maze procedure in our practice, 40

patients with preoperative persistent AF had the maze pro-
cedure, and 11 (27%) were in AF at latest follow-up,
whereas 31 patients with persistent AF preoperatively did
not have the maze procedure, and 11 (35%) had AF.

Functional Status
At the latest follow-up, 571 patients were alive and free
from reoperation, and 69% were in New York Heart Asso-
ciation functional class I, 20% were in class II, 10% were in
class III, and 1% were in class IV, without differences
among groups (P " .3).

Discussion
It is generally accepted that the long-term survival after MV
repair is better than after MV replacement.2 We have shown
that survival after MV repair is identical to that of the
general population when the operation is performed in
asymptomatic patients, but it is lower when performed in
patients in functional classes 3 and 4.1 The present study
identified AL prolapse as an independent predictor of valve-
related mortality. It is noteworthy that patients with isolated
AL prolapse were 7 years younger than those with PL
prolapse and yet had the same 12-year survival. However,
patients with AL prolapse had worse left ventricular func-
tion, more aortic valve disease, and the same incidence of
coronary artery disease as patients with PL prolapse. Previous
investigators found that the best clinical outcomes after MV
repair are in patients with isolated prolapse of the PL.2-4

The overall freedom from reoperation was low in our
patients: 94% ! 1% at 12 years. However, the AL prolapse
group did not fare as well as those with PL prolapse
(88% ! 4% vs 96% ! 2% at 12 years, P " .019). Mohty
and associates2 also found a higher rate of reoperation in
patients with AL prolapse when compared with that seen in

Figure 2. Freedom from reoperation in patients with posterior
(PL), anterior (AL), and bileaflet (BL) prolapse.

Figure 3. Freedom from recurrent moderate or severe mitral re-
gurgitation (MR) in all patients.

Figure 4. Freedom from recurrent moderate or severe mitral re-
gurgitation (MR) in patients with posterior (PL), anterior (AL), and
bileaflet (BL) prolapse.
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Late Echocardiographic and Clinical
Outcomes after Mitral Valve Repair
for Degenerative Disease
Louis-Mathieu Stevens, M.D., S.M.,∗ Arsène-Joseph Basmadjian, M.D.,†
Denis Bouchard, M.D.,∗ Ismaı̈l El-Hamamsy, M.D.,∗ Philippe Demers, M.D.,∗
Michel Carrier, M.D.,∗ Louis P. Perrault, M.D., Ph.D.,∗ Raymond Cartier, M.D.,∗
and Michel Pellerin, M.D.∗

∗Department of Surgery and †Department of Medicine, Montreal Heart Institute
and Université de Montréal, Montreal, Quebec, Canada

ABSTRACT Background and aim of the study: Mitral valve repair is the procedure of choice for severe
degenerative mitral regurgitation (MR). The objective of this study was to review prospectively gathered
echocardiographic and clinical results with mitral valve repair for degenerative disease. Methods: Between
May 1995 and July 2004, 403 patients underwent mitral valve repair for degenerative disease (mean age
63 ± 12 years, 72% males). Concomitant procedures included CABG (29%), radiofrequency left-sided maze
procedure (8%), aortic valve replacement (6%), and tricuspid valve repair (4%). Results: Thirty-day mortality
was 0.4% for patients with isolated mitral valve repair and 5.1% for patients with mitral valve repair and
concomitant procedure (p = 0.003). Five-year survival was higher for isolated mitral valve repair compared
to mitral valve repair with a combined procedure (92 ± 2% vs. 76 ± 5%; p < 0.001). Pulmonary artery
pressure and left atrial and left ventricular end-diastolic diameters were significantly improved following
mitral valve repair (all p ≤ 0.005) and this was sustained afterward. The freedom from severe (3+ or 4+) and
moderate-severe (2+, 3+, or 4+) MR was 95% and 77% at 5 years, respectively, whereas the freedom from
reoperation was 96 ± 1% at 5 years. Significant predictors of moderate-severe MR recurrence were cardiac
dilatation, anterior leaflet prolapse, and concomitant procedure, whereas mitral valve disease amenable to
posterior leaflet resection had a lower risk of MR recurrence. Conclusions: Excellent clinical outcomes can
be obtained using standard techniques of mitral valve repair of the degenerative valve. MR recurrence is
low but nonnegligible, emphasizing the necessity for long-term postoperative echocardiographic follow-up
in these patients. doi: 10.1111/j.1540-8191.2009.00897.x (J Card Surg 2010;25:9-15)

Degenerative disease is the leading cause of mi-
tral regurgitation (MR) in North America. Advantages of
mitral valve repair over replacement include lower oper-
ative mortality, better preservation of ventricular func-
tion, lower risk of thromboembolism and anticoagulant-
related complications, reduced risk of endocarditis, and
better freedom from valve-related complications with
an excellent long-term durability.1-5

This work was supported by the Michael and Renata Hornstein Chair
in Cardiac Surgery, Université de Montréal, Montreal, Quebec. Salary
support (to LMS) was provided by a fellowship award from the
Canadian Institutes of Health Research’s Clinical Research Initiative,
Ottawa, Ontario.
Paper presented as poster: Clinical and Echocardiographic Results of
Mitral Valve Repair for Degenerative Disease [Résultats cliniques et
échocardiographiques à long terme pour la réparation de la valve mi-
trale dégénérative] at the 59th Meeting of the Société Française de
Chirurgie Thoracique et Cardio-Vasculaire, 2006, Bordeaux, France.
Address for correspondence: Michel Pellerin, M.D., Department
of Surgery, Montreal Heart Institute, 5000 Belanger Street,
Montreal, Quebec, H1T 1C8, Canada. Fax: +514-376-1355; e-mail:
michel.pellerin@icm-mhi.org

Although many studies have reported outcomes of
mitral valve repair in terms of survival and freedom
from reoperation,1-5 few studies have assessed long-
term echocardiographic results of these patients.6-10

Moreover, this study is the first to report postopera-
tive changes in left atrial and left ventricular dimen-
sions, pulmonary artery pressure, and left ventricular
ejection fraction (LVEF) for this patient population. The
purpose of this paper is to review prospectively gath-
ered echocardiographic and clinical results following
mitral valve repair for degenerative disease and assess
patient characteristics and operative technique predict-
ing these outcomes.

MATERIAL AND METHODS

From May 1995 to July 2004, 403 consecutive pa-
tients underwent mitral valve repair for degenerative
disease. Intraoperative transesophageal echocardiog-
raphy was used to assess mitral valve repair in all
patients. Patients were followed prospectively at the
Montreal Heart Institute Valve Clinic on a yearly or
2-year basis. Patients were considered lost to follow-up

403	
  MVR	
  for	
  dystrophic	
  disease	
  J CARD SURG
2010;25:9-15

STEVENS, ET AL.
MITRAL VALVE REPAIR OUTCOMES

13

Figure 2. Freedom from dyspnea following mitral valve repair
(Turnbull’s algorithm). Freedom from dyspnea for patients un-
dergoing mitral valve repair for degenerative disease. Turn-
bull’s nonparametric estimates for freedom from moderate-
severe dyspnea (NYHA II, III, or IV) and freedom from severe
dyspnea (NYHA III or IV) are represented with step functions.
Weibull’s parametric estimate is shown with an overlying
dashed line. Numbers at risk are provided in the embedded
table. NYHA = New York Heart Association.

antiplatelet medication. The major indication for antico-
agulation was atrial fibrillation. Freedom from bleed-
ing and thromboembolic events was 94 ± 2% at
5 years.

Reoperation

Freedom from any cardiac reoperation was 96 ± 1%
at 5 years and freedom from mitral valve endocarditis
was 98 ± 1% at 5 years. Thirteen patients were reoper-
ated including eight for mitral valve replacement (75%
received a mechanical valve) at a mean of 17 months
postoperatively (1 day to 61 months). Barlow’s disease
was the etiology for the initial valve repair in only one of
the patients requiring reoperation. All patients initially
received an annuloplasty ring and four patients had
a chordal procedure and/or papillary muscle shorten-
ing. Indications for reoperation were endocarditis unre-
sponsive to medical treatment (four replacements and
three re-repairs), marked left ventricular dilatation with
leaflet tethering (two replacements), displacement of
the annuloplasty ring (two re-repairs), systolic anterior
motion of the mitral leaflet (one replacement), and tear-
ing of a sliding leaflet plasty (one replacement).

