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OBJECTIVES We sought to assess the value of transthoracic echocardiography (TTE) using standardized
imaging planes for the functional analysis of mitral regurgitation (MR) as well as for
postoperative outcome implications.

BACKGROUND The feasibility of mitral valve repair is based on functional assessment of MR, mainly by
transesophageal echocardiography (TEE). Considering the recent advances in TTE imaging,
the incremental value of TEE in this setting needs to be re-examined.

METHODS Consecutive patients (n � 279; 181 men; median age 68 years [quartiles, 61 to 74]) who
underwent surgery for MR were enrolled prospectively in two tertiary care centers. The
accuracy of TTE (harmonic imaging) versus TEE for functional assessment of MR was
evaluated against surgical findings.

RESULTS Valve repair (n � 237 patients, 85%) or replacement (n � 42) was predicted accurately by
TTE in 97% of cases; TEE added significant information for only two patients. In the
subgroup of degenerative MR (n � 190), agreement with surgical findings for the localization
of prolapsed segments was 91% for TTE (kappa, 0.81) and 93% for TEE (kappa, 0.85)
without incremental value of TEE (p � 0.40). Patients with single prolapse of the middle
posterior scallop (P2) had a better postoperative outcome as compared with patients who had
non-P2 lesions (p � 0.008). Furthermore, mitral replacement predicted by TTE was an
independent predictor for postoperative long-term mortality (odds ratio 5.7, 95% confidence
interval 1.97 to 16.4, p � 0.001).

CONCLUSIONS In experienced hands, functional assessment of MR by TTE can predict accurately valve
repairability and has a strong influence on postoperative outcome. Thus, in most cases
preoperative TEE is not mandatory, provided intraoperative TEE is performed. (J Am Coll

ublished by Elsevier Inc. doi:10.1016/j.jacc.2005.03.064
Cardiol 2005;46:302–9) © 2005 by the American College of Cardiology Foundation
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alve repair is the optimal surgical treatment for patients
ith severe mitral regurgitation (MR) (1). As compared
ith valve replacement, it carries a lower perioperative
ortality (1) and better postoperative outcome, explained by

etter preservation of left ventricular (LV) function and the
voidance of prosthetic valve-related events (2). Therefore,
alve repair is a major incentive to early surgery in case of
evere asymptomatic MR (3). Enriquez-Sarano et al. (4)
ave demonstrated that functional assessment of MR by
ransesophageal echocardiography (TEE) is a strong deter-
inant of valve repairability and postoperative outcome
ith significant incremental value over transthoracic echo-

ardiography (TTE).
However, the recent advent of new beam formers and

armonic imaging has improved dramatically the quality of
ransthoracic imaging; thus, the superiority of TEE over

From the *Departments of Cardiology and Cardiac Surgery, Henri Mondor
ospital, Créteil (Assistance Publique Hôpitaux de Paris); †Departments of Cardi-

logy and Cardiac Surgery, Clinique Saint-Augustin, Bordeaux; and ‡Department of
ntensive Care Medicine and Cardiac Surgery, Institut Hospitalier Jacques Cartier,

assy, France.
p
Manuscript received February 4, 2005; revised manuscript received March 12,

005, accepted March 15, 2005.
TE in this setting needs to be re-examined. Furthermore,
here are few data on the diagnostic accuracy of TTE for
recise localization of prolapsed or flail segments in degen-
rative MR. Therefore, we sought to evaluate the current
ccuracy of TTE to predict the feasibility of valve repair as
ell as postoperative outcome implications in a series of

onsecutive patients who underwent surgery for severe MR
t two tertiary care centers.

ETHODS

tudy population. Consecutive patients (n � 279) were
rospectively enrolled at the Clinique Saint-Augustin, Bor-
eaux (n � 209), and the Henri Mondor University
ospital, Créteil (n � 70), between March 1998 and June

003. Inclusion criteria were: 1) severe MR; 2) surgical
orrection with direct inspection of the valve by the surgeon
reference for comparisons); 3) preoperative TTE per-
ormed in routine clinical practice; and 4) TEE performed
fter TTE, mainly intraoperatively.

