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Degenerative, ischemic, rheumatic and infectious (endocarditis) processes are responsible for mitral valve
disease in adults. Mitral valve repair has been widely regarded as the optimal surgical procedure to treat
mitral valve dysfunction of all etiologies. The supporting evidence for repair over replacement is strongest in
degenerative mitral regurgitation. The aim of the present review is to summarize the data in each category of
mitral insufficiency and to provide recommendations based upon this data.
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Introduction
Degenerative, ischemic, rheumatic and infectious
(endocarditis) processes are responsible for mitral valve
disease in adults. Mitral valve repair has been widely
regarded as the optimal surgical procedure to treat mitral
valve dysfunction of all etiologies and is currently the
most commonly performed surgical procedure for mitral
valve regurgitation in North America (1). The aim of the
present review is to consider and summarize the available
data on the clinical outcomes following mitral valve repair
compared with replacement.
Degenerative mitral valve disease
Degenerative disease represents 60-70% of surgical mitral
regurgitation (MR) in industrialized nations (2) and is most
commonly related to mitral-valve prolapse, a spectrum of
conditions ranging from a single prolapsing valve segment
to diffuse myxomatous degeneration with bileaflet prolapse
and annular dilatation (2,3). Degenerative mitral valve
disease is the most repairable form of surgical mitral valve
disease, and repair is the most recommended surgical
approach (4).
The well-accepted advantages of mitral valve repair
consist of lower operative mortality (1,5-8), improved
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preservation of left ventricular function, and greater
freedoms from prosthetic valve-related complications such
as thromboembolism, anticoagulant-related hemorrhage
and endocarditis (5,6,9-12). Similarly, there is abundant
retrospective data supporting the durability of valve repair
as equal to or even superior to mitral valve replacement
(6,8,9,13-15), even in cases of complex valvular pathology
including calcification and anterior or bileaflet prolapse
(7,16-18). With regard to the durability of repairs, it
is important to note the proper standard for durability
comparisons is with mechanical valve replacements,
as biological prostheses are known to be associated
with limited durability in the mitral position, with
reoperation rates markedly increasing at the 10-year mark
postoperatively (7,13).
There are no randomized trials comparing outcomes
after mitral valve repair and replacement respectively in
the context of degenerative disease. When considering the
strength of the available retrospective studies with respect to
long term survival, it is important to remember that patients
undergoing the two procedures commonly exhibit different
characteristics pertinent to long term survival at baseline.
For instance, the most potent predictor of long term
survival following mitral valve operation is preoperative left
ventricular ejection fraction (15,19). The strongest studies
considering the survival advantages of repair are those that
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include risk-adjusted comparisons of outcomes.
The balance of risk-adjusted survival data does show
improved mid and long-term survival for mitral valve
repair compared with mitral valve replacement (8,9),
even in the elderly (20). Of particular interest is the work
of Daneshmand and colleagues (9), who considered 989
patients undergoing isolated mitral valve procedures for
degenerative disease. Compared to the 284 patients having
replacement, the 705 patients undergoing repair were
younger (62 vs. 68 years old for replacement) and less
likely to undergo coronary artery bypass grafting (CABG)
(24% vs. 32% for replacement) but had lower preoperative
ejection fractions (51% vs. 58% for replacement),
higher rates of congestive heart failure (68% vs. 42% for
replacement) and preoperative arrhythmia (11% vs. 7% for
replacement). Survival was significantly superior with repair
even with propensity score analysis with survival differences
increasing over time: 0.7% superior survival for 0-5 years,
4.9% better for 5-10 years and ~21% superior for 1015 years. In this analysis, patient age did not diminish the
benefit of repair (P=0.66). This data supports an aggressive
policy of repair for repairable degenerative mitral valve
disease in the vast majority of patients with degenerative
mitral regurgitation.
However, it is also useful to consider the extreme end
of degenerative mitral valve disease. Gillinov et al. have
demonstrated that repair is not associated with a survival
benefit in the group of patients having extremely complex
degenerative disease (6). This subset of patients (~7% of
all patients at our own institution) represents a distinct
group of patients who are typically older and have higher
numbers of symptoms and comorbidities. In this group,
long term survival is likely governed more by the patient’s
comorbidities than the type of mitral valve operation.
In light of all of the above, we recommend pursuing
aggressive repair in nearly all patients with degenerative
mitral valve disease.
