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Background: We evaluated the midterm outcomes of lifting posterior mitral annuloplasty for enhancing

leaflet coaptation in mitral valve repair.
Methods: Between October 2007 and December 2012, 341 consecutive patients with significant mitral

regurgitation underwent lifting posterior mitral annuloplasty using a specially designed fabric annuloplasty
strip that lifts the middle portion of the posterior annulus. Associated procedures for mitral valve repairs,
such as patch valvuloplasty for posterior leaflet prolapse (n=80), new chord placement for anterior leaflet
prolapse (n=33), commissurotomy (n=29), and posterior leaflet extension (n=23), were performed in 141
patients (41.3%).
Results: Thirty-day mortality was 0.9%. Nine late deaths (2.6%) occurred. Mean overall survival at 5 years

was 96.0%±1.1%. During the mean follow-up period of 38±17 months, six patients (1.8%) underwent valverelated reoperation (5-year freedom from valve-related reoperation, 98.1%±0.8%). At 5 years, mean freedom
from recurrence of mitral regurgitation grade 3+ to 4+ (moderate to severe) was 95.1%±1.6%. The mean
valve pressure gradient (PG) was 3.2±1.5 mmHg across all strip sizes at the time of follow-up.
Conclusions: Lifting posterior mitral annuloplasty using an innovative annuloplasty strip in mitral valve

repair has a low rate of recurrent regurgitation or valve-related reoperation with rare relevant complications.
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Introduction
Mitral annuloplasty has been an important component of
most mitral valve (MV) repair techniques for mitral valve
regurgitation (MR) (1,2). Mitral valve annular geometry has
been studied to maintain the annular motion and improve
repair outcomes after MV annuloplasty (3-5). However,
most traditional rigid, semi-rigid, or flexible rings have been
affixed to the valve annulus on the flat plane, with limited
annular motion during the cardiac cycle (4). Although
some flexible rings have been manufactured to allow
native annular motion, both septal-lateral and transverse
dimensions of the valve become nearly motionless because
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the entire annulus is affixed to the ring. For two-leaflet
coaptation, reduction of the transverse valve dimension
by annuloplasty may be unnecessary and could disturb
the coaptation. However, reduction of the septal-lateral
dimension may be an important factor. In animal models,
reduction of the septal-lateral annular dimension and an
increased mitral hinge angle have been the main factors for
facilitating mitral leaflet coaptation (6). The annuloplasty
ring shape has also been emphasized in producing annular
non-planarity and leaflet curvature in order to reduce
valvular stress and increase repair durability (4).
A novel mitral annuloplasty strip was designed to lift
the middle portion of the posterior annulus on the basis of

www.annalscts.com

Ann Cardiothorac Surg 2015;4(3):249-256

Song et al. Lifting posterior mitral annuloplasty for mitral regurgitation

250

A

B

Table 1 Preoperative characteristics of the 341 patients undergoing
lifting posterior mitral annuloplasty
Preoperative parameters

Date (%)

Male/female

168/173
(49.3/50.7)

Age (years) (mean ± SD)

50.7±14.8

BSA (m2)

1.67±0.18

Preoperative LVEF (%)

62.7±11.3

Severe LV dysfunction (LVEF <35%)

23 (4.1)

Left ventricular end-systolic dimension (mm)

37.5±8.3

Left ventricular end-diastolic dimension (mm)

57.3±8.1

Preoperative NYHA class

Figure 1 A lifting mitral annuloplasty (LPMA) strip is a flexible
Dacron 5 mm wide with two thick margins and a thin gully
between them. (A) It is flat when straight; (B) the superior margin

I

43 (12.6)

II

175 (51.3)

III

82 (24.0)

IV

41 (12.0)

of the strip is lifted by the strip’s curve in the middle portion.

Causes of MR

When the strip forms a round shape with both ends fixed on a

Degenerative

235 (68.9)

plane, the superior margin of the strip is lifted in proportion to the

Rheumatic

29 (8.5)

curvilinear degrees.