Patients with congenital heart disease, predominant mi-
ral stenosis, papillary muscle rupture, previous mitral valve

rocedure, or those who required emergent surgery were
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xcluded from analysis. No patient was excluded on the
asis of age, LV dysfunction, aortic valve disease, or asso-
iated comorbidities, including previous cancer, provided
hat their long-term prognosis was favorable. This study was
xamined and approved by our local Advisory Board on
linical Research, and informed consent was obtained from

ll patients before the investigations.
chocardiographic analysis. Both centers used the same

chocardiographic equipment (Acuson Sequoia, Siemens,
alvern, Pennsylvania) and same guidelines for functional

nalysis of MR by TTE and TEE. A comprehensive TTE
xamination was performed in all patients by senior echo-
ardiographers, who had extensive experience in MR assess-
ent, optimized by frequent confrontation with surgical

ndings.
Mitral regurgitation was quantified mainly by the proxi-
al flow convergence method (5) or other validated Dopp-

er methods (6,7). Valve prolapse or flail leaflets were
ssessed according to standard criteria (8). Functional anat-
my of MR was assessed by: 1) Carpentier’s functional
lassification (9); 2) suspected etiology according to func-
ional analysis, anatomy of the valve, and patient history;
nd 3) precise localization of the involved scallops in case of
egenerative MR, according to four standardized imaging
lanes (Fig. 1) (10).

Abbreviations and Acronyms
LV � left ventricular
MR � mitral regurgitation
NYHA � New York Heart Association
P2 � middle scallop of the posterior mitral leaflet
ROC � receiver-operating characteristic
TEE � transesophageal echocardiography
TTE � transthoracic echocardiography

igure 1. Four imaging planes to assess the precise localization of prolaps
ommissural areas. (B) Parasternal short-axis view showing the anterior lea
3). (C) Parasternal long-axis view showing the middle segments of anteri

nterior para commissural zone (between P1 and P2). ANT. � anterior; AO �
ppendage; LV � left ventricle; POST. � posterior; PV � pulmonary vein; R
Typical examples of posterior middle scallop (P2) pro-
apse and posterior commissural prolapse are shown in
igures 2 and 3. Echocardiographic analysis was directly

ranscripted from the echocardiographic reports that were
yped online after each examination. The echocardiographic
xaminations were not reinterpreted. Valve replacement was
redicted by echocardiography if at least one of the follow-
ng criteria was present: extensive annular calcification,
evere thickening or calcification of the mitral leaflets or
ubvalvular apparatus (rheumatic disease), multiple vegeta-
ions, or extensive ruptured chordae involving both leaflets
11). Otherwise, the prediction of surgical strategy was
onsidered to be valve repair, including for patients with
ommissural prolapse.

Surgical findings, directly transcripted from the surgical
eports, were the references to evaluate the diagnostic
ccuracy of TTE and TEE. The surgeons were aware of
unctional analysis by TTE and TEE but were not informed
f the study. Thus, echocardiographic findings were inde-
endent from surgical assessment.
ostoperative outcome. Operative mortality was defined
s death within 30 days after the operation. Clinical data at
ollow-up were obtained in all but four patients (follow-up
9% complete) at a median interval of 27 months (range, 21
o 35 months) by direct patient examination or telephone
nterview. Evaluated end points at follow-up were death,
eoperation, and New York Heart Association (NYHA)
unctional class.
tatistical analysis. Continuous variables were described as
edians and interquartile ranges and categorical variables as

ounts and percentages. Differences between groups at
aseline were analyzed using the Kruskal-Wallis test, the
ann-Whitney U test, or chi-square test as appropriate.

he sensitivity, specificity, and accuracy of TTE and TEE

flail segments. (A) Intercommissural plane assessing the continuity of the
1, A2, and A3) and the three scallops of the posterior leaflet (P1, P2, and
2) and posterior (P2) leaflets. (D) Apical four-chamber view showing the
ed or
flet (A
or (A
descending aorta; AV � aortic valve; LA � left atrium; LAA � left atrial
V � right ventricle; TV � tricuspid valve.
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or the detection of vegetations, ruptured chordae, and
nnular calcification were calculated according to standard
ormulae. Sensitivity was plotted against 1 � specificity to
roduce a receiver-operating characteristic (ROC) curve.
he area under the ROC curve is the predictive accuracy: a

alue of 0.5 indicating chance discrimination and a value of
indicating perfect discrimination. The area under the

