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A 44-year-old man presents with dyspnea and new atrial fibrillation. He received a 
diagnosis of mitral regurgitation at 28 years of age, after physical examination re-
vealed a midsystolic click and late-systolic murmur; echocardiography performed at 
that time showed mitral-valve prolapse with mild late-systolic mitral regurgitation 
and normal left ventricular size and function. He has not seen a physician in many 
years. Physical examination reveals a holosystolic murmur and a soft S3 sound. Re-
peat echocardiography shows a flail posterior leaflet and moderately severe mitral 
regurgitation. How should this case be managed?

The Clinic a l Problem

Degenerative disease is the most common form of organic mitral-valve disease in 
the United States (with an estimated incidence of 2 to 3%)1,2 and in other developed 
countries. Mitral-valve prolapse, defined on echocardiography as systolic atrial dis-
placement of the mitral valve such that it extends above the annulus by a minimum 
of 2 mm, is the most common functional abnormality associated with degenerative 
mitral-valve disease, resulting from both leaflet redundancy and chordal elongation.1 
This definition, used to diagnose mitral-valve prolapse, is more stringent than that 
used previously, and as a result, fewer patients receive the diagnosis.

Two forms of mitral-valve disease have been described.1 In the more common, 
classic form, there are thickened and redundant myxomatous mitral leaflets re-
sulting from abnormal connective tissue. Changes in the extracellular matrix ap-
pear to be mediated by interstitial cells overexpressing catabolic enzymes.3,4 In the 
nonclassic form, the prolapsing mitral leaflets are normal in thickness.

The pathological characteristics of degenerative mitral-valve disease are variable. 
Patients with Barlow’s syndrome have diffuse, generalized thickening and billow-
ing of the leaflets, whereas in those with fibroelastic dysplasia, the disease is local-
ized to isolated regions of the valve. The chordae tendineae are frequently elongated 
and prone to rupture. In cases of prolapse alone, the leaflets remain supported by 
the chordae, the degree of mitral regurgitation is usually mild to moderate and 
confined to late systole when the ventricular dimension is smallest, and the degree 
of prolapse is maximal (Fig. 1).

Pathophysiology

Volume overload due to mitral regurgitation leads to left atrial and left ventricular 
dilatation. When the severity of mitral regurgitation increases acutely, the pressure 
in the small, “normal” left atrium abruptly rises, causing an increase in pulmonary 
venous pressures, with pulmonary edema. In contrast, when mitral regurgitation 
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worsens gradually, the left atrium dilates (accom-
modating the larger volume with little increase 
in left atrial pressure), predisposing affected pa-
tients to atrial fibrillation.5 To maintain a normal 
forward-stroke volume in the presence of regur-
gitant flow, the left ventricular volume increases, 
and the left ventricular ejection fraction (LVEF) is 
usually normal to high. However, progressive left 
ventricular remodeling may result in reduced left 
ventricular function.

Natural History and Complications

Rupture of the elongated chordae, resulting in un-
supported leaflets and a flail leaflet tip (Fig. 2), 
is the most common cause of severe regurgita-
tion, occurring in up to 12% of patients over an 
average follow-up period of 1.5 years.6 This com-
plication is most common in men and older pa-
tients.7,8

The risks of heart failure, atrial fibrillation, 
and death from cardiovascular causes increase 
with the severity of mitral regurgitation. The 

rate of death from cardiovascular causes among 
asymptomatic patients with at least moderate mi-
tral regurgitation or an LVEF of less than 50% 
exceeds 3% per year.9 In a European multicenter 
study involving patients with f lail leaflets (of 
whom 36% had New York Heart Association 
[NYHA] class III or IV symptoms), the combined 
incidence of atrial fibrillation, heart failure, and 
death from cardiovascular causes among patients 
whose condition was managed medically was 51% 
at 5 years.10

In another longitudinal study of patients with 
degenerative mitral-valve disease, the incidence of 
atrial fibrillation among those with severe mitral 
regurgitation was 5% per year, with a higher 
incidence among older patients (≥65 years) and 
patients with an increased left atrial dimension 
(≥50 mm).5 Patients in whom atrial fibrillation 
develops are at increased risk for adverse cardio-
vascular outcomes, including cerebral ischemia.