MR recurrence

All patients with a successful repair had MR
of less than 1+ at intraoperative postrepair trans-
esophageal echocardiography. The mean echocardio-
graphic follow-up was 2.5 years ± 2.2 years and was
83% complete. Freedom from severe MR was 98% at
1 month, 98% at 1 year, and 95% at 5 years. Freedom
from moderate-severe MR was 94% at 1 month, 87%
at 1 year, and 77% at 5 years (Fig. 3). Independent pre-
dictors of moderate-severe MR recurrence are shown
in Table 3. There were no identifiable risk factors for se-
vere MR (3+ or 4+) as there were very few cases that

Figure 3. Freedom from mitral regurgitation following mitral
valve repair (Turnbull’s algorithm). Freedom from mitral re-
gurgitation for patients undergoing mitral valve repair for de-
generative disease. Turnbull nonparametric estimate for free-
dom from moderate-severe MR (2+, 3+ or 4+) and freedom
from severe MR (3+ or 4+) are represented with step func-
tions. Weibull parametric estimate is shown with an overlying
dashed line. Numbers at risk are provided in the embedded
table. MR = mitral regurgitation.

occurred (n = 10). Agreement between NYHA func-
tional class and severity of MR at follow-up was low
(22% discordant pairs; Bowker’s test of symmetry p =
0.010).

Other echocardiographic results

Mean mitral valve gradient was 4.0 mmHg at base-
line and remained stable between 3.6 and 2.9 mmHg
from 1 month to 8 years postoperatively. At 1 month
after mitral valve repair, left atrial diameter and left ven-
tricular end-diastolic diameters decreased compared to
baseline preoperative values (both p < 0.001), whereas
left ventricular end-systolic diameter started decreas-
ing 1 month after surgery and up to 1 year postop-
eratively (p = 0.003) (Fig. 4A). All these diameters
remained stable thereafter except for a significant de-
crease in left ventricular end-diastolic diameter from
1 year to 4 years postoperatively (p = 0.011) and
increased afterward (p = 0.031). Systolic pulmonary
artery pressure also decreased following surgery at 1
month postoperatively (p = 0.001) and remained sta-
ble thereafter (Fig. 4B). Left ventricular ejection fraction
decreased at 1 month postoperatively from a baseline
value of 59% ± 1% to 52 ± 1% (p < 0.001), increased
to 58% ± 1% at 1 year (p < 0.001), and remained
stable thereafter (Fig. 4B).

Role of annuloplasty ring diameter

Although no clear cut-off point could be identi-
fied with sensitivity analysis and receiver operating
characteristic curves, an annuloplasty ring diameter
of less than 32 mm was associated with the best
sensitivity (63% to 70%) and specificity (39% to
42%) for predicting increased mortality and dyspnea
recurrence. A smaller annuloplasty ring diameter was
an independent risk factor for mortality (p = 0.022) and
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antiplatelet medication. The major indication for antico-
agulation was atrial fibrillation. Freedom from bleed-
ing and thromboembolic events was 94 ± 2% at
5 years.

Reoperation

Freedom from any cardiac reoperation was 96 ± 1%
at 5 years and freedom from mitral valve endocarditis
was 98 ± 1% at 5 years. Thirteen patients were reoper-
ated including eight for mitral valve replacement (75%
received a mechanical valve) at a mean of 17 months
postoperatively (1 day to 61 months). Barlow’s disease
was the etiology for the initial valve repair in only one of
the patients requiring reoperation. All patients initially
received an annuloplasty ring and four patients had
a chordal procedure and/or papillary muscle shorten-
ing. Indications for reoperation were endocarditis unre-
sponsive to medical treatment (four replacements and
three re-repairs), marked left ventricular dilatation with
leaflet tethering (two replacements), displacement of
the annuloplasty ring (two re-repairs), systolic anterior
motion of the mitral leaflet (one replacement), and tear-
ing of a sliding leaflet plasty (one replacement).

MR recurrence

All patients with a successful repair had MR
of less than 1+ at intraoperative postrepair trans-
esophageal echocardiography. The mean echocardio-
graphic follow-up was 2.5 years ± 2.2 years and was
83% complete. Freedom from severe MR was 98% at
1 month, 98% at 1 year, and 95% at 5 years. Freedom
from moderate-severe MR was 94% at 1 month, 87%
at 1 year, and 77% at 5 years (Fig. 3). Independent pre-
dictors of moderate-severe MR recurrence are shown
in Table 3. There were no identifiable risk factors for se-
vere MR (3+ or 4+) as there were very few cases that

Figure 3. Freedom from mitral regurgitation following mitral
valve repair (Turnbull’s algorithm). Freedom from mitral re-
gurgitation for patients undergoing mitral valve repair for de-
generative disease. Turnbull nonparametric estimate for free-
dom from moderate-severe MR (2+, 3+ or 4+) and freedom
from severe MR (3+ or 4+) are represented with step func-
tions. Weibull parametric estimate is shown with an overlying
dashed line. Numbers at risk are provided in the embedded
table. MR = mitral regurgitation.

occurred (n = 10). Agreement between NYHA func-
tional class and severity of MR at follow-up was low
(22% discordant pairs; Bowker’s test of symmetry p =
0.010).

Other echocardiographic results

Mean mitral valve gradient was 4.0 mmHg at base-
line and remained stable between 3.6 and 2.9 mmHg
from 1 month to 8 years postoperatively. At 1 month
after mitral valve repair, left atrial diameter and left ven-
tricular end-diastolic diameters decreased compared to
baseline preoperative values (both p < 0.001), whereas
left ventricular end-systolic diameter started decreas-
ing 1 month after surgery and up to 1 year postop-
eratively (p = 0.003) (Fig. 4A). All these diameters
remained stable thereafter except for a significant de-
crease in left ventricular end-diastolic diameter from
1 year to 4 years postoperatively (p = 0.011) and
increased afterward (p = 0.031). Systolic pulmonary
artery pressure also decreased following surgery at 1
month postoperatively (p = 0.001) and remained sta-
ble thereafter (Fig. 4B). Left ventricular ejection fraction
decreased at 1 month postoperatively from a baseline
value of 59% ± 1% to 52 ± 1% (p < 0.001), increased
to 58% ± 1% at 1 year (p < 0.001), and remained
stable thereafter (Fig. 4B).

Role of annuloplasty ring diameter

Although no clear cut-off point could be identi-
fied with sensitivity analysis and receiver operating
characteristic curves, an annuloplasty ring diameter
of less than 32 mm was associated with the best
sensitivity (63% to 70%) and specificity (39% to
42%) for predicting increased mortality and dyspnea
recurrence. A smaller annuloplasty ring diameter was
an independent risk factor for mortality (p = 0.022) and
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Surgical Repair of Posterior Mitral Valve Prolapse:
Implications for Guidelines and Percutaneous
Repair
Douglas R. Johnston, MD, A. Marc Gillinov, MD, Eugene H. Blackstone, MD,
Brian Griffin, MD, William Stewart, MD, Joseph F. Sabik III, MD,
Tomislav Mihaljevic, MD, Lars G. Svensson, MD, PhD, Penny L. Houghtaling, MS, and
Bruce W. Lytle, MD
Departments of Thoracic and Cardiovascular Surgery, and Cardiovascular Medicine, Heart and Vascular Institute, and
Department of Quantitative Health Sciences, Research Institute, Cleveland Clinic, Cleveland, Ohio

Background. Guidelines recommend early surgery for
mitral regurgitation (MR) provided repair can be accom-
plished safely and consistently. However, many patients
with degenerative disease are not referred for surgery or
undergo replacement rather than repair. Data document-
ing early and long-term results of surgical repair of
posterior prolapse, the most common lesion, are essential
to broaden application of repair techniques and provide
direction for percutaneous valve repair. This study pro-
vides data on long-term survival and valve function after
repair of posterior leaflet prolapse.

Methods. Of 3,383 patients undergoing surgery for
isolated posterior leaflet prolapse, repair was performed
in 97%; 3,074 underwent standard quadrangular resection
with annuloplasty. Follow-up for survival averaged 6.5 !
4.5 years and for reoperation, 4.0 ! 3.9 years. Analysis of
4,913 echocardiograms for recurrent MR was performed
in a subgroup of 2,575 patients.

Results. There were two hospital deaths (0.07%), and
15-year survival was 76%, superior to the age- and
sex-matched US population. At 10 years, freedom from
mitral reoperation was 97%, and 77% had no or 1" MR;
11% had 3" or 4" MR. Repair durability was jeopar-
dized by failure to use a prosthetic annuloplasty, left
atrial enlargement, and left ventricular remodeling and
dysfunction.

Conclusions. Mitral valve repair for posterior prolapse
is a low-risk, durable surgical procedure. The repair must
address both leaflet and annulus. Recurrent MR that is
moderately severe or severe is uncommon in the decade
after operation. These data support recommendations for
early surgery and demonstrate that complete repair ad-
dresses multiple components of the valve, providing
direction for percutaneous approaches.