Endocarditis

22 (6.5)

Cardiomyopathy

21 (6.2)

Ischemic

21 (6.2)

Congenital

13 (3.8)

both commissural ends, sparing the anterior leaflet and the
commissures. This study evaluated the mid-term results of
the innovative lifting mitral annuloplasty (LPMA), which
was performed to complete MV repair in patients with MR
caused by various etiologies.
Methods
This study is a retrospective nonrandomized review of the
prospective follow-up of all MR patients who underwent
LPMA for MV repair. This study was approved by the
Institutional Review Board at Konkuk University.
Patients
B e t w e e n O c t o b e r 2 0 0 7 a nd Dec emb er 2 0 1 2, 341
consecutive patients (mean age, 50.7±14.8 years; 168 men/
173 women) who had significant MR underwent LPMA
with the novel annuloplasty strip (Figure 1) after providing
written informed consent at Konkuk University Medical
Center (Table 1). The causes of MR were degeneration in
235 patients (68.9%), rheumatism in 29 patients (8.5%),
endocarditis in 22 patients (6.5%), cardiomyopathy in
21 patients (6.2%), ischemia in 21 patients (6.2%), and
secondary to congenital heart disease in 13 patients (3.8%).
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Data are given as n (%) or mean ± SD. BSA, body surface
area; LV, left ventricular; LVEF, left ventricular ejection fraction;
MR, mitral valve regurgitation; MV, mitral valve.

Three hundred and fourteen patients (92.1%) exhibited
substantial moderate to severe MR, and 27 (7.9%) had
moderate MR. Of the patients with moderate MR, 19
had mixed stenosis and regurgitation of rheumatic origin,
five had ischemic MR, and three had MR associated with
congenital heart diseases.
During the study period, 450 patients required primary
mitral valve surgery. Of them, only five patients (1.1%)
underwent valve replacement. The remaining 445 patients
underwent LPMA associated with MV repair. Of them,
104 patients with concomitant aortic valve surgery or
commissurotomy for pure mitral stenosis without MR were
excluded, since the aim of the study was to assess the effect
of LPMA in patients with MR.
Operative technique
Most patients (n=277, 81.2%) underwent MV surgery
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Figure 2 (A) The strip is placed using six interrupted 2-0 Dacron mattress sutures that are passed through the 5-mm left atrial wall and
posterior annulus; (B) after new chord placement (white arrowhead), lifting mitral annuloplasty (LPMA) (white arrow) was per-formed; (C)
in the saline test, the leaflet coaptation (white arrow) was placed below the strip. A, anterior leaflet; P, posterior leaflet.

