
Clinical
Investigation

Mitral Valve Repair
in a Predominantly
Rheumatic Population
Long-Term Results

Valve repair in rheumatic patients poses special problems due to valve deformity and
mixed lesions. We present our experience from January 1988 through June 1999, in
this retrospective study of 818 patients (377 males). The mean age was 22.8 ± 11.3
years (range, 2 to 70 years). The cause of mitral regurgitation was rheumatic in 718
(88%) patients, congenital in 51, myxomatous in 34, infective in 7, and ischemic in 8.
Most patients (64%) were in New York Heart Association functional class III or IV.
Congestive heart failure was present in 116 patients (14%).

Reparative procedures included posterior collar annuloplasty (n=710), commissur-
otomy (n=482), cusp-level chordal shortening (n=237), cusp thinning (n=222), cleft su-
ture (n=166), and cusp excision/plication (n=42).

Operative mortality was 4% (32 patients). Preoperative left ventricular dysfunction,
presence of congestive heart failure, and advanced functional class were associated
with greater mortality. Follow-up ranged from 1 to 144 months (mean, 44.9 ± 33.2
months) and was 96% complete. Most survivors (70%) had no or trivial mitral regur-
gitation. Forty patients required reoperation for valve dysfunction. There were 23
(2.8%) late deaths. Actuarial, reoperation-free, and event-free survival at 11 years were
92.6% ± 1.0%, 65.0% ± 10%, and 38% ± 6.0%, respectively. Among the survivors,
85% were in New York Heart Association functional class I.

We conclude that mitral valve repair in rheumatic patients, using current tech-
niques, can effectively correct hemodynamic and functional abnormalities with satis-
factory results. (Tex Heart Inst J 2001;28:8-15)

ith standardized and reproducible techniques, mitral valve repair has
become the procedure of choice for mitral regurgitation.1-5 Lower op-
erative mortality rates, better preservation of left ventricular function,

freedom from the hazards associated with anticoagulation, and continued growth
of the valve in young patients are distinct advantages of mitral valve repair over
mitral valve replacement.6-9 Up to 95% of degenerative mitral valves can be re-
paired with current techniques, but only 75% of the patients with rheumatic mi-
tral valve disease are amenable to reparative procedures.1,10 Most of the reports
available in the literature have discussed the issue of degenerative mitral valve dis-
ease,3-10 and experience with rheumatic mitral valve disease has been scant.11-13 In
the present study, we present our experience with mitral valve repair, in a pre-
dominantly rheumatic population. Some of our surgical techniques were de-
scribed by us a decade ago.14-16

Patients and Methods

Eight hundred eighteen consecutive patients undergoing mitral valve reconstruc-
tion from January 1988 through June 1999 formed the basis of this retrospective
study. The mean age was 22.8 ± 11.3 years (range, 2 to 70 years), and 245 patients
were less than 15 years of age. There were 377 males. The cause of mitral regurgita-
tion (MR) was rheumatic in 718 (88%) patients. Other causes included congenital
(n=51, associated with atrial septal defect in 47 and with isolated mitral valve cleft
in 4), myxomatous (n=34), infective (n=7), and ischemic (n=8). Pure MR was pres-
ent in 433 patients (53%), and a combined stenotic and regurgitant lesion was 
present in 385 (47%) patients. Atrial fibrillation was present in 414 (51%) pa-
tients. Dyspnea on exertion was the predominant symptom, and 527 patients
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(64%) were in New York Heart Association (NYHA)
functional class III or IV. Controlled or frank conges-
tive heart failure was present in 116 patients (14%).

Preoperative Assessment
Preoperative transthoracic echocardiography was per-
formed in all patients. Patients with suspected aortic
valve disease (n=132) underwent cardiac catheteri-
zation and cineangiography. Coronary angiography
was performed in patients above 40 years of age. Mi-
tral regurgitation was graded by angiography17 or
Doppler echocardiography, or by both.18 In addition,
patients who underwent operation after January
1994 had intraoperative transesophageal echocardi-
ography (TEE) through use of the Hewlett-Packard
Sonos 1500 or 2500 ultrasound system (Hewlett-
Packard Co.; Andover, Mass). In a systematic man-
ner, we assessed the mitral annulus, leaflet thickness
and mobility, commissural and chordal fusion, the
presence and location of calcific nodules, areas of
prolapse and billowing, the direction of the regurgi-
tant jet, and the thickness and length of chordae ten-
dineae.

