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Mitral-Valve Repair for Mitral-Valve Prolapse
Subodh Verma, M.D., Ph.D., and Thierry G. Mesana, M.D., Ph.D.
This Journal feature begins with a case vignette that includes a therapeutic recommendation. A discussion
of the clinical problem and the mechanism of benefit of this form of therapy follows. Major clinical studies,
the clinical use of this therapy, and potential adverse effects are reviewed. Relevant formal guidelines,
if they exist, are presented. The article ends with the authors’ clinical recommendations.

A 55-year-old man with a holosystolic murmur of increasing intensity has been seen
regularly by his family physician for the past 3 years. He is referred to a cardiologist.
The patient reports no shortness of breath, chest pain, or palpitations. An electrocardiogram shows normal sinus rhythm. A transthoracic echocardiogram reveals severe, anteriorly directed mitral regurgitation with isolated prolapse of the middle
scallop of the posterior leaflet. Flow reversal is detected in the pulmonary veins. The
calculated regurgitant volume is 75 ml, the regurgitant fraction 63%, and the effective regurgitant orifice 53 mm2, features consistent with severe mitral regurgitation.
The transthoracic echocardiogram also shows mildly depressed left ventricular function (ejection fraction, 58%), slightly elevated left ventricular dimensions (end-systolic
dimension, 42 mm), and normal right ventricular systolic pressure. The patient is
referred to a cardiac surgeon for consideration of mitral-valve repair.

The Cl inic a l Probl em
Mitral-valve prolapse is defined as the displacement of some portion of one or both
leaflets of the mitral valve into the left atrium during systole. In developed countries, it is the most common cause of chronic mitral regurgitation; in a study of the
Framingham Offspring Study cohort, the prevalence of mitral-valve prolapse was
2.5%.1 More than 150 million people worldwide may be affected.2-4 The disorder
has both genetic and acquired forms, and several chromosomal loci for autosomal
dominant mitral-valve prolapse have been identified.5-9 Although mitral-valve prolapse is more common in women, more men are referred for surgery4; whether this
reflects a difference between the sexes in the morphologic features or natural history of the disorder or referral bias is unclear.
The natural history of mitral-valve prolapse is heterogeneous and is largely
determined by the severity of mitral regurgitation. Although a majority of patients
remain asymptomatic and may have a near-normal life expectancy, approximately
5 to 10% have progression to severe mitral regurgitation.10,11 Left untreated, mitralvalve prolapse with severe mitral regurgitation results in limiting symptoms, left
ventricular dysfunction, heart failure, pulmonary hypertension, and atrial fibrillation. Spontaneous rupture of mitral chordae may occur, and endocarditis and stroke
are serious complications. The mortality rate of persons who have mitral-valve
prolapse with severe mitral regurgitation is approximately 6 to 7% per year.12,13
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Pathoph ysiol o gy a nd the Effec t of Ther a py
The mitral valve and subvalvular apparatus include the annulus, valve leaflets, chordae tendineae, papillary muscles, and left ventricular wall. The valve has anterior
and posterior leaflets, and each leaflet typically consists of three discrete segments
or scallops. These are designated P1, P2, and P3 in the posterior mitral-valve leaflet,
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Figure 1. The Mitral Valve.
The mitral valve has anterior and posterior leaflets, which are separated by the anterior commissure (AC) and the
posterior commissure (PC) (Panel A). The leaflets are inserted on the circumference of the mitral annulus, which is
in continuity with the aortic annulus and the left and right fibrous trigones. The circumflex coronary artery, coronary
sinus, aortic valve, and bundle of His are all close to the mitral valve. Panel B shows the mitral-valve leaflets, each of
which usually consists of three discrete segments or scallops. These are designated A1, A2, and A3 for the anterior
leaflet and P1, P2, and P3 for the posterior leaflet. The valve leaflets each receive chordae tendineae from the anterolateral Cand
posteromedial
papillary muscles (Panel C). Primary chordae are attached to the free edge of the valve
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cles contract, increasing tension on the chordae
tendineae and preventing the valve leaflets from
everting into the left atrium.
Mitral-valve prolapse is characterized predominantly by myxomatous degeneration. In younger
patients, the disease is often manifested by excess
leaflet tissue and is known as Barlow’s syndrome,
the most extreme form of myxomatous degeneration. On the other hand, in older patients, the
prolapsing mitral valve tends not to have excess
leaflet tissue, an entity known as fibroelastic
deficiency. Both conditions can lead to leaflet
prolapse and chordal elongation or rupture, repre
senting the spectrum of degenerative mitral-valve
disease.14 These anatomic abnormalities result
in the mitral orifice not closing completely during systole, causing regurgitation. Annular dilatation may also develop over time, leading to
further progression of mitral regurgitation.
Patients with mild-to-moderate mitral regurgitation from mitral-valve prolapse may remain
asymptomatic and without clinical deterioration
for many years. However, increasing severity of
mitral regurgitation, even among asymptomatic
patients, imposes a volume load on the left ventricle, which, if sustained over time, results in
ventricular dilatation, hypertrophy, neurohumoral
activation, and heart failure. In addition, elevation
in the mean left atrial pressure leads to left
atrial enlargement, atrial fibrillation, pulmonary
congestion, and pulmonary hypertension.
The goal of surgical correction for mitral-valve
prolapse is to restore a competent mitral valve.
There are two options for surgical correction of
severe mitral regurgitation due to mitral-valve
prolapse: valve replacement or valve repair.
Mitral-valve replacement can be performed
with the use of either a mechanical or a biologic
prosthesis. However, there are several drawbacks
to mitral-valve replacement. These include the
need for lifelong anticoagulation therapy and the
risk of thromboembolism with the use of mechanical valves; the risk of prosthetic-valve deterioration and failure with the use of bioprosthetic
valves; and the risk of prosthetic-valve endocarditis. In addition, if the chordae tendineae are
severed during surgery, the ventricular wall is no
longer anchored to the valve apparatus, and the
tethering effect of the chordae is lost. As a result, left ventricular wall stress increases and left
ventricular function deteriorates.15-19 The goals
of mitral-valve repair are to obtain a proper line
of coaptation on both leaflets, to correct annular
n engl j med 361;23

