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KEY POINTS

� Mitral valve repair is associated with better short- and long-term outcomes, fewer throm-
boembolic complications, and improved survival compared with mitral valve replacement.

� Carpentier’s “French correction” of degenerative mitral valve pathology aims to restore
normal valve anatomy through leaflet resection, chordal manipulation, and rigid
annuloplasty.

� The “American correction” of degenerative mitral valve pathology intends to restore
normal valve function through use of artificial chordae, minimal leaflet resection, and flex-
ible annuloplasty.
Degenerative mitral valve disease is found in 2% to 3% of adults in the United States,
making it the most common organic mitral valve pathology.1 Although degenerative
mitral valve pathology does not always progress to clinically significant mitral regurgi-
tation (MR), patients who develop symptoms attributable to MR have a worse prog-
nosis with mortality rates of 34% annually.2,3

With surgery essentially unavoidable in these patients, mitral valve repair has
demonstrated superior short-4–6 and long-term7–9 outcomes in a wide variety of pa-
tients with degenerative5,8,10,11 or functional9,12–15 mitral valve disease.6,16 Valve
replacement, however, may be considered in patients with combined degenerative
and ischemic MR, MR caused by papillary muscle rupture, or those undergoing reop-
eration following prior failed repair.17 Nevertheless, mitral valve repair for either
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degenerative or ischemic MR has been consistently associated with lower risk of
thromboembolism and improved survival.6

Not surprisingly, as the outcomes with mitral valve repair have surpassed those of
mitral valve replacement, the methods of mitral valve repair have evolved and
improved. The optimal methods for surgical repair of MR have varied over time and
even across continents. Beginning with suture annuloplasty,18 then commissural
fusion with suture,19 and open leaflet plication,20 techniques of mitral valve repair
have continued to multiply and progress.
Alain Carpentier’s method of leaflet repair with quadrangular resection and rigid

annuloplasty to correct annular dilatation emerged as the most successful and repro-
ducible means of correcting MR.21–25 Developed through autopsy and pathology
studies of the mitral valve, Carpentier’s method of mitral valve repair aimed to restore
normal dimensions to the mitral valve and apparatus,22 a so-called anatomic
approach that has come to be known as the “French correction.”25

Yet, as imaging techniques have improved and knowledge of the dynamic structure
and function of the mitral valve has grown, Lawrie and colleagues26 turned to a func-
tional correction of MR, which he referred to as the “American correction.”27,28 The pri-
mary tenet of this repair is colloquially “respect, not resect,” in reference to the mitral
valve leaflets and chordae, which are generally spared with this approach. Further-
more, Lawrie’s method relies on a flexible annuloplasty ring to correct annular dilata-
tion and Gore-Tex (WL Gore and Associates, Inc, Newark, DE) artificial chordae to
repair prolapse and realign leaflets.28,29

Although these techniques are traditionally compared in opposition with one
another, in reality, these methods of mitral valve repair simply reflect an evolution in
principles as operative techniques are enhanced and as more is discovered about
the mitral valve’s dynamic structure and functions.
MITRAL VALVE ANATOMY

Located between the left atrium and left ventricle, the mitral valve apparatus is
comprised of the mitral annulus, anterior and posterior leaflets, chordae tendinae,
and the papillary muscles. The valvular apparatus works in concert with the subvalv-
ular apparatus, namely the chordae tendinae and papillary muscles, to permit normal
blood flow from the left atrium to the left ventricle during diastole and prevent reversal
of flow during systole (Fig. 1).
The mitral annulus is an ovoid ring of fibrous tissue that is continuous with the

fibrous skeleton of the heart. The right fibrous trigone is formed from the confluence
of the mitral and tricuspid annuli to which the noncoronary leaflet of the aortic valve
and the membranous interventricular septum are attached. The left fibrous trigone
is formed from the fibrous continuity between the aortic and mitral valves. With the
anterolateral and posteromedial commissures located at the lowest point in the mitral
annulus, the normal configuration of the valvular annulus is in the shape of a saddle
(Fig. 2). The mitral valve annulus is thinnest at the insertion of the posterior leaflet,
thus making it the most mobile portion of the valve and consequently most vulnerable
to dilatation.1,30

