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Overreduction of the Posterior Annulus in Surgical

Treatment of Degenerative Mitral Regurgitation
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Background. The concept of overreduction of the pos-
terior annulus was applied in surgical treatment of de-
generative mitral valve disease.

Methods. From April 1993 to November 2004, 141
patients underwent overreduction of the posterior an-
nulus of the mitral valve in mitral valve repair for
degenerative disease. Mean scallop involvement per
patient was 2.3 and increased to 3.0 in the last period.
Correction of the prolapse of the posterior leaflet
included resection with focal sliding (n = 100), or
application of artificial chordae (n = 28), with (n = 11)
or without (n = 17) plication of one or more scallops.
The anterior leaflet prolapse was corrected with edge-
to-edge technique (n = 20) or chordal replacement (n =
28). An overreducting ring, 40 (n = 81) or 50 (n = 60)
mm long (autologous pericardium in 64 cases and
Sovering Miniband [Sorin, Saluggia, Italy] in 77) was
used in all the patients.

urgical treatment of degenerative mitral regurgita-
tion (MR) is becoming more and more popular as
the number of patients referred to surgery increases.
The natural history of untreated patients with severe
MR and good left ventricular function is widely recog-
nized to be better if the treatment of the disease occurs
when the patient is asymptomatic [1]. This tendency
forced many surgeons to apply different techniques,
less or more difficult, targeted mainly to the treatment
of prolapse of the middle scallop of the posterior leaflet
(PL), P2.

In the great majority of the patients a ring, complete or
incomplete, flexible, semiflexible, or rigid, was used. The
purpose was to maintain the length of the insertion of the
anterior leaflet (AL) as it was, and to reduce the length of
insertion of the posterior annulus to a length equal to two
times the length of the AL.

In the 1990s the concept of overreduction of the
mitral annulus (MA) was introduced by Bolling and
colleagues [2] to correct functional MR in dilated
cardiomyopathy and postischemic MR. Our group lim-
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Results. Three patients died in the early period (2.1%)
and 3 (2.1%) were reoperated on from 3 to 24 months due
to endocarditis (2 cases) and failure of repair (1 case).
Ten-year freedom from death any cause was 91.6%, from
reoperation 96.4%, from death any cause and reoperation
87.7%, from death any cause, reoperation, and New York
Heart Association class III-IV 79.8%. Sixty-four patients
out of 68 who survived more than 2 years (94.1%) at a
mean follow up of 4.2 * 2.5 years had no or 1+ residual
mitral regurgitation.

Conclusions. Although the complexity of mitral valve
repair for degenerative disease increased, results of sur-
gery remained stable. Apposition of a posterior overre-
ductive ring was useful to cover any mistake performed
during the correction.

(Ann Thorac Surg 2006;81:1310-6)
© 2006 by The Society of Thoracic Surgeons

ited the ring insertion to the posterior annulus using,
in the beginning, a pericardial strip, glutaraldehyde-
treated, 52 mm [3] and later 40 mm long [4]. Since 1993,
we applied the same concept in the surgical treatment
of degenerative MR. The purpose of this study is to
describe the surgical techniques used by us to correct
the different anatomical aspects of degenerative MR
and to evaluate the results of overreduction of the
posterior mitral annulus.

Material and Methods

From April 1993 to November 2004, 141 patients with
prolapsing mitral leaflet(s) underwent mitral valve
(MV) repair and overreduction of the posterior annu-
lus. Patients with aortic valve disease were excluded.
All the procedures were performed by one surgeon
(AMC). They represent the 53.8% of all MV repair for
nonfunctional MR performed during the same period
(141/262). Table 1 shows the preoperative clinical and
echocardiographic characteristics of the patients.
Isolated PL prolapse was present in 49.9% of the
patients (n = 69) and isolated AL prolapse in 8.5% (n =
12), whereas both leaflets were involved in the remaining
42.6% (n = 60). Prolapse of a single scallop was present in
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Table 1. Preoperative Clinical and Echocardiographic
Characteristics

n = 141

Age (years) 63 + 12 (28-85)
Female gender 50 (35.5%)
NYHA class (I to IV) 2.9 +0.9