Rheumatic mitral valve disease
Rheumatic mitral valve disease is considerably less
common in North America and European countries than
in developing countries, where rheumatic heart disease
remains by far the leading cause of valvular disease [e.g.,
72% of all valvular disease in a South African center (19)] (21).
Even so, rheumatic disease can still comprise up to 23%
of valvular disease in current mitral practice in the United
States (22,23). Rheumatic mitral valve pathology is complex
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and every component of the mitral valve (annulus, leaflets
and subvalvular apparatus) can be affected (23).
Data suggests that repair is associated with mortality
and survival benefit, along with greater freedom from
thromboembolic complications. Though with some
compromise in durability in early series (24,25). For
instance, Yau and colleagues considered 573 patients
undergoing mitral valve surgery for rheumatic heart disease
between 1978 and 1995. In this series, 25% were repaired,
28% were replaced with a biologic prosthesis and 47%
replaced with a mechanical prosthesis. After risk adjustment
with a Cox model, operative mortality was superior with
repair (0.7% vs. 5.1% after replacement) and overall
long-term survival was superior. At 10 years, reoperation
occurred in 28% of patients with repaired valves (with
no operative deaths), 31% of patients with bioprostheses
and 5% of patients with mechanical valves. A more recent
series considered echocardiographic findings in addition
to reoperation rates following repair in predominantly
regurgitant rheumatic mitral valve disease. While 10-year
freedom from reoperation was 97% in this study, freedom
from moderate or severe regurgitation or stenosis was only
66% (26), perhaps calling into question the true durability
of rheumatic valve repair.
In light of the above, we support current guidelines (4)
which recommend consideration of repair of rheumatic
heart valves only if a durable and successful repair is likely
or when the advisability of long-term anticoagulation
management is questionable. The development of newer
repair techniques (27-30) is ongoing, but further study is
needed to determine the long term outcomes with these
approaches.
Endocarditis
The indications for surgical intervention in patients with
active infective endocarditis include congestive heart
failure, intracardiac extension of infection (abscess),
sepsis unresponsive to antibiotics, systemic embolism and
occasionally the presence of large vegetations. The main
goals of surgical treatment of mitral valve endocarditis are
twofold: eradication of infection and patient survival.
In a systematic review of 24 studies on the topic, Feringa
and colleagues observed that mitral valve repair was
possible in approximately 39% of patients presenting with
mitral valve endocarditis (31). Similar to the degenerative
MR experience, valve repair was associated with lower inhospital mortality (2.3% vs. 14.4%, P<0.0001) and reduced
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long term mortality (7.8% vs. 40.5%, P<0.0001), a finding
confirmed by meta-regression analysis. However, of course
all such findings are likely subject to the bias that patients
with fewer comorbidities and less aggressive infections
may be more likely to be selected for repair. Additional
advantages of repair over replacement included decreased
risks of stroke, recurrent endocarditis and reoperation.
Based upon their analysis, Feringa and colleagues concluded
that valve repair is associated with excellent outcomes
and should be considered in patients with mitral valve
endocarditis.
Not all patients with endocarditis are candidates for
repair due to the variable extent of tissue destruction. In
the first aim of surgical treatment (eradication of infection),
all grossly infected tissue should be removed without
concern for the possibility of repair. Resection technique
should err on over-excision of leaflet tissue to ensure
eradication of the infectious process and only afterwards
can the possibility of reconstruction be assessed (32).
Repair can be approached with the full armamentarium
of mitral valve repair techniques including patching of
perforations, vegetectomy and resection of involved
leaflet and leaflet patching with autologous or bovine
pericardium, commissural debridement and reconstruction,
left ventricular abscess debridement with annular patch
reconstruction and leaflet re-suspension with artificial
chords (33). Monofilament suture use should be considered
over braided suture to prevent bacterial sequestration (32).
Mitral valve homografts have been employed for valve
replacement in acute endocarditis in patients when repair
was not possible (33,34). This has however not enjoyed
the success that has been seen with aortic homografts. The
procedure is technically challenging and the experience has
been daunting.
In the event that replacement is the only option due to
the advanced state of infection or delayed presentation,
mechanical valve replacement is most suitable for younger
patients with native valve endocarditis. Tissue valves are
acceptable for patients greater than 60 years of age with
either native or prosthetic valve endocarditis and for
selected younger patients with prosthetic endocarditis (35).