The anterior leaflet of the mitral valve comprises approximately two-thirds of the
area of the valvular orifice but only one-third for the annular circumference, whereas
the posterior leaflet comprises the other two-thirds of the annular circumference
(Fig. 3). A normal line of coaptation exists between the leaflets, ranging from 7 mm
to 9 mm, thus allowing for valve competency with a variety of physiologic systolic
pressures and volumes. Of note, the commissures do not extend into the annulus,



Fig. 1. Anatomy of the mitral valve and mitral apparatus. (Left) Anatomic view of the car-
diac valves in systole with the left and right atrium cropped away and the great vessels
transected. The mitral valve apparatus consists of the mitral leaflets, mitral annulus, chordae
tendineae, the papillary muscles, and the left ventricle. (Right) Normal function of the mitral
apparatus brings both leaflets together in systole and creates the coaptation zone. A1, A2,
A3, segments of the anterior leaflet; AC, anterior commissure; CT, chordae tendineae; HB,
His bundle; L, left coronary cusp; LA, left atrium; LV, left ventricle; NC, noncoronary cusp;
P1, P2, P3, segments of the posterior leaflet; PC, posterior commissure; PM, papillary muscle;
R, right coronary cusp. (From Castillo JG, Adams DH. Mitral valve repair and replacement. In:
Otto C, editor. Valvular heart disease: a companion to Braunwald’s heart disease. 4th edi-
tion. Philadelphia: Elsevier Saunders; 2014. p. 327; with permission.)
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leaving so-called commissural leaflets that must be respected during commissurot-
omy to prevent subsequent leaflet tearing and valvular regurgitation.30

The posterior leaflet is divided into three segments: P1, P2, and P3 based on normal
indentations along the leaflet free edge, with corresponding segments A1, A2, and A3
in the anterior leaflet, albeit without visible anatomic delineations as those in the pos-
terior leaflet (see Fig. 3). The posterior leaflet, also known as the mural leaflet, is
attached to the ventricular free wall, thus directly subjecting it to the repeated stresses
of ventricular contractions and making it more vulnerable to prolapse, particularly
within the P2 leaflet.30
Fig. 2. Schematic configuration of the mitral annulus. (From Carpentier A, Adams DH, Fil-
soufi F. Surgical anatomy and physiology. In: Carpentier A, editor. Carpentier’s reconstructive
valve surgery: from valve analysis to valve reconstruction. Philadelphia: Elsevier Saunders;
2010. p. 30; with permission.)



Fig. 3. Normal configuration of mitral valve leaflets. A1, A2, A3, segments of anterior
leaflet; AC, anterior commisure; P1, P2, P3, segments of posterior leaflet; PC, posterior
commissure. (From Carpentier A, Adams DH, Filsoufi F. Surgical anatomy and physiology.
In: Carpentier A, editor. Carpentier’s reconstructive valve surgery: from valve analysis to
valve reconstruction. Philadelphia: Elsevier Saunders; 2010. p. 33; with permission.)

Schubert et al870
The subvalvular apparatus consists of the chordae tendinae, collagenous connec-
tions between the papillary muscles and the ventricular leaflet surface, and papillary
muscles, which are part of the muscular ventricular wall (Fig. 4). Primary or marginal
chordae attach to the free edge of the leaflet, thus preventing leaflet prolapse. Sec-
ondary or intermediary chordae attach to the ventricular leaflet surface and act to
Fig. 4. Mitral subvalvular apparatus. The chordae tendinae attach the valve leaflets to the
papillary muscles, with the main chordae originating from the middle of the leaflet free
edge and others identified according to their position relative to the commissures and to
the leaflet free edge. There is wide variability in chordal branching and attachments.
(From Carpentier A, Adams DH, Filsoufi F. Surgical anatomy and physiology. In: Carpentier
A, editor. Carpentier’s reconstructive valve surgery: from valve analysis to valve reconstruc-
tion. Philadelphia: Elsevier Saunders; 2010. p. 37; with permission.)
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reduce leaflet tension. Tertiary chordae (basal chordae), which are only present on the
posterior leaflet, attach the leaflet base to the annulus and myocardium.1