I 11 (7.8%)

I 26 (18.6%)

11 66 (46.4%)

v 38 (27.2%)
Angina 3(2.1%)
Atrial fibrillation 32 (22.8%)
EDv (mL/m?) 85 =19
ESv (mL/m?) 37 £ 14

EF (%) 59 =10
MR (1/1 to 4/4) 3.8*05

EDv = end-diastolic volume;
systolic volume;
Heart Association.

EF = ejection fraction; ESv = end-
MR = mitral regurgitation; NYHA = New York

40.0% of the patients. Mean scallop involvement per
patient was 2.3.

Surgical Indication

Presence of severe MR represented a surgical indication
for mitral valve repair, independently from the left ven-
tricular function. Eleven patients were asymptomatic (in
9 the left ventricular ejection fraction [EF], was equal or
higher [and in 2 lower] than 60%, mean 62.4 * 6.4) and
130 were symptomatic (in 77 EF was equal or higher [and
in 53 lower]| than 60%, mean 58.9 * 10.4). Coronary
bypass grafting was complementary and not substantial
in 16 patients. In 3 patients with angina, MR was due to
degenerative disease and was not functional. In one of
them a septal reshaping [5] was also performed.

Surgical Techniques

All the patients were operated on through a median
sternotomy; all but one who specifically asked for a small
right lateral thoracotomy. Arterial inflow was always the
ascending aorta and both vena cavae were directly can-
nulated. The approach to the MV was always transseptal.
A perioperative transesophageal echocardiogram was
obtained in all the patients.

Prolapse of the Posterior Leaflet

The PL was involved in 129 patients. The prolapsing
scallop was only one in 75 cases (P2 in 73 and P3 in 2). A
combination of 2 or 3 scallops was present in 54 patients
(P1 and P2 in 10, P1 and P3 in 4, P2 and P3 in 14, and all
3 scallops in 26). The correction of the prolapse was
achieved by means of the following guidelines.

When P2 was involved, a quadrangular resection was
performed, but only if the length of its insertion was not
longer than 1/3 of the posterior annulus [6]. Reduction of
the height of the posterior leaflet was obtained sewing
the borders of P1 and P3 directly to the annulus [7]. This
maneuver, which we call focal sliding, allows to reduce
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the height of the posterior leaflet in a simpler and faster
way (Fig 1). Furthermore, it has some important side
effects. If P1, P3, or both are involved together with P2
(the chordae have to be elongated and not ruptured), the
focal sliding moves medially the chordae of the adjacent
scallop(s), eliminating the mechanism of the prolapse
(FiglB). If the chordae of P1 and/or P3 are ruptured,
insertion of artificial chordae (Gore-Tex, W L Gore &
Assoc, Flagstaff, AZ) will avoid any further scallop dis-
placement after the focal sliding. In no case was the
annulus itself plicated.

When P2 was involved, but its insertion was longer
than 1/3 of the posterior annulus, we applied 4 or more
artificial chordae (one suture is considered 2 chordae). If
necessary, other chordae were applied to P1 and/or P3. If
the height of P2 was roughly 20 mm or less, we did not
believe it necessary to reduce its height; if higher, P2 (but
if necessary also P1 and/or P3) was plicated with multiple
U sutures using 4-0 Prolene (Ethicon, Somerville, NJ) to
reduce its height to less than 20 mm (Fig 2) [8]. When P1

B

Fig 1. Focal sliding. (A) The suture of the lateral edges of P1 and P3
on the annulus, al to a, b1 to b, and x1 and x2 on x, increases the
tethering on the elongated chordae of P1 and P3, counteracting the
mechanism at the basis of the prolapse (B).
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Fig 2. Plication of P2. Intraoperative view. (A) P2 has a large annu-
lar insertion (> 50%) and is 35 mm high. (B) P2 is plicated longitu-
dinally with 6 interrupted U sutures. Its height is now 18 mm.

or P3 were involved, but not P2, we used the artificial
chordae or an edge-to-edge suture [9], according to the
involvement, or noninvolvement, of the AL.

