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verreduction of the Posterior Annulus in Surgical
reatment of Degenerative Mitral Regurgitation
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Background. The concept of overreduction of the pos-
erior annulus was applied in surgical treatment of de-
enerative mitral valve disease.
Methods. From April 1993 to November 2004, 141

atients underwent overreduction of the posterior an-
ulus of the mitral valve in mitral valve repair for
egenerative disease. Mean scallop involvement per
atient was 2.3 and increased to 3.0 in the last period.
orrection of the prolapse of the posterior leaflet

ncluded resection with focal sliding (n � 100), or
pplication of artificial chordae (n � 28), with (n � 11)
r without (n � 17) plication of one or more scallops.
he anterior leaflet prolapse was corrected with edge-

o-edge technique (n � 20) or chordal replacement (n �
8). An overreducting ring, 40 (n � 81) or 50 (n � 60)
m long (autologous pericardium in 64 cases and

overing Miniband [Sorin, Saluggia, Italy] in 77) was

sed in all the patients.
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Results. Three patients died in the early period (2.1%)
nd 3 (2.1%) were reoperated on from 3 to 24 months due
o endocarditis (2 cases) and failure of repair (1 case).
en-year freedom from death any cause was 91.6%, from

eoperation 96.4%, from death any cause and reoperation
7.7%, from death any cause, reoperation, and New York
eart Association class III-IV 79.8%. Sixty-four patients

ut of 68 who survived more than 2 years (94.1%) at a
ean follow up of 4.2 � 2.5 years had no or 1� residual
itral regurgitation.
Conclusions. Although the complexity of mitral valve

epair for degenerative disease increased, results of sur-
ery remained stable. Apposition of a posterior overre-
uctive ring was useful to cover any mistake performed
uring the correction.

(Ann Thorac Surg 2006;81:1310–6)

© 2006 by The Society of Thoracic Surgeons
urgical treatment of degenerative mitral regurgita-
tion (MR) is becoming more and more popular as

he number of patients referred to surgery increases.
he natural history of untreated patients with severe
R and good left ventricular function is widely recog-

ized to be better if the treatment of the disease occurs
hen the patient is asymptomatic [1]. This tendency

orced many surgeons to apply different techniques,
ess or more difficult, targeted mainly to the treatment
f prolapse of the middle scallop of the posterior leaflet
PL), P2.

In the great majority of the patients a ring, complete or
ncomplete, flexible, semiflexible, or rigid, was used. The
urpose was to maintain the length of the insertion of the
nterior leaflet (AL) as it was, and to reduce the length of
nsertion of the posterior annulus to a length equal to two
imes the length of the AL.

In the 1990s the concept of overreduction of the
itral annulus (MA) was introduced by Bolling and

olleagues [2] to correct functional MR in dilated
ardiomyopathy and postischemic MR. Our group lim-

ccepted for publication Aug 22, 2005.

ddress correspondence to Dr Calafiore, Division of Cardiac Surgery, “S
ted the ring insertion to the posterior annulus using,
n the beginning, a pericardial strip, glutaraldehyde-
reated, 52 mm [3] and later 40 mm long [4]. Since 1993,
e applied the same concept in the surgical treatment
f degenerative MR. The purpose of this study is to
escribe the surgical techniques used by us to correct

he different anatomical aspects of degenerative MR
nd to evaluate the results of overreduction of the
osterior mitral annulus.

aterial and Methods

rom April 1993 to November 2004, 141 patients with
rolapsing mitral leaflet(s) underwent mitral valve

MV) repair and overreduction of the posterior annu-
us. Patients with aortic valve disease were excluded.
ll the procedures were performed by one surgeon

AMC). They represent the 53.8% of all MV repair for
onfunctional MR performed during the same period

141/262). Table 1 shows the preoperative clinical and
chocardiographic characteristics of the patients.
Isolated PL prolapse was present in 49.9% of the

atients (n � 69) and isolated AL prolapse in 8.5% (n �
2), whereas both leaflets were involved in the remaining

2.6% (n � 60). Prolapse of a single scallop was present in

0003-4975/06/$32.00
doi:10.1016/j.athoracsur.2005.08.031
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0.0% of the patients. Mean scallop involvement per
atient was 2.3.