dilatation, and to preserve (or repair, if necessary) the subvalvular apparatus.

Cl inic a l E v idence
We are unaware of any randomized trials that
have compared medical management to surgery
for severe mitral regurgitation due to mitral-valve
prolapse. However, evidence from observational
series strongly suggests that surgical intervention is beneficial.12,20-22 One study evaluated the
effect of early surgery on long-term outcomes in
221 patients who had mitral regurgitation with
flail leaflets.20 The 63 patients undergoing surgery within 1 month after diagnosis had a significantly better 10-year survival rate than those
whose mitral regurgitation was managed conservatively (79% vs. 65%; adjusted risk ratio, 0.30;
95% confidence interval [CI], 0.12 to 0.71;
P = 0.008). In another report, 394 patients with
mitral regurgitation and flail leaflets were studied.21 During a median follow-up period of 3.9
years, the linearized mortality rate associated with
nonsurgical management was 2.6% per year.
Mitral-valve surgery was performed in 315 patients (repair in 250, replacement in 65). Surgical
intervention was independently associated with a
reduced risk of death (adjusted hazard ratio for
death, 0.42; 95% CI, 0.21 to 0.84; P = 0.01).
To our knowledge, there are also no randomized trials comparing mitral-valve repair with
replacement. Again, however, data from observational studies suggest a benefit of mitral re
pair.23-26 A meta-analysis of 29 studies compared
mitral-valve repair with replacement for various
conditions, including myxomatous degeneration.23 Mitral-valve replacement was associated
with lower survival than was repair (hazard ratio
for death, 1.58; 95% CI, 1.41 to 1.78).
In a study from Finland, mitral-valve repair
was compared with replacement in 184 consecutive patients who were followed for a mean of 7.3
years.24 There was a significant survival benefit
for the patients who underwent mitral-valve
repair as compared with those who underwent
replacement (5-year survival, 81.2% vs. 73.5%),
which persisted after adjustment for baseline
propensity score (P = 0.02). In contrast, in a report
from the Cleveland Clinic, 3286 patients who
underwent an isolated primary operation for
degenerative mitral-valve disease (mitral repair,
93%; mitral replacement, 7%) between 1985 and
2005 were studied.25 Propensity scoring was
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used to select 195 matched pairs for analysis.
Among the propensity-matched patients, there
was no significant difference in survival at 5, 10,
or 15 years.