Ischemic mitral valve disease (IMR)
Ischemic mitral valve disease (IMR) is mitral regurgitation
that is a consequence of coronary artery disease. Although
IMR may be short-lived and associated with acute ischemia,
by and large, IMR is caused by completed myocardial
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infarction (or infarctions) in the circumflex or right
coronary artery distributions. Such infarctions result in
complex changes in the geometry and function of the
left ventricle (LV) and mitral annulus leading to systolic
leaflet restriction and annular dilatation (36-41). Generally,
the leaflets and chordae are morphologically normal and
regurgitation occurs through a variable combination of
Carpentier types IIIb (restriction) and I (annular dilation)
dysfunction.
Choices for the surgical treatment of IMR include
revascularization alone or revascularization in concert with
mitral repair or replacement.
Mild to moderate IMR
At present, there is general agreement that revascularization
alone is not an acceptable surgical strategy in the case of
severe IMR. The question has remained open, however, in
the area of mild to moderate MR and has been extensively
debated. Previous retrospective data has demonstrated the
frequent return of MR following revascularization alone in
cases of moderate IMR [e.g., 30-65% of patients developing
MR at 6 weeks postoperatively and 22% progressing to
severe MR (42-44)]. The clinical relevance of this residual
MR has been unclear, however. Although we have shown
that residual mild-to-moderate mitral regurgitation
following CABG alone negatively impacts long term
survival (42), this finding has not been uniform (45,46). At
the same time, while the addition of a mitral valve repair
at the time of CABG may improve functional status, no
clear improvement in survival has been demonstrated with
repair of moderate IMR (47-50) [except for a suggestions
of improved survival in selected patients with severe left
ventricular dysfunction or severe heart failure (51,52)].
“The Randomized Ischemic Mitral Evaluation (RIME)
Trial” was a small prospective trial designed to determine
whether repairing the mitral valve during CABG improves
functional capacity and left ventricular remodeling
compared to CABG alone. Seventy-three patients with
moderate IMR and ejection fraction >30% referred for
CABG were randomized to receive CABG and mitral
valve repair or CABG alone. The trial was stopped early
after interim analysis due to difficulties in recruitment
along with the pronounced benefit observed in the repair
group. At 1 year, there was significant improvement in
peak oxygen consumption, volume of mitral regurgitation,
left ventricular reverse remodeling and B-type natriuretic
peptide levels in the group receiving both CABG and
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mitral repair. Operative mortality and 1-year survival
were similar between groups. The study endpoints are
thought to be powerful predictors of worsening heart
failure and survival (53-56) but are only surrogates for
clinical outcomes. Although intriguing, this trial was not
powered to evaluate clinical events or survival, and longer
term follow up will be required for fuller evaluation of
the endpoints for which it was powered; significant MR
can occur up to 3 years following annuloplasty (57) and
LV reverse remodeling can continue for up to 2 years
following CABG (58).
The recently reported CTSN trial “Comparing the
Effectiveness of a Mitral Valve Repair Procedure in
Combination with Coronary Artery Bypass Grafting
(CABG) versus CABG Alone in People with Moderate
Ischemic Mitral Regurgitation” recently became available
and considered a slightly a similar patient population
with larger numbers. In this trial, investigators randomly
assigned 301 patients with moderate ischemic mitral
regurgitation to CABG alone or CABG plus mitral-valve
repair as a combined procedure. The primary end point was
the left ventricular end-systolic volume index (LVESVI), a
measure of left ventricular remodeling, at 1 year. Unlike the
RIME trial, this larger study did not show a higher degree
of left ventricular reverse remodeling with mitral valve
repair patients with moderate ischemic mitral regurgitation.
Additionally, there were no significant between-group
differences in major adverse cardiac or cerebrovascular
events, deaths, readmissions, functional status, or quality
of life at 1 year. The addition of mitral-valve repair was
associated with a significantly longer bypass time, longer
hospital stay after surgery and more neurologic events.
Moderate or severe mitral regurgitation was less common
in the repair group than in the CABG-alone group (11.2%
vs. 31.0%, P<0.001). This trial did not show a clinically
meaningful advantage of adding mitral-valve repair to
CABG at 1 year, but longer-term follow-up is required
to determine whether the lower prevalence of mitral
regurgitation translates into a net clinical benefit (59).
As we await the results of additional prospective data,
we favor a strategy of mitral annuloplasty in addition to
revascularization in relatively low-risk CABG patients with
moderate functional IMR whose symptoms are dominated
by heart failure.