Although mitral-valve prolapse is the most 
common underlying condition in patients in de-
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Figure 1. Echocardiographic Evidence of Mitral-Valve Prolapse.

Panel A, in the parasternal long-axis view, shows the superior displacement of the leaflets above the mitral annulus 
(arrow). Panel B, a Doppler color-flow echocardiogram, shows late-systolic mitral regurgitation (MR, arrow). Panel C 
shows the M mode of the mitral valve, with late-systolic displacement of the leaflets (arrow). Panel D shows the 
M mode with color flow superimposed, indicating the presence of mitral regurgitation in late systole only. LA de-
notes left atrium.
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veloped countries who have native-valve endo-
carditis,11 endocarditis is relatively uncommon in 
patients with mitral-valve prolapse (lifetime inci-
dence, approximately 100 cases per 100,000 pa-
tient-years of follow-up).7,12-14 However, the rate is 
higher among those with flail leaflets (approxi-
mately 1.5% per year).12 Although patients with 
flail leaflets are also at increased risk for sudden 
death (incidence, 1.8% per year),15 this complica-
tion is rare in the absence of symptoms, atrial fi-
brillation, or left ventricular dysfunction.10,16-18

S tr ategies a nd E v idence

Evaluation

Early descriptions of mitral-valve prolapse includ-
ed a syndrome of atypical chest pain, palpitation, 
and dyspnea, but case–control studies have not 
confirmed this association.1,19 Symptoms occur 
in relation to severe mitral regurgitation, espe-
cially in the presence of left ventricular dysfunc-
tion. Patients with sudden worsening of the mi-
tral regurgitation owing to chordal rupture or with 

the onset of atrial fibrillation may have an abrupt 
onset of dyspnea and exercise intolerance. The 
development of left ventricular dysfunction is 
usually associated with the insidious onset of 
symptoms.

In the majority of cases, mitral-valve prolapse 
is suspected on the basis of typical auscultatory 
findings. A late-systolic murmur is more com-
mon than a midsystolic click.9 When there is 
chordal rupture with the development of a flail 
leaflet, the murmur becomes holosystolic. The ra-
diation of the murmur follows the direction of 
the regurgitant jet. With a flail posterior leaflet, 
the murmur radiates anteriorly and may mimic 
aortic stenosis, whereas a murmur associated with 
a flail anterior leaflet radiates to the back. Severe 
regurgitation may be associated with a displaced 
apical impulse, an S3, and an accentuated P2, be-
cause of pulmonary venous hypertension.

Echocardiography
Echocardiography is used to confirm the diag-
nosis of mitral regurgitation. It can distinguish 
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Figure 2. Echocardiographic Evidence of Rupture of the Elongated Chordae.

Panel A, in the parasternal long-axis view, shows severe displacement of the posterior leaflet (arrow). Panel B, 
a Doppler color-flow echocardiogram, shows severe mitral regurgitation. Panel C shows the M mode of the mitral 
valve with color flow superimposed, indicating holosystolic mitral regurgitation (arrow). Panel D, a transesophageal 
echocardiogram, shows a flail posterior mitral leaflet (ML, arrow). LA denotes left atrium, and LV left ventricle.
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among degenerative mitral-valve disease (charac-
terized by thickened, redundant leaflets with ex-
cessive motion and prolapse), rheumatic disease 
(thickened leaflets with restricted motion, calci-
fication, and chordal shortening), and congenital 
heart disease (a cleft anterior leaflet) and can 
rule out secondary mitral regurgitation due to 
ischemic or nonischemic left ventricular dysfunc-
tion. Echocardiography may also reveal tricuspid 
regurgitation, owing either to associated degen-
erative tricuspid valve disease or to secondary pul-
monary hypertension and right ventricular en-
largement.