Cl inic a l Use
Patients with mitral-valve prolapse should have a
careful assessment of symptoms and should undergo electrocardiography (primarily to evaluate
cardiac rhythm) and transthoracic echocardiography to assess the mechanism and severity of
mitral regurgitation, as well as left ventricular
size and function. A semiquantitative scale is
often used to grade mitral regurgitation: 1+ (trace),
2+ (mild), 3+ (moderate), and 4+ (severe). However, quantitative Doppler assessments are recommended to define severe mitral regurgitation
more precisely; these variables include a regurgitant volume of at least 60 ml, a regurgitant fraction of at least 50%, and an effective regurgitant
orifice of at least 40 mm2.27
Patients who have severe mitral regurgitation
with symptoms or with left ventricular dysfunction (ejection fraction, <60%), dilatation (left
ventricular end-systolic dimension, >40 mm), or
both should be offered surgery.28,29 Likewise,
asymptomatic patients without left ventricular
dysfunction or dilatation but with atrial fibrillation or pulmonary hypertension should be considered for surgery. Asymptomatic persons with
mild-to-moderate mitral regurgitation and no
evidence of left ventricular dysfunction or dilatation should be observed until the development of
either symptoms or severe mitral regurgitation.
Before the advent of mitral-valve repair, valve
replacement was the preferred procedure for severe mitral regurgitation. Valve replacement may
still be preferred in certain situations, such as in
patients with advanced age, infective endocarditis, a requirement for a combined or complex
surgical procedure, or extensive calcifications of
the leaflets or annulus. In such cases, chordalsparing valve replacement for mitral regurgitation
may be a suitable alternative to repair.
Individual and institutional experience is crucial in determining the likelihood of success of
a repair procedure. High-volume centers have the
lowest mortality rates and the highest proportion of patients undergoing mitral-valve repair
rather than replacement.30 In counseling the patient, the surgeon should precisely evaluate the
likelihood of successful repair in light of his or
2264
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her own experience and may recommend a second opinion. If there is a possibility that intraoperative conversion to mitral replacement may
be necessary, the decision between a mechanical
valve and a bioprosthesis should be discussed
with the patient before the operation.
Mitral-valve surgery is not recommended in
patients with clinically significant coexisting
conditions, such as advanced respiratory, hepatic,
or renal dysfunction, or those with marked extra
cardiac arteriopathy or recent cerebrovascular
events. Depressed left ventricular function is an
independent predictor of poor outcomes but is
not a contraindication to mitral-valve repair.31 In
patients with coexisting coronary artery disease,
mitral-valve repair combined with coronary-
artery bypass surgery should be the procedure of
choice.32 Two validated scoring systems for determining risk during cardiac surgery are commonly used to determine perioperative risk.33,34
We routinely perform intraoperative trans
esophageal echocardiography during all mitralvalve repair procedures.28,29 Transesophageal
echocardiography provides precise anatomic and
functional information that is helpful in planning the operation, including the extent of leaflet deformity, the mechanism and severity of
mitral regurgitation, the condition of the subvalvular apparatus, the diameter of the mitral annulus, left atrial dimensions, and ventricular
function.35
Successful mitral-valve repair encompasses
four general principles.36 First, repair must restore an adequate surface of coaptation of both
leaflets in systole.14,37 Second, full leaflet motion
should be restored or preserved. Third, to prevent progressive dilatation, an annuloplasty ring
or band should be used to reinforce the repair by
stabilizing the annulus. Mitral-valve repair without annuloplasty reinforcement is not recommended. Last, the surgeon should ensure that no
more than trace-to-mild mitral regurgitation is
present at the completion of the repair.
In patients with isolated prolapse of the posterior middle scallop (P2), which is encountered
in the majority of patients with degenerative mitral regurgitation, repair usually involves limited
resection of this scallop, including the removal
of the minimum number possible of adjacent
chordae and supporting apparatus. The remaining segments of the posterior leaflet, namely P1
and P3, are then brought together (Fig. 2). If
excessive posterior-leaflet tissue is present, the
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Figure 2. Mitral-Valve Prolapse.
The most common leaflet abnormality seen in mitral-valve prolapse is isolated prolapse of the posterior middle
scallop (P2) (Panel A1). In patients with isolated prolapse of P2, repair usually involves limited resection of this
scallop CbyO means
of a quadrangular or triangular incision (Panel A2). The remaining parts of the posterior leaflet,
LOR FIGURE
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height of the posterior leaflet is reduced by incisions in P1 and P3, followed by reapproximation
of the free edges (“sliding plasty”) (Fig. 2). Finally,
the annulus, which is distorted or dilated or
both, is stabilized with an annuloplasty ring or
band (Fig. 2). Limited resection, artificial chordal
replacement (with Gore-Tex expanded polytetrafluoroethylene sutures), or both may be appropriate, followed by annuloplasty reinforcement,
in cases of mitral-valve prolapse without redundant leaflet tissue.
Repairs of the anterior leaflet, either in isolation or with concomitant posterior leaflet repair,
are more complex procedures that are best handled by surgeons who are experienced in mitral
repair. Various techniques may be used, including
limited triangular resection of the anterior leaflet, chordal transposition, chordal shortening,
artificial (Gore-Tex) chordal replacement, and
edge-to-edge repair10,21,28,38-41 (Fig. 3).
The repair is assessed initially by visual inspection and by injecting saline through the mitral
valve to look for regurgitation (the “saline test”),
and then by intraoperative transesophageal echo
cardiography after the patient is weaned from
cardiopulmonary bypass. Patients should not
leave the operating theater with more than 1+
mitral regurgitation on transesophageal echo
cardiography.36,42 Since anesthesia may result in
substantial changes in preload and afterload, it
is important to perform the intraoperative trans
esophageal echocardiography under conditions
that approximate postoperative conditions in a
patient who is awake. This can be achieved by
adjusting inotropes and vasopressors to raise the
afterload and blood pressure.
After mitral-valve repair, the left ventricle
must be able to eject the entire stroke volume
into the aorta. This constitutes a substantial increase in afterload as compared with ejection
into the left atrium. Therefore, afterload reduction is important to maintain optimal cardiac
output. In addition, because myocardial dysfunction may be present (even in patients with an
apparently normal preoperative ejection frac
tion),43 inotropic support may be necessary to
improve contractility. Patients with a low preoperative ejection fraction and heart failure may
require more intensive treatment to allow the left
ventricle to recover, including temporary pacing,
intraaortic balloon counterpulsation, or in rare
cases, support with a ventricular assist device.
2266
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In the absence of preoperative atrial fibrillation, and if normal sinus rhythm is maintained
throughout hospital admission, aspirin alone may
be sufficient for patients who had mitral-valve
repair with ring annuloplasty. Otherwise, patients
typically undergo anticoagulation with warfarin
for 3 months, with a target international normalized ratio of 2.0 to 2.5. Antibiotic prophylaxis for
dental procedures is recommended in all patients
receiving an annuloplasty ring or other prosthetic
material.44
There are currently no standard recommendations regarding postoperative echocardiographic
follow-up after mitral-valve repair. It is customary
at our center to perform transthoracic echocardiography once before discharge and again at 6 to
8 weeks after discharge. Usually patients are then
transferred to the care of their cardiologist and
family physician, and we recommend that echo
cardiography be performed annually thereafter.
We estimate that the overall costs for mitralvalve repair, including hospital admission, professional fees, operating time, and prosthetic material (annuloplasty ring or band), are currently
approximately $40,000 at our institution. Data
from the Nationwide Inpatient Sample indicate
that the mean estimated institutional cost for
mitral repair in the United States increased from
$28,405 in 2001 to $38,642 in 2005.45

