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Abstract 

Background  Ring annuloplasty is the standard treatment of ischemic mitral regurgitation (MR), however, it has been associated with 
some drawbacks. It abolishes normal annular dynamics and freezes the posterior leaflet. In the present study, we evaluated Paneth suture 
annuloplasty in chronic ischemic MR and both early and mid-term outcomes of the technique on a selected population. Methods  The study 
period was from June 2010 to June 2012. We operated on 21 patients who had the diagnosis of coronary artery disease and MR of grade 3 or 
4. The patients had both a coronary artery bypass operation and the mitral semicircular reduction annuloplasty described by Paneth-Burr. The 
data on the patients were retrospectively collected. Patients were contacted by outpatient clinic controls for mid-term results. Results  The 
male/female ratio was 10/11. The mean age of the patients was 71.0 ± 6.4 years. Preoperative and postoperative left ventricular ejection frac-
tion was statistically similar (P = 0.973). Early postoperative MR grade (mean, 0.57 ± 0.51) was statistically lower than the preoperative MR 
grades (mean, 3.38 ± 0.50) (P < 0.001). There was no revision for excess bleeding. Two patients had prolonged hospitalization, one for ster-
nal infection and the other for severe chronic obstructive pulmonary disease. No hospital or late postoperative deaths occurred. The mean late 
postoperative MR grade was 0.66 ± 0.97 degrees. One patient had progression of MR in the later follow-up, which was treated by mitral 
valve replacement. Conclusion  Semicircular reduction annuloplasty is an effective, inexpensive and easy surgical annuloplasty technique 
with low mortality and morbidity in severe symptomatic ischemic MR. 
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1  Introduction  

The best method for surgical correction of mitral regur-
gitation (MR) is repair because it does not require antico-
agulation and carries a lower risk of late death and 
valve-related morbidity.[1] Annuloplasty is an essential 
component of mitral valve repair whether it is performed 
with, or without, a prosthetic ring. Currently, ring annu-
loplasty is considered as the gold standard although some 
unfavorable pathophysiologic effects have been identified in 
experimental and clinical studies.[2] On the other hand, su-
ture annuloplasty is preferred by some authors for some of 
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its advantages.[3,4] 

Ischemic MR results from myocardial infarction or 
ischemia.[5] It is associated with separation, or weak, coapta-
tion of the anterior and posterior leaflets.[6] Long-term sur-
vival is poor despite medical or surgical treatment in 
ischemic MR.[5] The mechanism of MR in chronic ischemic 
disease has been described as local left ventricular remod-
eling (apical and posterior displacement of papillary mus-
cles), which leads to excess valvular tenting and loss of 
systolic annular contraction.[7] 

In the present study, we retrospectively evaluated the 
outcomes of patients who had both coronary artery bypass 
surgery (CABG) and semicircular posterior annular reduc-
tion surgery for ischemic MR.   

2  Methods 

2.1  Patients 

Between June 2010 and June 2012, a total of 21 patients 
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who underwent open heart surgery for coronary artery dis-
ease and ischemic mitral valve insufficiency were included 
in the study. These patients had both coronary artery revas-
cularization and mitral semicircular Paneth-Burr annu-
loplasty.[7] Patients with aortic valve disease, ascending 
aorta disease, chordal or papillary muscle rupture, left ven-
tricle aneurysm, and patients who had had previous cardiac 
operation were excluded from the study. Preoperative 
demographic and echocardiographic data on the patients, 
and operative and postoperative in-hospital data were retro-
spectively collected. Postoperative outpatient visits were 
evaluated. Patients were called by outpatient clinic controls 
if they had missed their control visits. Collected data were 
analyzed with statistical software SPSS. Continuous vari-
ables were expressed as mean ± SD. Preoperative and post-
operative values were compared with repeated measures test 
in general linear model. P < 0.05 was considered as statisti-
cally significant. 

2.2  Surgical technique 

The operations were done under general anesthesia and 
intra-tracheal intubation. Median sternotomy was done. 
Bypass grafts were prepared before cardiopulmonary bypass 
(CPB). Anticoagulation was accomplished with heparin 
until a target activated clotting time of a minimum 450 s 
was achieved. Standard ascending aorta and bicaval cannu-
lations were done. Standard cardiopulmonary bypass tech-
niques were used for the operations. The patients were 
cooled to 30°C–32°C. Antegrade isothermic hiperpotas-
semic blood cardioplegia was used for myocardial protec-
tion.  