Prolapse of the Anterior Leaflet

The AL was involved in 69 patients. The prolapsing
scallop was A2 in 38 patients, Al in 2, and A3 in 3.
Combination of 2 or 3 scallops was present in 26
patients (A1l and A2 in 5, A2 and A3 in 3, and all 3
scallops in 21).

In the first part of our experience we preferred to use
the edge-to-edge technique to correct A2. This strategy is
still used only when Al or A3 are the only scallop(s)
involved. We now prefer to correct the prolapse of the AL
applying the artificial chordae.

Ann Thorac Surg
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Guidelines for Artificial Chordae Application

The new chordae are passed in the fibrous tip of the
papillary muscle and are tied twice. The choice of the
correct length of the new chordae is crucial for the
success of MV repair. Many authors have faced this
problem [10-15] and we have reported a technique based
on echocardiographic perioperative data [16]. With in-
creasing experience we can reach our goal, keeping in
mind some basic concepts.

First, the new chordae do not have the same elasticity
of the native chordae and this extra length to be given has
to be considered during the decision making. Second,
when the heart is arrested and flaccid the tips of the
papillary muscles are near the plane of the MA. When a
leaflet is pulled up with a hook its excursion is often
limited by its height and not by the length of the native
elongated chordae that are generally longer than the
height of the leaflet involved in the prolapse. The excur-
sion of the AL can also be limited by the second-order
chordae. If we tie the new chorda at the level of the
maximal excursion of the leaflet, the chordal length will
be undersized and a restricted motion will follow. As a
consequence, we have to tie the new chorda at a higher
level (3-5 mm) than the maximal excursion of the leaflet
involved.

Overreduction of the Posterior Annulus

At the end of the procedure, an overreductive ring is
applied in the posterior annulus. In the first part of our
experience we used the autologous pericardium; glutar-
aldehyde-treated, 40 or 50 mm long. More recently, we
have been using the Sovering Mini Band with the same
length (SMB40 or SMB50, Sorin, Saluggia, Italy). It is a
flexible ring, made by a radiopaque silicone core covered
with knitted polyester fabric coated with Carbofilm
(Sorin Biomedica Cardio, Via Crescentino, Italy). The
ring is inserted from trigone to trigone, using many
embrocated U sutures, to reduce the stress on the annu-
lus. The purpose of the ring is to move the posterior
annulus toward the anterior one, which remains fixed.
The PL is then attracted posteriorly; this mechanism
increases the tethering on its chordae eliminating any
further possibility of prolapse of any scallop of the PL. It
is functionally eliminated, becoming only a doorstop for
the anterior leaflet (Fig 3), to which it offers a huge
surface of apposition.

As the mitral valve becomes a unileaflet valve the
correction of the AL prolapse becomes crucial. Never-
theless, if new chordae are applied, the use of an
overreductive ring is able to cover some mistake done
when the correct length of the new chorda is decided.
As the length of leaflet’s coaptation is huge, if the new
chordae are 2 mm too long or 2 mm too short, this
aspect is not a determinant for the final result (Fig 3).

The size of the ring is chosen according to the height of
AL measured during the transesophageal echocardio-
grams. If the height is 25 mm or higher, a 50 mm ring is
used; if lower, a 40 mm ring is positioned.
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Fig 3. Postoperative transesophageal echocardiogram. (A) The new
chordae of the anterior leaflet are at least 2 mm too short; neverthe-
less there is no residual mitral regurgitation and the length of coap-
tation between the leaflets is normal. (B) The length of the new
chordae is correct and no residual regurgitation is detected.