urgical Indication
resence of severe MR represented a surgical indication

or mitral valve repair, independently from the left ven-
ricular function. Eleven patients were asymptomatic (in

the left ventricular ejection fraction [EF], was equal or
igher [and in 2 lower] than 60%, mean 62.4 � 6.4) and
30 were symptomatic (in 77 EF was equal or higher [and
n 53 lower] than 60%, mean 58.9 � 10.4). Coronary
ypass grafting was complementary and not substantial

n 16 patients. In 3 patients with angina, MR was due to
egenerative disease and was not functional. In one of

hem a septal reshaping [5] was also performed.

urgical Techniques
ll the patients were operated on through a median

ternotomy; all but one who specifically asked for a small
ight lateral thoracotomy. Arterial inflow was always the
scending aorta and both vena cavae were directly can-
ulated. The approach to the MV was always transseptal.

perioperative transesophageal echocardiogram was
btained in all the patients.

rolapse of the Posterior Leaflet
he PL was involved in 129 patients. The prolapsing
callop was only one in 75 cases (P2 in 73 and P3 in 2). A
ombination 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

scallops in 26). The correction of the prolapse was
chieved by means of the following guidelines.
When P2 was involved, a quadrangular resection was

erformed, but only if the length of its insertion was not
onger than 1/3 of the posterior annulus [6]. Reduction of
he height of the posterior leaflet was obtained sewing
he borders of P1 and P3 directly to the annulus [7]. This

able 1. Preoperative Clinical and Echocardiographic
haracteristics

n � 141

ge (years) 63 � 12 (28–85)
emale gender 50 (35.5%)
YHA class (I to IV) 2.9 � 0.9
I 11 (7.8%)
II 26 (18.6%)
III 66 (46.4%)
IV 38 (27.2%)
ngina 3 (2.1%)
trial fibrillation 32 (22.8%)
Dv (mL/m2) 85 � 19
Sv (mL/m2) 37 � 14
F (%) 59 � 10
R (1/1 to 4/4) 3.8 � 0.5

Dv � end-diastolic volume; EF � ejection fraction; ESv � end-
ystolic volume; MR � mitral regurgitation; NYHA � New York
eart Association.
aneuver, which we call focal sliding, allows to reduce m
he height of the posterior leaflet in a simpler and faster
ay (Fig 1). Furthermore, it has some important side

ffects. If P1, P3, or both are involved together with P2
the chordae have to be elongated and not ruptured), the
ocal sliding moves medially the chordae of the adjacent
callop(s), eliminating the mechanism of the prolapse
Fig1B). If the chordae of P1 and/or P3 are ruptured,
nsertion of artificial chordae (Gore-Tex, W L Gore &
ssoc, Flagstaff, AZ) will avoid any further scallop dis-
lacement after the focal sliding. In no case was the
nnulus itself plicated.
When P2 was involved, but its insertion was longer

han 1/3 of the posterior annulus, we applied 4 or more
rtificial chordae (one suture is considered 2 chordae). If
ecessary, other chordae were applied to P1 and/or P3. If

he height of P2 was roughly 20 mm or less, we did not
elieve it necessary to reduce its height; if higher, P2 (but

f necessary also P1 and/or P3) was plicated with multiple
sutures using 4-0 Prolene (Ethicon, Somerville, NJ) to

educe its height to less than 20 mm (Fig 2) [8]. When P1

ig 1. Focal sliding. (A) The suture of the lateral edges of P1 and P3
n the annulus, a1 to a, b1 to b, and x1 and x2 on x, increases the
ethering on the elongated chordae of P1 and P3, counteracting the

echanism at the basis of the prolapse (B).
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r P3 were involved, but not P2, we used the artificial
hordae or an edge-to-edge suture [9], according to the
nvolvement, or noninvolvement, of the AL.

rolapse of the Anterior Leaflet
he AL was involved in 69 patients. The prolapsing
callop was A2 in 38 patients, A1 in 2, and A3 in 3.
ombination of 2 or 3 scallops was present in 26
atients (A1 and A2 in 5, A2 and A3 in 3, and all 3
callops in 21).