(Ann Thorac Surg 2010;89:1385–94)
© 2010 by The Society of Thoracic Surgeons

American College of Cardiology/American Heart As-
sociation (ACC/AHA) Practice Guidelines for Man-

agement of Patients with Valvular Heart Disease recom-
mend early surgery for patients with degenerative mitral
valve disease if there is a high chance of successful repair
and mortality is low [1–4]. The guidelines’ recommenda-
tion for early surgery in asymptomatic patients with
severe mitral regurgitation (MR) has not been universally
accepted [3, 5]. In addition, the advent of percutaneous
procedures for mitral valve repair has brought into

question whether both the leaflets and the annulus must
be addressed to achieve successful repair. Examination of
published series focusing on surgical repair provides
some insight into these areas of controversy. However,
most reports of mitral valve repair include heteroge-
neous populations with varying sites of prolapse (poste-
rior, anterior, bileaflet) undergoing a variety of proce-
dures (eg, quadrangular resection, chordal transfer,
artificial chordae, edge-to-edge repair, annuloplasty of
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Mitral Valve Reoperation
Fifty-three patients underwent mitral valve reoperation.
Overall unadjusted freedom from reoperation at 1, 5, 10,
and 12 years was 98%, 98%, 97%, and 96% (Fig 4A).
Instantaneous risk of reoperation resolved to three phases:
an early hazard phase dominating for 2 weeks, which
accounted for half the events, a constant phase to 3 years,
and a slowly decreasing phase thereafter (Fig 4B). Risk of
reoperation diminished to 0.3% per year by 2 years and
0.2% per year by 7 years. Risk factors for early reopera-
tion included younger age at operation (Table 3, Fig 5).

Recurrent Mitral Regurgitation
All patients left the operating room with MR grade 1! or
less. In the first 2 weeks after surgery, the percentage
with MR grade 0 decreased steeply to 80%, whereas
percentages with MR grades 1!, 2!, and 3!/4! in-
creased to 13%, 6%, and 5%, respectively (Fig 6). After 2
weeks, the percentage of patients with MR grade 0

decreased at a slow but constant rate, with corresponding
increases in percentages with MR grades 1! to 3!/4!. At
10 years, 77% of patients had 0 or 1! MR, 13% 2! MR,
and 10% 3!/4! MR. The initial rapid change in MR
grade was associated with earlier date of operation,
pericardial annuloplasty, left atrial enlargement, and left
ventricular structural and functional alteration (Table 4).
Slow, long-term return of MR was associated with earlier
date of operation, pericardial annuloplasty, and larger
left ventricular end-diastolic volume. Although 89% of
patients receiving a prosthetic annuloplasty had 0 or 1!
MR at 10 years, only 77% of those receiving a pericardial
annuloplasty did. Surgeon experience did not influence
repair durability (p " 0.2).

Comment

Surgical mitral valve repair for posterior leaflet prolapse
is associated with low operative risk, excellent long-term
survival, and long-lasting durability. Best results are
obtained when repair is performed before onset of symp-
toms or change in cardiac structure or function. Standard
repair techniques that address both the leaflets and the
annulus are necessary to achieve these results in patients
with severe MR.

Degenerative Mitral Valve Disease
Degenerative mitral valve disease is the most common
indication for surgical mitral valve repair [5, 7, 8, 16–18].
This condition is not rare: using strict echocardiographic
criteria, Framingham Heart Study investigators deter-
mined that prevalence of mitral valve prolapse is 2.4% in
the general population [19]. Up to 5% of these patients
ultimately exhibit MR of sufficient severity to require
intervention [20]. Among patients presenting for surgery,
segmental posterior leaflet prolapse is the most common
finding [5, 7, 8].

Pathologic changes associated with degenerative mi-
tral valve disease include annular dilatation, leaflet thick-
ening, myxoid degeneration, chordal elongation and rup-
ture, and annular and leaflet calcification [5, 7, 8, 16].

Fig 5. Predicted 1-year freedom from reoperation according to age at
mitral valve repair. Graph is a nomogram of multivariable equation
represented by Table 3, with blood urea nitrogen set to 17 mg/dL,
hematocrit to 40%, and posterior wall thickness to 1.1 cm. Solid line
is parametric estimate, and dashed lines are 68% confidence limits
equivalent to # 1 standard error. Note expanded scale.

Fig 6. Temporal trend in return of postoperative mitral regurgitation
(MR). Squares $ no MR, open circles $ 1! MR, closed circles $
2! MR, triangles $ 3!/4! MR.

Table 3. Incremental Risk Factors for Mitral Valve
Reoperation

Risk Factor Coefficient # SE
p

Value
Reliability

(%)a

Early hazard phaseb

Younger agec 1.7 # 0.66 0.009 76
Elevated BUN 0.020 # 0.0096 0.03 55
Lower hematocritd %1.8 # 0.60 0.003 67
Greater preoperative

posterior wall
thickness

2.9 # 1.02 0.004 51

a Percent of occurrences in 200 bootstrap models. b Intercept $ %3.3 #
2.4, & $ 0; Ln(t½) $ %3.8 # 0.071, ' $ 0; Ln(m) $ %2.9 # 0.51, where
Ln is natural logarithm. c (50/age), inverse transformation. d Ln
(hematocrit), logarithmic transformation.

BUN $ blood urea nitrogen; SE $ standard error.
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in 1. In all cases, the unsupported, prolapsing portion of
the posterior leaflet was resected. For tall leaflets (!1.5
cm), a sliding repair was performed. Annuloplasty tech-
niques included a prosthetic annuloplasty (Cosgrove-
Edwards band in 2,769 [90%], Carpentier-Edwards classic
ring in 94 [3.1%]) or posterior annular suture plication
reinforced with bovine pericardium (207 patients, 6.7%).

Clinical Follow-Up
SURVIVAL AND REOPERATION. Patients undergoing heart
valve surgery are followed systematically at 2, 5, 10, 15,
and 20 years after operation. At each anniversary-type
follow-up, patients are mailed an IRB-approved ques-
tionnaire; nonresponders are contacted by telephone
using an IRB-approved script. Patient consent is required
for use of follow-up information. Follow-up for mitral
valve reoperation depended entirely on this active fol-
low-up. Active follow-up averaged 4.0 " 3.9 years, with
11% of living patients followed at least 10 years and 3% at
least 12 years; 11,969 patient-years of data were available
for analyses of reoperation. Information on vital status
was supplemented by data from the Social Security
Death Index (cross-sectional passive follow-up) [11, 12],
yielding 19,918 patient-years of data for survival analysis,
with 20% of living patients followed at least 10 years and
3% at least 16 years. Graphs of reoperation were trun-
cated at 12 years and those of survival at 16 years.
RETURN OF MITRAL REGURGITATION. A subgroup of 2,575 pa-
tients was followed for return of MR by postoperative
echocardiography at Cleveland Clinic, yielding 4,913
echocardiograms for analysis of MR grade; 858 patients
(33%) had more than one echocardiogram. Because only
3% of echocardiograms were obtained past 10 years,
depictions of their analysis are truncated then.

Data Analysis
SURVIVAL. Nonparametric survival estimates were ob-
tained by the Kaplan-Meier method. A parametric
method was used to resolve the number of phases of
instantaneous risk (hazard function) and to estimate

shaping variables (see http://www.clevelandclinic.org/
heartcenter/hazard) [13]; multivariable analyses (with
variables listed in Appendix A) were performed simulta-
neously for each hazard phase. Variable selection used
bagging [14, 15]. In brief, 200 bootstrap resampled data
sets were analyzed with a probability value of less than
0.05 as the retention criterion. Results were aggregated,
including clustering of transformations of scale and
closely correlated variables. Variables or clusters repre-
sented in at least 50% of analyses were used for final
model fitting.
REPAIR DURABILITY. Repair durability was assessed by mitral
valve reoperation in the entire cohort and return of MR in
the echocardiographic follow-up subgroup. Freedom
from reoperation was analyzed as for all-cause mortality.

Prevalence of each MR grade across follow-up time
was estimated by longitudinal ordinal logistic regression
for repeated measurements (PROC GENMOD; SAS, Inc,
Cary, NC). Because frequency of occurrence of severe

Fig 2. Mean age of patients undergoing repair of posterior leaflet
prolapse as a function of time. Closed circles represent yearly age
estimates. Solid line is trend line.

Fig 3. Death after mitral valve repair for posterior leaflet prolapse
compared with expected survival of an age- and sex-matched US
population cohort (dot-dash-dot line). Each circle represents a death,
vertical bars are asymmetric 68% confidence limits (CL, equivalent
to " 1 standard error), solid line is parametric estimate enclosed
within dashed 68% CLs, and numbers in parentheses are patients
remaining at risk. (A) Survival. (B) Hazard function (instanta-
neous risk) for death. Solid line is hazard estimate enclosed
within 68% CLs.

