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Principles of Reconstructive Surgery
in Degenerative Mitral Valve Disease
Farzan Filsoufi, MD,* and Alain Carpentier, MD, PhD"

Degenerative mitral valve disease is the most common cause of mitral regurgitation (MR)
in developed countries. The most common etiologies of valvular regurgitation are Barlow’s
disease and fibroelastic deficiency. The mechanism of MR is type Il dysfunction (leaflet
prolapse) due to chordae elongation or rupture in most patients. Associated annular
dilation is a common lesion in almost all patients with chronic MR. By means of segmental
valve analysis, isolated posterior leaflet prolapse (P2 segment) is often observed in patients
with fibroelastic deficiency, whereas the prolapse of multiple segments or bileaflet prolapse
is typically seen in patients with Barlow’s disease. In patients with degenerative mitral
valve disease and severe MR, reconstructive surgery should be performed before the
occurrence of clinical symptoms, atrial fibrillation, pulmonary hypertension, and left ven-
tricular dysfunction or enlargement. The goals of reconstructive surgery are preservation or
restoration of normal leaflet motion, creation of a large surface of coaptation, and stabili-
zation of the entire annulus with a remodeling annuloplasty. Today, reconstructive tech-
niques are standardized, reliable, and reproducible, and therefore should be applied

systematically to all patients with degenerative valvular disease.
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Degenerat‘we mitral valve disease is the most common
cause of mitral regurgitation (MR) in developed coun-
tries. Several confusing terminologies (eg, myxomatous valve
disease, mitral valve prolapse, floppy valve, flail leaflet) have
been used in the literature to describe degenerative mitral
valve disease. The understanding of valve pathology is facil-
itated by the use of the “pathophysiological triad.”!

Pathophysiology and
Functional Classification

The pathophysiologic triad is composed of etiology (cause of
the disease), valve lesions (resulting from the disease), and
valve dysfunction (resulting from the lesion).! These distinc-
tions are relevant because long-term prognosis depends on
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etiology, whereas treatment strategy and surgical techniques
depend on valve dysfunctions and lesions, respectively.

Carpentier’s functional classification is used to describe
the mechanism of mitral regurgitation (Fig. 1).! This classifi-
cation is based on the opening and closing motions of the
mitral leaflets. Patients with type I dysfunction have normal
leaflet motion. Mitral regurgitation in these patients is due to
annular dilation or leaflet perforation. There is an increased
leaflet motion in patients with type II dysfunction, with the
free edge of the leaflet overriding the plane of the annulus
during systole (leaflet prolapse). The most common lesions
responsible for type II dysfunction are chordae elongation or
rupture and papillary muscle elongation or rupture. Patients
with type IIIa dysfunction have a restricted leaflet motion
during both diastole and systole. The most common lesions
are leaflet thickening and retraction, chordae thickening and
shortening or fusion, and commissural fusion. MR is most
often associated with some degrees of mitral stenosis. The
mechanism of MR in type I1Ib dysfunction is restricted leaflet
motion during systole. Left ventricular enlargement with api-
cal papillary muscle displacement causes this type of valve
dysfunction.

The functional classification is further refined by the intro-
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duction of segmental analysis, which allows the precise local-
ization of leaflet dysfunction; this is of critical importance
while performing reconstructive surgery.?

The mitral valve is separated into 8 segments (Fig. 2).
Anterolateral and posteromedial commissures are 2 seg-
ments. Two indentations on the posterior leaflet divide this
structure into 3 anatomically individualized scallops. The 3
scallops of the posterior leaflet are identified as P1 (anterior
scallop), P2 (middle scallop), and P3 (posterior scallop). The
3 corresponding segments of the anterior leaflet are Al (an-
terior segment), A2 (middle segment), and A3 (posterior seg-
ment).