In the first part of our experience we preferred to use
he edge-to-edge technique to correct A2. This strategy is
till used only when A1 or A3 are the only scallop(s)
nvolved. We now prefer to correct the prolapse of the AL

ig 2. Plication of P2. Intraoperative view. (A) P2 has a large annu-
ar insertion (� 50%) and is 35 mm high. (B) P2 is plicated longitu-
inally with 6 interrupted U sutures. Its height is now 18 mm.
pplying the artificial chordae. u
uidelines for Artificial Chordae Application
he new chordae are passed in the fibrous tip of the
apillary muscle and are tied twice. The choice of the
orrect length of the new chordae is crucial for the
uccess of MV repair. Many authors have faced this
roblem [10–15] and we have reported a technique based
n echocardiographic perioperative data [16]. With in-
reasing experience we can reach our goal, keeping in
ind some basic concepts.
First, the new chordae do not have the same elasticity

f the native chordae and this extra length to be given has
o be considered during the decision making. Second,
hen the heart is arrested and flaccid the tips of the
apillary muscles are near the plane of the MA. When a

eaflet is pulled up with a hook its excursion is often
imited by its height and not by the length of the native
longated chordae that are generally longer than the
eight of the leaflet involved in the prolapse. The excur-
ion of the AL can also be limited by the second-order
hordae. If we tie the new chorda at the level of the
aximal excursion of the leaflet, the chordal length will

e undersized and a restricted motion will follow. As a
onsequence, we have to tie the new chorda at a higher
evel (3–5 mm) than the maximal excursion of the leaflet
nvolved.

verreduction of the Posterior Annulus
t the end of the procedure, an overreductive ring is
pplied in the posterior annulus. In the first part of our
xperience we used the autologous pericardium; glutar-
ldehyde-treated, 40 or 50 mm long. More recently, we
ave been using the Sovering Mini Band with the same

ength (SMB40 or SMB50, Sorin, Saluggia, Italy). It is a
exible ring, made by a radiopaque silicone core covered
ith knitted polyester fabric coated with Carbofilm

Sorin Biomedica Cardio, Via Crescentino, Italy). The
ing is inserted from trigone to trigone, using many
mbrocated U sutures, to reduce the stress on the annu-
us. The purpose of the ring is to move the posterior
nnulus toward the anterior one, which remains fixed.
he PL is then attracted posteriorly; this mechanism

ncreases the tethering on its chordae eliminating any
urther possibility of prolapse of any scallop of the PL. It
s functionally eliminated, becoming only a doorstop for
he anterior leaflet (Fig 3), to which it offers a huge
urface of apposition.

As the mitral valve becomes a unileaflet valve the
orrection of the AL prolapse becomes crucial. Never-
heless, if new chordae are applied, the use of an
verreductive ring is able to cover some mistake done
hen the correct length of the new chorda is decided.
s the length of leaflet’s coaptation is huge, if the new

hordae are 2 mm too long or 2 mm too short, this
spect is not a determinant for the final result (Fig 3).
The size of the ring is chosen according to the height of
L measured during the transesophageal echocardio-
rams. If the height is 25 mm or higher, a 50 mm ring is

sed; if lower, a 40 mm ring is positioned.
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ollow-Up
he great majority of the patients were followed up at our
utpatient clinic. Further information was obtained from
he patients themselves or by the referring physician by
elephone or by mail. A postoperative echocardiogram
as performed at our institution in 102 patients, whereas

n the remaining patients the records were sent by fax.
he follow-up ended on November 2004 and was 100%
ompleted.

tatistical Analysis
esults are expressed as mean value � SD unless other-
ise indicated. Statistical analysis comparing two inde-
endent groups was performed with unpaired two-tailed
testing for the means or �2 test for categorical variables.
reoperative and postoperative data, expressed as mean
alue � SD, were compared with paired two-tailed t
esting. Actuarial curves were obtained with the Kaplan-

eier method. The SPSS software (SPSS, Chicago, IL)
as used; p values less than 0.05 were considered

ig 3. Postoperative transesophageal echocardiogram. (A) The new
hordae of the anterior leaflet are at least 2 mm too short; neverthe-
ess there is no residual mitral regurgitation and the length of coap-
ation between the leaflets is normal. (B) The length of the new
hordae is correct and no residual regurgitation is detected.
ignificant. P
esults

urgical details are listed in Table 2. A postoperative
chocardiogram was obtained in all the patients in the
perating theatre. At the end of the procedure 135
atients had no MR, whereas the remaining 6 had a
esidual MR with a regurgitant area of less than or equal
o 2 cm2 in 5 and higher in 1. In 3 patients the aorta was
ross-clamped and an additional procedure was per-
ormed, with reduction or elimination of the residual MR.
he single patients where a regurgitant area of 2.5 cm2

as tolerated underwent a redo a few months later for
rogressive worsening of the regurgitation.
The amount of residual MR to be accepted changed

uring our experience. Recently, we do not accept regur-
itant areas higher than 1 cm2 even though the complex-

ty of the procedure increased (the number of prolapsing
callops per patient changed from 1.6 � 1.3 in the first 50
atients to 3.0 � 1.6 in the last 50, p � 0.001).
Early mortality was 2.1% (3 patients); causes of death
ere cerebrovascular accident, sudden death, and pneu-
onia. Nonfatal cerebrovascular accidents occurred in 2

ases (1.2%). No patients experienced any acute myocar-
ial infarction. The mean intensive care unit and postop-
rative in-hospital stay were, respectively, 33 � 30 hours
nd 6.1 � 5.7 days.
Mean follow-up of the survivors was 55 � 36 months.