Surgical Te chniques
Either a midsternotomy (n=660) or a right antero-
lateral thoracotomy (n=158) approach was used.
Moderately hypothermic or normothermic cardio-
pulmonary bypass was established by ascending aor-
tic and bicaval cannulation. Antegrade, cold blood
cardioplegia and topical hypothermia were used for
myocardial preservation. The mitral valve was ap-
proached through a left atrial incision behind the in-
teratrial groove. After careful evaluation of the mitral
valve apparatus, we performed a variety of reparative
procedures. These included posterior collar annulo-
plasty (n=710), commissurotomy (n=482), chordal
shortening (n=237), cusp thinning (n=222), chordal
fenestration (n=46), cleft suture (n=166), decalci-
fication (n=17), cusp excision/plication (n=42), re-
attachment of chordae (n=7), chordal transfer (n=9),
and neochordae (n=3). Most of these techniques are
in accordance with described techniques;19 however,
some were developed by us14-16 and are described here.

Modified Cooley’s Annuloplasty14 (Fig. 1). The ante-
rior mitral leaflet is measured with a circular valve
sizer. A “C”-shaped, 3- to 4-mm-wide collar is fash-
ioned from 0.6-mm-thick polytetrafluoroethylene
(PTFE) felt (IMPRA, Inc.; Tempe, Ariz), with the
same internal diameter as that of the anterior mitral
leaflet. This collar is sutured along the posterior mi-
tral annulus using interrupted sutures. This produces
optimal coaptation of the mitral valve leaflets and re-
duction of annular diameter.

Cusp-Level Chordal Shortening.15 The technique of
cusp-level chordal shortening is shown in Figure 2.

This effectively shortens the elongated chorda and
thus corrects the cuspal prolapse.

Leaflet Thinning.16 After release of fused commis-
sural and subvalvular components, the anterior mi-
tral leaflet is grasped firmly with forceps. The fibrous
layer covering the anterior mitral leaflet on the atrial
surface is gently peeled from the annulus toward the
free edge. When it is completely separated, it is ex-
cised at the free edge. A similar procedure is then
used to remove the fibrous peel from the posterior
mitral leaflet. In patients who were also to undergo
aortic valve surgery, this peel was removed from the
ventricular aspect of the anterior mitral leaflet.

At the completion of repair, mitral valve compe-
tence was assessed by injecting cold saline with a bulb
syringe into the left ventricle directly through the 
mitral valve. Since January 1994, we have also used
transesophageal echocardiography to assess mitral
valve function intraoperatively.

In addition, 199 patients underwent various asso-
ciated procedures (Table I).
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Fig. 1 A) The semicircular polytetrafluoroethylene collar. 
B) The completed posterior annuloplasty.

(Illustrations by Lee Rose. Reproduced with permission. 
From Texas Heart Institute Journal 1992;19:107-11.)



Follow-Up. Transthoracic echocardiography was
performed before discharge from the hospital and
subsequently at regular intervals. Before April 1998,
all the patients who had undergone posterior collar
annuloplasty received oral anticoagulants (aceno-
coumarol) for 6 weeks and antiplatelet agents (dipyri-

damole) for 6 months. Since April 1998, it has been
our practice not to prescribe anticoagulants.

Statistical Analysis. Continuous or interval-related
variables were expressed as mean ± standard devia-
tion. Categorical variables were expressed as percent-
ages. Univariate analysis was done with the χ2 and

Fig. 2 Technique of chordal shortening: A) a silk suture is passed around both the chorda to be shortened and the opposite
(posterior cusp) chorda; B) after the left ventricle has been filled with saline solution, the silk suture is tightened so that the
anterior mitral leaflet’s degree of prolapse can be assessed and the length of chorda to be shortened (a) can be determined; 
C) after exposure of the chorda with a traction suture (not shown), a 5-0 polypropylene double-armed suture is taken, and the
needle is passed through the chorda and then through the edge of the anterior mitral leaflet close to its point of attachment; 
and D) the polypropylene suture is tied, shortening the chorda at cusp level.

(Illustrations by Lee Rose. Reproduced with permission. From Texas Heart Institute Journal 1992;19:47-50.)
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tional class as the significant predictors for early
death (Table III).

Late Outcomes
Patients were followed up for 1 to 144 months (mean,
44.9 ± 33.2 months), and follow-up was 96% com-
plete.

Thromboembolic Complications. Twenty-five patients
had a thromboembolic complication (0.8 events per
100 patient-years of follow-up) in the late postopera-
tive period. Four of these patients died, 7 recovered
with residual weakness, and 6 recovered completely. In
8 patients, the deficit was transient and was classified
as a transient ischemic attack. No single factor was
found to be associated with incidence of thromboem-
bolism.