OC curves of TTE and TEE were then compared.
In the subgroup of degenerative MR, the agreement

etween surgical findings and TTE or TEE for the local-
zation of flailed segments was assessed by calculating the
appa coefficient (a value �0.75 indicating excellent agree-
ent), and kappa statistics were compared using the Z test.
he frequency of valve replacement versus repair according

o etiology and involved scallops (for degenerative MR) was
ssessed by chi-square analysis.

The Kaplan-Meier method was used to establish the
urvival plot, and probability values for survival curve com-
arisons were calculated using the log-rank statistic. Vari-
bles significantly associated with perioperative mortality in
nivariate analysis were entered into a multiple logistic
egression model to determine independent parameters.
ariables significantly associated with postoperative long-

erm survival were included in a Cox proportional hazards
urvival model to assess their independent association with

igure 2. Flail posterior middle scallop (P2). A Parasternal long-axis view
nter-commissural views, respectively, showing medial doming of flail P2
3).
urvival. Two-tailed p values �0.05 were considered statis- t
ically significant. Analyses were conducted using Stata
oftware (version 7.0, Stata Corp., College Station, Texas).

ESULTS

aseline characteristics. Among the 279 patients, 181
ere men, and the median age was 68 years (range, 60 to
4); the etiology of MR assessed by TTE was degenerative
valve prolapse or flail leaflets) in 190 patients, cardiomy-
pathy in 49 (including 29 of ischemic origin), rheumatic
isease in 24, and endocarditis in 16 patients. Baseline
linical and hemodynamic data for the whole group and
ccording to etiology are presented in Table 1. Trans-
sophageal echocardiography was performed intraopera-
ively in 210 patients; in the remaining 69 patients, it was
erformed after TTE in an outpatient setting and re-
eated intraoperatively.
iagnostic accuracy of TTE versus TEE. Functional

nalysis of MR by TTE, including localization of prolapsed
r flail segments, was complete in 276 patients (99%) and
ncomplete in 3 patients because of poor image quality.
greement with surgical findings concerning Carpentier’s

lassification was found in 98% of patients for both TTE
nd TEE (kappa coefficient, 0.94). TEE was significantly
ore accurate than TTE in visualizing ruptured chordae

ing the flail P2 segment (arrow); (B) and (C) Parasternal short-axis and
(arrows) without lateral discontinuity in the commissural areas (P1 and
show
endinae; the difference between the two techniques to
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etect vegetations or annular calcium was not significant
Table 2).
ocalization of prolapsed or flail segments. Among the
90 patients with degenerative MR, the concordance with
urgical findings concerning the localization of prolapsed or
ail segments was 91% for TTE (kappa, 0.81) and 93% for
EE (kappa, 0.85); incremental value of TEE over TTE
as not significant (p � 0.40). Single P2 prolapse or flail (n

147) was identified correctly by TTE and TEE in 140

igure 3. Posterior commissural prolapse. Eccentric regurgitant jet (A) res
lane (B) and parasternal short-axis view (C).

able 1. Baseline Characteristics of the Whole Population and A

Variable
Overall

(n � 279)
Degenerativ

(n � 190)

ge, yrs 68 (60–74) 68 (59–74
ale gender, n (%) 181 (65) 134 (71)*
YHA functional class III–IV, n (%) 151 (54) 92 (48)
ffective regurgitant orifice, mm2 47 (34–70) 60 (39–78
V ejection fraction, % 68 (57–75) 70 (60–75
oronary artery disease, n (%) 72 (26) 33 (17)
V end-diastolic diameter, mm 60 (54–64) 60 (55–64
eft atrium diameter, mm 51 (45–58) 52 (46–49
trial fibrillation, n (%) 55 (20) 33 (17)
ortic valve replacement, n (%) 21 (8) 7 (4)
hronic pulmonary disease, n (%) 22 (8) 14 (7)
revious cancer, n (%) 11 (4) 7 (4)
iabetes, n (%) 14 (5) 5 (3)
enal failure, n (%) 13 (5) 6 (3)