1387Ann Thorac Surg CHAMBERLAIN MEMORIAL PAPER JOHNSTON ET AL
2010;89:1385–94 SURGICAL MITRAL VALVE REPAIR

A
D

U
LT

C
A

R
D

IA
C

Survival	
  versus	
  Matched	
  populaRon	
  

-­‐	
  Cleveland	
  Clinic	
  -­‐	
  



	
  Medtronic	
  Symposium	
  	
  	
  	
  SFCTCV	
  Marseille	
  	
  	
  11	
  /	
  06	
  /	
  2015	
   	
   	
   	
   	
   	
  Download	
  this	
  presenta0on	
  on	
  	
  	
  	
  «	
  chircardio-­‐lyon.org	
  »	
  

PerspecRves	
  
	
  

And	
  
	
  

Conclusion	
  

IndicaRons	
  

Results	
  

Technique	
  

INTRO	
  

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

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

Figure 3 Continued

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

JACC Vol. 62, No. 4, 2013 Mauri et al.
July 23, 2013:317–28 The EVEREST II Trial 4-Year Results
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INTRO	
  
EVEREST   II  279 Randomized patients  

were randomly assigned in a 2:1 ratio to undergo either
percutaneous mitral valve repair (184 patients) or mitral
valve surgery (95 patients). Twenty-one patients (6

randomized to the percutaneous repair arm and 15 to
surgery) withdrew consent and did not undergo treatment
per their randomized assignment. The last patient was

Table 3 Effectiveness Endpoint and Components at 4 Years

1 Year 4 Years

Percutaneous Repair Surgical p Value Percutaneous Repair Surgical p Value

Freedom from death, MV surgery
or reoperation, and MR 3þ or 4þ

55.2% (100/181) 73.0% (65/89) 0.007 39.8% (64/161) 53.4% (39/73) 0.070

Death 6.1% (11/181) 5.6% (5/89) 1.000 17.4% (28/161) 17.8% (13/73) 0.914

MV surgery or reoperation 20.4% (37/181) 2.2% (2/89) <0.001 24.8% (40/161) 5.5% (4/73) <0.001

MR 3þ or 4þ at follow-up 21.0% (38/181) 20.2% (18/89) 1.000 21.7% (35/161) 24.7% (18/73) 0.745

MV ¼ mitral valve; MR ¼ mitral regurgitation.

Figure 2 MR Severity by Echocardiography at Baseline, 1-Year, and 4-Year Follow-Up

(A) Mitral valve regurgitation (MR) severity at baseline and 12 months. (B) MR severity at baseline and 48 months. Results are matched for each timepoint, and comparisons
are presented for patients who had both baseline mitral valve regurgitation (MR) and the given follow-up MR. Mitral regurgitation severity: dark blue indicates 0þ; turquoise
indicates 1þ; light yellow indicates 2þ; dark yellow indicates 3þ; and orange indicates 4þ.
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Echocardiography plays a key role in the assessment of infective endocarditis (IE). It is useful for the diagnosis of endocarditis, the assessment of
the severity of the disease, the prediction of short- and long-term prognosis, the prediction of embolic events, and the follow-up of patients
under specific antibiotic therapy. Echocardiography is also useful for the diagnosis and management of the complications of IE, helping the
physician in decision-making, particularly when a surgical therapy is considered. Finally, intraoperative echocardiography must be performed
in IE to help the surgeon in the assessment and management of patients with IE during surgery. The current ‘recommendations for the practice
of echocardiography in infective endocarditis’ aims to provide both an updated summary concerning the value and limitations of echocardiography in
IE, and clear and simple recommendations for the optimal use of both transthoracic and transoesophageal echocardiography in IE.
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Introduction
Infective endocarditis (IE) is a life-threatening disease still associ-
ated with a high mortality rate.1,2 Several complications may
occur during the course of IE, including embolic events, perivalvu-
lar extension, and valvular destruction causing heart failure. These
main complications are the cause of the persistent high morbidity
and mortality of the disease.3 They are also the main reasons for

* Corresponding author. Tel: þ33 4 91 38 63 79, Email: gilbert.habib@free.fr

Published on behalf of the European Society of Cardiology. All rights reserved. & The Author 2010. For permissions please email: journals.permissions@oxfordjournals.org.

European Journal of Echocardiography (2010) 11, 202–219
doi:10.1093/ejechocard/jeq004

1)	
  AsymptomaRc	
  PaRents	
  :	
  Primary	
  MR	
  

and intra-annular RV pacemaker or implantable
cardioverter-defibrillator leads. Approximately 80% of
cases of significant TR are functional in nature and
related to tricuspid annular dilation and leaflet tethering
in the setting of RV remodeling due to pressure and/or
volume overload. The tricuspid annulus is a saddle-
shaped ellipsoid that becomes planar and circular as it
dilates in an anterior-posterior direction and will often
not return to its normal size and configuration after
relief of RV overload. Table 19 shows the stages (A
through D) of primary and functional TR as defined for
other valve lesions. Severe TR (stages C and D) is
associated with poor prognosis independent of age, LV
and RV function, and RV size. Patients with signs or
symptoms of right HF would fit into the stage D
category even if they do not meet other hemodynamic or
morphological criteria.
Supporting Reference: (460)

8.2. Tricuspid Regurgitation

See Figure 5 for indications for surgery.

8.2.1. Diagnosis and Follow-Up: Recommendations
CLASS I

1. TTE is indicated to evaluate severity of TR, determine etiology,
measure sizes of right-sided chambers and inferior vena cava,
assess RV systolic function, estimate pulmonary artery systolic
pressure, and characterize any associated left-sided heart dis-
ease. (Level of Evidence: C)

Most TR is clinically silent. Advanced degrees of TR
may be detected on physical examination by the appearance
of elevated “c-V” waves in the jugular venous pulse, a
systolic murmur at the lower sternal border that increases
in intensity with inspiration, and a pulsatile liver edge. In
many patients, characteristic findings in the jugular venous
pulse are the only clues to the presence of advanced TR,
because a murmur may be inaudible even with severe

Figure 4. Indications for Surgery for MR

*Mitral valve repair is preferred over MVR when possible.
AF indicates atrial fibrillation; CAD, coronary artery disease; CRT, cardiac resynchronization therapy; ERO, effective regurgitant orifice; HF, heart failure; LV, left ventricular; LVEF,
left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; MR, mitral regurgitation, MV, mitral valve; MVR, mitral valve replacement; NYHA, New York Heart
Association; PASP, pulmonary artery systolic pressure; RF, regurgitant fraction; RVol, regurgitant volume; and Rx, therapy.
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In patients with signs of LV dysfunction (LVEF ≤60% and/or
LVESD ≥45 mm), surgery is indicated, even in patients with a
high likelihood of valve replacement. Lower LVESD values can be
used in patients of small stature.

If LV function is preserved, surgery should be considered in
asymptomatic patients with new onset AF or pulmonary hyperten-
sion (systolic pulmonary arterial pressure .50 mmHg at rest).47

Recent prospective studies have suggested the following indica-
tions for surgery in patients at low operative risk, where there is a
high likelihood of durable valve repair on the basis of valve lesion
and experience of the surgeon:

† Surgery should be considered if there is flail leaflet and LVESD
≥40 mm (≥22 mm/m2 BSA in patients of small stature).131

Surgery
(repair whenever possible)

No

Yes

No Yes

Yes

No

No

Yes

Yes No

Yes No

Yes No

Extended HF
treatmentb

Medical
therapyFollow-up

Refractory to
medical therapy

Symptoms

LVEF >30%

LVEF 60% or
LVESD 45 mm

New onset of AF or 
SPAP >50mmHg 

High likelihood of
durable repair, low
surgical risk, and
presence of risk

factorsa

Durable valve
repair is likely

and low
comorbidity

AF = atrial fibrillation; BSA = body surface area; HF = heart failure; FU = follow-up; LA = left atrium; LV = left ventricle; LVEF = left ventricular ejection fraction;
LVESD = left ventricular end-systolic diameter; SPAP = systolic pulmonary arterial pressure.
aWhen there is a high likelihood of durable valve repair at a low risk, valve repair should be considered (IIaC) in patients with flail leaflet and LVESD ≥40 mm; valve repair may be
considered (IIbC) if one of the following is present: LA volume ≥60 mL/m² BSA and sinus rhythm or pulmonary hypertension on exercise (SPAP ≥60 mmHg).
bExtended HF management includes the following: cardiac resynchronization therapy; ventricular assist devices; cardiac restraint devices; heart transplantation.

Figure 3 Management of severe chronic primary mitral regurgitation.
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remains uncertain. However, increasing severity is associated with
worse outcome.142

In patients with secondary MR due to non-ischaemic aetiology,
the data regarding the natural history are more limited than in
ischaemic MR.145 A precise analysis is difficult because of the
limited number of series made up of small patient numbers with
many confounding factors. Some studies have shown an independ-
ent association between significant MR and a poor prognosis.