Application of

Pathophysiologic Triad

in Patients with Degenerative
Mitral Valve Disease

Etiologies of degenerative mitral disease include Barlow’s dis-

ease, Marfan’s disease, and fibroelastic deficiency. The mech-
anism of MR is often leaflet prolapse (type II dysfunction) due
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Figure 2 Segmental valve analysis.
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Figure 1 Carpentier’s functional classification.

to chordae rupture or elongation. Barlow’s disease is the most
common condition, affecting up to 3% of the population,
whereas fibroelastic deficiency is observed with increasing
frequency as the age of the population increases.

Barlow’s disease appears early in life, and patients typically
have a long history of a systolic murmur.>* Most patients
who require surgery for MR are referred for surgery in their
fourth or fifth decades of life. The valve is billowing with
typically thick leaflets and with marked excess tissue. The
chordae are thickened and elongated, and may be ruptured.
Papillary muscles are also occasionally elongated. The annu-
lus is dilated and sometimes calcified. Most Barlow’s valves
present with the prolapse of multiple segments of the valve.
Bileaflet prolapse is present in about 30% of patients. Histo-
logically, there is extensive myxoid degeneration with de-
struction of the normal 3-layer leaflet tissue architecture.

Fibroelastic deficiency is most common in elderly patients
(>65 years) with a relatively short history of mitral regurgi-
tation.* Valve analysis typically shows transparent leaflets
with no excess tissue except in the prolapsing segment, and
elongated, thin, frail, and often ruptured chordae. The annu-
lus is often dilated and may be calcified. Most of these pa-
tients present with isolated P2 prolapse.

Marfan’s disease with mitral regurgitation is characterized
by excess leaflet tissue, which may be thickened (without
myxoid degeneration), and a dilated annulus that is rarely
calcified.”

Principles of
Mitral Valve Surgery

Perioperative Management

Standard techniques of monitoring (eg, arterial line, central
venous access, Foley catheter) are used in patients undergo-
ing mitral valve reconstructive surgery. A Swan-Ganz cathe-
ter should be placed in cases of complex mitral valve recon-
structive surgery, multivalve surgery, combined mitral and
coronary artery bypass grafting surgery, and in patients with
increased operative risk (eg, left ventricular dysfunction, pul-
monary hypertension, reoperation). Initially, a transesopha-
geal echocardiography (TEE) should be performed in all pa-
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tients. TEE is important to determine the mechanism and
severity of mitral regurgitation, and to assess left ventricular
function, quality of reconstruction, and de-airing of the car-
diac cavities at the completion of the procedure. An external
defibrillator is placed in reoperation and in minimally inva-
sive approaches. A double-lumen endotracheal tube is nec-
essary in right thoracotomy incisions.® An epi-aortic scan-
ning of the ascending aorta is recommended in elderly
patients with associated atherosclerotic risk factors, and
those undergoing a combined mitral valve and coronary ar-
tery bypass grafting surgery before arterial cannulation.

Surgical Incisions and

Cardiopulmonary Bypass

A small skin incision and a midline sternotomy is our favorite
surgical approach in mitral valve reconstructive surgery. It
provides an excellent access to all cardiac structures, which
allows for central cannulation with the ascending aorta and
the superior and inferior vena cava.

Mini-invasive direct vision mitral surgery is performed
through the partial upper or lower hemisternotomy. A 6-cm
skin incision is performed in both cases. The sternum is
partially divided from the sternal notch to the left fourth
intercostal space (upper hemisternotomy) and from the xy-
phoid to the second right intercostal space (lower hemister-
notomy).” Central arterial and venous cannulations are often
possible with these approaches. Video-directed® and robotic
mitral valve surgeries are performed through a right mini-
thoracotomy at the fourth intercostal space. Multiport access
is obtained by additional keyhole incisions. Peripheral ves-
sels are used to initiate cardiopulmonary bypass. Additional
adjunctive techniques such as port access instrumentation,
carbon dioxide insufflation, and vacuum-assisted venous
drainage are commonly used to facilitate these surgical pro-
cedures.