Two papillary muscles originate from the left ventricular myocardium: the anterolat-
eral papillary muscle and the posteromedial papillary muscle (Fig. 5). Each papillary
muscle anchors chordae from both leaflets, and the configurations of chordal attach-
ments to each papillary muscle, and even to the ventricular wall, can widely vary.30

Working in concert, all of these components of the mitral valve apparatus serve to
maintain valvular competence and direct proper blood flow from the left atrium to
the left ventricle.

THE FRENCH CORRECTION

Alain Carpentier was the first to systematically describe regurgitant mitral valve pathol-
ogy and standardize the myriad of methods for repairing the mitral valve.25,31 He
divided mitral valve pathology into three primary types based on leaflet motion
(Table 1). Type I MR describes MR with normal leaflet motion. This type of MR
develops from annular dilation, leaflet tear, leaflet perforation, or vegetation. These
structural deficiencies are usually the result of ischemic or dilated cardiomyopathy,
long-standing atrial fibrillation, trauma, or endocarditis (Fig. 6). Type II describes a
valve with leaflet prolapse, which results from chordal rupture, papillary muscle
rupture, chordal elongation, or papillary muscle elongation. Leaflet prolapse is usually
secondary to degenerative processes, such as fibroelastic deficiency, Barlow dis-
ease, or Marfan syndrome, but it can also develop as a result of endocarditis, trauma,
or ischemic cardiomyopathy (Fig. 7). Type III describes a valve with restricted leaflet
motion. Type IIIa refers to restricted leaflet opening primarily during diastole, usually
the result of rheumatic disease causing commissure fusion, chordae thickening, and
chordae fusion. Type IIIb refers to restricted leaflet opening primarily during systole,
resulting from leaflet tethering caused by papillary muscle displacement from localized
ventricular dyskinesia or global ventricular dilatation from later stages of various car-
diomyopathies (Fig. 8).1,25 Because the cause of valvular dysfunction determines
prognosis and treatment strategy depends on this cause, Carpentier’s classification
scheme aids selection of appropriate surgical repair techniques.
Fig. 5. View of the anterolateral and posteromedial papillary muscles through the mitral
valve oriface. (From Carpentier A, Adams DH, Filsoufi F. Surgical anatomy and physiology.
In: Carpentier A, editor. Carpentier’s reconstructive valve surgery: from valve analysis to
valve reconstruction. Philadelphia: Elsevier Saunders; 2010. p. 35; with permission.)



Table 1
Carpentier’s functional classification of mitral regurgitation

Type I Type II

Normal leaflet motion Leaflet prolapse (excess leaflet motion)

Type IIIa Type IIIb

Restricted leaflet motion (diastolic) Restricted leaflet motion (systolic)

From Carpentier A, Adams DH, Filsoufi F. Pathophysiology, preoperative valve analysis, and surgical
indications. In: Carpentier A, editor. Carpentier’s reconstructive valve surgery: from valve analysis
to valve reconstruction. Philadelphia: Elsevier Saunders; 2010. p. 45; with permission.
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The rationale behind Carpentier’s French correction of a regurgitant mitral valve is
restoration of the normal anatomic relationships within the valve apparatus, and the
first step toward that restoration is a careful examination of the diseased valve. The
atrium is examined for jet lesions indicative of prolapse of an opposing leaflet, and
the annulus diameter is assessed for degree of dilatation. All leaflets are unfurled
with a nerve hook and examined for thickening, tethering, or prolapse, and the chor-
dae are inspected for rupture or elongation.
Repair of the valve proceeds with a quadrangular resection of the prolapsed portion

