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itral Valve Repair for Degenerative Disease:
20-Year Experience
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Background. Recent advances in surgical technique
llow repair of most mitral valves with degenerative
isease. However, few long-term data exist to support the
uperiority of repair versus prosthetic valve replacement,
nd repair could be limited by late durability or other
roblems. This study was designed to compare survival
haracteristics of mitral valve repair versus prosthetic
eplacement for degenerative disorders during a 20-year
eriod.
Methods. From 1986 to 2006, 2,580 patients underwent

solated mitral valve procedures (with or without coro-
ary artery bypass grafting), with 989 classified as having
egenerative origin. Of these, 705 received valve repair,
nd 284 had prosthetic valve replacement. Differences in
aseline characteristics between groups were assessed,
nd unadjusted survival estimates were generated using
aplan-Meier methods. Survival curves were examined

fter adjustment for differences in baseline profiles using
Cox model, and average adjusted survival differences
ere quantified by area under the curve methodology.
urvival differences during 15 years of follow-up also
ere assessed with propensity matching.
Results. Baseline characteristics were similar, except
or (variable: repair, replacement) age: 62 years, 68 years;
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oncomitant coronary artery bypass grafting: 24%, 32%;
jection fraction: 0.51, 0.55; congestive heart failure: 68%,
3%; and preoperative arrhythmia: 11%, 7% (all p < 0.05).
ong-term survival was significantly better in the repair
roup, both for unadjusted data (p < 0.001) and for
isk-adjusted results (p � 0.040). Patient survival in the
ourse of 15 years averaged 7.3% better with repair, and
ncreased with time of follow-up: 0.7% better for 0 to 5
ears, 4.9% better for 5 to 10 years, and 21.3% better for 10
o 15 years. Treatment interaction between repair or
eplacement and age was negative (p � 0.66). In the
ropensity analysis, survival advantages of repair versus
eplacement were similar in magnitude with a p value of
.046.
Conclusions. As compared with prosthetic valve re-

lacement, mitral repair is associated with better survival
n patients with degenerative disease, especially after 10
o 15 years. This finding supports the current trend of
ncreasing repair rates for degenerative disorders of the

itral valve.

(Ann Thorac Surg 2009;88:1828–37)

© 2009 by The Society of Thoracic Surgeons
itral valve repair is now the most frequently per-
formed surgical procedure for mitral valve disease

n North America [1]. Moreover, repair rates seem to be
ncreasing with time, as newer techniques such as artificial
hordal replacement and autologous pericardial leaflet aug-
entation are perfected [2–18]. Despite this trend, few

ong-term data exist to support the superiority of mitral
epair versus prosthetic valve replacement [19], especially
n patients with degenerative valve disease. In ischemic

itral regurgitation (IMR), survival appears better with
epair, but the benefits are largely related to lower opera-

ccepted for publication Aug 6, 2009.

his paper is dedicated to Dr David C. Sabiston, Jr (1924–2009) whose
ision established the Duke Cardiac Surgery Databank in 1982.

resented at the Poster Session of the Forty-fifth Annual Meeting of The
ociety of Thoracic Surgeons, San Francisco, CA, Jan 26–28, 2009.
ive mortality in the acutely ill population [20–22]. In elec-
ive degenerative patients, operative mortality generally is
ow, and relative survival characteristics are less certain.

At present, multiple conflicting concepts exist: repair
as fewer requirements for anticoagulation, but may not
e as durable as replacement. Survival benefits of repair
ay be age-related, and elderly patients could benefit

ess from valve repair [23, 24]. Tissue valves may perform
ess well in the mitral position, but mechanical valves
equire anticoagulation with its associated morbidity.
rosthetic heart valves have a higher incidence of endo-
arditis as compared with repair [25]. Finally, repair and
eplacement may be applied to different subsets, and all
f these factors make the subject difficult to understand
rom clinical experience alone. Thus, in degenerative
isease, it is unclear whether repair or replacement
rovides the best long-term outcomes, and in which
atients. Therefore, the purpose of this study was to

xamine the long-term survival characteristics of mitral

0003-4975/09/$36.00
doi:10.1016/j.athoracsur.2009.08.008
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epair versus replacement in patients having surgery for
egenerative valve disease.