A dv er se Effec t s
Mitral-valve repair is associated with an operative
mortality of 3% or less.22,38,46-50 This figure is
nearer 1% in high-volume centers.30 The most
common cause of death is heart failure. Predictors of death include advanced age, poorer New
York Heart Association class, atrial fibrillation,
lower preoperative ejection fraction, greater preoperative left ventricular end-systolic dimension,
and coexisting conditions including diabetes, renal
disease, chronic lung disease, and obesity.22,38,51,52
In an analysis from the Society of Thoracic
Surgeons National Adult Cardiac Surgery Data
base,52 major postoperative complications before
discharge included prolonged (>24 hours) ventilatory support (7.3% of patients), renal failure
(2.6%), and stroke (1.4%). Reoperation during
initial hospitalization was required in 6.3% of
patients. Thromboembolism after mitral-valve
repair occurs in approximately 5% of patients
within the first 5 years after surgery.38,39
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Figure 3. Special Repair Techniques.
Ruptured chordae tendineae can be replaced with an
artificial substitute (Gore-Tex expanded polytetrafluoroethylene sutures) (Panel A). Ruptured or surgically severed
primary chordae can be replaced with secondary chordae,
a process called chordal transfer (Panel B). Edge-to-edge
repair (Panel C) is performed by sewing the anterior
and posterior leaflets together at the central points of
their middle scallops, which corrects the prolapse while
leaving two functional valve orifices on each side.