p � 0.02 and †p � 0.008, respectively, vs. cardiomyopathy; ‡p � 0.001 vs. any other
p � 0.01 vs. any other cause; #p � 0.01 vs. cardiomyopathy.
LV � left ventricular; MR � mitral regurgitation; NYHA � New York Heart
chocardiography.
95%) and 142 patients (98%), respectively. Two patients
ith single P2 prolapse underwent valve replacement be-

ause of severe annular calcification. Commissural prolapse
n � 15, posterior localization in 13 cases) was correctly
dentified by TTE and TEE in 14 (93%) and 13 patients
87%) respectively; valve replacement was performed in 3
ases. Anterior prolapse (n � 13) was identified in 12
atients (92%) by both techniques, resulting in 3 valve
eplacements. Finally, bileaflet prolapse (n � 15) was

from a commissural discontinuity (arrows) seen in the intercommissural

ing to Etiology of MR Assessed by TTE

Cardiomyopathy
(n � 49)

Rheumatic
(n � 24)

Endocarditis
(n � 16) p Value

70 (65–75) 71 (62–75) 64 (55–68) 0.06
26 (53) 5 (21)† 16 (100)‡ 0.001
34 (69)§ 14 (58) 11 (69) 0.035
34 (16–47)§ 24 (18–38)§ 43 (38–57) 0.0001
49 (38–56)� 65 (60–70) 69 (63–70) 0.0001
36 (74)� 2 (8) 1 (6) 0.0001
60 (56–69) 50 (48–59)¶ 58 (55–63) 0.0001
50 (43–55) 53 (42–58) 46 (40–53) 0.14
12 (25) 8 (33) 2 (13) 0.19
7 (14)# 2 (8) 5 (31)# 0.001
5 (10) 2 (8) 1 (6) 0.91
3 (6) 1 (4) 0 0.72
8 (16)§ 1 (4) 0 0.001
6 (12) 1 (4) 0 0.07

§p � 0.01 vs. degenerative MR; �p � 0.001 for cardiomyopathy vs. any other cause;
ccord

e

)

)
)

)
)

cause;
Association; TEE � transesophaseal echocardiography; TTE � transthoracic
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dentified by TTE and TEE in 9 (60%) and 10 cases (67%),
espectively, resulting in six valve replacements. Thus, the
easibility of repair was significantly influenced by the
ocalization of prolapse; rates of successful repair for isolated
2 lesion, commissural, anterior, or bileaflet prolapse were
9%, 80%, 77%, and 60%, respectively (p � 0.001).
rediction of valve repair. For the whole group, valve

epair was performed in 237 patients (85%) and replacement
n 42 (bioprosthesis, n � 22; mechanical, n � 20). Associ-
ted surgical procedures were coronary bypass surgery in 53
atients (19%), aortic valve replacement in 21 (8%, includ-
ng three Bentall procedures), and tricuspid annulus in 2
atients. The feasibility of repair was strongly influenced by
he etiology of MR; it was significantly higher for degen-
rative MR and lower for rheumatic disease and endocar-
itis (Table 3).
Valve replacement was correctly predicted by TTE in 33

f 42 patients for the following reasons (potentially in
ombination): extensive annular calcium (n � 18), severe
hickening or calcification of mitral leaflets and/or subval-
ular apparatus in the setting of rheumatic disease (n � 17),
ultiple vegetations (n � 4) or extensive bi-leaflet chordal

upture (n�7). Unpredicted valve replacement was per-
ormed in only nine patients (3%) for the following reasons:
evere annular calcification (n � 2), extensive bileaflet
hordal rupture (n � 2), commissural prolapse (n � 3), or
evere endocarditis (n � 2).