of the posterior leaflet with corresponding annular plication, followed by suture reap-
proximation of the free leaflet edges (Fig. 9).
Correcting anterior leaflet prolapse depends on the causative lesion, whether it is

chordal rupture or elongation. When chordal rupture has occurred, the free edge of
the prolapsed leaflet is fixed to intact secondary chordae or chordae from the
mural leaflet are transposed to the free edge of the prolapsed anterior leaflet,
which requires sufficient mobilization of the corresponding papillary muscle
(Fig. 10).
When anterior leaflet prolapse is the result of chordal elongation, the excess chordal

length can essentially be tucked into an invagination created within the attached papil-
lary muscle and then suturing each side of the divided papillary muscle back together
around the extra chordal length (Fig. 11). Another method of mending chordal elonga-
tion is shortening of the papillary muscle (Fig. 12).
Restricted leaflet motion is another source of MR, and it is the result of four different

lesions: (1) leaflet thickening, (2) chordal thickening, (3) commissural fusion, and (4)
chordal fusion. Commisurotomy is done to correct commissural fusion. Chordal thick-
ening, which occurs with the secondary chordae, is alleviated with resection of the
thickened chordae or fenestration of thickened marginal chordae.



Fig. 6. Type I functional MR according to Carpentier’s classification. Type I describes MR with
normal leaflet motion, usually arising from annular dilatation, leaflet perforation, vegeta-
tion, or leaflet tear. (From Carpentier A, Adams DH, Filsoufi F. Pathophysiology, preoperative
valve analysis, and surgical indications. In: Carpentier A, editor. Carpentier’s reconstructive
valve surgery: from valve analysis to valve reconstruction. Philadelphia: Elsevier Saunders;
2010. p. 47; with permission.)
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Finally, to correct the annular dilatation that accompanies essentially all cases of
mitral insufficiency, Carpentier pioneered the development of a rigid prosthetic annu-
loplasty ring. The ring is intended to restore the normal systolic size and shape of the
annulus, thus also restoring leaflet coaptation and preventing further deformation of
the annulus (Fig. 13).
Since first describing the use of a rigid annuloplasty ring, Carpentier has developed

three different types of annuloplasty rings to refine repair according to the anatomic



Fig. 7. Type II functional MR according to Carpentier’s classification. Type II describes MR
from leaflet prolapse, usually the result of chordal or papillary muscle rupture or elonga-
tion. (From Carpentier A, Adams DH, Filsoufi F. Pathophysiology, preoperative valve analysis,
and surgical indications. In: Carpentier A, editor. Carpentier’s reconstructive valve surgery:
from valve analysis to valve reconstruction. Philadelphia: Elsevier Saunders; 2010. p. 47;
with permission.)
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deformation: (1) the Carpentier-Edwards Classic Ring, (2) the Carpentier-Edwards
Physio Ring, and (3) the Carpentier-McCarthy-Adams Etiologix IMR Ring for ischemic
MR (Edwards LifeSciences Corp, Irvine, CA). The Physio ring is designed for degener-
ative MR, with a large anteroposterior diameter and a slight saddle shape to restore
normal systolic contour to the valvular annulus.32 Sizing of the annuloplasty ring is