Myocardial protection is achieved with intermittent ante-
grade or a combined antegrade and retrograde infusion of
high-potassium, cold-blood cardioplegia. Further myocar-
dial protection can be obtained by moderate systemic hypo-
thermia between 28°C and 30°C. The myocardial tempera-
ture should be assessed continuously throughout the
procedure and maintained below 15°C. If it exceeds 15°C,
additional administration of cardioplegic solution is re-
quired.

Mitral Valve Exposure and

Intraoperative Valve Analysis

Perfect exposition of the mitral valve is essential before un-
dertaking mitral valve reconstructive surgery. We favor the
interatrial approach through the Sondergaard’s groove. The
interatrial groove is incised, and the 2 atria are dissected and
divided up to the fossa ovalis. This dissection exposes the
roof of the left atrium, which is opened close to the mitral
valve.? In patients with a small left atrium, the inferior exten-
sion of the left atrial incision between the right inferior pul-
monary vein and inferior vena cava optimizes the mitral valve
exposure.

The entire mitral valve apparatus must be carefully exam-
ined to confirm the mechanism of mitral regurgitation, to
assess the feasibility of reconstruction, and to plan the exact
operative strategy. The endocardium of the left atrium is
examined for jet lesions, which indicate opposite leaflet pro-
lapse. The mitral annulus is examined to assess the severity of
annular dilation, and the presence and extent of calcification.
The valvular apparatus is examined with a nerve hook to
assess the severity and extent of leaflet prolapse according to
segmental valve analysis.? The anterior paracommissural
scallop of the posterior leaflet (P1) is often intact and rarely
prolapsing in patients with degenerative disease. The P1 seg-
ment constitutes the reference point.! Applying traction to
the free edge of other valvular segments and comparing them
with P1 determines the severity and extent of leaflet prolapse.

Fundamentals of Mitral
Valve Reconstructive Surgery

The goals of reconstructive surgery are preservation or resto-
ration of normal leaflet motion, creation of a large surface of
coaptation, and stabilization of the entire annulus with a
remodeling annuloplasty.! Current surgical techniques allow
surgeons to perform reconstructive surgery in almost all pa-
tients with degenerative mitral disease, provided that these
guidelines are followed carefully.

Posterior Leaflet Prolapse

Posterior leaflet prolapse is treated by a quadrangular resec-
tion of the prolapsed area. Stay sutures are placed around the
normal chordae to determine the prolapsed area. The pro-
lapsed segment is then removed by performing a perpendic-
ular incision from the free edge toward the annulus, resecting
a quadrangular portion of the leaflet. Plication sutures are
placed along the posterior annulus in the resected area. Fi-
nally, direct sutures of the leaflet remnants restore valve con-
tinuity without tension (Fig. 3).

When excessive posterior leaflet tissue is present, such as
in Barlow’s disease, it is important to reduce the height of the
posterior leaflet to less than 15 mm to prevent postoperative
systolic anterior motion (SAM).” A sliding leaflet technique is
performed after quadrangular resection. The P1 and P3 seg-
ments are detached from the annulus; compression sutures
are then placed in the posterior segment of the annulus. A
sliding plasty of the P1 and P3 segments is performed, and
the gap between the 2 scallops is closed with interrupted
sutures (Fig. 4). In Barlow’s valve with significant excess tis-
sue of posterior leaflet, an additional triangular resection at
the base of P1 and P3 may be necessary before proceeding
with the sliding leaflet plasty.

Sliding plasty is also indicated if a large segment of the
posterior leaflet is resected. Plication of a large segment of the
posterior annulus must be avoided because of the increased
risk of circumflex artery kinking.

Anterior Leaflet Prolapse

Several techniques are available to correct anterior leaflet
prolapse depending on the extent of the prolapse and the
lesions responsible (chordae elongation vs rupture).
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Figure 3 Posterior leaflet quadrangular resection with annular plication.

Triangular Resection. Limited prolapse of the anterior
leaflet with excess tissue can be treated by a small, trian-
gular resection of the prolapsed area followed by direct
closure with interrupted monofilament sutures. The trian-
gular resection must not be extended to the body of the
anterior leaflet and should not involve more than 10% of
the anterior leaflet surface area. Large resection of the
anterior leaflet distorts the geometry and reduces the
coaptation area. In addition, it compromises leaflet mobil-

ity considerably and is incriminated as a risk factor for
repair failure.