Thus, the feasibility of valve repair was well predicted by
TE in 97% of cases. TEE added significant information to
TE for the prediction of valve replacement in only two

ases: one patient with bileaflet prolapse and one patient

able 2. Respective Diagnostic Values for TTE and TEE
ompared With Surgical Findings (n � Specified in
chocardiographic Report)

Sensitivity
(%)

Specificity
(%)

Accuracy
(%)

egetations
TTE (n � 279) 79 98 97
TEE (n � 267) 83 99 99

uptured chordae
TTE (n � 275) 90 89 89
TEE (n � 266) 97* 91* 95*

alcified annulus
TTE (n � 270) 72 97 92
TEE (n � 265) 64 96 91

p � 0.001 vs. TTE.
TEE � transesophageal echocardiography; TTE � transthoracic echocardiography.

able 3. Perioperative Mortality, Frequency of Valve Repair, and
tiology of MR

Variable
Overall

(n � 279)
Degenerative

(n � 190)

erioperative mortality, n (%) 19 (7) 7 (4)*
alve repair, n (%) 237 (85) 176 (93)
hree year survival, % (range) 83 (78–87) 88 (82–92)

erioperative mortality: *p � 0.05 for degenerative MR vs. any other cause; frequenc

ear survival: ‡p � 0.01 vs. degenerative MR.

MR � mitral regurgitation.
ith extensive endocarditis and incomplete TTE because of
oor image quality.
perative mortality. Nineteen patients died periopera-

ively, all from cardiac causes; among these 19 patients, 12
ad severe comorbidities (including 5 patients with chronic
ulmonary disease and 3 with renal failure) and 7 underwent
ssociated aortic valve replacement. Thus, global operative
ortality was 7%, which was significantly lower for degen-

rative MR as compared with any other etiology (Table 3).
Operative mortality in case of valve repair was 6% (15 of

37 patients), including five patients with associated aortic
alve replacement. Among the 142 patients younger than 75
ears with degenerative MR without aortic surgery or severe
omorbidities, operative mortality was 2% (3 patients).

Univariate predictors for operative mortality were NYHA
unctional class (p � 0.001), chronic pulmonary disease (p

0.008), renal failure (p � 0.03), LV end-diastolic
iameter (p � 0.006), LV ejection fraction (p � 0.001), left
trium diameter (p � 0.023), and aortic valve replacement
p � 0.001). Multivariate analysis identified three indepen-
ent predictors of operative mortality: concomitant aortic
alve replacement, functional class NYHA, and LV ejection
raction (Table 4).
ong-term survival. Thirty patients who survived the
erioperative period died during follow-up from cardiac
auses (n � 16), cancer (n � 7, including two patients with
nown previous cancer), or miscellaneous noncardiac causes
n � 7). Long-term survival was significantly better for
egenerative MR compared with the other groups (Table
). Furthermore, in the subgroup of degenerative MR,
atients with isolated P2 prolapse had a significantly better
utcome as compared with patients with non-P2 lesions
Fig. 4).

Univariate predictors of long-term mortality were: LV
jection fraction (p � 0.001), previous cancer (p � 0.001),
itral valve replacement with a mechanical prosthesis (p �

g-Term Survival in the Group as a Whole and According to

ardiomyopathy
(n � 49)

Rheumatic
(n � 24)

Endocarditis
(n � 16)

p
Value

6 (12) 3 (13) 3 (19) 0.02
44 (90) 7 (29)† 10 (63)† 0.0001
66 (51–78)§‡ 83 (61–93) 75 (46–90) 0.0025

alve repair: †p � 0.05 for rheumatic disease or endocarditis vs. other groups. Three

able 4. Multivariate Predictors of Perioperative Mortality

Variable
Odds
Ratio

95% Confidence
Interval

p
Value

ortic valve replacement 7.7 2.2 to 26.9 0.001
YHA functional class
(for each class � class I)

3.56 1.78 to 7.13 0.001

V ejection fraction
(for each 0.01-U � 0.50)

1.1 1.02 to 1.18 0.009

V � left ventricular; NYHA � New York Heart Association.
Lon

C

y of v
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.001), peripheral vascular disease (p � 0.006), coronary
rtery disease (p � 0.01), and etiology of MR (p � 0.02).

ultivariate analysis identified four independent predictors
f long-term mortality: mitral valve replacement (mechan-
cal prosthesis), previous cancer, peripheral vascular disease,
nd LV ejection fraction (Table 5). Reoperation was per-
ormed in only four patients, including mitral valve replace-
ent after initial repair in three cases and surgery for

ndocarditis on a mechanical prosthesis in one. The small
umber of reoperated patients precluded any further anal-
sis on this subgroup.