Fig. 8. Type IIIa and IIIb functional MR according to Carpentier’s classification. Type IIIa de-
scribes MR from restricted leaflet motion during diastole and type IIIb describes MR from
restricted leaflet motion during systole. (From Carpentier A, Adams DH, Filsoufi F. Patho-
physiology, preoperative valve analysis, and surgical indications. In: Carpentier A, editor.
Carpentier’s reconstructive valve surgery: from valve analysis to valve reconstruction. Phila-
delphia: Elsevier Saunders; 2010. p. 48; with permission.)
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Fig. 9. Quadrangular resection of prolapsed P2 leaflet. (A) Quadrangular portion of pro-
lapsed P2 leaflet is excised. (B) An interrupted mattress suture is placed through the annulus
at the limits of the resected area. (C) A figure-of-eight suture is placed through the annulus
to plicate the annulus. (D) Completed annular plication. (E) Interrupted sutures are placed to
reapproximate the resected leaflet edges, with knots inverted or everted. (From Carpentier
A, Adams DH, Filsoufi F. Techniques in type II posterior leaflet prolapse. In: Carpentier A, ed-
itor. Carpentier’s reconstructive valve surgery: from valve analysis to valve reconstruction.
Philadelphia: Elsevier Saunders; 2010. p. 118; with permission.)
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based on precise measurement of the anterior leaflet surface area by unfurling the
leaflet, thus approximating the size and shape of the mitral orifice.25

Following correction of these annular and leaflet abnormalities, systolic anterior mo-
tion (SAM) of the mitral valve can result if there is a residual discrepancy between the
annular area and the remaining leaflet tissue. SAM occurs when the anterior mitral
valve leaflet prolapses into the left ventricular outflow tract (LVOT) during systole
(Fig. 14).33 The primary risk factors for the development of SAM following mitral valve
repair are an undersized annuloplasty ring and/or excess leaflet tissue.34,35 Conse-
quences of this pathologic leaflet motion include residual MR and LVOT obstruction,
both of which are observed on intraoperative transesophageal echocardiography. If
SAM is observed intraoperatively following mitral valve repair, most instances are cor-
rected with optimization of ventricular filling via increasing preload and afterload,
improving atrioventricular synchrony through atrioventricular pacing, and stopping
pharmacologic inotropic support to reduce ventricular hypercontractility. These ma-
neuvers are also effective postoperatively and are supplemented with b-blocker
administration. SAM that appears with provocative testing (dynamic SAM) usually re-
solves within a few weeks after surgery through LVOT remodeling.36

Instances of SAM that are irreversible, persist following surgery, or produce signif-
icant hemodynamic derangement must be surgically corrected. If the unfurled anterior



Fig. 10. Chordal transposition to correct chordal rupture. (A) Posterior leaflet adjacent to
the area of prolapsed leaflet is identified. (B) Posterior leaflet tissue is mobilized with
attached chordae, with mobilization of papillary muscle as necessary. (C) Reattachment of
posterior chordae to prolapsed anterior leaflet. (D, E) Reapproximation of posterior leaflet
edges. (F) Completed chordal transposition. (From Carpentier A, Adams DH, Filsoufi F. Tech-
niques in type II anterior leaflet prolapse. In: Carpentier A, editor. Carpentier’s reconstruc-
tive valve surgery: from valve analysis to valve reconstruction. Philadelphia: Elsevier
Saunders; 2010. p. 101; with permission.)
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leaflet is much larger than the annulus, the annuloplasty ring should be replaced with a
ring of larger diameter37 or the posterior leaflet height should be reduced. Carpentier
advocated for a sliding annuloplasty to decrease the height of the posterior leaflet,
which includes resection of a portion of the leaflet and annular plication with reapprox-
imation of the resected leaflet edges (Fig. 15).36,38

Since developing these methods of mitral valve repair, outcomes with these
particular techniques have varied. Although the repair techniques demonstrate
excellent short-term results with low rates of persistent MR and even lower mortality
rates, durability with Carpentier’s repair techniques declines over time.39–42 David
and colleagues39 report freedom from MR at 12 years ranging from 65% to 80%,
depending on which leaflet is prolapsed. Flameng and colleagues41 cite a constant
recurrence rate of regurgitation of 2% to 3% per year, with a freedom from MR of



Fig. 11. Chordal shortening technique. (A) Papillary muscle is divided. (B) Pledgeted suture
is passed around excess chord. (C) Pledgeted suture around excess chord is invaginated into
divided papillary muscle, which is subsequently reapproximated. (From Carpentier A, Adams
DH, Filsoufi F. Techniques in type II anterior leaflet prolapse. In: Carpentier A, editor. Car-
pentier’s reconstructive valve surgery: from valve analysis to valve reconstruction. Philadel-
phia: Elsevier Saunders; 2010. p. 106; with permission.)