6.2.3 Results of surgery
Surgery for secondary MR remains a challenge. Operative mortality
is higher than in primary MR and the long-term prognosis is worse
due—at least in part—to the more severe comorbidities (Table 7).
In ischaemic MR patients, indications and the preferred surgical
procedure remain controversial, mainly because of the persistence
and high recurrence rate of MR after valve repair and the absence
of evidence that surgery prolongs life.146 Most studies show that
severe ischaemic MR is not usually improved by revascularization
alone, and that persistence of residual MR carries an increased
mortality risk. The impact of valve surgery on survival remains
unclear, since there are no randomized trials and the few observa-
tional studies addressing this issue have too many limitations to
draw definite conclusions.147 Regarding prognosis, most studies
failed to demonstrate improved long-term clinical outcome follow-
ing surgical correction of secondary MR.148,149 The sole rando-
mized trial, comparing CABG vs. CABG + valve repair in
patients with moderate MR, was not designed to analyse the
effect on survival of the addition of repair to CABG. It showed
that the performance of valve repair improved functional class,
EF, and LV diameter in the short-term.150

When surgery is indicated, there is a trend favouring valve repair
using only an undersized, rigid ring annuloplasty, which confers a
low operative risk although it carries a high risk of MR
recurrence.151,152 This surgical technique is also applicable in MR
secondary to cardiomyopathy.153

Numerous preoperative predictors of recurrent secondary MR
after undersized annuloplasty have been identified and are indica-
tive of severe tethering, and associated with a worse prognosis
[LVEDD .65 mm, posterior mitral leaflet angle .458, distal
anterior mitral leaflet angle .258, systolic tenting area
.2.5 cm2, coaptation distance (distance between the annular
plane and the coaptation point) .10 mm, end-systolic interpapil-
lary muscle distance .20 mm, and systolic sphericity index
.0.7].152 The prognostic value of these parameters should,
however, be further validated. After surgery, localized alteration
of geometry and function in the vicinity of papillary muscles is
associated with recurrent MR.

The presence of significant myocardial viability should be taken
into consideration when deciding whether to operate, as it is a
predictor of good outcome after repair combined with bypass
surgery.154

Whether a restrictive annuloplasty might create clinically rele-
vant mitral stenosis (MS) remains unclear.

No randomized study has been performed, comparing repair
against replacement. In the most complex high-risk settings, sur-
vival after repair and replacement is similar. A recent meta-analysis
of retrospective studies suggests better short-term and long-term

survival after repair than after replacement.155 In patients with pre-
operative predictors of increased MR recurrence, as detailed
above, several techniques have been proposed to address subvalv-
ular tethering and may be considered in addition to annulo-
plasty.156 A recent randomized trial reports improved survival
and a significant decrease in major adverse outcomes in patients
requiring revascularization treated with ventricular reshaping.157

In secondary non-ischaemic MR, surgical modalities aimed at LV
reverse remodelling, such as LV reconstruction techniques, have
been disappointing and cannot be recommended.

6.2.4 Percutaneous intervention
Experience from a limited number of patients in the EVEREST trials
and from observational studies suggests that percutaneous
edge-to-edge mitral valve repair is feasible—at low procedural
risk—in patients with secondary MR in the absence of severe
tethering and may provide short-term improvement in functional
condition and LV function.136,137 These findings have to be con-
firmed in larger series with longer follow-up and with a rando-
mized design. Data on coronary sinus annuloplasty are limited
and most initial devices have been withdrawn.158

6.2.5 Indications for intervention
The heterogeneous data regarding secondary MR result in less
evidence-based management than in primary MR (Table 13).

Severe MR should be corrected at the time of bypass surgery.
The indications for isolated mitral valve surgery in symptomatic

patients with severe secondary MR and severely depressed systolic

Table 13 Indications for mitral valve surgery in
chronic secondary mitral regurgitation

Class a Level b

Surgery is indicated in patients with severe
MRc undergoing CABG, and LVEF >30%. I C

Surgery should be considered in patients with
moderate MR undergoing CABG.d IIa C

Surgery should be considered in
symptomatic patients with severe MR, LVEF
<30%, option for revascularization, and
evidence of viability.

IIa C

Surgery may be considered in patients
with severe MR, LVEF >30%, who
remain symptomatic despite optimal
medical management (including CRT if
indicated) and have low comorbidity, when
revascularization is not indicated.

IIb C

CABG ¼ coronary artery bypass grafting; CRT ¼ cardiac resynchronization
therapy; LVEF ¼ left ventricular ejection fraction; MR ¼ mitral regurgitation;
SPAP ¼ systolic pulmonary artery pressure.
aClass of recommendation.
bLevel of evidence.
cThe thresholds for severity (EROA ≥20 mm2; R Vol .30 ml) differ from that of
primary MR and are based on the prognostic value of these thresholds to predict
poor outcome: see Table 5.17
dWhen exercise echocardiography is feasible, the development of dyspnoea and
increased severity of MR associated with pulmonary hypertension are further
incentives to surgery.
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rheumatic lesions, extensive valve prolapse, and (even more so)
MR with leaflet calcification or extensive annulus calcification is
not as consistent, even in experienced hands.134 In current prac-
tice, surgical expertise in mitral valve repair is growing and becom-
ing widespread.135

Patients with predictable complex repair should undergo
surgery in experienced repair centres with high repair rates and
low operative mortality.32–35,44,135

When repair is not feasible, mitral valve replacement with
preservation of the subvalvular apparatus is preferred.

6.1.4 Percutaneous intervention
Catheter-based interventions have been developed to correct MR
percutaneously. The only one which has been evaluated in organic
MR is the edge-to-edge procedure. Data from the EVEREST (Endo-
vascular Valve Edge-to-Edge REpair STudy) trials 136 and the results
of registries in Europe137 and the USA suggest that the MitraClip
procedure has a procedural success rate (i.e. postprocedural MR
≤2+) of around 75%, is relatively safe and generally well-tolerated,
even by patients in poor clinical condition. One-year freedom from
death, mitral valve surgery or more than moderate MR is 55%. The
procedure reduces MR less effectively than mitral valve surgery.
The follow-up remains limited to a maximum of 2 years and recur-
rence—or worsening of MR—is more likely to occur during
follow-up since 20% of patients required reintervention within
1 year in EVEREST II. The applicability of the procedure is
limited because precise echocardiographic criteria have to be
respected to make a patient eligible.136 Mitral valve repair has
been reported after an unsuccessful clip procedure, although
valve replacement may be necessary in up to 50% of such patients.

6.1.5 Indications for intervention
Urgent surgery is indicated in patients with acute severe MR.
Rupture of a papillary muscle necessitates urgent surgical
treatment after stabilization of haemodynamic status, using an
intra-aortic balloon pump, positive inotropic agents and, when
possible, vasodilators. Valve surgery consists of valve replacement
in most cases.119

The indications for surgery in severe chronic primary MR are
shown in Table 12 and Figure 3.
The decision of whether to replace or repair depends mostly on

valve anatomy, surgical expertise available, and the patient’s
condition.
Surgery is indicated in patients who have symptoms due to

chronic MR, but no contraindications to surgery.
When LVEF is ,30%, a durable surgical repair can still improve

symptoms, although the effect on survival is largely unknown. In
this situation, the decision on whether to operate will take into
account the response to medical therapy, comorbidity, and the
likelihood of successful valve repair.
Percutaneous edge-to-edge procedure may be considered in

patients with symptomatic severe primary MR who fulfil the
echo criteria of eligibility, are judged inoperable or at high sur-
gical risk by a ‘heart team’, and have a life expectancy greater
than 1 year (recommendation class IIb, level of evidence C).

The management of asymptomatic patients is controversial as
there are no randomized trials to support any particular course
of action; however, surgery can be proposed in selected
asymptomatic patients with severe MR, in particular when repair
is likely.138,139

Table 12 Indications for surgery in severe primary
mitral regurgitation

Class a Level b Ref C

Mitral valve repair should be
the preferred technique when
it is expected to be durable.

I C

Surgery is indicated in
symptomatic patients with
LVEF >30% and LVESD <55 mm.

I B 127, 128

Surgery is indicated in
asymptomatic patients with LV
dysfunction (LVESD ≥45 mm
and/or LVEF ≤60%).

I C

Surgery should be considered
in asymptomatic patients with
preserved LV function and
new onset of atrial fibrillation
or pulmonary hypertension
(systolic pulmonary pressure
at rest >50 mmHg).

IIa C

Surgery should be considered
in asymptomatic patients with
preserved LV function, high
likelihood of durable repair,
low surgical risk and flail leaflet
and LVESD ≥40 mm.