Chordae Transposition. Chordae transposition from the
secondary position to the free margin of the anterior leaflet is
the most preferable technique. A strong and normal second-
ary chordae adjacent to the prolapsing area is identified. This
chordae is detached at 2 mm from its origin on the body of
the anterior leaflet. If the chordae is cut at its base, this will
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Figure 4 Posterior leaflet quadrangular resection with sliding leaflet plasty.

likely cause leaflet perforation. It is then attached to the free
margin of the anterior leaflet in the prolapsed area with a
figure-of-8 suture. In case of a large prolapsed area, several
secondary chordae should be transferred to the free margin
with a maximum 5-mm interval between 2 adjacent chordae.

In the absence of normal secondary chordae, chordae

transposition from the posterior leaflet to the anterior leaflet
should be considered. If marginal chordae of the posterior
segment opposite to the prolapsed area of the anterior leaflet
is normal, it can be used for chordae transposition. A small
segment of the posterior leaflet with its marginal chordae is
detached and then reattached to the free margin of the ante-
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Figure 5 Ring selection based on sizing of the mitral valve: (1) measure of intercommissural distance; (2) measure of the

anterior leaflet surface area.

rior leaflet at the site of prolapse. Interrupted sutures are used
to close the defect in the posterior leaflet.

If these 2 techniques cannot be applied, the use of artificial
chordae is a valuable alternative.

Papillary Muscle Sliding Plasty. This technique is conve-
nient for anterior leaflet prolapse due to elongation (<5 mm)
of multiple chordae arising from a papillary muscle. The
portion of the papillary muscle supporting the elongated
chordae is split longitudinally and resutured to the other
portion at a lower level. This downward displacement of
papillary muscle corrects leaflet prolapse.

Papillary Muscle Shortening. Papillary muscle elongation
or chordae elongation involving a group of chordae can also
be treated by papillary muscle shortening. A triangular wedge
at the base of the papillary muscle is resected. This defect is
then closed by direct suture resulting in a reduced height of
the papillary muscle and correction of chordae length. Pap-
illary muscle shortening not only corrects the leaflet prolapse
but also reduces considerably the billowing of the leaflet
body. This procedure is typically indicated in Barlow’s dis-
ease with bileaflet prolapse.

Commissural Prolapse

Commissural prolapse is best treated by resection of the pro-
lapsed area followed by annular plication (limited prolapse)
or sliding plasty of the paracommissural area (extensive pro-
lapse) (eg, Al and P1 sliding plasty for anterolateral commis-
sural prolapse). Additional inverting sutures should be
placed in the newly created commissure to avoid residual
minimal regurgitation. Occasionally, a patient can present
with a papillary muscle with 2 heads. The rupture of 1 head
can lead to commissural prolapse, which can be corrected by
reattachment of the latter to the remnant papillary muscle. If
extensive commissural and paracommissural prolapse due to
chordae elongation are present, papillary muscle sliding
plasty or papillary muscle shortening are valuable alternative
options.

Remodeling Ring Annuloplasty

In patients with a normal mitral valve, the ratio between
anteroposterior (septolateral) and transverse diameter of the
mitral annulus is 3:4 during systole. This ratio is inverted in
patients with degenerative mitral valve disease and annular
dilation.! The remodeling ring annuloplasty restores the
physiologic ratio with maximal orifice area during systole.
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Figure 6 Reoperation according to leaflet prolapse.

Therefore, the prosthetic ring restores not only the size but
also the shape of the annulus. Remodeling annuloplasty pro-
vides increased leaflet coaptation area without causing any
valvular stenosis. Furthermore, it prevents late annular dila-
tion and preserves leaflet mobility. Appropriate ring sizing is
based on the intercommissural distance and the surface area
of the anterior leaflet, measured with an obturator (Fig. 5). If
the surgeon hesitates between 2 sizes, in patients with degen-
erative valve disease, the selection of the greater size is rec-
ommended in most instances.? In Barlow’s valve, the typical
size of the prosthetic ring is between 36 and 40 mm.'° The
choice of too small a ring increases significantly the risk of
postrepair SAM. !