aterial and Methods

his study was performed with approval from the Duke
nstitutional Review Board and under a waiver of in-
ormed consent, but approval was not afforded for new
ate patient contact, unless the patient was already being
ollowed under existing protocols. Therefore, only all-
ause mortality data were available consistently. In the
uke Databank for Cardiovascular Disease, 2,580 pa-

ients with isolated mitral valve disease who underwent
ardiac surgery from January 1, 1986, through December
1, 2006, were reviewed. Patients having concomitant
oronary artery bypass grafting (CABG) or electrophysi-
logic procedures were included, but those having other
ajor cardiac procedures were excluded (eg, aortic valve

rocedures, tricuspid valve procedures, mitral valve op-
rations for other causes, repair of postinfarct ventricular
eptal defect, ventricular aneurysm repair or restoration).
lthough patients with previous CABG were included,

hose with previous mitral valve procedures were ex-
luded because they may not have been candidates for
ither repair or replacement. This selection process pro-
uced 989 consecutive patients having primary isolated
itral valve surgery for degenerative disease (with or
ithout CABG) during the 20-year period. In all patients,

he diagnosis of degenerative disease had been docu-
ented prospectively by the operating surgeon in the
uke automated operative note, and the data set con-

isted primarily of patients with myxomatous prolapse or
nnular dilatation. The preoperative presence and sever-
ty of mitral insufficiency was determined from ventricu-
ograms performed at the time of preoperative left heart
atheterization, or from transthoracic or transesophageal
chocardiograms.
Preoperative baseline characteristics and intraopera-

ive observations for all patients were recorded prospec-
ively during the entire 20 years, with consistent variable
ollection throughout the period. Late outcome data were
ollected prospectively on patients with significant con-
omitant coronary disease per Duke Databank protocols.

National Death Index search was conducted through
006 to acquire mortality results for patients without
oronary disease. Patients were divided into two groups:
roup 1 (n � 705) consisted of patients having mitral
epair, and group 2 (n � 284) were patients having
rosthetic valve replacement. Group 2 patients in turn
ere subdivided into those receiving mechanical valve

n � 211) or tissue valve replacement (n � 73). Operative
otes of all 989 patients having mitral valve procedures
ere audited to ensure proper categorization. Of the

epairs, more than 85% had full ring annuloplasty (usu-
lly Edwards Physio, Carpentier classic, or Seguin rings)
long with appropriate leaflet or chordal procedures, or
rtificial chordal replacement. Innumerable different
ombinations of leaflet and chordal procedures were

sed, probably depending on surgeon preference, anat- t
my encountered, and evolution of techniques with time.
n the valve replacement group, 26% of patients received

bioprosthesis, and 74% a mechanical valve. Partial or
otal chordal sparing valve replacement was performed
requently, but this variable was not documented well
nd could not be assessed properly in the analysis.
urvival outcomes and causes of mortality were obtained

rom mailed self-administered questionnaires or tele-
hone follow-up (in patients with coronary disease), as
ell as review of hospital records. Mortality data were

djudicated by a multidisciplinary committee. Survival
ata were supplemented with information from the Na-

ional Death Index and Social Security Death Index.
ollow-up for survival was 92% complete, assessed July
009. Only all-cause mortality data were available con-
istently for analysis.

Baseline characteristics and clinical event rates were
escribed using medians with 25th and 75th percentiles

or continuous variables and frequencies and propor-
ions for categorical variables. Descriptive data were
ompared using the Wilcoxon rank-sum test for contin-
ous and ordinal variables, and a Pearson �2 or Fisher’s
xact test for categorical variables, as appropriate. The
nalysis strategy was to adjust for the impact of baseline
haracteristics on survival using multivariable Cox pro-
ortional hazards regression modeling techniques [26,
7]. To develop the risk-adjustment model, a pool of all
ovariates that have been shown to be important in
revious analyses was chosen. The candidate variable list

or baseline adjustment included the following factors:
ge, sex, race, history of diabetes mellitus, hypertension,
yperlipidemia, history of peripheral vascular disease,
istory of cerebrovascular disease, history of renal fail-
re, body mass index, smoking history, chronic lung
isease, history of myocardial infarction, history of
ABG, history of percutaneous coronary intervention,
istory of congestive heart failure, New York Heart
ssociation class, ejection fraction, number of diseased

ig 1. Frequency per year of mitral valve repair versus mitral re-
lacement for degenerative disease at Duke University from 1986

hrough 2006.
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able 1. Baseline Characteristics by Mitral Valve Repair Versus Replacement

ariable Level
Total N

(n � 989) Overalla
Group 1 N
(n � 705)