IIa C

Surgery should be considered
in patients with severe LV
dysfunction (LVEF <30% and/
or LVESD >55 mm) refractory
to medical therapy with high
likelihood of durable repair and
low comorbidity.

IIa C

Surgery may be considered
in patients with severe LV
dysfunction (LVEF <30% and/
or LVESD >55 mm) refractory
to medical therapy with low
likelihood of durable repair
and low comorbidity.

IIb C

Surgery may be considered in
asymptomatic patients with
preserved LV function, high
likelihood of durable repair,
low surgical risk, and:
• left atrial dilatation (volume
index ≥60 ml/m² BSA) and
sinus rhythm, or
• pulmonary hypertension on
exercise (SPAP ≥60 mmHg at
exercise).

IIb C

BSA ¼ body surface area; LV ¼ left ventricle; LVEF ¼ left ventricular ejection
fraction; LVESD ¼ left ventricular end-systolic diameter; SPAP ¼ systolic
pulmonary artery pressure.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.
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rheumatic lesions, extensive valve prolapse, and (even more so)
MR with leaflet calcification or extensive annulus calcification is
not as consistent, even in experienced hands.134 In current prac-
tice, surgical expertise in mitral valve repair is growing and becom-
ing widespread.135

Patients with predictable complex repair should undergo
surgery in experienced repair centres with high repair rates and
low operative mortality.32–35,44,135

When repair is not feasible, mitral valve replacement with
preservation of the subvalvular apparatus is preferred.

6.1.4 Percutaneous intervention
Catheter-based interventions have been developed to correct MR
percutaneously. The only one which has been evaluated in organic
MR is the edge-to-edge procedure. Data from the EVEREST (Endo-
vascular Valve Edge-to-Edge REpair STudy) trials 136 and the results
of registries in Europe137 and the USA suggest that the MitraClip
procedure has a procedural success rate (i.e. postprocedural MR
≤2+) of around 75%, is relatively safe and generally well-tolerated,
even by patients in poor clinical condition. One-year freedom from
death, mitral valve surgery or more than moderate MR is 55%. The
procedure reduces MR less effectively than mitral valve surgery.
The follow-up remains limited to a maximum of 2 years and recur-
rence—or worsening of MR—is more likely to occur during
follow-up since 20% of patients required reintervention within
1 year in EVEREST II. The applicability of the procedure is
limited because precise echocardiographic criteria have to be
respected to make a patient eligible.136 Mitral valve repair has
been reported after an unsuccessful clip procedure, although
valve replacement may be necessary in up to 50% of such patients.

6.1.5 Indications for intervention
Urgent surgery is indicated in patients with acute severe MR.
Rupture of a papillary muscle necessitates urgent surgical
treatment after stabilization of haemodynamic status, using an
intra-aortic balloon pump, positive inotropic agents and, when
possible, vasodilators. Valve surgery consists of valve replacement
in most cases.119

The indications for surgery in severe chronic primary MR are
shown in Table 12 and Figure 3.
The decision of whether to replace or repair depends mostly on

valve anatomy, surgical expertise available, and the patient’s
condition.
Surgery is indicated in patients who have symptoms due to

chronic MR, but no contraindications to surgery.
When LVEF is ,30%, a durable surgical repair can still improve

symptoms, although the effect on survival is largely unknown. In
this situation, the decision on whether to operate will take into
account the response to medical therapy, comorbidity, and the
likelihood of successful valve repair.
Percutaneous edge-to-edge procedure may be considered in

patients with symptomatic severe primary MR who fulfil the
echo criteria of eligibility, are judged inoperable or at high sur-
gical risk by a ‘heart team’, and have a life expectancy greater
than 1 year (recommendation class IIb, level of evidence C).

The management of asymptomatic patients is controversial as
there are no randomized trials to support any particular course
of action; however, surgery can be proposed in selected
asymptomatic patients with severe MR, in particular when repair
is likely.138,139

Table 12 Indications for surgery in severe primary
mitral regurgitation

Class a Level b Ref C

Mitral valve repair should be
the preferred technique when
it is expected to be durable.

I C

Surgery is indicated in
symptomatic patients with
LVEF >30% and LVESD <55 mm.

I B 127, 128

Surgery is indicated in
asymptomatic patients with LV
dysfunction (LVESD ≥45 mm
and/or LVEF ≤60%).

I C

Surgery should be considered
in asymptomatic patients with
preserved LV function and
new onset of atrial fibrillation
or pulmonary hypertension
(systolic pulmonary pressure
at rest >50 mmHg).

IIa C

Surgery should be considered
in asymptomatic patients with
preserved LV function, high
likelihood of durable repair,
low surgical risk and flail leaflet
and LVESD ≥40 mm.

IIa C

Surgery should be considered
in patients with severe LV
dysfunction (LVEF <30% and/
or LVESD >55 mm) refractory
to medical therapy with high
likelihood of durable repair and
low comorbidity.

IIa C

Surgery may be considered
in patients with severe LV
dysfunction (LVEF <30% and/
or LVESD >55 mm) refractory
to medical therapy with low
likelihood of durable repair
and low comorbidity.

IIb C

Surgery may be considered in
asymptomatic patients with
preserved LV function, high
likelihood of durable repair,
low surgical risk, and:
• left atrial dilatation (volume
index ≥60 ml/m² BSA) and
sinus rhythm, or
• pulmonary hypertension on
exercise (SPAP ≥60 mmHg at
exercise).

IIb C

BSA ¼ body surface area; LV ¼ left ventricle; LVEF ¼ left ventricular ejection
fraction; LVESD ¼ left ventricular end-systolic diameter; SPAP ¼ systolic
pulmonary artery pressure.
aClass of recommendation.
bLevel of evidence.
cReference(s) supporting class I (A + B) and IIa + IIb (A + B) recommendations.
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Echocardiography plays a key role in the assessment of infective endocarditis (IE). It is useful for the diagnosis of endocarditis, the assessment of
the severity of the disease, the prediction of short- and long-term prognosis, the prediction of embolic events, and the follow-up of patients
under specific antibiotic therapy. Echocardiography is also useful for the diagnosis and management of the complications of IE, helping the
physician in decision-making, particularly when a surgical therapy is considered. Finally, intraoperative echocardiography must be performed
in IE to help the surgeon in the assessment and management of patients with IE during surgery. The current ‘recommendations for the practice
of echocardiography in infective endocarditis’ aims to provide both an updated summary concerning the value and limitations of echocardiography in
IE, and clear and simple recommendations for the optimal use of both transthoracic and transoesophageal echocardiography in IE.
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Introduction
Infective endocarditis (IE) is a life-threatening disease still associ-
ated with a high mortality rate.1,2 Several complications may
occur during the course of IE, including embolic events, perivalvu-
lar extension, and valvular destruction causing heart failure. These
main complications are the cause of the persistent high morbidity
and mortality of the disease.3 They are also the main reasons for
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CLASS I

1. Mitral valve surgery is recommended for symptomatic patients
with chronic severe primary MR (stage D) and LVEF greater
than 30% (365,376). (Level of Evidence: B)

Primary MR is a mechanical problem of the leaflets that
has only a mechanical solutiondthat of mitral valve sur-
gery. The onset of symptoms that results from severe MR
worsens prognosis even when LV function appears to be
normal, and negative prognosis extends even to mild
symptoms. Thus, the onset of symptoms is an indication
for prompt mitral valve surgery.
Supporting References: (365,376)

CLASS I

2. Mitral valve surgery is recommended for asymptomatic patients
with chronic severe primary MR and LV dysfunction (LVEF 30%
to 60% and/or LVESD ‡40 mm, stage C2) (359–362,392–394).
(Level of Evidence: B)

The goal of therapy inMR is to correct it before the onset
of LV systolic dysfunction and the subsequent adverse
effect on patient outcomes. Ideally, mitral valve surgery
should be performed when the patient’s left ventricle ap-
proaches but has not yet reached the parameters that indi-
cate systolic dysfunction (LVEF !60% or LVESD "40
mm). Because symptoms do not always coincide with LV
dysfunction, imaging surveillance is used to plan surgery

before severe dysfunction has occurred. If moderate LV
dysfunction is already present, prognosis is reduced
following mitral valve operation. Thus, further delay (even
though symptoms are absent) will lead to greater LV
dysfunction and a still worse prognosis. Because the loading
conditions in MR allow continued late ejection into a
lower-impedance LA, a higher cutoff for “normal” LVEF is
used in MR than in other types of heart disease. Although
it is clearly inadvisable to allow patients’ LV function to
deteriorate beyond the benchmarks of an LVEF !60%
and/or LVESD "40 mm, some recovery of LV function
can still occur even if these thresholds have been crossed.