Hemolysis. Significant hemolysis, requiring hospi-
talization and blood transfusion, was seen in 35 pa-
tients (1 event per 100 patient-years of follow-up).
Among these, 26 patients had significant MR. Six-
teen patients with significant MR underwent reoper-
ation, 4 died without further operative intervention,

Fisher exact tests. Actuarial estimates have been cal-
culated and compared using the Kaplan-Meier tech-
nique20 with Mantel-Cox (log-rank) tests.21

Moderate or severe MR was considered significant.
Numerous variables (Table II) were analyzed as pre-
dictors of early death, late death, and development of
significant MR postoperatively. A step-wise multiple
logistic regression analysis was used to reveal inde-
pendently the predictors of early mortality. Prognos-
tic factors for development of significant MR and for
late death have been identified using Cox’s propor-
tional hazard model. All statistical analysis was per-
formed with the SPSS for Windows 6.0 software
package (SPSS, Inc.; Chicago, Ill).

Results

All patients survived the operation. For isolated mitral
valve repair, the mean aortic cross-clamp time was
36.5 ± 11.6 minutes (range, 22 to 71 minutes), and
the mean cardiopulmonary bypass time was 45.7 ±
12.4 minutes (range, 34 to 87 minutes). Thirty-six
patients (4%) required inotropic support. Patients
were ventilated for a period of 14 to 74 hours (medi-
an, 22 hours), and the mean stay in the hospital was
6.1 ± 1.8 days.

Early Postoperative Mortality
There were 32 (4%) early deaths (<30 days after sur-
gery). Persistent low-output syndrome was respon-
sible for 15 deaths. Other causes of early death
included acute renal failure (n=3), septicemia (n=4),
malignant ventricular arrhythmias (n=4), and cere-
brovascular accidents (n=6). Most of these patients
(n=26) had preoperative left ventricular dysfunction
(ejection fraction <50%), and 16 of the patients who
died had been in congestive heart failure preopera-
tively. Logistic regression analysis also identified pre-
operative left ventricular dysfunction, preoperative
congestive heart failure, and advanced NYHA func-

TABLE I. Associated Procedures

Procedure Number

Tricuspid repair 32

Aortic valve replacement (prosthetic) 50

Aortic valve repair 18

Atrial septal defect closure 47

Ross procedure 15

Homograft aortic valve replacement 30

Coronary artery bypass grafting 7

Total 199

TABLE II. Variables Included in Multivariable Analyses
of Risk Factors for Early Death, Late Death, and
Development of Significant Mitral Regurgitation

Preoperative Variables 
• Age
• Sex (male/female)
• Cause (rheumatic vs nonrheumatic)
• Lesion (isolated mitral regurgitation vs mixed lesion)
• New York Heart Association functional class
• Congestive heart failure
• Atrial fibrillation
• Cusp prolapse
• Annular dilatation
• Chordal elongation
• Chordal rupture
• Valve calcification
• Left ventricular dysfunction (ejection fraction <50%)
• Associated aortic valve disease
• Ischemic heart disease
• Diabetes
• Cerebrovascular accident
• Previous mitral valve procedure

Perioperative Variables
• Year of surgery
• Cardiopulmonary bypass time
• Aortic cross-clamp time
• Annuloplasty
• Chordal shortening
• Chordal transfer
• Cusp thinning
• Decalcification
• Cusp resection
• Use of intraoperative echocardiography
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24 months after surgery. The instantaneous risk of 
development of significant MR (hazard function)
consisted of a peaking early hazard phase in the 1st
postoperative year, followed by a slowly rising late
hazard phase after 5 years (Fig. 5).

Various risk factors (Table II) were analyzed for the
development of significant MR (Fig. 6). The proba-
bility of freedom from moderate or severe MR at 11
years was significantly greater in patients with a non-
rheumatic cause (nonrheumatic vs rheumatic cause:
72% ± 9.0% vs 51% ± 3%; p = 0.01), with an isolat-

and 6 are awaiting reoperation. In 9 patients with
mild or moderate MR, hemolysis gradually subsided.

Infective Endocarditis. Three patients developed
subacute infective endocarditis. These patients were
treated conservatively and all 3 survived.

Reoperation. Severe valve dysfunction necessitated
reoperation in 40 patients (1.3 events per 100 patient-
years of follow-up) after a mean period of 43.9 ± 32.7
months (range, 1 to 132 months). Freedom from re-
operation at 11 years was 65.2% ± 10% (Fig. 3).