Fig. 12. Papillary muscle shortening technique. (A) Papillary muscle is resected. (B) Edges of
resected papillary muscle are reapproximated. (C) Completed shortened papillary muscle.
(From Carpentier A, Adams DH, Filsoufi F. Techniques in type II anterior leaflet prolapse.
In: Carpentier A, editor. Carpentier’s reconstructive valve surgery: from valve analysis to
valve reconstruction. Philadelphia: Elsevier Saunders; 2010. p. 107; with permission.)
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Fig. 13. Completed annuloplasty to correct annular dilatation. (From Carpentier A, Adams
DH, Filsoufi F. Valve exposure, intraoperative valve analysis, and reconstruction. In: Carpent-
ier A, editor. Carpentier’s reconstructive valve surgery: from valve analysis to valve recon-
struction. Philadelphia: Elsevier Saunders; 2010. p. 60; with permission.)

Fig. 14. SAM of the mitral valve. (A) Redundant chordal and leaflet tissue during diastole.
(B) Left ventricular outflow tract obstruction from redundant chordal and leaflet tissue dur-
ing systole. (From Carpentier A, Adams DH, Filsoufi F. Techniques in systolic anterior leaflet
motion (SAM). In: Carpentier A, editor. Carpentier’s reconstructive valve surgery: from valve
analysis to valve reconstruction. Philadelphia: Elsevier Saunders; 2010. p. 157; with
permission.)
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Fig. 15. Sliding leaflet annuloplasty. (A) Excess prolapsed leaflet is resected, and secondary
chordae are resected as necessary. (B) Sutures are then passed successively through the
annulus to reduce its diameter. (C) Annular sutures are tied to compress, not plicate, the
annulus. (D) Completed sliding leaflet reconstruction with annuloplasty ring placement.
(E) Completed sliding annuloplasty. (From Carpentier A, Adams DH, Filsoufi F. Techniques
in type II posterior leaflet prolapse. In: Carpentier A, editor. Carpentier’s reconstructive valve
surgery: from valve analysis to valve reconstruction. Philadelphia: Elsevier Saunders; 2010. p.
120–2; with permission.)

Schubert et al880
65% at 10 years. In patients with Barlow disease, Jouan and colleagues31 describe
a recurrence rate of 9.8% of moderate or greater MR. Although there are varying
estimates of the recurrence of MR and the subsequent need for reoperation in these
patients, repairs of this type may be permanent, albeit with recurrent MR possibly
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remaining clinically silent. As experience with Carpentier’s repair techniques began
to accumulate and advanced imaging techniques that allow better comprehension
of the structural dynamics of the mitral valve became available, new ideas regarding
the optimal means of repairing the mitral valve began to emerge. These new ideas of
mitral valve repair eventually coalesced into what is known as the “American
correction.”
THE AMERICAN CORRECTION

In contrast to Carpentier’s French correction of degenerative MR, Gerald Lawrie
developed the so-called American correction as a means of functional restoration,
as opposed to anatomic restoration, of the mitral valve. Primary tenets of this Amer-
ican correction consist of a flexible annuloplasty ring and maintenance of the entire
mitral valve leaflets with artificial chordae used to correct areas of prolapse.26,27,29