MV
Repaira

Group 2 N
(n � 284)

MV
Replacementa

p
Valueb

aseline characteristics
Age Mean 989 62.13 705 60.85 284 65.31 �0.0001

SD 13.52 13.74 12.45
Median 64.00 62.00 68.00
25th 53.00 52.00 60.50
75th 73.00 72.00 74.00
Missing (%) 0.00 0.00 0.00

Sex Male 517 52.28 380 53.90 137 48.24 0.1068
Female 472 47.72 325 46.10 147 51.76

Race Missing 54 . . . 44 . . . 10 . . . 0.6142
Caucasian 783 83.74 545 82.45 238 86.86
Black 135 14.44 102 15.43 33 12.04
Native American 9 0.96 6 0.91 3 1.09
Hispanic 1 0.11 1 0.15 0 0.00
Asian 2 0.21 2 0.30 0 0.00
Other 3 0.32 3 0.45 0 0.00
Alaskan native 1 0.11 1 0.15 0 0.00
Multiracial 1 0.11 1 0.15 0 0.00

BMI Mean 892 26.40 647 26.50 245 26.15 0.3763
SD 5.85 5.85 5.88
Median 25.45 25.47 25.34
25th 22.82 22.86 22.47
75th 29.07 29.30 28.97
Missing (%) 9.81 8.23 13.73

CABG surgery
performed

No
Yes

726
263

73.41
26.59

533
172

75.60
24.40

193
91

67.96
32.04

0.0138

History of smoking No 646 65.32 471 66.81 175 61.62 0.1209
Yes 343 34.68 234 33.19 109 38.38

Family history of CAD No 830 83.92 601 85.25 229 80.63 0.0739
Yes 159 16.08 104 14.75 55 19.37

Diabetes No 883 89.28 630 89.36 253 89.08 0.8985
Yes 106 10.72 75 10.64 31 10.92

Hyperlipidemia No 697 70.48 489 69.36 208 73.24 0.2265
Yes 292 29.52 216 30.64 76 26.76

Renal failure No 955 96.56 681 96.60 274 96.48 1.0000
Yes 34 3.44 24 3.40 10 3.52

Hypertension No 517 52.28 359 50.92 158 55.63 0.1795
Yes 472 47.72 346 49.08 126 44.37

Chronic lung disease No 911 92.11 643 91.21 268 94.37 0.0952
Yes 78 7.89 62 8.79 16 5.63

Peripheral vascular
disease

No
Yes

926
63

93.63
6.37

663
42

94.04
5.96

263
21

92.61
7.39

0.4025

Cerebrovascular
disease

No
Yes

917
72

92.72
7.28

658
47

93.33
6.67

259
25

91.20
8.80

0.2421

Prior PCI No 959 96.97 680 96.45 279 98.24 0.1562
Yes 30 3.03 25 3.55 5 1.76

Prior CABG No 974 98.48 697 98.87 277 97.54 0.1493
Yes 15 1.52 8 1.13 7 2.46

Number of diseased
vessels

0
1

688
103

69.57
10.41

514
57

72.91
8.09

174
46

61.27
16.20

0.0003

2 77 7.79 49 6.95 28 9.86
3 121 12.23 85 12.06 36 12.68
Continued
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essels, concomitant CABG, preoperative arrhythmia,
nd year of surgery.
Continuous and ordinal variables were tested for lin-

arity compared with the log hazard and were trans-
ormed as necessary to satisfy this modeling assumption.
ox regression analysis was used to identify the signifi-

ant independent predictors of mortality in the multiva-
iable setting. The adjusted survival estimates for each

able 1. Continued

ariable Level
Total N

(n � 989) Over

Left main disease Missing 312 . .
No 651 96.1
Yes 26 3.8

Ejection fraction Mean 931 0.5
SD 0.1
Median 0.5
25th 0.4
75th 0.6
Missing (%) 5.8

Previous MI No 869 87.8
Yes 120 12.1

Congestive heart
failure

No
Yes

387
602

39.1
60.8

NYHA class I 284 28.7
II 187 18.9
III 331 33.4
IV 187 18.9

Angina No 875 88.4
Yes 114 11.5

Cardiogenic shock No 972 98.2
Yes 17 1.7

Preoperative
resuscitation

No
Yes

986
3

99.7
0.3

Preoperative
arrhythmia

No
Yes

889
100

89.8
10.1

perative characteristics
Status of procedure Missing 160

Elective 604 72.8
Urgent 208 25.0
Emergent 17 2.0

Number of grafts
placed 1

726
81 30.8

2 61 23.1
3 90 34.2
4 28 10.6
5 3 1.1

Replacement valve
type

Repair
Tissue

705
73

71.2
7.3

Mechanical 211 21.3

For categorical variable, results are given as percentages. For continuo
ile 3. b Wilcoxon two-sample test for continuous variables; �2 test for
ounts less than or equal to 10.