In 4 patients, reoperation was performed within 1
postoperative month, due to failure of sutures holding
the annuloplasty felt. In another 18 patients, reoper-
ation was performed after an interval of 2 to 24
months. Most of these patients (n=14) had moderate
MR at the time of discharge from the hospital, and
developed significant MR due either to suture dehis-
cence (n=8) or to suboptimal repair (n=6). Eighteen
patients underwent reoperation after an interval of 25
to 132 months. At reoperation, these patients demon-
strated progressive disease in the form of fusion of
cusps and chordae and new thickening/contraction of
the cusps.

At reoperation, 31 patients had mitral valve re-
placement with a prosthetic valve, and 2 had mitral
valve replacement with a mitral homograft. In 7 pa-
tients, the mitral valve was re-repaired. Five patients
(12.5%) died after reoperation.

Valve Function. Among the operative survivors,
547 patients (70%) had no or trivial-to-mild mitral
regurgitation at the time of their last follow-up visit
(mean, 44.9 ± 3.2 months; range, 1 to 144 months).
The remaining 30% of patients developed significant
MR: moderate in 125 (16%) and severe in 114
(14%). Thirty-seven patients with severe MR under-
went reoperation, and 15 others died as a result of 
intractable congestive heart failure. Three patients
developed significant mitral stenosis (valve area <1
cm2); all underwent reoperation.

Eleven-year freedom from moderate or severe MR
was 52.3% ± 3.0% (Fig. 4). In about two thirds of 
the patients (68.5%) with moderate or severe mi-
tral regurgitation, MR developed within the first 

TABLE III. Risk Factors for Early Death

Hazard 95% Conf.
Risk Factor Ratio Interval P Value

Left ventricular dysfunction 83.6 30.5 – 229 <0.001
(ejection fraction <50%)

Preoperative congestive 2.8 1.0 –   7.9 0.002
heart failure

NYHA functional class IV 3.7 1.1 – 12.4 0.04

Conf. = confidence; NYHA = New York Heart Association

Fig. 3 Freedom from reoperation in operative survivors
(Kaplan Meier).

Fig. 4 Freedom from significant mitral regurgitation in
operative survivors (Kaplan-Meier).

MR = mitral regurgitation
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ed regurgitant lesion (isolated MR vs mixed lesion:
59% ± 5% vs 48% ± 4%; p = 0.04), and with nor-
mal left ventricular function (normal left ventricular
function vs left ventricular dysfunction: 55% ± 3%
vs 11% ± 10%; p <0.0001). Freedom from moderate
or severe MR was significantly reduced if cuspal 
thinning was required (yes vs no: p = 0.004). In mul-
tivariate analysis, rheumatic cause was not identified
as an independent risk factor for development of
moderate or severe MR; and only younger age, left
ventricular dysfunction, mixed lesion, and need for
cuspal thinning were identified as independent risk
factors (Table IV).

Functional Class. All but 6 patients with no or mild
MR were in NYHA class I postoperatively. Left ven-
tricular dysfunction (n=2), progressive aortic valve
disease (n=1), failed aortic valve repair (n=2), and se-
vere tricuspid regurgitation (n=1) were responsible
for symptoms in these patients.

Among the patients with moderate MR (n=125),
the majority (n=118) were symptom free. In those re-
maining, 4 and 3 patients were in NYHA class III and
IV respectively, due to left ventricular dysfunction.

Seventy-five patients with severe MR were in
NYHA class III or IV: 37 of these underwent reop-
eration, 11 died in congestive heart failure, and 27
await reoperation. The remaining 39 patients with
severe MR were in class I or II. Three patients with
significant mitral stenosis were in NYHA class IV (all
underwent reoperation).

Fig. 5 Instantaneous risk (hazard function) for development of
significant mitral regurgitation across time after mitral valve
repair.

Fig. 6 Influence of pathologic condition and operative tech-
nique on freedom from development of significant mitral re-
gurgitation. All presentations are non-risk-adjusted. A) Isolated
MR versus mixed lesion. B) Preoperative normal left ventric-
ular function versus left ventricular dysfunction. C) Cuspal
thinning versus no cuspal thinning.