Follow-Up

The great majority of the patients were followed up at our
outpatient clinic. Further information was obtained from
the patients themselves or by the referring physician by
telephone or by mail. A postoperative echocardiogram
was performed at our institution in 102 patients, whereas
in the remaining patients the records were sent by fax.
The follow-up ended on November 2004 and was 100%
completed.

Statistical Analysis

Results are expressed as mean value = SD unless other-
wise indicated. Statistical analysis comparing two inde-
pendent groups was performed with unpaired two-tailed
t testing for the means or ¥ test for categorical variables.
Preoperative and postoperative data, expressed as mean
value = SD, were compared with paired two-tailed ¢
testing. Actuarial curves were obtained with the Kaplan-
Meier method. The SPSS software (SPSS, Chicago, IL)
was used; p values less than 0.05 were considered
significant.
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Results

Surgical details are listed in Table 2. A postoperative
echocardiogram was obtained in all the patients in the
operating theatre. At the end of the procedure 135
patients had no MR, whereas the remaining 6 had a
residual MR with a regurgitant area of less than or equal
to 2 cm? in 5 and higher in 1. In 3 patients the aorta was
cross-clamped and an additional procedure was per-
formed, with reduction or elimination of the residual MR.
The single patients where a regurgitant area of 2.5 cm?
was tolerated underwent a redo a few months later for
progressive worsening of the regurgitation.

The amount of residual MR to be accepted changed
during our experience. Recently, we do not accept regur-
gitant areas higher than 1 cm® even though the complex-
ity of the procedure increased (the number of prolapsing
scallops per patient changed from 1.6 = 1.3 in the first 50
patients to 3.0 = 1.6 in the last 50, p < 0.001).

Early mortality was 2.1% (3 patients); causes of death
were cerebrovascular accident, sudden death, and pneu-
monia. Nonfatal cerebrovascular accidents occurred in 2
cases (1.2%). No patients experienced any acute myocar-
dial infarction. The mean intensive care unit and postop-
erative in-hospital stay were, respectively, 33 = 30 hours
and 6.1 = 5.7 days.

Mean follow-up of the survivors was 55 = 36 months.
Patients at risk after 1, 5, and 10 years were, respectively,
80, 41, and 10. After a mean period of 75 = 49 months, 3
patients died due to acute myocardial infarction (1) and
malignancy (2). Freedom from death any cause after 1, 5,
and 10 years was 97.9%, 95.7%, and 91.6% (Fig 4).

After a mean of 10 = 12 months, 3 patients underwent
a new procedure on the mitral valve (3 months in 2 cases,
and 24 months in the last one). Cause of the reoperation
was endocarditis in 2 and failure of the repair in 1.
Freedom from reoperation after 1, 5, and 10 years was
98.4%, 96.4%, and 96.4% (Fig 4). Freedom from death any
cause and reoperation was 96.2%, 92.1%, and 87.7%.

Globally, New York Heart Association (NYHA) class

Table 2. Surgical Details

n =141

Techniques of valvuloplasty

Edge-to-edge 20

PL rectangular resection 100

PL plication 11

Chordal replacement 41
Ring sizes

40 mm 81

50 mm 60
Associated procedures

Tricuspid valve repair 30

Coronary bypass grafting 16

Ablation of atrial fibrillation 10

Atrial septal defect repair 1

Septal reshaping 1

PL = posterior leaflet.
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Fig 4. Ten-year freedom from death any cause (—), from reopera-
tion (- - =), from death and reoperation (- - - ), and from death, re-
operation, and New York Heart Association class III-IV (- - -).

improved from 2.9 = 0.9 to 1.5 * 0.6 (p < 0.001) and 128
patients (94.8% of the survivors) were in NYHA class I or
II. Freedom from death any cause, reoperation, and
NYHA class III or IV was 93.8%, 87.6%, and 79.8%.