through a right thoracotomy, and the remaining patients (n=64,
18.8%) through a median sternotomy. Cardiopulmonary
bypass was established with extrathoracic arterial (femoral
or axillary artery) and venous cannulation (femoral vein and
right internal jugular vein) for cases of right thoracotomy,
or with standard aortic and direct vena cava cannulation for
cases of median sternotomy under moderate hypothermia.
After achieving cardiac arrest with an infusion of cold blood
cardioplegic solution, the MV was exposed through a left
atriotomy in the Sondergaard groove.
The LPMA technique was described in detail previously (7).
Prior to LPMA, patch valvuloplasty for posterior leaflet
prolapse (8), placement of new chords for anterior leaflet
prolapse, leaflet extension for tethered posterior leaflet,
and/or the Cox-Maze operation for atrial fibrillation
were performed. The size of the annuloplasty strip was
determined by measuring the intercommissural distance.
The strip was placed in the supra-annular portion along
the posterior annulus; neither the anterior annulus nor the
commissures were involved. Six braided 2-0 Dacron sutures
were used to fix the strip in position (Figure 2A,B). For
posterior leaflet extension, the posterior leaflet was detached
from the annulus; a 3.0-mm leaflet margin remained intact
at both commissures. The leaflet defect was closed with an
elliptical bovine pericardial patch 13 to 15-mm in width
using running 4-0 Prolene (Ethicon, Somerville, NJ, USA)
sutures.
Posterior annuloplasty strip
The LPMA strip was a flat 5.0-mm-wide strip made of
Dacron with a thin central gully between two thick margins.
The strip is flexible in the flat plane, and relatively rigid
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in the vertical plane due to its thick margins (Figure 1).
Commonly used strip lengths were 53, 55, 58, and 61 mm
for intercommissural dimensions of 30, 32, 34, and 36 mm,
respectively (Table 2).
After LPMA, the posterior annular length was reduced to
1.5 times the anterior annular length by the appropriatelysized strip (9). The strip and posterior annulus became a
curvilinear complex in which the middle portion was lifted
above the horizontal plane of both commissures and was
pushed forward in view of the vertical plane (Figure 1,
Figure 2B,C).
Associated procedures for MV repair and concomitant
cardiac surgeries
Twenty-nine patients (8.5%) with rheumatic mixed
stenosis and regurgitation underwent commissurotomy,
decalcification, stripping of the thickened leaflets, and
penetration of fused chords. Anterior leaflet prolapse (chord
elongation or rupture) was repaired by the placement
of artificial chords (4-0 or 5-0 polytetrafluoroethylene
sutures) in 33 patients (9.7%). Posterior leaflet prolapse
(chord elongation or rupture) was repaired by patch
valvuloplasty (8) in 80 patients (23.5%) and quadriangular
resection in 4 patients (1.2%).
Posterior leaflet extension was performed in 19 rheumatic
patients with mixed stenosis and regurgitation and four
patients with ischemic MR. Two patients also underwent
anterior leaflet extension for short anterior leaflets. The
MV repair was associated with other cardiac procedures in
129 cases (37.8%): tricuspid annuloplasty in 50, Cox maze
procedure in 104, coronary artery bypass graft in 24, and
congenital cardiac defect repair in 9 (Table 2).
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Table 2 Operative procedures
Variable

n=341

Surgical approach, n (%)
Right thoracotomy

277 (81.2)

Median sternotomy

64 (18.8)

Associated valve procedures, n (%)

141 (41.3)

lateral and intercommissural dimensions were measured.
In the parasternal long-axis view, the coaptation height (the
longest coaptation length of the anterior leaflet) and depth
(the shortest distance between the coaptation and annular
plane) were measured in early systole.

Patch valvuloplasty (posterior leaflet prolapse)

80 (23.5)

Statistical analysis

Artificial chords (anterior leaflet prolapse)

33 (9.7)

Commissurotomy

29 (8.5)

Quadriangular resection of posterior leaflet

4 (1.2)

Leaflet extension

23 (6.7)

All statistical analyses were performed in SPSS 18.0 (IBM,
Armonk, NY, USA). Continuous variables were expressed
as the mean ± standard deviation and compared using the
Student’s t-test and paired t-test, and categorical variables
were expressed as proportions (%) and compared using the
χ2 test. Survival and freedom from progression of MR or
reoperation probability were estimated using the standard
non-parametric Kaplan-Meier method.

Anterior leaflet extension

2 (0.6)

Posterior leaflet extension

23 (6.7)

Strip size, n (%)
No. 28

12 (3.5)

No. 30

15 (4.4)

No. 32

89 (26.1)

Results

No. 34

215 (63.1)

No. 36

9 (2.6)

Morbidity and mortality

No. 38

1 (0.3)

Isolated MV procedure, n (%)

212 (62.2)

Concomitant cardiac procedures, n (%)

129 (37.8)

Tricuspid annuloplasty

50 (14.6)

Maze operation

104 (30.5)

Coronary bypass grafting

24 (7.0)

Congenital cardiac lesion repair
Atrial septal defect repair

6 (1.8)

Ventricular septal defect

2 (0.6)

Patent ductus arteriosus

1 (0.3)

MV, mitral valve.