Supporting References: (359–362,392–394)

CLASS I

3. Mitral valve repair is recommended in preference to MVR when
surgical treatment is indicated for patients with chronic severe
primary MR limited to the posterior leaflet (87,364,395–409).
(Level of Evidence: B)

Mitral competence is only 1 function of the mitral valve
apparatus. The mitral valve apparatus is an integral part of
the left ventricle. It aids in LV contraction and helps
maintain the efficient prolate ellipsoid shape of the left
ventricle. Destruction of the mitral apparatus causes im-
mediate LV dysfunction. Mitral valve repair is favored over
MVR for 3 reasons:

Table 17. Summary of Recommendations for Chronic Primary MR

Recommendations COR LOE References

MV surgery is recommended for symptomatic patients with chronic severe primary MR (stage D) and
LVEF >30%

I B (365,376)

MV surgery is recommended for asymptomatic patients with chronic severe primary MR and LV
dysfunction (LVEF 30%–60% and/or LVESD "40 mm, stage C2)

I B (359–362,
392–394)

MV repair is recommended in preference to MVR when surgical treatment is indicated for patients
with chronic severe primary MR limited to the posterior leaflet

I B (87,364,
395–409)

MV repair is recommended in preference to MVR when surgical treatment is indicated for patients
with chronic severe primary MR involving the anterior leaflet or both leaflets when a successful and
durable repair can be accomplished

I B (86,407–413)

Concomitant MV repair or replacement is indicated in patients with chronic severe primary MR
undergoing cardiac surgery for other indications

I B (414)

MV repair is reasonable in asymptomatic patients with chronic severe primary MR (stage C1) with
preserved LV function (LVEF >60% and LVESD <40 mm) in whom the likelihood of a successful
and durable repair without residual MR is >95% with an expected mortality rate of <1% when
performed at a Heart Valve Center of Excellence

IIa B (39,86,
415–419)

MV repair is reasonable for asymptomatic patients with chronic severe nonrheumatic primary MR
(stage C1) and preserved LV function in whom there is a high likelihood of a successful and durable
repair with 1) new onset of AF or 2) resting pulmonary hypertension (PA systolic arterial pressure
>50 mm Hg)

IIa B (363,415,
420–425)

Concomitant MV repair is reasonable in patients with chronic moderate primary MR (stage B)
undergoing cardiac surgery for other indications

IIa C N/A

MV surgery may be considered in symptomatic patients with chronic severe primary MR and
LVEF !30% (stage D)

IIb C N/A

MV repair may be considered in patients with rheumatic mitral valve disease when surgical treatment is
indicated if a durable and successful repair is likely or if the reliability of long-term anticoagulation
management is questionable

IIb B (86,406,413)

Transcatheter MV repair may be considered for severely symptomatic patients (NYHA class III/IV) with
chronic severe primary MR (stage D) who have a reasonable life expectancy but a prohibitive surgical
risk because of severe comorbidities

IIb B (426)

MVR should not be performed for treatment of isolated severe primary MR limited to less than one
half of the posterior leaflet unless MV repair has been attempted and was unsuccessful

III: Harm B (87,407–409)

AF indicates atrial fibrillation; COR, Class of Recommendation; LOE, Level of Evidence; LV, left ventricular; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; MR,
mitral regurgitation; MV, mitral valve; MVR, mitral valve replacement; N/A, not applicable; NYHA, New York Heart Association; and PA, pulmonary artery.
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7.4.3. Intervention: Recommendations

See Table 18 for a summary of recommendations for this
section and Figure 4 for indications for surgery for MR.
Chronic severe secondary MR adds volume overload to

a decompensated left ventricle and worsens prognosis.
However, there are only sparse data to indicate that cor-
recting MR prolongs life or even improves symptoms over
an extended time. The benefits of performing mitral valve
repair over MVR are also unclear in this subset of patients.
Percutaneous mitral valve repair provides a less invasive
alternative to surgery but is not approved for clinical use in
the United States.
Supporting References: (426,436,459)

CLASS IIa

1. Mitral valve surgery is reasonable for patients with chronic se-
vere secondary MR (stages C and D) who are undergoing CABG
or AVR. (Level of Evidence: C)

There is no proof that correction of chronic secondary
MR at the time of AVR or CABG is effective in pro-
longing life or relieving symptoms, but it seems wise to
address the mitral valve during those operations. Although
it may be hoped that the revascularization will recruit hi-
bernating myocardium and reduce chronic secondary MR
or that LV pressure reduction from relief of AS or volume
reduction from relief of AR might improve chronic sec-
ondary MR, such hopes may not be realized. Failing to
correct chronic secondary MR may leave the patient with
severe residual MR.
CLASS IIb

1. Mitral valve repair or replacement may be considered for
severely symptomatic patients (NYHA class III to IV) with
chronic severe secondary MR (stage D) who have persistent
symptoms despite optimal GDMT for HF (439,448–458). (Level
of Evidence: B)

Although it is clear that chronic severe secondary
MR adds to the burden of HF by imposing volume
overload on an already compromised left ventricle and
worsens prognosis, there is remarkably little evidence
that correcting chronic severe secondary MR prolongs
life or even improves symptoms for a prolonged period.
This paradox may result from the fact that mitral surgery
in ischemic MR does not prevent CAD from progress-
ing, nor does it prevent the continued idiopathic myo-
cardial deterioration in nonischemic chronic secondary

MR. Furthermore, when chronic severe secondary MR
is addressed surgically, it is not clear that repair, so
valuable in treating primary MR, is even preferred over
MVR in chronic severe secondary MR. Small RCTs
have demonstrated that mitral valve surgery reduces
chamber size and improves peak oxygen consumption in
chronic severe secondary MR. Deciding which patients
with chronic severe secondary MR will benefit from
mitral surgery awaits the results of larger RCTs. Ischemic
or dilated cardiomyopathy presents different challenges
for mitral repair. Regurgitation is caused by annular
dilation as well as apical and lateral displacement of the
papillary muscles. New techniques have facilitated mitral
repair in this situation, but durability of the repair is
primarily dependent on regression or progression of
ventricular dilation. If the heart continues to dilate, long-
term durability of the repair is moot; the survival of the
patient is limited.

Supporting References: (434,435,439,448–458)
CLASS IIb

2. Mitral valve repair may be considered for patients with chronic
moderate secondary MR (stage B) who are undergoing other
cardiac surgery. (Level of Evidence: C)

Because MR tends to be a progressive disease, it may be
helpful to address moderate MR when other cardiac sur-
gery is being performed. Because adding MVR to other
valve surgery increases surgical risk, it seems logical that
repair would be preferred in such instances; however, there
are sparse data available at the time of publication to
support this concept.

Supporting Reference: (433)
See Online Data Supplement 18 for more information on

intervention.

8. Tricuspid Valve Disease

8.1. Stages of TR

Trace-to-mild degrees of TR of no physiological conse-
quence are commonly detected on TTE in subjects with
anatomically normal valves. Primary disorders of the
tricuspid apparatus that can lead to more significant de-
grees of TR include rheumatic disease, prolapse, congenital
disease (Ebstein’s), IE, radiation, carcinoid, blunt chest
wall trauma, RV endomyocardial biopsy!related trauma,

Table 18. Summary of Recommendations for Chronic Severe Secondary MR

Recommendations COR LOE References

MV surgery is reasonable for patients with chronic severe secondary MR (stages C and D) who are
undergoing CABG or AVR

IIa C N/A

MV surgery may be considered for severely symptomatic patients (NYHA class III/IV) with chronic
severe secondary MR (stage D)

IIb B (439,448–458)

MV repair may be considered for patients with chronic moderate secondary MR (stage B) who are
undergoing other cardiac surgery

IIb C N/A

AVR indicates aortic valve replacement; CABG, coronary artery bypass graft; COR, Class of Recommendation; LOE, Level of Evidence; MR, mitral regurgitation; MV, mitral valve; N/A, not applicable; and
NYHA, New York Heart Association.
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CLASS I

1. Mitral valve surgery is recommended for symptomatic patients
with chronic severe primary MR (stage D) and LVEF greater
than 30% (365,376). (Level of Evidence: B)

Primary MR is a mechanical problem of the leaflets that
has only a mechanical solutiondthat of mitral valve sur-
gery. The onset of symptoms that results from severe MR
worsens prognosis even when LV function appears to be
normal, and negative prognosis extends even to mild
symptoms. Thus, the onset of symptoms is an indication
for prompt mitral valve surgery.
Supporting References: (365,376)

CLASS I

2. Mitral valve surgery is recommended for asymptomatic patients
with chronic severe primary MR and LV dysfunction (LVEF 30%
to 60% and/or LVESD ‡40 mm, stage C2) (359–362,392–394).
(Level of Evidence: B)

The goal of therapy inMR is to correct it before the onset
of LV systolic dysfunction and the subsequent adverse
effect on patient outcomes. Ideally, mitral valve surgery
should be performed when the patient’s left ventricle ap-
proaches but has not yet reached the parameters that indi-
cate systolic dysfunction (LVEF !60% or LVESD "40
mm). Because symptoms do not always coincide with LV
dysfunction, imaging surveillance is used to plan surgery

before severe dysfunction has occurred. If moderate LV
dysfunction is already present, prognosis is reduced
following mitral valve operation. Thus, further delay (even
though symptoms are absent) will lead to greater LV
dysfunction and a still worse prognosis. Because the loading
conditions in MR allow continued late ejection into a
lower-impedance LA, a higher cutoff for “normal” LVEF is
used in MR than in other types of heart disease. Although
it is clearly inadvisable to allow patients’ LV function to
deteriorate beyond the benchmarks of an LVEF !60%
and/or LVESD "40 mm, some recovery of LV function
can still occur even if these thresholds have been crossed.