ISCUSSION

itral regurgitation is the second frequently encountered
alve disease in western countries, representing nearly one
hird of acquired left-sided valve disease in a recent Euro-
ean survey (12). Valve repair is now widely accepted as the
ptimal surgical treatment for severe MR and is an incentive
o early surgery in asymptomatic patients (3,13). Thus, valve
epairability is the centerpiece of therapeutic strategy, and
he prediction of successful valve repair is of crucial impor-
ance in these patients (3,13). Previous studies have dem-
nstrated the outcome implications of the assessment of
R lesions using TEE (4), but few data are available on the

iagnostic accuracy and outcome implications of TTE since
he advent of harmonic imaging.

The main results of this study are: 1) TTE in experienced
ands reliably can predict valve repairability without signif-

cant incremental value of TEE; 2) in degenerative MR, the
recise localization of the involved segments by TTE has a
trong influence on surgical results and postoperative out-
ome; and 3) valve replacement predicted by TTE is an
ndependent predictor of long-term postoperative mortality.

iagnostic accuracy of TTE. Previous studies have dem-
nstrated the superiority of TEE over TTE to assess
unctional anatomy of MR (4,14,15). Enriquez-Sarano et
l. (4) found a notable incremental value of TEE in flail
eaflets, for which the issue of valve repairability is of
aramount importance, despite a correct diagnostic accuracy

igure 4. Kaplan-Meier survival curves according to the localization of
rolapsed or flail segments in patients with degenerative mitral regurgitation.
f TTE in this study. In all previous studies, the available L
echnology for TTE was fundamental imaging, yielding
uboptimal image quality in a substantial proportion of
atients: in the Mayo Clinic study, the anatomic assessment
f MR by TTE was incomplete in 39 of 219 patients (18%),
robably as the result of insufficient image quality (4).
In contrast, in our study, an incomplete TTE as the result

f poor image quality was reported in only three patients;
his rate may be explained in part by improved image quality
ecause of current transducers and harmonic imaging tech-
ology (16). Hence, our results show a comparable agree-
ent with surgical findings for TTE and TEE concerning
arpentier’s classification; the incremental diagnostic accu-

acy of TEE being only significant for visualization of
hordal rupture, but not for functional analysis of MR, in
ontrast to the latter study (4).

In our study, TEE was not superior to TTE to detect
egetations; this may be attributable to the small number of
atients with endocarditis (n � 16) or to the presence of

arge vegetations in most cases. The superiority of TEE over
TE to detect small vegetations (�5 mm) has been well
emonstrated (17); thus, despite our results, patients with a
linical suspicion of endocarditis should obviously undergo
EE. Finally, there was a trend toward a more reliable

ssessment of annular calcification by TTE in our study, this
arameter being the main motivation for valve replacement
n this series.
ocalization of prolapsed or flailed segments. Another
ossible reason for improved accuracy of TTE is the use of
our standardized imaging planes for precise localization of
rolapsed or flailed segments. The four imaging planes used
n the present study were previously validated for TEE (10).
he precise localization of prolapsed or flail segments in
egenerative MR is a major issue of concern, given its
trong influence on the rate of successful repair (18). The
ost prevalent lesion in degenerative MR is a single

rolapse of P2 (18,19), for which the rate of successful
epair is highest. In our study, TTE accurately identified
ingle P2 lesions as well as commissural or anterior lesions
respective accuracy of 95%, 93%, and 92%).

In contrast, the diagnostic accuracy of TTE for bileaflet
rolapse was less satisfying (60%), mainly because of the
nderestimation of the extent of chordal rupture. Of note,
he diagnostic accuracy of TEE in this setting also was
isappointing (67%); this issue may be overcome by future
mprovements in real-time, three-dimensional echocardiog-

able 5. Multivariate Predictors of Long-Term Mortality

Variable
Odds
Ratio

95% Confidence
Interval

p
Value

revious cancer 12.2 3.5 to 43.3 0.001
itral valve replacement
(mechanical) vs. repair

5.7 1.97 to 16.4 0.001

eripheral vascular disease 4.9 1.5 to 16.3 0.01
V ejection fraction (for
each 0.01-U � 0.50)