Echocardiography guides the timing of surgi-
cal intervention. The severity of the regurgitation 
and the left ventricular size and function, left 
atrial size, and pulmonary-artery systolic pressure 
should be quantified (Fig. 1 and 2).20 Echocar-
diographic findings that are predictive of cardio-
vascular complications or death from cardiovas-
cular causes among patients with degenerative 
mitral-valve disease include a flail mitral leaflet,21

severe regurgitation (i.e., regurgitation with an 
effective regurgitant orifice area >0.4 cm2),22 an 
LVEF of less than 60%,23 a left ventricular end-
systolic dimension of 40 mm or greater,23 and a 
left atrial dimension of 50 mm or greater.5

Transesophageal echocardiography and three-
dimensional echocardiography may provide supe-
rior anatomical delineation of pathological fea-
tures to guide surgery (Fig. 2D and 3).24 Stress 
echocardiography can be used to estimate the left 
ventricular functional reserve and may reveal an 
exaggerated rise in pulmonary-artery pressure (i.e., 
to >60 mm Hg with exercise), which may indicate 
the need for surgery (Table 1 and Fig. 4).25-27

Other Imaging Methods
Cardiac magnetic resonance imaging can be used 
to assess mitral-valve disease, but the diagnosis 
of mitral-valve prolapse may be limited by the low 

temporal resolution of this method. Although car-
diac catheterization is rarely indicated for pur-
poses of diagnosis, coronary angiography is ap-
propriate in patients referred for surgery who have 
known or suspected coronary disease or risk fac-
tors for coronary disease.27

Figure 3. Steps for Surgery for Mitral-Valve Prolapse.

Panel A shows the surgeon’s view, from the atrium, of 
a valve with a flail P2 scallop. The excess leaflet tissue, 
along with ruptured and elongated chordae tendineae 
that undermine the support of the leaflet, causes it to 
bulge into the left atrium during systole. The dashed 
lines represent the planned incision. Panel B shows the 
view after resection of the diseased portion of the leaf-
let. Panel C shows the reapposition of the leaflet edg-
es, near completion. Panel D shows the completely re-
paired valve, with the annuloplasty ring in place.
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Treatment

There is no proven medical therapy for the treat-
ment of chronic mitral regurgitation associated 
with degenerative valve disease. Vasodilator ther-
apy is indicated for hypertension or for stabiliza-
tion before surgical intervention in symptomatic 
patients with acute or chronic mitral regurgita-
tion.27 The definitive treatment of hemodynami-
cally significant mitral regurgitation due to de-
generative mitral-valve disease is the surgical 
correction of mitral regurgitation.27

Surgery
Since no randomized trial has compared strate-
gies of early versus delayed surgical intervention, 
recommendations regarding the timing of sur-
gery (Table 1 and Fig. 4) are based on data from 
longitudinal observational studies that have iden-
tified clinical indicators of adverse outcomes.

In hemodynamically compensated patients with 

severe mitral regurgitation, the LVEF exceeds 65%. 
The risks of cardiovascular disease and death from 
cardiovascular causes are increased even among 
patients with mild left ventricular dysfunction (i.e., 
LVEF <60%). For example, in one retrospective 
study, the 10-year mortality rate among patients 
who underwent surgery was 68% for patients with 
an LVEF of less than 50%, 47% for those with an 
LVEF between 50 and 59%, and 28% for those 
with an LVEF of 60% or more.23

Another indicator of left ventricular dysfunc-
tion is the left ventricular end-systolic dimension, 
measured on echocardiography. In an analysis of 
data from the Mitral Regurgitation International 
Database, the 10-year rate of death from cardio-
vascular causes was greater among patients with 
a left ventricular end-systolic dimension of 40 mm 
or higher than among those with a dimension of 
less than 40 mm (35% vs. 27%).28

Studies have suggested less favorable outcomes 

Table 1. American College of Cardiology–American Heart Association 2006 Guidelines for Mitral-Valve Operation.*