MR = mitral regurgitation; MS = mitral stenosis

A

B

C
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TABLE IV. Predictors of Development of Significant
Mitral Regurgitation (Cox Proportional Hazard Model)

Hazard 95% Conf.
Variable Ratio Interval P Value

Age 0.98 0.97 – 0.99 0.01

Left ventricular 
dysfunction 4.6 2.7 – 7.6 <0.0001

Mixed lesion 1.3 1.0 – 1.7 0.04

Cusp thinning 1.3 1.0 – 1.8 0.03

Conf. = confidence



tant predictors for development of MR. In univariate
analysis, rheumatic cause was identified as a risk fac-
tor for development of moderate-to-severe MR, but
in multivariate analysis it was eliminated, for most
patients with a rheumatic cause had either mixed le-
sions or thickened cusps. Others have also found
younger age and mixed lesions as the chief indicators
for valve failure.1,2,11-13

In the majority of patients with moderate or severe
MR, the valve failed within the first 2 years after
surgery. The instantaneous hazard of developing
moderate-to-severe MR was highest in the 1st post-

Late Death and Survival. There were 23 late deaths
(28%). Five patients died at reoperation, and 11 pa-
tients died of congestive heart failure secondary to 
severe MR or left ventricular dysfunction. Cerebrovas-
cular accident was responsible for death in 5 patients.
Other causes of death included hepatitis (n=1), sep-
ticemia (n=1), and acute gastroenteritis (n=1).

Actuarial survival in the whole group of patients
(n=818) was 92.6% ± 1.0% at 11 years (Fig. 7). Sur-
vival in patients with left ventricular dysfunction
(27.1% ± 10.0% at 11 years) was significantly lower
(p <0.001) than that in patients with normal left 
ventricular function (94.8% ± 4.0% at 11 years).
Multivariate analysis also identified preoperative left
ventricular dysfunction (hazard ratio, 134.8; 95%
confidence interval, 48.6–373.8; p <0.0001), and
NYHA functional class IV (hazard ratio, 3.8; 95%
confidence interval, 1.4–10.5; p=0.01) as the inde-
pendent predictors of late death.

In operative survivors, event-free survival (includ-
ing late death, reoperation, thromboembolism, infec-
tive endocarditis, and hemolysis) was 38% ± 6% at
11 years (Fig. 8).

Discussion

Rheumatic heart disease is the commonest form of
cardiovascular ailment that affects younger people
in developing countries, especially in India.22 Either
repair or replacement of the regurgitant rheumatic
mitral valve has been reported by various investiga-
tors.2,11-16,23,24 Replacement of the diseased mitral valve
with a prosthesis is associated with the risks attendant
upon anticoagulation, and with suboptimal preserva-
tion of ventricular function and reduced survival.6-9,24

Besides these, poor compliance with an anticoagula-
tion regime, growth, and pregnancy remain impor-
tant issues in young patient populations, especially in
developing countries. Though mitral valve repair has
become the procedure of choice for degenerative mi-
tral regurgitation,1-10 its use for correction of rheumat-
ic mitral regurgitation has remained scant,11-13,25,26

because repair is technically more difficult and is as-
sociated with a high failure rate in this group.1,2,11-13

Our experience with mitral valve repair in rheu-
matic patients has been encouraging.25,26 In considera-
tion of the relative youth of our patients and the
problems of anticoagulation, we have tried to repair al-
most all noncalcified regurgitant valves. Of the sur-
vivors, 70% had trivial or mild MR at their last
follow-up visit. An additional 16% of survivors had
moderate MR, but most of these (118 of 125) were
asymptomatic. 

In our series, 30% of survivors developed moderate
or severe MR. Younger age, mixed lesion, ventricular
dysfunction, and cuspal thickening were the impor-

Fig. 7 Actuarial survival (Kaplan-Meier) in patients after mitral
valve repair.

Fig. 8 Event-free survival (Kaplan-Meier) in operative survivors
after mitral valve repair.
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operative year. There was another (but slowly rising)
hazard phase after 5 postoperative years (Fig. 5). The
early peak in the instantaneous hazard may be attrib-
uted to suboptimal repair or to the inherent complex-
ity of the disease process, which often results in gross
deformity of the valve. Recurrence and progression
of the rheumatic process may have contributed to
both the early and late failures.11-13,25

We have used a number of techniques to repair 
the valve. The modified Cooley’s annuloplasty has
proved an easy, reliable, satisfactory, and cost-effective
technique over a decade. Cusp-level chordal shorten-
ing is also an effective and simple technique for cor-
rection of cuspal prolapse in rheumatic patients,
because the elongated chorda is usually quite thick-
ened and capable of holding the suture. Cuspal thin-
ning further improves the pliability and mobility of
the valve leaflet.

To conclude, valve repair is possible in a large ma-
jority of patients with rheumatic mitral regurgitation,
and current techniques can effectively correct the he-
modynamic and functional abnormalities with satis-
factory results.
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