MI � body mass index; CABG � coronary artery bypass grafting;
itral valve; NYHA � New York Heart Association; PCI � percu
roup were calculated by applying its estimated baseline 0
azard function, along with covariate Cox model param-
ter estimates, to all patients in the entire cohort and then
veraged for all patients at each time point. The resulting
urves represent an estimate of the survival that would
ave been realized had all patients been in each treat-
ent group. Areas under each of the survival curves
ere calculated, using the trapezoidal rule, and pre-

ented for 15 years of follow-up, as well as for periods of

Group 1 N
(n � 705)

MV
Repaira

Group 2 N
(n � 284)

MV
Replacementa

p
Valueb

240 . . . 72 . . . 0.3984
445 95.70 206 97.17
20 4.30 6 2.83

660 0.5079 271 0.5347 0.0344
0.1582 0.1323
0.5100 0.5500
0.4400 0.4500
0.6200 0.6300
6.38 4.58

619 87.80 250 88.03 0.9213
86 12.20 34 11.97

224
481

31.77
68.23

163
121

57.39
42.61

�0.0001

201 28.51 83 29.23 0.2399
136 19.29 51 17.96
245 34.75 86 30.28
123 17.45 64 22.54
617 87.52 258 90.85 0.1382
88 12.48 26 9.15

694 98.44 278 97.89 0.5904
11 1.56 6 2.11

702
3

99.57
0.43

284
0

100.00
0.00

0.5615

625
80

88.65
11.35

264
20

92.96
7.04

0.0422

50 110 0.0495
489 74.66 115 66.09
155 23.66 53 30.46
11 1.68 6 3.45

533
42 24.42

193
39 42.86

0.0489

44 25.58 17 18.68
64 37.21 26 28.57
20 11.63 8 8.79
2 1.16 1 1.10

705
0

100.00
0.00

0
73

0.00
25.70

�0.0001

0 0.00 211 74.30

riable, results are given as mean, median, SD, quartile 1, and quar-
orical variables; and Fisher’s exact test for categorical variables with cell

D � coronary artery disease; MI � myocardial infarction; MV �
us coronary intervention; SD � standard deviation.
alla

.
6
4
157
516
200
500
200
6
7
3
3
7
2
1
7
1
7
3
8
2
0
0
9
1

6
9
5

0
9
2
5
4
8
8
3

us va
categ
to 5 years, 5 to 10 years, and 10 to 15 years. Subsequent
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eoperations for valve procedure at Duke University
edical Center were documented for both groups.
auses of early and late mortality were examined for
ach group and classified as cardiac- versus non–cardiac-
elated mortality for descriptive purposes.

The comparison of mortality rates for mitral valve
epair versus replacement was repeated using the
ethod of subclassification on the estimated propensity

core [28]. For this analysis, the propensity score was
efined as the probability of receiving valve replacement

instead of repair) as determined by a logistic regression
odel that included the same set of covariates as in the
ox mortality model, as described above. Patients were
ivided into five equally sized subclasses based on their
ropensity for receiving mitral valve repair versus re-
lacement. Standardized outcome rates then were calcu-

ated across the five propensity groups by applying direct
djustment with population total weights. A stratified
og-rank test was used to test the hypothesis of no
ssociation between mitral valve repair versus replace-
ent and operative mortality while stratifying on the

ig 2. (A) Unadjusted Kaplan-Meier survival
urves. (B) Survival curves for groups 1 and 2,
fter Cox model statistical adjustment for dif-
erences in baseline characteristics.
ropensity subclass. All statistical analyses were per- t
ormed using SAS version 8.2 (SAS Institute, Cary, NC).
probability value less than 0.05 was considered statis-

ically significant.