Intraoperative conversion to mitral-valve replacement occurs in 2 to 10% of cases. Systolic
anterior motion of the mitral valve may occur
postoperatively if leaflet coaptation is not optimal, and mitral stenosis can occur if the annuloplasty ring is too small. Other rare adverse
effects of mitral-valve repair include damage to
important structures around the mitral apparatus, such as the circumflex coronary artery, the
aortic valve, and the bundle of His.
The most important late complication of mitral-valve repair is recurrent mitral regurgitation,
which may occur in as many as 30% of patients.36 Reoperation to treat recurrent mitral regurgitation after primary repair is required in ap
proximately 0.5 to 1.5% of patients per year.49,51
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A r e a s of Uncer ta in t y
We are unaware of any randomized trials that
have compared mitral-valve repair with mitralvalve replacement for mitral-valve prolapse, and it
is unlikely that such a trial will be conducted.
Therefore, the current recommendation for mitralvalve repair in the treatment of severe degenerative mitral regurgitation is based on observational data.
It is unclear whether asymptomatic patients
who have severe mitral regurgitation without left
ventricular dysfunction or dilatation, atrial fibrillation, or pulmonary hypertension should undergo early surgery. Some investigators have found
evidence of reduced morbidity and mortality with
surgery and recommend early intervention,22,50
whereas others have found that watchful waiting
does not seem to result in worse outcomes.46
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ciety of Cardiology (ESC) recommends watchful
waiting.53
There is growing experience with minimally
invasive mitral-valve repair performed through a
right minithoracotomy. In a single-center series
involving 1339 patients, the 30-day mortality rate
was 2.4%, the 5-year survival rate was estimated
to be 82.6%, and the reoperation rate was 3.7%.54
These results are similar to those obtained with
traditional mitral-valve repair. This approach requires further evaluation with respect to widespread generalizability and cost-effectiveness; it
is currently performed at only a few specialized
centers.

Guidel ine s
The ACC and the AHA established guidelines for
the management of valvular disease in 2006, with
an update in 2008.28,29 These guidelines gave a
class I recommendation to mitral-valve surgery
for chronic severe mitral regurgitation in the
presence of symptoms, a left ventricular ejection
fraction of less than 60%, or an end-systolic dimension of more than 40 mm. Mitral-valve repair
was recommended over replacement for most patients (class I recommendation). The guidelines
advise that such persons be referred to surgical
centers at which the surgeons are experienced in
mitral-valve repair. The ESC guidelines of 2007
made similar recommendations.53 As noted above,
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R ec om mendat ions
The patient in the vignette is asymptomatic but
has signs of ventricular dysfunction and elevated
left ventricular dimensions. He should therefore
be offered mitral-valve surgery and should be referred to a center with demonstrated expertise in
mitral-valve repair. His operative risk should be
formally assessed with the use of one of the validated risk-scoring algorithms. Intraoperative trans
esophageal echocardiography should be performed to provide a detailed anatomical and
functional assessment at the time of surgery that
would permit a final decision to be made about
the specifics of the operative procedure. Unless
severe deformity of the valve leaflets or subvalvular apparatus is present, we would recommend
mitral-valve repair rather than replacement. Since
mitral-valve prolapse is often genetically transmitted, it may be worth considering echocardiographic screening of first-degree relatives.
Dr. Mesana reports receiving honoraria from Medtronic. No other potential conflict of interest relevant to this article was reported.
We thank Dr. Gilbert Tang for assistance in preparation of the
manuscript.