1.1 1.03 to 1.16 0.002
V � left ventricular.
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aphy (20). Nevertheless, the overall accuracy for localiza-
ion of prolapsed or flail segments in our study was similar
or TTE and TEE (91% and 93%, respectively) without
ncremental value for TEE.

perative mortality. The relatively high operative mortal-
ty rate of 7% in the present study has to be compared with
ther cohorts of unselected patients. Among the 5,001
atients from Euro Heart Survey on valvular disease, oper-
tive mortality was 4% in case of isolated MR and 6.5% in
ase of multiple valve disease. Of note, 7 of the 19 patients
ho died perioperatively underwent concomitant aortic
alve replacement; this rate may explain the relatively high
perative mortality in the present series of consecutive
atients who were not excluded on the basis of age, left
entricular dysfunction, associated aortic surgery or extra
ardiac comorbidities.

If one considers the subgroup of younger patients (�75
ears old) with degenerative MR, operative mortality for
solated valve repair was 2%; this rate is comparable with
ther series that included the same kind of patients (4,21).
ultivariate analysis identified three independent predic-

ors of operative mortality: associated aortic replacement,
YHA functional class, and low LV ejection fraction.
hese predictors of operative risk are universally recognized

12,22,23), and this result is explained mainly by the
elatively high prevalence of concomitant aortic valve sur-
ery in our series, reflecting daily practice in two tertiary
are centers.
ong-term outcome implications of TTE findings.
nriquez-Sarano et al. (4) found that functional anatomy of
R assessed by TEE has a significant influence on long-

erm survival; they also noted that this may rely in part on
he interaction between MR etiology and LV systolic
unction. Of note, in the latter study potential predictors of
ostoperative outcome were adjusted for a limited number
f variables, including age, gender, coronary artery disease,
nd LV ejection fraction and excluding extracardiac comor-
idities (4).
In the present study, it is not surprising to find that cancer

s a strong predictor of long-term mortality, as it is the case
mong the general population from western countries (24).
f note, among the seven patients who died from cancer

uring follow-up, only two were known to have previous
ancer at preoperative evaluation, with a reasonable life
xpectancy in both cases. The second independent predictor
f long-term mortality in our study was mitral valve replace-
ent by a mechanical prosthesis. This result underlines the

rucial impact of valve repairability assessed by TTE on
ostoperative outcome.
Furthermore, in the subgroup of patients with degener-

tive MR, we found a significant difference in postoperative
utcome according to the localization of prolapse (P2 vs.
on-P2 lesions), stressing the importance of precise local-

zation of the involved scallops in degenerative MR. Finally,
o the best of our knowledge, the precise localization of

rolapsed segments by TTE according to four standardized
maging planes and its relationship with postoperative
utcome were not reported previously.
tudy limitations. The diagnostic accuracy of TTE re-
orted in this study was obtained from senior cardiologists
ith much experience in MR assessment as well as the

urrent opportunity to compare echocardiographic findings
ith direct inspection of anatomic lesions during surgery.
hus, our results may not be generalized to less experienced
bservers. The feasibility of valve repair may be influenced
y the surgeon’s skill, which may represent a limitation of
he study. However, most (85%) of the patients from this
eries were operated on by four surgeons who were highly
xperienced in mitral valve repair. Furthermore, the rate of
uccessful valve repair in our series was comparable with the
ost recent studies (4).
onclusions. Our results demonstrate the high accuracy of
TE in experienced hands, with harmonic imaging tech-
ology, to predict valve repairability in patients with MR.
ransthoracic echocardiography is also highly accurate for a
recise localization of the involved scallops in case of
egenerative MR. The strong influence of TTE findings on
ostoperative outcome also is supported by our data. Thus,
linical decision-making in patients with MR can rely
ainly on TTE findings; a systematic preoperative TEE to

redict the feasibility of valve repair is not mandatory in
ost cases. Nevertheless, intraoperative TEE performed

ust before surgery is still mandatory. Finally, the avoidance
f systematic preoperative TEE in an outpatient setting may
ave a favorable impact on patient’s comfort and medical
osts.
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