Three (0.9%) hospital deaths (≤30 days) occurred in the
study population. The causes of the three deaths were noncardiac: gastrointestinal bleeding, intracranial bleeding and
pneumonia, and sepsis. During a mean follow-up period
of 38.2±17.1 months, nine late deaths (2.6%) occurred,
all between postoperative day 37 and 2.9 years. The cause
of death could be assessed in seven of the nine patients.
Two patients died of cardiac-related causes: left ventricular
(LV) failure in one and right heart failure in another. The
other five patients died of non-cardiac causes: esophageal
perforation in one, pneumonia in two, cerebrovascular
accident in one, and traffic accident in one. Overall survival
at 5-years was 96.0%±1.1%.

Echocardiographic measurements

Follow-up data

Transthoracic echocardiography was performed at
admission, discharge, 6-months postoperatively, and
annually. Transesophageal echocardiography (10) was
performed at admission and during the operation. MR
grade was determined according to the following scale:
0, no or trivial MR; 1+, mild; 2+, moderate MR; 3+,
moderately severe MR; and 4+, severe MR. The MV orifice
area was assessed by the pressure half-time method (11).
The intercommissural dimensions were measured in early
and late diastole to investigate changes in the dimensions.
When the valve was fully opened (early diastole), the septal-

The mean echocardiographic follow-up time was 23.2±
18.2 months. At the last echocardiographic examination
of 338 early survivors, MR was absent or trivial in 269
patients (78.9%), mild in 50 patients (14.7%), moderate
in nine patients (2.6%), moderately severe in nine patients
(2.6%), and severe in one patient (0.3%). The one patient
with severe recurrent MR underwent reoperation for valve
replacement on postoperative day 9. Mean freedom from
recurrence of MR ≥3+ at 5 years was 95.1%±1.6%.
Twenty-three patients (19 with rheumatic MR and four
with ischemic MR) who underwent posterior leaflet extension
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Figure 3 Postoperative transthoracic echocardiograms. In the parasternal long-axis view, (A) leaflet coaptation (height, 12 mm; white
arrowhead) was placed below the annuloplasty strip (white arrow) in early systole and (B) the anterior leaflet (white arrowhead) showed
full opening in early diastole (white arrow, annuloplasty strip). In the parasternal short-axis view; (C) the valve was opened and the
intercommissural distance decreased (‘a’, 35 mm) in early diastole; and (D) the valve was closing and the intercommissural distance increased
(‘b’, 42 mm) in late diastole. The distance decreased more in early systole (data not shown). LA, left atrium; LV, left ventricle; AO, aorta.

had no or trivial MR. Of the 29 patients who underwent
concomitant commissurotomy, five had moderate stenosis.
In an echocardiographic follow-up of 285 patients
(83.6%), the MV area and MV area index were 2.5±0.6 cm2 and
1.5±0.4 cm2/m2, respectively, whereas the mean transvalvular
pressure gradient (PG) was 3.2±1.5 mmHg. All patients
exhibited coaptation below the posterior annulus and the
strip (Figure 2C, Figure 3A,B).
Geometry of the MV after LPMA was analyzed by twodimensional echocardiography for the last 50 patients. The
mean leaflet coaptation depth and height in early systole
were 4.1±0.7 and 10.0±2.0 mm, respectively (Table 3). Between
early and late diastole, the mean change in intercommissural
dimensions was 20.9%±8.0% (34.7±3.8 mm in late diastole
vs. 28.9±3.9 mm in early diastole; P<0.0001; Figure 3C,D).
When the valve fully opened (at the largest septal-lateral
dimension), the mean ratio of the septal-lateral and intercommissural dimensions was 59.7%±8.1% (Table 3). The
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mean LV end-systolic and diastolic dimensions decreased
from 37.5±8.3 to 32.9±7.4 mm and from 57.3±8.1 to
49.2±6.6 mm (P<0.001), respectively.
Reoperation
Reoperation was performed in nine patients (2.6%; overall
5-year freedom rate of reoperation, 97.0%±1.0%). Six
patients (1.8%) underwent reoperation due to recurrent
MR: five patients underwent valve repair with LPMA and one
patient underwent MV replacement with a 27-mm pericardial
valve. Mean freedom from valve-related reoperation at
5-years was 98.1%±0.8%. The remaining three patients
underwent non-valve-related reoperations: two patients
underwent cardiac transplantation due to aggravated
cardiomyopathy and one patient underwent tricuspid valve
replacement and right ventricular reduction. This last
patient died from right heart failure on postoperative day 1.
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Table 3 Postoperative data for the 341 surgical patients
Variable