Mitral valve was explored after coronary artery distal 
anastomosis had been done, except for distal anastomosis of 
left anterior descending artery (LAD). The left internal tho-
racic artery was used for LAD revascularization in all pa-
tients. Saphenous vein grafts were used for the other vessel 
revascularizations. No jump or sequential anastomosis was 
done. Every saphenous vein graft was proximally anasto-
mosed to the aorta. The technique for mitral valve repair has 
been previously described.[8] The mitral valve was accessed 
via left atriotomy made through the interatrial groove. Mi-
tral posterior annulus was constricted with two 2-0 poly-
filament polyester pledgetted sutures starting from each 
commissure. One end of the suture was spirally coiled both 
around the annulus and the other end of the suture. Both 
sutures met at the midpoint of the posterior annulus and 
were tied with a pledget until a good coaptation was attained 
(Figure 1). The coaptation of the valve was checked by fill-
ing the left ventricle with saline. After finishing the valvular 
repair, LAD anastomosis was done. 

 

Figure 1.  Semicircular reduction annuloplasty. 

3  Results 

During the study period, 21 patients who met the inclu-
sion criteria were evaluated. Male/ female ratio was 10/11. 
Mean age of the patients was 71.0 ± 6.4 years (range 58–84 
years). Preoperative risk factors were peripheral artery dis-
ease (3 patients), chronic obstructive pulmonary disease (4 
patients), smoking (8 patients), diabetes (11 patients) and 
hypercholesterolemia (9 patients). Four of the patients had 
previous elective percutaneous coronary intervention.  

Preoperative echocardiographic data of the patients are 
found in the Table 1. All patients had mitral repair and 
coronary artery bypass operations. The mean number of 
revascularized coronary artery was 3.14 ± 0.73 (range; 2–4). 
Three patients had tricuspid valve repair as well. One pa-
tient had left atrial radiofrequency ablation for atrial fibrilla-
tion, which remained in sinus rhythm in the postoperative 
period  

Table 1.  Preoperative echocardiographic data of the patients 
(n = 21). 

 Mean Minimum Maximum

Preoperative MR degree 3.38 ± 0.50 3 4 

LVESD (mm) 41.8 ± 6.8 30 56 

LVEDD (mm) 54.5 ± 6.8 44 71 

Left atrial diameter (mm) 47.4 ± 6.6 34 60 

Preoperative LVEF (%) 45 ± 11 20 63 

LVEF: left ventricular ejection fraction; LVESD: left ventricle end systolic 
diameter; LVEDD: left ventricle end diastolic diameter; MR: mitral regur-
gitation. 
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Preoperative and postoperative left ventricular ejection 
fraction was statistically similar (P = 0.973). Early postop-
erative MR grade was statistically lower than the preopera-
tive values (P < 0.001). There was no revision for excess 
bleeding. Two patients had prolonged hospitalization, one 
for sternal infection and the other for severe chronic ob-
structive pulmonary disease. There was neither in-hospital 
nor follow-up mortality. There was no perioperative myo-
cardial infarction demonstrated by myocardial markers or 
electrocardiographic evaluations. None of the patients need-
ed control coronary angiography; therefore graft patency 
could not be exhibited. There was no systolic anterior mo-
tion of the mitral valve in the control echocardiographic 
evaluation. None of the patients had atrioventricular block 
in the postoperative period. The postoperative follow-up 
period was 11.9 ± 5.0 months. Mean late postoperative MR 
grade was 0.66 ± 0.97 degrees. One patient had progression 
of MR in the later follow-up. Early echocardiographic con-
trol of this patient showed improvement of MR from four 
degrees to one degree early after the operation, which later 
became four degrees in the 18th month. She had mitral valve 
replacement due to progression of the symptoms despite 
medical therapy. She had uneventful recovery after the sec-
ond operation. Operative and postoperative data of the pa-
tients are presented in Table 2. 

Table 2.  Operative and postoperative data of the patients  
(n = 21). 