Class I

Mitral-valve surgery is recommended for symptomatic patients with acute severe mitral regurgitation. (Level of evidence: B)

Mitral-valve surgery is beneficial for patients with chronic severe mitral regurgitation and NYHA functional class II, III, or IV symptoms in 
the absence of severe LV dysfunction (i.e., LVEF <30% or end-systolic dimension >55 mm). (Level of evidence: B)

Mitral-valve surgery is beneficial for asymptomatic patients with chronic severe mitral regurgitation and mild-to-moderate LV dysfunction, 
an LVEF of 30 to 60%, or an end-systolic dimension ≥40 mm. (Level of evidence: B)

Mitral-valve repair is recommended over mitral-valve replacement in the majority of patients with chronic severe mitral regurgitation who  
require surgery, and patients should be referred to surgical centers experienced in mitral-valve repair. (Level of evidence: C)

Class IIa

Mitral-valve repair is reasonable, when performed in experienced surgical centers, for asymptomatic patients with chronic severe mitral 
regurgitation and preserved LV function (LVEF >60% and end-systolic dimension <40 mm), in whom the likelihood of successful repair 
without residual mitral regurgitation is >90%. (Level of evidence: B)

Mitral-valve surgery is reasonable for asymptomatic patients with chronic severe mitral regurgitation, preserved LV function, and new-onset 
atrial fibrillation. (Level of evidence: C)

Mitral-valve surgery is reasonable for asymptomatic patients with chronic severe mitral regurgitation, preserved LV function, and pulmonary 
hypertension (i.e., pulmonary-artery systolic pressure >50 mm Hg at rest or >60 mm Hg with exercise). (Level of evidence: C)

Mitral-valve surgery is reasonable for patients with chronic severe mitral regurgitation due to a primary abnormality of the mitral apparatus, 
NYHA functional class III or IV symptoms, and severe LV dysfunction (i.e., LVEF <30% or end-systolic dimension >55 mm), in whom 
mitral-valve repair is likely to be successful. (Level of evidence: C)

Class IIb

Mitral-valve repair may be considered for patients with chronic severe mitral regurgitation due to severe LV dysfunction (i.e., LVEF <30%) 
who have persistent NYHA functional class III or IV symptoms, despite optimal therapy for heart failure, including biventricular pacing. 
(Level of evidence: C)

Class III

Mitral-valve surgery is not indicated for asymptomatic patients with mitral regurgitation and preserved LV function (i.e., LVEF >60% and 
end-systolic dimension <40 mm) for whom there is considerable doubt about the feasibility of repair. (Level of evidence: C)

Isolated mitral-valve surgery is not indicated for patients with mild or moderate mitral regurgitation. (Level of evidence: C)

* The table is adapted from Bonow and colleagues.27 Levels of evidence are as follows: B, evidence based on data from a single randomized 
trial or nonrandomized studies; and C, evidence based on a consensus opinion of experts, case studies, or the standard of care only. LV de-
notes left ventricular, LVEF left ventricular ejection fraction, and NYHA New York Heart Association.
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when triggers for surgery other than symptom 
onset are not heeded. In a retrospective study of 
478 patients, those with NYHA class I or II symp-
toms were shown to have a lower rate of opera-
tive mortality than those with class III or IV symp-

toms (0.5% vs. 5.4%) and a higher 10-year rate of 
survival (76% vs. 48%).29 Since severe overt symp-
toms are associated with a worse prognosis than 
milder symptoms, it is important to detect the 
onset of more subtle symptoms (NYHA class II). 
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Figure 4. Approaches to the Management of Chronic Severe Mitral Regurgitation.