Table 3 summarizes the clinical and echocardiographic
results in the 68 patients who survived at least 2 years (2
to 7 years; mean, 4.2 * 2.5). All were directly controlled in
an outpatient clinic. Sixty-four patients (94.1%) had no or
residual MR less than or equal to 1/4.

Comment

Mitral valve repair became the procedure of choice in
nonrheumatic MV disease. In particular, when MR was
due to degenerative disease (fibroelastic or myxomatous
disease), the possibilities of repair were explored suc-
cessfully by many surgeons.

Carpentier an colleagues, in the 1970s [17, 18], identi-
fied different mechanisms of regurgitation and planned
different surgical techniques for them. According to the
different anatomical aspects, repair was obtained using
different methods. If the prolapse involved PL, resection
of the prolapsing scallop (generally P2) was performed
together with plication of the corresponding annulus. If
the prolapse involved AL, chordal shortening or transpo-
sition (from P2 to A2 in case of A2 prolapse) or triangular
resection (or plication) of A2 were performed. With time,
other alternatives were added: chordal replacement [19]
and edge-to-edge [9]. These techniques made simpler
mitral valve repair and increased the surgeon’s
armamentarium.

Usually, a ring is added to restore the normal geometry
of the annulus of the MV. The AL insertion is measured
and a ring, complete or incomplete, flexible, semiflexible,
or rigid, is positioned with a ratio between the posterior
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and anterior annulus of 2:1. Even if this aspect of mitral
repair is diffused it is not the rule as some surgeons
prefer to avoid a ring implantation after the correction of
mitral lesions [20].

Overreduction of the MA was introduced by Bolling
and colleagues [2] in the early 1990s to correct functional
MR in dilated cardiomyopathy. The ring used in this
technique was a #26 in every patient or a ring undersized
by two sizes. The same concept was applied to MR that
follows an acute myocardial infarction [21]. For a long
time we used an autologous, glutaraldehyde-treated,
pericardium strip. Its length, at the beginning 52 mm,
was reduced to 40 mm [4] and was successfully used in
functional MR [3, 21].

In 1993 we started to apply the concept of overreduc-
tion in mitral repair for degenerative disease, using a
pericardium ring 40 or 50 mm long. The concept to
change a bileaflet valve in an unileaflet one, if the AL was
moving correctly, was stimulating, as the functional ori-
fices obtained in patients where overreduction was per-
formed for functional MR were satisfying (from 2.6 to 4.0
cm?). The functional elimination of PL achieved with an
overreducting ring allowed to cover any possible subop-
timal correction of the PL. With time, mitral repair
became more complex as the mean number of involved
scallops increased. The use of an overreducting ring
became more important as the huge surface of coaptation
between the two leaflets was able to cover both a reduced
and an excessive motion of the anterior leaflet (Fig 3).

The use of artificial chordae, both in the anterior and
the posterior leaflets, was crucial in our surgical strategy
as it allowed us to follow precise guidelines for mitral
repair that include all the possible anatomical aspects,
also if all the mitral scallops are involved. The use of
edge-to-edge correction was then abandoned in favor of
a mitral reconstruction that was easy to perform and
reproduced the normal mitral anatomy. Long-term re-
sults of artificial chordae are favorable [12] and seem to

Table 3. Midterm Clinical and Echocardiographic Results

Pre Post P
n 68 68
NYHA class (I to IV) 28+1.0 1.3 = 0.6 <0.001

EDv (mL/m?) 83 = 20 73 =26 0.013
ESv (mL/m?) 34 12 32 £18 0.447
EF (%) 60 =9 59 +9 0.197
MR (1/1 to 4/4) 39*+04 0.3 £0.7 <0.001
Residual MR

None 55 (80.9%)

1+ 9 (13.2%)

2+ 4(5.9%)
MYV functional area (mm?)