Date (%)

Operative (30-day) mortality

3 (0.9)

Follow-up, months

38.2±17.1

NYHA class at the latest follow-up (n=329)a
I

232 (68.0)

II

85 (24.9)

III

10 (2.9)

IV

2 (0.6)

MR grade, postoperative (n=338)b
Grade 0 (Absent or trivial)

269 (78.9)

Grade 1+ (Mild)

50 (14.7)

Grade 2+ (Moderate)

9 (2.6)

Grade 3+ (Moderately severe)

9 (2.6)

Grade 4+ (Severe)

1 (0.3)

MVA (PHT), cm2

2.52±0.58

Range

1.30-5.40
2

2

Indexed MVA (PHT) (cm /m )

1.52±0.37

Range

0.72–3.53

Mean transvalvular pressure gradient (mmHg)

3.2±1.5

Right ventricular systolic pressure (mmHg)

27.3±8.0

Left ventricular end-systolic dimensions (mm)

32.9±7.4

Left ventricular end-diastolic dimensions (mm)

49.2±6.6

c

Leaflet coaptation height (mm) (n=50)

10.0±2.0

Leaflet coaptation depth (mm) (n=50)c

4.1±0.7

c

Intercommissural dimension (n=50)
In early diastole (mm)

28.9±3.9

In late diastole (mm)

34.7±3.8

Changes (%)

20.9±8.0

In fully opened valve orifice (n=50)c
Transverse dimension (A) (mm)

28.9±3.9

Septal-lateral dimension (B) (mm)

17.3±3.5

B/A (%)

59.7±8.1

Data were given as n (%) or mean ± SD. a, early and late
deaths (n=12) were not included; b, hospital deaths (n=3) were
not included; c, data of the last 50 cases were collected. MR,
mitral valve regurgitation; MVA, mitral valve orifice area; PG,
pressure gradient; PHT, pressure half time.