Class I and IIa guidelines are the American College of Cardiology–American Heart Association 2006 guidelines.  
Mitral valve (MV) repair is likely to be successful in patients who are asymptomatic and have normal left ventricular 
(LV) function, if the repair is performed by an experienced surgical team; in this case, the likelihood of successful 
MV repair exceeds 90%. AF denotes atrial fibrillation, EF ejection fraction, and ESD end-systolic dimension. Adapt-
ed from Bonow and colleagues.27
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The use of serial stress testing may provide ob-
jective evidence of an exercise-associated decline 
before the patient reports symptoms.

The onset of atrial fibrillation is characterized 
by progressive symptoms and heart failure, which 
are associated with a poor outcome if managed 
medically. In one observational study of patients 
who underwent prompt surgery at the onset of 
atrial fibrillation, the outcome was favorable and 
sinus rhythm was maintained in more than 60% 
of the patients at 10 years.5

Surgery is likely but not inevitable in patients 
with severe, degenerative mitral regurgitation. 
Among patients without clinical or echocardio-
graphic indications for surgery (Table 1 and 
Fig. 4) at baseline, the likelihood of an indica-
tion for surgical referral in two large series was 
approximately 6% per year.16,30 Patients referred 
for surgery after an accepted indication develops 
have outcomes similar to those among patients 
who undergo surgery before an indication de-
velops.10,30

Repair versus Replacement
Mitral-valve replacement with either a biologic or 
mechanical prosthesis was the standard treatment 
until effective techniques for valve repair were 
developed, reducing the risk of complications as-
sociated with prosthetic valves. In experienced 
surgical hands, the likelihood that repair (rather 
than replacement) can be performed is 80 to 
90%.31 Repair is associated with low rates of op-
erative mortality (1 to 3%). Data are lacking from 
randomized trials comparing replacement with 
repair. In a recent meta-analysis of 29 observa-
tional studies, the early (30-day) rates of opera-
tive mortality and longer-term mortality were 
significantly lower after repair than after replace-
ment; however, the analyses were not adjusted 
for age or coexisting conditions.32

The results of repair are highly dependent on 
the anatomy of the valve and the experience of the 
surgeon. The middle segment of the posterior leaf-
let (the P2 scallop) is the most commonly affected 
part of the valve in degenerative mitral-valve dis-
ease. The technique most frequently used to re-
pair this segment involves triangular or quad-
rangular resection, reapposition of the leaflet 
edges, and placement of an annuloplasty ring 
(Fig. 3, and Fig. 1 in the Supplementary Appen-
dix, available with the full text of this article at 
NEJM.org). Repair of the anterior leaflet is more 

difficult technically, because chordal transfer or 
placement of artificial chords is often required. 
Reoperation rates are higher after repair of an 
anterior leaflet than after repair of a posterior 
leaflet, and the rate of long-term survival is lower. 
The apparent survival benefits of mitral-valve re-
pair, versus replacement, are limited to patients 
with posterior-leaflet disease.32,33 The outcome 
after repair is best when intraoperative trans-
esophageal echocardiography shows no more than 
mild mitral regurgitation at the conclusion of 
surgery.

The decision to proceed with repair rather 
than replacement is also influenced by other clini-
cal considerations, including the reduced likeli-
hood of a need for long-term anticoagulation 
therapy after repair as compared with replace-
ment. However, anticoagulation therapy may be 
required after repair if atrial fibrillation persists 
or develops or if the patient has a thromboem-
bolic event. After mitral-valve repair, the 15-year 
incidence of thromboembolic complications ex-
ceeds 20%.34 In an observational study compar-
ing various surgeries, the 10-year rate of stroke 
was 10% with mitral-valve repair, 12% with 
bioprosthetic-valve replacement, and 23% with 
mechanical-valve replacement; the rate was 
higher than expected only for the mechanical-
valve replacement. The risk of thromboembolic 
events was lower among patients with mitral-
valve repair than among those with mechanical 
valves after the first 6 months after surgery.35 
Despite the presumed advantage of repair in re-
ducing the need for anticoagulation, in one surgi-
cal series of 488 patients, warfarin therapy was 
used in 21% of the patients over a mean follow-up 
period of 7 years.34