esults

he application of mitral valve repair versus replacement
or degenerative disease increased steadily during the 20
ears (Fig 1). Baseline characteristics for the total series of
89 patients subdivided into group 1 (repair) and group 2
replacement) are shown in Table 1. Specifically worse
isk factors for group 2 versus group 1 included greater
ge (68 years versus 62 years), more CABG surgery (32%
ersus 24%), and more nonelective surgery (34% versus
5%), whereas group 1 had worse congestive heart failure
68% versus 43%) and ejection fraction (0.51 versus 0.55;
ll p � 0.05). Severity of mitral regurgitation was less for
epair patients (25% severe versus 50% severe for re-
lacement). Median follow-up was 5.0 years (interquar-

ile range, 2.4 to 8.6 years).
Unadjusted Kaplan-Meier survival was better for pa-
ients undergoing valve repair versus replacement (Fig
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A). Survival curves risk-adjusted with the Cox model for
ifferences in baseline characteristics are shown in Fig-
re 2B, and details of the multivariable model are pro-
ided in Table 2. Part of the reduced survival for group 2
as related to worse baseline risk factors in the replace-
ent group, and group 2 survival was more similar to

hat of group 1 after risk adjustment. However, valve
eplacement patients continued to demonstrate statisti-
ally and clinically inferior adjusted survival relative to
epair (p � 0.04), with survival differences increasing with
ime. In the area under the curve analysis, replacement
atients achieved 92.7% of repair survival during 15 years;
9.3% for years 0 to 5, 95.1% for years 5 to 10, and 78.7% for
ears 10 to 15 (Fig 2). In group 1, 24 of 705 patients (3.4%)
ubsequently underwent reoperation for valve procedure at
uke, whereas in group 2, 13 of 284 patients (4.6%) were

eoperated on. The proportion of late deaths that were
ategorized as cardiac-related (Table 3) was approximately
% lower for group 1, consistent in magnitude with the
urvival differences observed. It should be noted that reop-
ration and cause of death analyses are at best semiquan-

able 2. Cox Survival Model

isk Factor Wald �2 HR 95% CI p Value

ge (HR per 10 years) 78.0 1.76 1.55 1.99 �0.0001
istory of renal failure 21.8 2.68 1.77 4.06 �0.0001
jection fraction (HR
per 5% decrease)

18.6 1.09 1.05 1.14 �0.0001

umber of diseased
vessels

13.5 1.20 1.09 1.32 0.0002

istory of smoking 11.5 1.51 1.19 1.91 0.0007
istory of peripheral
vascular disease

8.3 1.74 1.20 2.54 0.0039

aucasian race 8.0 0.68 0.52 0.89 0.0047
ypertension 6.2 1.37 1.07 1.74 0.0124
yperlipidemia 6.0 0.71 0.54 0.93 0.0141
ale 4.9 0.78 0.62 0.97 0.0275
istory of PCI 4.8 0.45 0.22 0.92 0.0281
ear of surgery (HR
per 1 year increase)

4.8 0.97 0.95 0.99 0.0290

itral replacement 4.2 1.29 1.01 1.63 0.0397

I � confidence interval; HR � hazard ratio; PCI � percutaneous
oronary intervention.

able 3. Causes of Early (�90 days) and Late (�90 days) Mo

ause Total (n � 989) Group

arly mortality
Procedure-related death 55% (26 of 47)
Cardiac death 26% (12 of 47)
Noncardiac death 19% (9 of 47)

ate mortality
Procedure-related death 3% (8 of 273)
Cardiac death 47% (129 of 273)
Noncardiac death 50% (136 of 273)
V � mitral valve.
itative and not as objective as the all-cause death survival
tudies. However, they are presented as ancillary studies
or support of the primary findings.

Using a Cox survival model, the treatment interac-
ion between repair versus replacement and age was
ot significant (p � 0.66). In Figure 3, unadjusted
urvival curves for repair versus replacement, strati-
ed for age older than and younger than 65 years, are
hown to illustrate this point. Similarly, Figure 4A
llustrates Kaplan-Meier and Figure 4B shows risk-
djusted survival for repair versus mechanical and
issue valve replacement. Although the sample sizes in
hese subgroups were too small for definitive conclu-
ions, a suggestion exists that tissue valve performance
as worse than that observed for either repair or
echanical valves.
The distribution of patients in the propensity logistic

egression is shown in Table 4. Using propensity classes
quintiles) as the stratification variables, mitral replace-

ent (versus repair) was still a significant predictor of
ortality (p � 0.046; hazard ratio, 1.282; 95% confidence

nterval, 1.004 to 1.636), and detailed survival differences
or each quintile of propensity at each follow-up time are
hown in Figure 5. The full propensity model is shown in
able 5.