Sutures are placed circumferentially through the mitral
annulus. These sutures are equally spaced in the area be-
tween the 2 commissures and the corresponding segment of
the selected prosthetic ring. In the remaining portion of the
annulus, the spacing is set to conform the annulus to the
shape and size of the prosthetic ring. When the ring sutures
are tied, the ring reshapes the annulus in its normal systolic
position.

Saline Test and Postbypass TEE

The quality of the repair must be evaluated at the completion
of the reconstruction and before tying the ring to the annulus
with a saline test. Saline solution is injected into the ventric-
ular cavity through the mitral valve with a syringe, while the
aortic root is vented to prevent air emboli into the coronary
arteries. A symmetric line of coaptation, parallel to the pos-
terior aspect of the annulus, and at distance from the left
ventricular outflow tract (3/4 to 1/4 ratio of anterior to pos-
terior leaflet) indicates a satisfactory result. An asymmetrical
line of coaptation indicates the presence of residual leaflet
prolapse or restricted leaflet motion, which must be cor-
rected. If the posterior leaflet occupies half or more of the
orifice area, its height should be reduced (less than 15 mm) to

minimize the risk of SAM. Two hooks should also be used to
determine the length of the coaptation, which is ideally more
than 10 mm. At the completion of cardiopulmonary bypass,
the quality of reconstruction is assessed by TEE. This exam-
ination should carefully evaluate leaflet motion and the com-
petency of the valve, and rule out the presence of postvalvu-
loplasty SAM in patients with excess leaflet tissue. In the
presence of residual regurgitation, TEE is crucial to deter-
mine the severity and the mechanism of regurgitation, which
may justify a second look. No patient should leave the oper-
ating room with more than 1+ residual MR. In patients with
=2+ MR, a second bypass run is necessary to reanalyze the
valve and correct a residual valvular dysfunction.

Results

Patients with degenerative mitral valve disease are the most
suitable for reconstructive surgery. The operative mortality
rate in this group of patients is less than 0.5% in experienced
centers.!? In patients with severe MR, reconstructive surgery
should be performed before the occurrence of clinical symp-
toms, atrial fibrillation, pulmonary hypertension, and left
ventricular dysfunction or enlargement.

The long-term survival of patients with preserved left ven-
tricular function after reconstructive surgery is similar to that
of an age- and gender-matched population.

Our group has recently published the very long-term re-
sults (>20 years) of mitral reconstructive surgery.!? This ob-
servational study of 162 consecutive patients operated on
between 1970 and 1984 was mostly composed of patients
with degenerative disease (90%). The main mechanism of
mitral regurgitation was type II dysfunction in 152 (94%)
patients. Posterior, anterior, and bileaflet prolapse were
present in 93 (61%), 28 (19%), and 31 (20%) patients, re-
spectively. All patients underwent annuloplasty; valve resec-
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tion was performed in 126 patients, and shortening or trans-
position of the chordae in 46 patients. The linearized rate of
reoperation was 0.4% per patient year. Freedom from reop-
eration was 97%, 86%, and 83% for posterior, anterior, and
bileaflet prolapse, respectively, at 20 years (Fig. 6). The in-
creased rate of early reoperation in the anterior leaflet pro-
lapse group was attributed to technical failure. The wide-
spread use of intraoperative TEE and improved surgical
techniques (chordae transfer) has most likely contributed to
reducing the incidence of early failure in the last 2 decades.
However, the freedom from reoperation was unchanged at
10, 20, and 25 years of follow-up. These excellent and stable
results confirm the predictability and durability of mitral
valve reconstruction in degenerative disease. Today, recon-
structive valve surgery allows patients to enjoy a normal life
and to be cured for the rest of their lives.
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