The risk of endocarditis is lower among pa-
tients who undergo repair (approximately 1.5% at 
15 years)34 than among those who undergo re-
placement (0.3% to 1.2% per year, with similar 
rates for mechanical and bioprosthetic valves).35 
The rate of recurrent mitral regurgitation that is 
more than moderate in severity is 2 to 4% per 
year in large series at high-volume surgical cen-
ters.34,36 The rate of reoperation, performed in 
most cases for recurrent mitral regurgitation, is 
0.5 to 1.5% per year,34,37,38 and reoperation is more 
likely in patients with anterior-leaflet repairs than 
in those with posterior-leaflet repairs. The over-
all rates of reoperation are similar with repair 
and with replacement of the mitral valve.32,39
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Conservative Management
Given the adverse outcomes associated with left 
ventricular dysfunction in patients with mitral re-
gurgitation, asymptomatic patients whose condi-
tion is managed conservatively should be followed 
closely for the development of surgical indica-
tions. Patients should be instructed to promptly 
report symptoms, including mild declines in ex-
ercise tolerance. Transthoracic echocardiography 
should be repeated with any change in clinical 
status or at recommended intervals (yearly for 
moderate mitral regurgitation and every 6 months 
to 1 year for severe mitral regurgitation).27 If an 
indication for surgery develops, referral to an ex-
perienced surgical center should not be delayed.

A r e a s of Uncerta in t y

Data from randomized trials assessing the opti-
mal timing of surgery for mitral regurgitation 
are lacking, and the echocardiographic variables 
used to make decisions about surgery in asymp-
tomatic patients with severe mitral regurgitation 
remain controversial. Studies suggest that moni-
toring of brain natriuretic peptide levels helps to 
identify patients in whom indications for surgery 
develop, but no data suggest that an elevation in 
brain natriuretic peptide levels alone is an indica-
tion for surgery.40,41 A trial comparing mitral-
valve replacement with percutaneous mitral-valve 
repair is under way (ClinicalTrials.gov number, 
NCT00209274).

Guidelines

The recommendations for surgery in patients with 
severe mitral regurgitation have been outlined in 
the American College of Cardiology–American 
Heart Association 2006 guidelines for the man-
agement of valvular heart disease (Table 1 and 
Fig. 4).27 In brief, surgery is recommended for 
the management of chronic severe mitral regur-
gitation in symptomatic patients and in asymp-

tomatic patients with evidence of left ventricular 
dysfunction, defined as an LVEF of 30 to 60% 
and a left ventricular end-systolic dimension of 
40 mm or greater. The guidelines note that pa-
tients with a severely reduced LVEF (<30%) may 
not benefit from surgery. Other reasonable indi-
cations for surgery in asymptomatic patients in-
clude elevation of pulmonary-artery pressure and 
new-onset atrial fibrillation. Referral for surgery 
in asymptomatic patients with normal left ven-
tricular function may be reasonable if successful 
repair is likely.

A recent update of the guidelines for the pre-
vention of infective endocarditis recommends pro-
phylaxis in patients with mitral-valve disease only 
after prosthetic-valve replacement or if there is a 
history of endocarditis.42 It is also considered 
reasonable to use endocarditis prophylaxis after 
mitral-valve repair involving a prosthetic annulo-
plasty ring.43

Conclusions a nd 
R ecommendations

The patient in the vignette has a long history of 
mitral-valve prolapse and now presents with dys-
pnea, atrial fibrillation, and an echocardiogram 
showing a flail posterior leaflet and moderate-to-
severe mitral regurgitation, with a left ventricular 
dimension of 35 mm and an LVEF of 62%. Sur-
gery at a center experienced in mitral-valve repair 
is indicated on the basis of the symptoms and 
atrial fibrillation. Mitral-valve repair is preferable 
to valve replacement, given the high likelihood of 
both short- and long-term success. At 10 years, 
the likelihood that reoperation will be needed for 
recurrent mitral regurgitation is less than 5%,38 
although atrial fibrillation may well recur.5
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