lapse to chromosome 16p11.2-p12.1. Am J
Hum Genet 1999;65:1242-51.
8. Freed LA, Acierno JS Jr, Dai D, et al.
A locus for autosomal dominant mitral
valve prolapse on chromosome 11p15.4.
Am J Hum Genet 2003;72:1551-9.
9. Nesta F, Leyne M, Yosefy C, et al. New
locus for autosomal dominant mitral
valve prolapse on chromosome 13: clinical insights from genetic studies. Circulation 2005;112:2022-30.
10. Barlow JB, Pocock WA. Mitral valve
prolapse, the specific billowing mitral
leaflet syndrome, or an insignificant nonejection systolic click. Am Heart J 1979;
97:277-85.
11. Abrams J. Mitral valve prolapse: a plea
for unanimity. Am Heart J 1976;92:413-5.
12. Ling LH, Enriquez-Sarano M, Seward
JB, et al. Clinical outcome of mitral regurgitation due to flail leaflet. N Engl J Med
1996;335:1417-23.
13. Rosen SE, Borer JS, Hochreiter C, et al.
Natural history of the asymptomatic/
minimally symptomatic patient with severe mitral regurgitation secondary to

n engl j med 361;23

nejm.org

mitral valve prolapse and normal right
and left ventricular performance. Am J
Cardiol 1994;74:374-80.
14. Filsoufi F, Salzberg SP, Aklog L, Adams DH. Acquired disease of the mitral
valve. In: Selke F, Swanson S, del Nido P,
eds. Sabiston and Spencer surgery of the
chest. 7th ed. Philadelphia: Elsevier Saunders, 2005:1299-333.
15. Pitarys CJ II, Forman MB, Panayiotou
H, Hansen DE. Long-term effects of excision of the mitral apparatus on global and
regional ventricular function in humans.
J Am Coll Cardiol 1990;15:557-63.
16. Goldman ME, Mora F, Guarino T,
Fuster V, Mindich BP. Mitral valvuloplasty
is superior to valve replacement for preservation of left ventricular function: an
intraoperative two-dimensional echocardiographic study. J Am Coll Cardiol 1987;
10:568-75.
17. Yacoub M, Halim M, Radley-Smith R,
McKay R, Nijveld A, Towers M. Surgical
treatment of mitral regurgitation caused
by floppy valves: repair versus replacement.
Circulation 1981;64:II-210–II-216.

december 3, 2009

Downloaded from www.nejm.org by JOHN VOGEL MD on December 2, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