omment

any patients in this series may have received valve
eplacement because of surgeon choice, but it is also
ikely that most of the replacement patients had anatomy
hat was difficult to repair, such as Barlow’s valves or
ileaflet prolapse. Because these details of valve anatomy
ere not captured in the databank, one might argue that
roup comparisons in this paper are not strictly quanti-
ative. However, significant changes in techniques of
epair have occurred recently [29, 30], and now most
egenerative valves can be repaired satisfactorily, even

n the more complex anatomic categories [31]. At the
resent time, most patients in this study would be
andidates for repair, and therefore, it seems logical to
erform this comparison to guide future therapeutic
hoices. However, the groups may be different for other
easons that are not defined, and undefined selection
iases or confounding variables may be present. Retro-

ty

V Repair (n � 705) Group 2 MV Replacement (n � 284)

(16 of 30) 59% (10 of 17)
(7 of 30) 29% (5 of 17)
(7 of 30) 12% (2 of 17)

(5 of 145) 2% (3 of 128)
(65 of 145) 50% (64 of 128)
(75 of 145) 48% (61 of 128)
rtali

1 M

54%
23%
23%

3%
45%
52%
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pective analyses also can be limited by lack of variable
etail, such as specific valve anatomy or repair method-
logy, as in this study. Thus, like most observational
tudies, the results of this paper need to be interpreted
ithin this context.
The present study found that mitral valve repair in

atients with degenerative mitral valve disease is associ-
ted with better long-term risk-adjusted survival com-
ared with prosthetic valve replacement. The pattern of

he survival benefit in degenerative patients was unex-
ected, with minimal differences in operative mortality
r survival during the first 5 years of follow-up. This is in
ontrast to repair for IMR [20], which affords major
enefits in operative mortality in acutely ill IMR patients

40% to 49% of IMR patients were nonelective in the
uke series [20], as compared with 27% of degenerative
atients). Perhaps an early-phase survival benefit of
epair exists that is related to the magnitude of adverse
isk factors, such as reduced ejection fraction and acute
resentation, and therefore, is more evident in IMR. In
oth disorders, however, there appears to be a late-
hase phenomenon in which mortality increases faster

or replacement than repair. The survival advantage of
epair in degenerative patients tends to increase across
ollow-up time and becomes more significant after 10
ears. Thus, the absolute magnitude of survival differ-
nce appears smaller for degenerative disease than
MR, but in the late phase, the benefits of repair still
ppear to be statistically and clinically significant
Fig 2).

Because patients without coronary disease were not on
routine follow-up protocol and required a variety of

ollow-up sources, late morbidities could not be defined
n full detail. However, there seemed to be a 5% to 10%
igher incidence of cardiac death in the replacement

ig 3. Unadjusted Kaplan-Meier survival
urves for patients older than and younger
han 65 years of age, stratified by valve repair
ersus replacement.
atients, suggesting higher valve-related complications b
which would have been categorized as cardiac-related).
t is known that tissue valves have durability problems in
he mitral position, and mechanical valves have more
leeding and thromboembolic complications [32, 33]. All
alve prostheses have as much as a tenfold higher
ncidence of endocarditis in the long-term, as compared
ith repair [25]. The perceived problem with repair has
een a concern about late failure. At least in these data,

hat concern did not materialize, and the incidence of
alve reoperation after repair seemed similar or even
ower than in the replacement group. Perhaps repairs
ave better durability than prosthetic valves because
epairs primarily use the body’s own tissues, which are
ot as prone to degenerate. Thus, repairs may perform
etter because they represent the best of both ap-
roaches: no need for anticoagulation and good durabil-

ty. It is also possible that newer repair methods, like
rtificial chordal replacement, have even better durabil-
ty [29, 30, 34, 35].

Because of sample size considerations, firm conclu-
ions cannot be made about the relative merits of me-
hanical versus tissue valves, but the poor outcomes
bserved in the tissue valve cohort raises serious ques-
ions. This topic should be investigated further, espe-
ially given recent trends toward increasing use of
ioprostheses for mitral replacement [1]. In practice,
owever, the relative propriety of various prosthetic
alves is becoming less important, as the vast majority
f mitral valves are now being repaired, and the results
f this paper would support that trend. A differential
enefit of repair with age has been discussed in several
apers [23, 24], but was difficult to demonstrate in this
eries. The formal treatment interaction between re-
air or replacement and age was not significant, and
irect comparison data suggested that the survival

enefits of repair were similar in elderly patients (Fig
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). Certainly, age itself is an important predictor of late
eath, and elderly patients have markedly reduced
urvival. However, the relative benefits of repair
eemed similar and justify liberal application of valve
epair strategies in the elderly.