This idea of restoration of function developed over time as knowledge of the dy-
namic structure of the mitral valve throughout the cardiac cycle was elucidated.
Enhanced imaging techniques, such as three-dimensional echocardiography, drove
these developments. Visualization of the mitral valve in vivo, as opposed to autopsy
examination, led to the understanding that movement of the entire valve apparatus de-
termines its degree of proper function. Thus, a functional correction of the mitral valve
became a more salient objective.
Valvular competency is based on leaflet coaptation, which is derived from the mitral

annulus. A normally functioning mitral annulus varies in shape throughout the course
of the cardiac cycle. The annulus is attached to the left ventricular myocardium poster-
olaterally, the aortic root anteriorly, and the left atrium superiorly, creating a saddle-
shape. The commissural junction of the anterior and posterior leaflets is angulated,
which becomes more acute during systole as the ventricle contracts and the aortic
root and sinuses of Valsalva expand. These systolic changes displace the anterior
annulus and leaflet, posteriorly, thus promoting leaflet apposition during
systole.29,43,44

The mitral valve annulus in patients with degenerative MR, however, can double in
size, with significant flattening of the valvular orifice and diminished leaflet edge appo-
sition.29,45,46 Without sufficient leaflet coaptation, additional stress is added to the
leaflet bodies and marginal chordae during systole, thus predisposing these compo-
nents to further dysfunction and future failure.47–49

As experience with Carpentier’s techniques of rigid annuloplasty repair and leaflet
resection began to accumulate, durability of the repair techniques was questioned,
in light of a reoperation rate for recurrent MR of 43%.50 Furthermore, additional inves-
tigation into mechanisms of mitral valve competence revealed that rigid annuloplasty
rings induce high levels of leaflet and annular strain, thus predisposing the valvular
repair to early mechanical failure.48

In response to these high rates of reoperation, the American correction was devised
to maintain normal three-dimensional geometry and permit normal movement of the
valvular apparatus throughout the cardiac cycle. First and foremost, this American
correction is a nonresectional or limited resection approach, characterized by main-
taining an intact annulus and leaflets. This approach is thought to more closely mimic
the function and movement of a normal mitral valve, with a similar distribution of stress
throughout the leaflets and annulus.51

Similar to Carpentier’s technique, the American correction begins with a detailed
examination of the valve apparatus to determine the sources of valvular insufficiency.
Transition zones along the leaflet coaptation edge are marked to determine the normal
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points of leaflet coaptation, traction sutures are placed in the annulus, and the valve is
tested with a bulb syringe (Fig. 16).
To correct areas of leaflet prolapse, artificial Gore-Tex cords are placed through the

papillary muscle in two places and then each end of suture is brought up to the leaflet
edge as a pair of chordae and secured with a double pass through the edge of the
valve leaflet (Fig. 17). When the necessary sutures have been placed to correct the
areas of prolapse, each chord length is adjusted according to intermittent examina-
tions of leaflet coaptation. Of note, overshortening of the chordae can create a narrow
regurgitant jet after weaning from bypass. This results in the papillary muscles and the
leaflet edges being pulled into the ventricular lumen more than what is simulated with
bulb syringe insufflation. After the chordae have been appropriately sized, the sutures
are then tied, and the knots are tacked to the ventricular leaflet surfaces.28

A limited resection technique can also be used with a triangular leaflet resection to
correct leaflet prolapse (Fig. 18). This simplified technique is used to reduce the height
of the posterior leaflet, with a reduced incidence of postoperative SAM. Furthermore, a
limited resection reduces excessively redundant leaflet tissue, as occurs with Barlow
disease, in the repair compared with the use of artificial chordae. Combining a trian-
gular resection with a large (generally 36, 38, or 40 mm) annuloplasty ring prevents
the development of SAM.52 Additionally, this type of resection is less technically com-
plex compared with Carpentier’s sliding annuloplasty to correct posterior leaflet pro-
lapse, thus possibly prompting more surgeons to repair rather than replace some
valves.53

After correcting leaflet prolapse, attention is then turned to repair of the annulus.
Following ventricular insufflation, a flexible annuloplasty ring that best approximates
the entire surface of the valve is chosen. Interrupted sutures are placed to anchor the
annuloplasty ring at the trigones of the valve, and a running suture is used to attach
the ring within the intertrigonal portions of the annulus.28
Fig. 16. Testing valve competency with a bulb syringe. (From Carpentier A, Adams DH, Fil-
soufi F. Techniques in type I dysfunction. In: Carpentier A, editor. Carpentier’s reconstructive
valve surgery: from valve analysis to valve reconstruction. Philadelphia: Elsevier Saunders;
2010. p. 78; with permission.)