clinical ther apeutics
18. David TE, Uden DE, Strauss HD. The

importance of the mitral apparatus in left
ventricular function after correction of
mitral regurgitation. Circulation 1983;68:
II-76–II-82.
19. Okita Y, Miki S, Ueda Y, Tahata T,
Sakai T, Matsuyama K. Comparative evaluation of left ventricular performance after
mitral valve repair or valve replacement
with or without chordal preservation.
J Heart Valve Dis 1993;2:159-66.
20. Ling LH, Enriquez-Sarano M, Seward
JB, et al. Early surgery in patients with
mitral regurgitation due to flail leaflets:
a long-term outcome study. Circulation
1997;96:1819-25.
21. Grigioni F, Tribouilloy C, Avierinos JF,
et al. Outcomes in mitral regurgitation
due to flail leaflets: a multicenter European study. JACC Cardiovasc Imaging
2008;1:133-41.
22. Enriquez-Sarano M, Avierinos JF,
Messika-Zeitoun D, et al. Quantitative determinants of the outcome of asymptomatic mitral regurgitation. N Engl J Med
2005;352:875-83.
23. Shuhaiber J, Anderson RJ. Meta-analysis of clinical outcomes following surgical mitral valve repair or replacement. Eur
J Cardiothorac Surg 2007;31:267-75.
24. Jokinen JJ, Hippeläinen MJ, Pitkänen
OA, Hartikainen JE. Mitral valve replacement versus repair: propensity-adjusted
survival and quality-of-life analysis. Ann
Thorac Surg 2007;84:451-8.
25. Gillinov AM, Blackstone EH, Nowicki
ER, et al. Valve repair versus valve replacement for degenerative mitral valve disease. J Thorac Cardiovasc Surg 2008;135:
885-93.
26. Zhao L, Kolm P, Borger MA, et al.
Comparison of recovery after mitral valve
repair and replacement. J Thorac Cardiovasc Surg 2007;133:1257-63.
27. Zoghbi WA, Enriquez-Sarano M, Foster
E, et al. Recommendations for evaluation
of the severity of native valvular regurgitation with two-dimensional and Doppler
echocardiography. J Am Soc Echocardiogr
2003;16:777-802.
28. American College of Cardiology, American Heart Association Task Force on Practice Guidelines. ACC/AHA 2006 guidelines for the management of patients with
valvular heart disease: a report of the
American College of Cardiology/American Heart Association Task Force on Practice Guidelines (Writing Committee to
revise the 1998 guidelines for the management of patients with valvular heart
disease) developed in collaboration with
the Society of Cardiovascular Anesthesiologists endorsed by the Society for Cardiovascular Angiography and Interventions
and the Society of Thoracic Surgeons.
J Am Coll Cardiol 2006;48(3):e1-e148.
29. Bonow RO, Carabello BA, Chatterjee
K, et al. 2008 Focused update incorporated into the ACC/AHA 2006 guidelines for
the management of patients with valvular

heart disease: a report of the American
College of Cardiology/American Heart
Association Task Force on Practice Guidelines (Writing Committee to revise the
1998 guidelines for the management of
patients with valvular heart disease): endorsed by the Society of Cardiovascular
Anesthesiologists, Soceity for Cardiovascular Angiography and Interventions, and
Society of Thoracic Surgeons. J Am Coll
Cardiol 2008;52(13):e1-e142.
30. Gammie JS, O’Brien SM, Griffith BP,
Ferguson TB, Peterson ED. Influence of
hospital procedural volume on care process and mortality for patients undergoing elective surgery for mitral regurgitation. Circulation 2007;115:881-7.
31. Talwalkar NG, Earle NR, Earle EA,
Lawrie GM. Mitral valve repair in patients
with low left ventricular ejection fractions:
early and late results. Chest 2004;126:70915.
32. Gillinov AM, Faber C, Houghtaling
PL, et al. Repair versus replacement for
degenerative mitral valve disease with coexisting ischemic heart disease. J Thorac
Cardiovasc Surg 2003;125:1350-62.
33. Society of Thoracic Surgeons (STS) online risk calculator. (Accessed November
6, 2009, at http://209.220.160.181/
STSWebRiskCalc261/.)
34. European System for Cardiac Operative Risk Evaluation (EUROSCORE). (Accessed November 6, 2009, at http://www.
euroscore.org/calc.html.)
35. Shernan SK. Perioperative transesophageal echocardiographic evaluation of the
native mitral valve. Crit Care Med 2007;
35:Suppl:S372-S383.
36. Filsoufi F, Carpentier A. Principles of
reconstructive surgery in degenerative mitral valve disease. Semin Thorac Cardiovasc Surg 2007;19:103-10.
37. Adams DH, Filsoufi F. Another chapter in an enlarging book: repair degenerative mitral valves. J Thorac Cardiovasc
Surg 2003;125:1197-9.
38. Gillinov AM, Cosgrove DM III, Blackstone EH, et al. Durability of mitral valve
repair for degenerative disease. J Thorac
Cardiovasc Surg 1998;116:734-43.
39. Duran CG, Pomar JL, Revuelta JM, et
al. Conservative operation for mitral insufficiency: critical analysis supported by
postoperative hemodynamic studies of 72
patients. J Thorac Cardiovasc Surg 1980;
79:326-37.
40. Mesana TG, Ibrahim M, Kulik A, et al.
The “hybrid flip-over” technique for anterior leaflet prolapse repair. Ann Thorac
Surg 2007;83:322-3.
41. Mesana T, Ibrahim M, Hynes M.
A technique for annular placation to facilitate sliding plasty after extensive mitral
valve posterior leaflet resection. Ann Thorac Surg 2005;79:720-2.
42. David TE. Outcomes of mitral valve
repair for mitral regurgitation due to degenerative disease. Semin Thorac Cardiovasc Surg 2007;19:116-20.