40 mm 3.3 £0.6

50 mm 3.7+0.9
Follow-up (years) 42 x25

EDv = end-diastolic volume; EF = ejection fraction; ESv = end-
systolic volume; MR = mitral regurgitation; MV = mitral valve;
NYHA = New York Heart Association.
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be superior to chordal shortening [22]. Histologic evalu-
ation of explanted new chordae shows also a perfect
integration of the new chorda in the biological environ-
ment of the human host [23]. We have to keep in mind
that MR for degenerative mitral disease is a disease of the
valve, but it is because of chordal pathology (elongation
or rupture) that the patient needs surgery. Replacement
of pathologic chordae with artificial ones is a better
option than shortening or transposing diseased native
chordae.

The use of artificial chordae for PL, more recently used
by Nigro and colleagues [24], is, in our opinion, the
preferable method of correction when the height of the
posterior scallop is normal, the insertion of the scallop to
be resected is excessively long, or the remaining borders
of P1 and/or P2 are thin or excessively short. As sug-
gested by David and colleagues [12], we do not resect any
posterior scallop (generally P2) if longer than 1/3 of the
posterior annulus. In that situation, however, we evaluate
the height of the prolapsing scallops. Plication of the
tissue in excess allows to restore a normal height in a
short time, followed by positioning of new chordae.

When P2 can be resected, we prefer to suture directly
the borders of P1 and P3 directly to the annulus, in order
to reduce the height of the remaining posterior leaflet [7].
This procedure can be done rapidly and is able to correct,
if present, any chordal elongation of P1 and/or P3. The
use of an overreducting ring is able to stabilize further
the PL, eliminating any possibility of prolapse. When the
focal sliding is performed, we do not plicate the corre-
sponding annulus, as described by others [25], to elimi-
nate any possible complication [26].

Even if artificial chordae are used for PL, a correct
evaluation of its height is crucial, as the tissue in excess,
if present, has to be eliminated. As suggested by Maslow
and colleagues [27], the presence of a long PL can be one
of the determinants of the presence of the systolic ante-
rior motion (SAM), a complication of mitral repair that
occurs in 1% to 16% of the cases [28]. The reduction of the
height of the posterior leaflet (resection with focal sliding
or plication) and the limitation of its movements avoids a
coaptation of the two leaflets inside the mitral area and
eliminates one of the mechanisms at the basis of the
SAM. This strategy cannot avoid the possibility of SAM
due to the Venturi effect in the presence of septal hyper-
trophy and/or hypovolemia [28], but it at least eliminates
some technical causes.

More recently, we replaced the autologous pericar-
dium with a new ring that followed the same concepts,
the SMB40 and the SMB50. We prefer to use the ring only
in the posterior annulus, as its forward displacement is a
target of our strategy.

In conclusion, we describe a strategy of MV repair that
includes the concept of annular overreduction. The in-
creasing complexity of the mechanisms of MR in degen-
erative disease forces us to use all the tools we have to
improve the quality of the result and to reduce the
consequences of any underestimation of a lesion. In our
opinion, overreduction can be the extra value we can use
to reach a satisfactory mitral repair. Of course, the
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strategy described by us is not the only one possible, but
it can be helpful especially when the mitral lesions are
more complex and diffused.
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The Society of Thoracic Surgeons Policy Action Center

The Society of Thoracic Surgeons (STS) is pleased to
announce a new member benefit—the STS Policy Action
Center, a website that allows STS members to participate

in

change in Washington, DC. This easy, interactive,

hassle-free site allows members to:

® Personally contact legislators with one’s input on key

issues relevant to cardiothoracic surgery

® Write and send an editorial opinion to one’s local media
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E-mail senators and representatives about upcoming
medical liability reform legislation

Track congressional campaigns in one’s district—and
become involved

Research the proposed policies that help—or hurt—
one’s practice

Take action on behalf of cardiothoracic surgery

This website is now available at www.sts.org/takeaction.
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