atients at risk after 1, 5, and 10 years were, respectively,
0, 41, and 10. After a mean period of 75 � 49 months, 3
atients died due to acute myocardial infarction (1) and
alignancy (2). Freedom from death any cause after 1, 5,

nd 10 years was 97.9%, 95.7%, and 91.6% (Fig 4).
After a mean of 10 � 12 months, 3 patients underwent
new procedure on the mitral valve (3 months in 2 cases,
nd 24 months in the last one). Cause of the reoperation
as endocarditis in 2 and failure of the repair in 1.
reedom from reoperation after 1, 5, and 10 years was
8.4%, 96.4%, and 96.4% (Fig 4). Freedom from death any
ause and reoperation was 96.2%, 92.1%, and 87.7%.

Globally, New York Heart Association (NYHA) class

able 2. Surgical Details

n � 141

echniques of valvuloplasty
Edge-to-edge 20
PL rectangular resection 100
PL plication 11
Chordal replacement 41

ing sizes
40 mm 81
50 mm 60
ssociated procedures
Tricuspid valve repair 30
Coronary bypass grafting 16
Ablation of atrial fibrillation 10
Atrial septal defect repair 1
Septal reshaping 1
L � posterior leaflet.
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mproved from 2.9 � 0.9 to 1.5 � 0.6 (p � 0.001) and 128
atients (94.8% of the survivors) were in NYHA class I or

I. Freedom from death any cause, reoperation, and
YHA class III or IV was 93.8%, 87.6%, and 79.8%.
Table 3 summarizes the clinical and echocardiographic

esults in the 68 patients who survived at least 2 years (2
o 7 years; mean, 4.2 � 2.5). All were directly controlled in
n outpatient clinic. Sixty-four patients (94.1%) had no or
esidual MR less than or equal to 1/4.

omment

itral valve repair became the procedure of choice in
onrheumatic MV disease. In particular, when MR was
ue to degenerative disease (fibroelastic or myxomatous
isease), the possibilities of repair were explored suc-
essfully by many surgeons.

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

rmamentarium.
Usually, a ring is added to restore the normal geometry

f the annulus of the MV. The AL insertion is measured
nd a ring, complete or incomplete, flexible, semiflexible,

ig 4. Ten-year freedom from death any cause (—), from reopera-
ion (- - -), from death and reoperation ( · · · ), and from death, re-
peration, and New York Heart Association class III-IV (– · –).
r rigid, is positioned with a ratio between the posterior
s
N

nd anterior annulus of 2:1. Even if this aspect of mitral
epair is diffused it is not the rule as some surgeons
refer to avoid a ring implantation after the correction of
itral lesions [20].
Overreduction of the MA was introduced by Bolling

nd colleagues [2] in the early 1990s to correct functional
R in dilated cardiomyopathy. The ring used in this

echnique was a #26 in every patient or a ring undersized
y two sizes. The same concept was applied to MR that

ollows an acute myocardial infarction [21]. For a long
ime we used an autologous, glutaraldehyde-treated,
ericardium strip. Its length, at the beginning 52 mm,
as reduced to 40 mm [4] and was successfully used in

unctional MR [3, 21].
In 1993 we started to apply the concept of overreduc-

ion in mitral repair for degenerative disease, using a
ericardium ring 40 or 50 mm long. The concept to
hange a bileaflet valve in an unileaflet one, if the AL was
oving correctly, was stimulating, as the functional ori-

ces obtained in patients where overreduction was per-
ormed for functional MR were satisfying (from 2.6 to 4.0
m2). The functional elimination of PL achieved with an
verreducting ring allowed to cover any possible subop-
imal correction of the PL. With time, mitral repair
ecame more complex as the mean number of involved
callops increased. The use of an overreducting ring
ecame more important as the huge surface of coaptation
etween the two leaflets was able to cover both a reduced
nd an excessive motion of the anterior leaflet (Fig 3).
The use of artificial chordae, both in the anterior and