Newer techniques of mitral repair may be especially
pplicable to degenerative valve disease, and have mark-
dly expanded the percentage of patients repaired [29–
1]. Specifically, artificial chordal replacement, without
eaflet resection, allows durable repair in most valves

able 4. Distribution of Patients in Propensity Modela

roup

Quintile

1 2 3 4 5

epair (n) 179 166 162 136 62
eplacement (n) 18 32 36 62 136
otal (n) 197 198 198 198 198
o
Quintile 5 had the greatest propensity for replacement and quintile 1
ad the greatest propensity for repair.
ith myxomatous prolapse, and recent data suggest that
ate mitral regurgitation recurrence and reoperation may
e especially low after artificial chordal procedures [30].
n general, surgeons at Duke have used full ring annu-
oplasty in most patients, not only to reduce annular
ircumference toward normal but also to shorten the
nteroposterior dimension and increase surface area of
eaflet coaptation [36, 37]. In this manner, holding leaflet
eometry in a fixed relationship may compensate for
inor deficiencies in leaflet coaptation or late problems

hat might occur. The introduction of minimally invasive
pproaches for repair of degenerative disease has facili-
ated patient satisfaction, and currently, most simple
rolapse cases are being repaired with either port-access
r robotic technology [38, 39]. Each of these technical

nnovations has helped to transform procedures for man-
gement of degenerative mitral disease into some of the
afest and most effective in surgery. Currently, a trend
xists toward earlier operations in these patients [40], and
ertainly, the excellent repair rates and low mortalities

Fig 4. Unadjusted (A) and adjusted (B) sur-
vival curves for repair versus mechanical valve
replacement versus tissue valve replacement.
No statistical comparison was performed be-
cause of concerns about the small sample size
of tissue valves, but the trend is apparent.
bserved nationally [1], together with the improved late
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urvival in the present study, support this trend into the
uture.

In conclusion, mitral repair for patients with degener-
tive mitral valve disease appears to be associated with
etter long-term survival as compared with prosthetic
alve replacement. The relative benefits of repair seem to
e evident across the spectrum of baseline risk and in the
lderly. An early suggestion exists of inferior results with
issue valve replacement, but this topic will require
urther investigation. Within the limits of observation
nalysis, these data support the current trend of increas-

ig 5. Observed survival of propensity-
atched quintiles during 15 years of follow-

p. Quintile 5 has the greatest propensity for
eplacement (red), and 1 has the greatest pro-
ensity for repair (green). Late survival was
etter with repair in all quintiles (p � 0.046).

able 5. Logistic Regression Model for Propensity to Perform
itral Valve Repair Versus Replacementa

isk Factor Wald �2 OR 95% CI p Value

ear of surgery (HR
per 1 year increase)

123.9 0.85 0.82 0.87 �0.0001

ge (HR per 10 years) 11.8 1.33 1.13 1.56 0.0006
istory of smoking 6.0 1.52 1.09 2.12 0.0142
ale 3.5 0.74 0.54 1.01 0.0613

jection fraction (HR
per 5% decrease)

2.9 0.95 0.90 1.01 0.0863

istory of PCI 2.6 0.43 0.15 1.21 0.1082
aucasian race 1.0 1.23 0.82 1.84 0.3217
istory of renal failure 0.3 1.27 0.55 2.92 0.5739
istory of peripheral
vascular disease

0.1 1.12 0.59 2.12 0.7289

umber of diseased
vessels

0.01 1.01 0.86 1.18 0.9396

yperlipidemia 0.03 1.03 0.71 1.51 0.8626
ypertension 0.002 0.99 0.70 1.40 0.9626

All variables examined in the Cox model were tested. Year of surgery
as by far the most important variable determining repair versus

eplacement, with repair procedures increasing dramatically in recent years
Fig 1).
I � confidence interval; HR � hazard ratio; OR � odds ratio;
CI � percutaneous coronary intervention.
ng repair rates in patients with degenerative mitral valve
isease.
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