n engl j med 361;23

nejm.org

43. Starling MR, Kirsh MM, Montgomery

DG, Gross MD. Impaired left ventricular
contractile function in patients with longterm mitral regurgitation and normal ejection fraction. J Am Coll Cardiol 1993;22:
239-50.
44. Wilson W, Taubert KA, Gewitz M, et
al. Prevention of infective endocarditis:
guidelines from the American Heart Association: a guideline from the American
Heart Association Rheumatic Fever, Endocarditis, and Kawasaki Disease Committee, Council on Cardiovascular Disease in
the Young, and the Council on Clinical
Cardiology; Council on Cardiovascular
Surgery and Anesthesia, and the Quality
of Care and Outcomes Research Interdisciplinary Working Group. Circulation
2007;116:1736-54.
45. Barnett SD, Ad N. Surgery for aortic
and mitral valve disease in the United
States: a trend of change in surgical practice between 1998 and 2005. J Thorac Cardiovasc Surg 2009;137:1422-9.
46. Rosenhek R, Rader F, Klaar U, et al.
Outcome of watchful waiting in asymptomatic severe mitral regurgitation. Circulation 2006;113:2238-44.
47. Mohty D, Orszulak TA, Schaff HV,
Avierinos JF, Tajik JA, Enriquez-Sarano M.
Very long-term survival and durability of
mitral valve repair for mitral valve prolapse. Circulation 2001;104:Suppl 1:I-1–I-7.
48. Akins CW, Hilgenberg AD, Buckley
MJ, et al. Mitral valve reconstruction versus replacement for degenerative or is
chemic mitral regurgitation. Ann Thorac
Surg 1994;58:668-75.
49. Lee EM, Shapiro LM, Wells FC. Superiority of mitral valve repair in surgery
for degenerative mitral regurgitation. Eur
Heart J 1997;18:655-63.
50. Kang D-H, Kim JH, Rim JH, et al.
Comparison of early surgery versus conventional treatment in asymptomatic severe mitral regurgitation. Circulation
2009;119:797-804.
51. Suri RM, Schaff HV, Dearani JA, et al.
Survival advantage and improved durability of mitral repair for leaflet prolapse
subsets in the current era. Ann Thorac
Surg 2006;82:819-26.
52. O’Brien SM, Shahian DM, Filardo G,
et al. The Society of Thoracic Surgeons
2008 cardiac surgery risk models: part 2
— isolated valve surgery. Ann Thorac
Surg 2009;88:Suppl:S23-S42.
53. Vahanian A, Baumgartner H, Bax J, et
al. Guidelines on the management of valvular heart disease: The Task Force on the
Management of Valvular Heart Disease of
the European Society of Cardiology. Eur
Heart J 2007;28:230-68.
54. Seeburger J, Borger MA, Falk V, et al.
Minimal invasive mitral valve repair for
mitral regurgitation: results of 1339 consecutive patients. Eur J Cardiothorac Surg
2008;34:760-5.
Copyright © 2009 Massachusetts Medical Society.

december 3, 2009

Downloaded from www.nejm.org by JOHN VOGEL MD on December 2, 2009 .
Copyright © 2009 Massachusetts Medical Society. All rights reserved.

2269