 Mean Minimum Maximum

Cross clamp time (min) 79.8 ± 21.0 46 123 

CPB time (min) 118.5 ± 24.1 75 165 

Number of distal anastomosis 3.14 ± 0.73 2 4 

Early postoperative MR degree 0.57 ± 0.51 0 1 

Late postoperative MR degree 0.66 ± 0.97 0 4 

Postop LVESD (mm) 39.8 ± 5.6 30 52 

Postop LVEDD (mm) 52.6 ± 5.8 44 65 

Postop left atrial diameter (mm) 43.3 ± 5.9 32 52 

Postoperative LVEF(%) 45 ± 9 25 60 

Total amount of bleeding (mL) 782 ± 214 400 1100 

Intensive care unit follow-up (day) 2.86 ± 2.33 1 12 

Postoperative hospitalization (day) 10.29 ± 4.6 6 20 

Late follow-up (month) 11.9 ± 5.0 3 21 

CPB: cardiopulmonary bypass; LVEF: left ventricular ejection fraction; 
LVEDD: left ventricle end diastolic diameter; LVESD: left ventricle end 
systolic diameter. 

4  Discussion 

Within a limited population, we succeeded in achieving 
near excellent results with semicircular reduction annu-
loplasty in ischemic MR. As reported in the other studies, 
mitral valve reconstruction, whenever feasible, is the surgi-
cal treatment of choice for MR. Recently, there have been 
reports of favorable results concerning suture annuloplasty. 
Some authors have used this annuloplasty suture for the 
reduction of the posterior ring size after mitral valve repair. 
Some authors suggest that suture annuloplasty does not 
seem to adversely affect the results of mitral valve repair; 
besides it might decrease the risk of postoperative endocar-
ditis and embolic events.[9] Some authors blamed the suture 
material for redilatation of the annulus due to stretching of 
polypropylene material. Therefore, these authors used the 
polytetrafluoroethylene (GoreTex®) suture as the best mate-
rial to prevent redilatation.[10] In our patients, we used poly-
filament polyester pledgetted sutures for annuloplasty. 
These sutures are standard in valve replacement operations 
and they may also resist stretching. We have not encoun-
tered any problem of redilatation, except for one among 
twenty-one patients. This patient may have (undergone) 
ventricular remodeling, which might have increased the MR 
grade. 

Matsuda et al.[11] reported increased MR grade in large 
intraoperative annular sized patients, especially patients 
presenting 90% larger than that of normal. In patients with 
lower annular sizes, only increment has been in ischemic 
etiology. In our series, only one patient had an increment in 
the MR grade, although all patients were in ischemic etiol-
ogy. 

Risk factors blamed for reoperation are: no use of pros-
thetic ring, correction of the prolapse of the anterior leaflet 
by triangular resection or chordal shortening and ischemic 
etiology of the mitral insufficiency.[12] In our series, we did 
not use rings and the patients were ischemic in etiology. 
Long term results are lacking in the present study and, 
therefore, it is premature to conclude about long term out-
come, although early results are acceptable.  

In a study, evaluation of systemic co-morbidities has re-
sulted in better outcomes in octogenarians who undergo 
CABG.[13] The mean age of the patients was 71 years and 
older. Patients, as in our study group, without a prosthesis 
and undergoing a rapid surgical procedure probably may 
recover faster. Two patients had prolonged hospitalization 
to 20 days due to pulmonary complication and wound infec-
tion. Therefore, a simple and a fast repair technique may be 
speculated to have better outcomes when compared to a 
longer replacement or repair technique. In our experience, 
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semicircular reduction may be done in 10−15 min. As seen 
in this study population, most of the patients had 
co-morbidities and were of advanced age, thus, the shorten-
ing of the surgical duration would (be advantageous) for 
these patients.  

Ring annuloplasty significantly increases the mitral gra-
dient and decreases the valve area. Ring prosthesis is a po-
tential site of thrombus or pannus formation, infection, or 
hemolysis and, rarely, late fibrosis and calcification at the 
ring implantation site. Other disadvantages are ring dehis-
cence and higher expense. These complications may be 
eliminated by a simple reduction annuloplasty technique. 