he posterior leaflets, was crucial in our surgical strategy
s it allowed us to follow precise guidelines for mitral
epair that include all the possible anatomical aspects,
lso if all the mitral scallops are involved. The use of
dge-to-edge correction was then abandoned in favor of

mitral reconstruction that was easy to perform and
eproduced the normal mitral anatomy. Long-term re-
ults of artificial chordae are favorable [12] and seem to

able 3. Midterm Clinical and Echocardiographic Results

Pre Post p

68 68
YHA class (I to IV) 2.8 � 1.0 1.3 � 0.6 �0.001
Dv (mL/m2) 83 � 20 73 � 26 0.013
Sv (mL/m2) 34 � 12 32 � 18 0.447
F (%) 60 � 9 59 � 9 0.197
R (1/1 to 4/4) 3.9 � 0.4 0.3 � 0.7 �0.001

esidual MR
None 55 (80.9%)
1� 9 (13.2%)
2� 4 (5.9%)
V functional area (mm2)
40 mm 3.3 � 0.6
50 mm 3.7 � 0.9

ollow-up (years) 4.2 � 2.5

Dv � end-diastolic volume; EF � ejection fraction; ESv � end-

ystolic volume; MR � mitral regurgitation; MV � mitral valve;
YHA � New York Heart Association.
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e superior to chordal shortening [22]. Histologic evalu-
tion of explanted new chordae shows also a perfect
ntegration of the new chorda in the biological environ-

ent of the human host [23]. We have to keep in mind
hat MR for degenerative mitral disease is a disease of the
alve, but it is because of chordal pathology (elongation
r rupture) that the patient needs surgery. Replacement
f pathologic chordae with artificial ones is a better
ption than shortening or transposing diseased native
hordae.

The use of artificial chordae for PL, more recently used
y Nigro and colleagues [24], is, in our opinion, the
referable method of correction when the height of the
osterior scallop is normal, the insertion of the scallop to
e resected is excessively long, or the remaining borders
f P1 and/or P2 are thin or excessively short. As sug-
ested by David and colleagues [12], we do not resect any
osterior scallop (generally P2) if longer than 1/3 of the
osterior annulus. In that situation, however, we evaluate

he height of the prolapsing scallops. Plication of the
issue in excess allows to restore a normal height in a
hort time, followed by positioning of new chordae.

When P2 can be resected, we prefer to suture directly
he borders of P1 and P3 directly to the annulus, in order
o reduce the height of the remaining posterior leaflet [7].
his procedure can be done rapidly and is able to correct,

f present, any chordal elongation of P1 and/or P3. The
se of an overreducting ring is able to stabilize further

he PL, eliminating any possibility of prolapse. When the
ocal sliding is performed, we do not plicate the corre-
ponding annulus, as described by others [25], to elimi-
ate any possible complication [26].
Even if artificial chordae are used for PL, a correct

valuation of its height is crucial, as the tissue in excess,
f present, has to be eliminated. As suggested by Maslow
nd colleagues [27], the presence of a long PL can be one
f the determinants of the presence of the systolic ante-
ior motion (SAM), a complication of mitral repair that
ccurs in 1% to 16% of the cases [28]. The reduction of the
eight of the posterior leaflet (resection with focal sliding
r plication) and the limitation of its movements avoids a
oaptation of the two leaflets inside the mitral area and
liminates one of the mechanisms at the basis of the
AM. This strategy cannot avoid the possibility of SAM
ue to the Venturi effect in the presence of septal hyper-

rophy and/or hypovolemia [28], but it at least eliminates
ome technical causes.

More recently, we replaced the autologous pericar-
ium with a new ring that followed the same concepts,

he SMB40 and the SMB50. We prefer to use the ring only
n the posterior annulus, as its forward displacement is a
arget of our strategy.

In conclusion, we describe a strategy of MV repair that
ncludes the concept of annular overreduction. The in-
reasing complexity of the mechanisms of MR in degen-
rative disease forces us to use all the tools we have to
mprove the quality of the result and to reduce the
onsequences of any underestimation of a lesion. In our
pinion, overreduction can be the extra value we can use

o reach a satisfactory mitral repair. Of course, the
trategy described by us is not the only one possible, but
t can be helpful especially when the mitral lesions are

ore complex and diffused.
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