Supporting References: (359–362,392–394)

CLASS I

3. Mitral valve repair is recommended in preference to MVR when
surgical treatment is indicated for patients with chronic severe
primary MR limited to the posterior leaflet (87,364,395–409).
(Level of Evidence: B)

Mitral competence is only 1 function of the mitral valve
apparatus. The mitral valve apparatus is an integral part of
the left ventricle. It aids in LV contraction and helps
maintain the efficient prolate ellipsoid shape of the left
ventricle. Destruction of the mitral apparatus causes im-
mediate LV dysfunction. Mitral valve repair is favored over
MVR for 3 reasons:

Table 17. Summary of Recommendations for Chronic Primary MR

Recommendations COR LOE References

MV surgery is recommended for symptomatic patients with chronic severe primary MR (stage D) and
LVEF >30%

I B (365,376)

MV surgery is recommended for asymptomatic patients with chronic severe primary MR and LV
dysfunction (LVEF 30%–60% and/or LVESD "40 mm, stage C2)

I B (359–362,
392–394)

MV repair is recommended in preference to MVR when surgical treatment is indicated for patients
with chronic severe primary MR limited to the posterior leaflet

I B (87,364,
395–409)

MV repair is recommended in preference to MVR when surgical treatment is indicated for patients
with chronic severe primary MR involving the anterior leaflet or both leaflets when a successful and
durable repair can be accomplished

I B (86,407–413)

Concomitant MV repair or replacement is indicated in patients with chronic severe primary MR
undergoing cardiac surgery for other indications

I B (414)

MV repair is reasonable in asymptomatic patients with chronic severe primary MR (stage C1) with
preserved LV function (LVEF >60% and LVESD <40 mm) in whom the likelihood of a successful
and durable repair without residual MR is >95% with an expected mortality rate of <1% when
performed at a Heart Valve Center of Excellence

IIa B (39,86,
415–419)

MV repair is reasonable for asymptomatic patients with chronic severe nonrheumatic primary MR
(stage C1) and preserved LV function in whom there is a high likelihood of a successful and durable
repair with 1) new onset of AF or 2) resting pulmonary hypertension (PA systolic arterial pressure
>50 mm Hg)

IIa B (363,415,
420–425)

Concomitant MV repair is reasonable in patients with chronic moderate primary MR (stage B)
undergoing cardiac surgery for other indications

IIa C N/A

MV surgery may be considered in symptomatic patients with chronic severe primary MR and
LVEF !30% (stage D)

IIb C N/A

MV repair may be considered in patients with rheumatic mitral valve disease when surgical treatment is
indicated if a durable and successful repair is likely or if the reliability of long-term anticoagulation
management is questionable

IIb B (86,406,413)

Transcatheter MV repair may be considered for severely symptomatic patients (NYHA class III/IV) with
chronic severe primary MR (stage D) who have a reasonable life expectancy but a prohibitive surgical
risk because of severe comorbidities

IIb B (426)

MVR should not be performed for treatment of isolated severe primary MR limited to less than one
half of the posterior leaflet unless MV repair has been attempted and was unsuccessful

III: Harm B (87,407–409)

AF indicates atrial fibrillation; COR, Class of Recommendation; LOE, Level of Evidence; LV, left ventricular; LVEF, left ventricular ejection fraction; LVESD, left ventricular end-systolic dimension; MR,
mitral regurgitation; MV, mitral valve; MVR, mitral valve replacement; N/A, not applicable; NYHA, New York Heart Association; and PA, pulmonary artery.
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Echocardiography plays a key role in the assessment of infective endocarditis (IE). It is useful for the diagnosis of endocarditis, the assessment of
the severity of the disease, the prediction of short- and long-term prognosis, the prediction of embolic events, and the follow-up of patients
under specific antibiotic therapy. Echocardiography is also useful for the diagnosis and management of the complications of IE, helping the
physician in decision-making, particularly when a surgical therapy is considered. Finally, intraoperative echocardiography must be performed
in IE to help the surgeon in the assessment and management of patients with IE during surgery. The current ‘recommendations for the practice
of echocardiography in infective endocarditis’ aims to provide both an updated summary concerning the value and limitations of echocardiography in
IE, and clear and simple recommendations for the optimal use of both transthoracic and transoesophageal echocardiography in IE.
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Introduction
Infective endocarditis (IE) is a life-threatening disease still associ-
ated with a high mortality rate.1,2 Several complications may
occur during the course of IE, including embolic events, perivalvu-
lar extension, and valvular destruction causing heart failure. These
main complications are the cause of the persistent high morbidity
and mortality of the disease.3 They are also the main reasons for
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  findings	
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The First Report of Transcatheter Aortic Valve
Implantation and Percutaneous Mitral Valve Repair
in the Same Patient

Ryan D. Madder, MD, Robert D. Safian, MD, Michael Gallagher, MD, Shaun R. Senter, MD,
George S. Hanzel, MD

Royal Oak, Michigan

Recent publication of the PARTNER (Placement of
AoRTic TraNscathetER Valve) and EVEREST
(Endovascular Valve Edge-to-Edge REpair Study)
trials support the safety and efficacy of transcathe-
ter aortic valve implantation and percutaneous
mitral valve repair (1–3). The present report is that
of an 82-year-old man with severe aortic stenosis
presenting in October 2005 with dyspnea. He was
deemed a poor candidate for surgical aortic valve
replacement, due to remote coronary bypass sur-
gery and open repair of an infarct-related ventric-
ular septal defect. In December 2005, he underwent
successful transcatheter aortic valve implantation with
an Edwards SAPIEN transcatheter heart valve (Ed-
wards Lifesciences, Irvine, California).

Five years later, he developed progressive heart
failure attributable to severe mitral regurgitation from
a restricted posterior leaflet. In September 2010, he
underwent percutaneous mitral valve repair with an
Evalve MitraClip (Evalve, San Francisco, California).
Fluoroscopy reveals both percutaneously deployed
aortic and mitral valve devices (Fig. 1). At follow-up
7 months later, the patient reports walking 1 mile for
exercise several times/week.
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Figure 1. Patient With a Transcatheter Aortic Valve and
Percutaneous Mitral Repair

An 82-year-old man with severe aortic stenosis underwent per-
cutaneous aortic balloon valvuloplasty and subsequent trans-
catheter aortic valve implantation. Five years later, he
developed severe symptomatic mitral regurgitation from a
restricted posterior leaflet and underwent percutaneous mitral
valve repair. Fluoroscopy demonstrates both percutaneously
placed aortic and mitral valve devices.
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•  Frequence	
  :	
  Repair	
  is	
  “probably”	
  bever	
  than	
  Replacement	
  

•  Survival	
  rate	
  :	
  excellent	
  and	
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  to	
  reference	
  populaRon	
  

•  Redo	
  valve	
  repair	
  :	
  is	
  rare	
  0.5	
  to	
  1.5	
  %	
  /	
  year	
  (Re-­‐repair	
  >	
  replacement)	
  

•  Redo	
  MR	
  >	
  grade	
  II	
  :	
  is	
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  2	
  to	
  3	
  %	
  /	
  year	
  

•  Follow	
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  can	
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  free	
  of	
  risk	
  of	
  repair	
  
failure	
  è	
  	
  Need	
  for	
  conRnued	
  echocardiographic	
  surveillance	
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Figure 1. Patient With a Transcatheter Aortic Valve and
Percutaneous Mitral Repair

An 82-year-old man with severe aortic stenosis underwent per-
cutaneous aortic balloon valvuloplasty and subsequent trans-
catheter aortic valve implantation. Five years later, he
developed severe symptomatic mitral regurgitation from a
restricted posterior leaflet and underwent percutaneous mitral
valve repair. Fluoroscopy demonstrates both percutaneously
placed aortic and mitral valve devices.
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