Discussion
The present study reports midterm results for LPMA
with the new posterior annuloplasty strip in a series of
patients with MR. During the study period, primary MV
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replacement was performed in only five patients. The main
finding of this study is that mean freedom from recurrence
of MR grade 3+ or 4+ was 95.1%±1.6% at 5-years,
and mean freedom from valve-related reoperation was
98.1%±0.8% at 5-years, despite the fact that most patients
(98.9%) who required primary MV surgery underwent
MV repair with LPMA. The freedom from progression to
moderate or severe MR and freedom from valve-related
reoperation after MV repair in our series were comparable
to previous results (12-14). The echocardiographic followup of LPMA combined with other valve repair procedures,
including new chord placement, patch valvuloplasty (8), and
leaflet extension, showed a favorable result, with recurrent
MR ≥3+ in only 10 patients (2.9 %). Five-year freedom of
99% from severe MR was lower than the linear recurrence
rate of 1.5% to 2% per year in previous annuloplasty results
(13-15). The operative mortality of 0.9% is comparable
to previously reported results (13,15-17), despite the same
LPMA procedure being used for most patients with MR,
including mixed stenosis and regurgitation of rheumatic
origin.
Post-repair residual MR is significantly associated with
the absence of a prosthetic annuloplasty (13,15). To obtain
adequate leaflet coaptation and prevent recurrent MR,
several types of annuloplasty prostheses have been designed.
However, a consensus regarding the optimal design for
each valvular disease has not been reached (6). The LPMA
strip is a flexible Dacron strip, and its structure is quite
different from that of the traditional rings. The strip is
flexible when flat, but rigid in the vertical direction due to
two thick margins. As the strip is placed along the posterior
annulus only, the strip is several millimeters shorter than
the traditional flexible c-type rings. After its supraannular
placement, the strip becomes curvilinear due to the round
nature of the posterior annulus, and lifts and pushes the
middle portion of the posterior annulus forward. The strip
also has a straightening force due to its two thickened
margins. The functional concept of the strip, which reduces
the septal-lateral dimension and lifts the middle portion of
the posterior leaflet, is different from rigid rings that were
used to treat degenerative MR. After LPMA, however,
the preserved anterior annulus and commissures and the
flexible strip allow change in the intercommissural distance
when the valve opens and closes during the cardiac cycle.
During systole, the anterior leaflet and commissures
preserved by LPMA may maintain their native annular
hinge motion, which is an important factor for facilitating
leaflet coaptation (6). Additionally, the posterior leaflet
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lifted by LPMA may increase the leaflet curvature, which is
also an important mechanism for stress reduction (5). As the
middle portion of the posterior annulus is lifted and pushed
forward, the septal-lateral dimension of the valve is reduced,
which enhances leaflet coaptation (6,18). LPMA after mitral
commissurotomy did not significantly reduce the valve
orifice area. Furthermore, the straightening force produced
by two thick margins of the strip may enhance commissural
coaptation after commissurotomy, when there are no
chords. Among our cases of mitral commissurotomy and
LPMA, none exhibited regurgitation flow in commissural
corners. In echocardiography, the leaflet coaptation was
always below the annuloplasty strip. The supra-annular
position and flat shape of the strip seem to be reasons for the
lack of hemolytic complications in cases of remnant MR.
The low freedom from valve-related reoperation
(98.1%±0.8% at 5-years) means that the LPMA procedure
results in favorable leaflet coaptation and rare recurrence of
MR. In other words, the anterior annulus and commissures
that were not involved in the annuloplasty are not insidious
structures that progressively dilate and induce recurrent
MR. Therefore, we suggest preserving the anterior annulus
and commissures when performing annuloplasty to retain
their native motion during the cardiac cycle.
The postoperative valve area and mean MV gradient
were similar to the previously reported data (19), but
the real valve area may have been underestimated by
echocardiography, as the pressure half time (PHT) can be
measured relatively high in the central valve portion with a
reduction of the septal-lateral dimension. In early diastole,
however, the septal-lateral dimension was significantly
increased by full opening of the anterior leaflet while
the intercommissural dimension was reduced. Although
the LPMA had several causative factors for systolic
anterior motion (SAM) (20), such as reduced septal-lateral
dimension, increased coaptation height, and posterior
leaflet extension, SAM never occurred because the LPMA
technique did not disturb or affect the motion of the
anterior leaflet and annulus. Further prolapse secondary to
repair failure was not seen after LPMA.
Ring fixation to the commissures is not required to
enhance the coaptation of two leaflets and prevent annular
re-dilatation. For myxomatous mitral valve diseases in
which systolic saddle—shape deepening (accentuation)
is not recovered after annuloplasty (21), LPMA may
compensate for the lost systolic saddle-shape via posterior
annular lifting.
This retrospective analysis has several limitations.
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First, valve geometric data were collected from a limited
number of the patients. Second, this study did not measure
the hinge angle that defines the annular saddle motion
and leaflet curvature. To testify to the advantages of
LPMA, the annular motion should be confirmed by 3D
echocardiographic measurements. Finally, the clinical
outcome of LPMA may be affected by additional repair
procedures, such as patch valvuloplasty and the placement
of new chords. The long-term durability of LPMA and
survival should be followed up in future studies.
Conclusions
In mitral valve repair of variable types of mitral regurgitation,
lifting posterior mitral annuloplasty for enhancing leaflet
coaptation had a low rate of recurrent regurgitation or
valve-related reoperation with rare relevant complications.
Thus, mitral annuloplasty using an innovative annuloplasty
strip can be quite useful for completing mitral valve repair
in most patients who have mitral regurgitation.
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