Fig. 17. Placement of artificial chordae to correct leaflet prolapse from chordal rupture. (A)
Prolapsed anterior leaflet from ruptured chord. (B) A nonelongated chord is pulled taut for
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Fig. 18. Limited triangular resection of prolapsed posterior leaflet. (A) Triangular resection
of prolapsed posterior leaflet. (B) Placement of interrupted sutures to reapproximate re-
sected leaflet edges. (C) Completed triangular resection. (From Carpentier A, Adams DH, Fil-
soufi F. Techniques in type II posterior leaflet prolapse. In: Carpentier A, editor. Carpentier’s
reconstructive valve surgery: from valve analysis to valve reconstruction. Philadelphia: Elsev-
ier Saunders; 2010. p. 116; with permission.)
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This American correction has gained popularity over the past several years54 as
limited resection repair techniques continue to evolve.55 Results demonstrate that
these limited or nonresectional techniques perform at least as well as Carpentier’s
French correction. Freedom from reoperation and freedom from recurrent significant
MR (as assessed by echocardiography) at 10 years have been reported at 90.1% and
93.9%, respectively. Additionally, studies have demonstrated almost no postoperative
SAM when ventricular filling is optimized through adequate preload and afterload,
there is atrioventricular synchrony, and hypercontractility is limited.52 Although this
limited or nonresectional technique has only been cultivated over the past decade,
it seems to be a reasonable and durable approach to repair of the mitral valve.
=
reference, and a figure-of-eight suture is placed through the free papillary muscle head cor-
responding to the area of the ruptured chord. (C) The free ends of the suture are passed
through to the ventricular side of the leaflet. (D) The first knot is tied while adjusting the
length of the artificial chord to match that of the reference chord. (E) Completed artificial
chordae. (From Carpentier A, Adams DH, Filsoufi F. Techniques in type II anterior leaflet pro-
lapse. In: Carpentier A, editor. Carpentier’s reconstructive valve surgery: from valve analysis
to valve reconstruction. Philadelphia: Elsevier Saunders; 2010. p. 102; with permission.)
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With the evidence supporting mitral valve repair over replacement for most degen-
erative mitral valve pathology, it is expected that these methods of valvular correction
will continue to develop, given the wide variety of mitral valve pathology that exists.
Carpentier was able to classify these various pathologies, thus providing a framework
from which methods of mitral valve repair could develop in an organized and repro-
ducible fashion. Relying on pathologic and autopsy specimens, the French correction
aimed to restore normal valvular anatomy and has proven to be a durable method of
repair. A purely anatomic correction, however, neglects the valve’s functionality as an
integral component of its competency. Furthermore, the technically demanding nature
of Carpentier’s techniques has remained an obstacle to widespread adoption of mitral
valve repair techniques, leaving many patients who would have done well with a
repaired mitral valve with a valve replacement.
With improved imaging capabilities and greater knowledge of the intricacies of

mitral valve motion and function, the American correction was developed. This limited
or nonresectional method of repair naturally follows the French correction as a conse-
quence of innovation and reflects an evolution in the principles of mitral valve repair.
Developed to first and foremost correct mitral valve function, these techniques may
be somewhat technically less complex than Carpentier’s methods, thus a greater
number of surgeons will feel confident in repairing rather than replacing more mitral
valves. These repair techniques will undoubtedly continue to evolve, ideally resulting
in lower rates of recurrence and reoperation and better patient outcomes.
There are clearly many methods to repair a mitral valve, but the unifying principles

include a comprehensive understanding of the valve pathology, correction of leaflet
prolapse, and reduction of annular dilatation. Most importantly, one cannot leave
the operating room with a leaky valve. If these essential principles are followed, a du-
rable repair usually results.
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