Semicircular reduction annuloplasty offers less leaflet 
and chordal stress, and improved left ventricular filling. It 
also preserves physiologic leaflet opening and closing dy-
namic timing.[2] Posterior leaflet length correction has been 
found to correct bi-leaflet prolapse in patients with normal 
anterior cordea.[1] In an experimental modal of acute 
ischemic MR, semicircular reduction annuloplasty has 
maintained physiological posterior leaflet dynamics proba-
bly due to residual flexibility of the muscular (or posterior) 
mitral annulus. The lesser degree of annular reduction re-
quired by the Paneth suture annuloplasty may allow preser-
vation of shortening of the mitral annular diameters.[14] In 
addition to this, annular growth has been reported after su-
ture annuloplasty in the pediatric population.[15] This annular 
growth may be an advantage to rings, however, it may also 
be a disadvantage because of the potential for annular redi-
latation after annuloplasty.[4] Surgical annuloplasty is effec-
tive in reversing ischemic MR, but the procedure does not 
address tethering, which is a component of ischemic MR. 
Advanced tethering is, therefore, speculated to result in per-
sistent ischemic MR even after ring annuloplasty with, or 
without, downsizing. On the other hand, the posterior annu-
lar suture annuloplasty technique has shown 95.1% freedom 
from reoperation, and an 87.2% actuarial survival at 77 
months.[6]  

Whether to operate on mitral valves in patients who un-
dergo CABG with mild to moderate MR is still unclear, but 
such patients have benefitted from mitral repair. The pa-
tients with ischemic MR have also worse prognosis than 
those who do not have MR. CABG alone is insufficient and 
many patients have significant residual MR after the opera-
tion. Concomitant MV repair is suggested at the time of the 
CABG for these patients. Mitral annuloplasty alone with a 
downsized annuloplasty ring is often effective at relieving 
MR.[7] In ischemic mitral insufficiency and moderately im-
paired LV function, the goal of mitral valve repair is to re-
duce valvular insufficiency to at least grade I. Otherwise, 
the prognosis of repair is reported to be worse than valve 

replacement.[16] In our series, the postoperative mean MR 
grade was lower than grade I. One patient had severe MR in 
the late postoperative period, which needed surgically cor-
rection. 

CABG associated with ring annuloplasty has shown 
good survival and improved functional capacity in ischemic 
dilated cardiomyopathy.[17] Semicircular reductive annu-
loplasty has also been reported as beneficial in selective 
patients with ischemic dilated cardiomyopathy. The elimi-
nation of valvular incompetence combined with CABG has 
resulted in improvement of immediate and long-term mor-
bidity and mortality.[18] We did not have any patients with 
ischemic dilated cardiomyopathy in the study population. 
However, we had patients with low left ventricular ejection 
fractions. Only one patient had an ejection fraction of 20% 
who needed intra-aortic balloon counterpulsation support 
during termination of CPB. This patient was also discharged 
on the 16th day after the operation without any other com-
plication. 

Patients over 75 years of age who had mitral repair have 
lower risk of mortality, postoperative stroke, and shorter 
intensive care unit and hospital stays compared with mitral 
valve replacement. Therefore, mitral repair has been sug-
gested for patients over 75 years.[19] Moreover, the benefits 
of mitral valve intervention in severe chronic ischemic MR 
have been well established. Therefore, an easily applicable 
(less complex) mitral valve repair procedure would proba-
bly be beneficial for the patients who are candidates for 
CABG operation no matter what their age. In a study com-
paring MitraClip with surgery, actuarial freedom from third 
degree MR at one year was determined as 79.1% for Mitra-
Clip and 94% for surgery (P = 0.01). In-hospital mortality has 
been reported as 6.6% for surgery (6/91) and 0% for Mitra-
Clip (P = 0.01). One year survival, however, has been found 
as 88.9% for surgery and 87.5% for MitraClip (P = 0.6). The 
authors concluded that the early and 1-year rates of recurrent 
MR were higher with MitraClip, but further studies were 
needed for the long-term clinical impact.[20] 

As a conclusion, in severe symptomatic ischemic MR 
patients, semicircular reduction annuloplasty is a good sur-
gical option with the advantages of being effective, inex-
pensive and not complex as well as a time saving procedure, 
especially in the patients who have co-morbidities and who 
may not tolerate longer CPB times. 
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