Severe IMR
In patients with severe IMR, current guidelines support
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mitral valve surgery (repair or replacement) in patients
undergoing CABG (60) but do not make a recommendation
as to repair versus replacement. In patients with severe
IMR, the benefits of repair over replacement have been the
subject of controversy. In a recent systematic review under
Cochrane guidelines considering 12 studies, Rao et al.
concluded that existing literature suggests that repair may
be associated with improved surgical mortality and longterm survival over replacement. The authors noted that
their conclusion was drawn with considerable uncertainty
given the heterogeneity of the existing studies and noted
an urgent need for high-quality randomized comparison of
repair and replacement (61).
Recently, Acker et al. reported the results of the first
prospective randomized trial considering the relative
merits of mitral repair and replacement in the setting of
severe IMR. In this trial, 251 patients with severe IMR
were randomly assigned to undergo mitral valve repair
or chordal-sparing mitral valve replacement, with 74%
of repairs and 75% of replacements also undergoing
concomitant CABG. The primary endpoint of this trial
was LVESVI (62). The investigators found no difference in
LVESVI, 30-day mortality or survival at 12 months between
patients who underwent mitral valve repair and those
underwent mitral valve replacement. The rate of moderate
or severe MR at 12 months after surgery was 32.6% in the
repair group compared with 2.3% in the replacement group
(P<0.001). However, there were no differences in the rate
of a composite of major adverse cardiac or cerebrovascular
events, in functional status or in quality of life at 12 months
overall. Follow-up will continue to 24 months. The study
was not powered to detect survival differences and as in
the RIME trial, the primary endpoint (LVESVI) is only
a surrogate for clinical outcomes although it is strongly
correlated with New York Heart Association (NYHA)
class, rates of rehospitalization and survival (63-69). The
authors note that the patients with MR recurrence in the
repair group showed no reverse LV remodeling compared
with those without recurrence (LVESVI of 64.1±23.9 with
recurrent MR, 47.3±23.0 without recurrence), although
differences in functional status or quality of life between
these groups were not addressed.
The finding of Acker et al. (62) with respect to the
frequency of recurrence of MR is similar to previous
retrospective data showing the prevalence of moderate or
greater MR following repair to be 15-30% and increasing
over time (45,57-61). We have previously demonstrated
that a mitral annular diameter 3.7 cm or greater along
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with a tenting area >1.6 cm2 in the context of severe IMR
is associated with annuloplasty failure in 55% of patients.
Other risk factors for failure of repair include more severe
left ventricular dysfunction, higher preoperative grade of
MR, complex jet (49), increased left ventricular sphericity (70)
and severe leaflet tethering (36). One of the limitations of
the work of Acker and colleagues is that the presence or
absence of such risk factors was not captured in the patients
studied.
Meta-analysis of the existing retrospective data
have concluded that the balance of the data suggests
improved short and long term survival with repair (71);
however, inadequate adjustment for baseline differences
in observational studies is common and meta-analyses
considering such studies should be interpreted with
caution. At our own institution, we considered 397
patients undergoing repair for IMR and 85 undergoing
replacement (72). Ninety-five percent of patients had
concomitant CABG. Patients more likely to undergo
replacement were in higher New York Heart Association
functional class or underwent operations on an emergency
basis. Propensity matching was used to create five groups of
patients over a spectrum of risk having either replacement
or repair. Patients in group 1 were very high risk patients
(highest degree of heart failure, emergency surgery) and
patients in group 5 were the lowest risk (lower degrees
of heart failure, elective surgery). Overall 5-year survival
was poor (58% repair vs. 36% replacement, P=0.08). The
highest risk patients (group 1) showed the worst survival,
but did not differ according to repair or replacement.
However, lower risk patients (quintiles 3-5) derived a
survival benefit from repair (P=0.003). Echocardiographic
factors associated with increased early and late mortality in
patients receiving repair included a complex (not central
or posterior) jet and lateral wall motion abnormality,
respectively. Our study illustrates the heterogeneity of IMR
patients and the concept that the decision regarding repair
or replacement of IMR should be tailored to the clinical and
anatomic characteristics of the patient.
In cases of severe IMR, we continue (36) to recommend
revascularization combined with undersized annuloplasty in
lower risk patients (lower degrees of heart failure, elective
surgery) without echocardiographic features associated with
repair failure (e.g., diameter 3.7 cm or greater along with
a tenting area >1.6 cm2, complex jet, lateral wall motion
abnormalities). However, in high risk patients, those with
more severe heart failure, emergency cases and those with
high risk features for repair failure on preoperative echo,
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chordal sparing bioprosthetic replacement is supported by
the existing data.
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