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ABSTRACT

Background: The choice of ring type for mitral valve 
(MV) repair is still debatable and usually is left to the sur-
geon's discretion.

Aim: The aim of this study was to compare the early and 
mid-term results after repair of ischaemic mitral regurgita-
tion (MR) with complete and incomplete annuloplasty rings.

Methods: Collected data included preoperative assess-
ment (age, sex, comorbidities, clinical status, NYHA grade, 
and the EURO score); intraoperative details (echocardiogra-
phy, degree of MR, and cross-clamp time); and results (the 
length of ICU and hospital stay, duration and need for ino-
tropes, duration of mechanical ventilation, and postoperative 
adverse events). Follow up after discharge included assess-
ment of dyspnea status, the degree and progression of MR, 
and left ventricular function and dimensions.

Results: The present study included 133 patients: 61 with 
incomplete rings and 72 with complete rings inserted. There 
was no significant difference in the rate of postoperative com-
plications between the two groups, apart from a significantly 
higher percentage of patients with incomplete ring who 
required prolonged ventilation >24 hours (P = 0.002). There 
were no significant differences between the two groups, 
regarding the grade of residual MR (P = 0.464), postoperative 
dyspnea status (P = 0.723), 30-day mortality rate (P = 0.687), 
and mean duration of survival (P = 0.276).

Conclusion: The choice of incomplete or complete annu-
loplasty ring was not associated with a marked difference in 
the early and midterm results of ischaemic MV repair. 

INTRODUCTION

Ischaemic mitral valve regurgitation (MR) occurs com-
monly in patients suffering from ischaemic heart disease. 
The development of ischaemic MR has been associated 
with increased rates of morbidity and mortality [Bursi 
2005; Perez 2007], particularly when the degree of regur-
gitation is severe [Rossi 2011]. The pathophysiology of 
ischaemic MR involves remodeling of the left ventricle and 
the subvalvular mitral apparatus, due to myocardial infarc-
tion. The papillary muscles are displaced, and the mitral 
valve annulus becomes dilated, leading to leaflet tethering 
with a subsequent decrease in leaflet motion, and impaired 
leaflet coaptation, affecting particularly the posterior leaf-
let [Kron 2015; Otsuji 2008]. Moreover, MR leads in turn 
to increased dilatation of the left ventricle and wall stress, 
thereby a vicious circle develops, resulting in aggravation 
of the degree of MR and added deterioration of left ven-
tricular function [Dion 1995; Dion 1993].

The best management of ischaemic MR is a matter of 
debate [Alame 2017]. Simultaneous surgical correction of 
MR by repair or replacement is recommended in severe cases. 
The rationale behind mitral annuloplasty is to correct mitral 
valve insufficiency by restoring the physiological form and 
function of the healthy mitral valve apparatus [Rausch 2012].

Artificial rings are used for the repair of MR [Alame 2017; 
Kron 2017]. However, several different types of annuloplasty 
rings have been developed, with a paucity of evidence to sup-
port one type over the other. The types of rings can broadly be 
classified in terms of flexibility as rigid, semi-rigid, and flexible 
rings. The rings also vary widely in their shapes but can be 
categorized as incomplete posterior bands and complete rings. 
The choice of ring type is principally determined according to 
the surgeon’s judgment [Chee 2008; Yokote 2019].

Consensus guidelines issued by the American Association 
for Thoracic Surgery recommend using small, undersized, 
complete, rigid annuloplasty rings in case of moderate or 
severe ischaemic MR. This recommendation is based on the 
higher failure rate reported with the use of incomplete and/or 
flexible bands [Kron 2017].

The present study aimed to compare the early and mid-
term outcomes after repair of ischaemic MR with complete 
semi-rigid annuloplasty ring and incomplete flexible ring.
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PATIENTS AND METHODS

Study settings: This study enrolled patients with isch-
aemic MR who were referred to Madina Cardiac Center in 
Saudia Arabia and Cardiotech Cardiac Center and Menoufia 
University Hospital Egypt from September 2014 to Septem-
ber 2018. Patients’ confidentiality was maintained by assign-
ing code numbers to patient data sheets and all study records 
were kept anonymous.

Patients: From September 2014 to September 2018, 136 
patients were referred to our institution for coronary artery 
bypass graft (CABG) and were found to have grades 3/4 and 
4/4 ischaemic MR. All patients were operated on for CABG 
and mitral valve repair. Complete ring was inserted in 61 
patients, while incomplete ring was used for 72 patients. 
Three patients had a mitral valve replacement; these patients 
were excluded from our study.

Preoperative assessment was recorded, including age, sex, 
comorbidities, clinical status (require urgent or elective inter-
vention), the New York Heart Association (NYHA) Functional 
Classification (grade for dyspnea), left ventricular function 
and dimensions and the European system for cardiac opera-
tive risk EURO score. The degree of MR was defined as mild 
(1+), moderate (2+), moderate-to-severe (3+), and severe (4+).

Patients were divided into two groups: Group A had com-
plete ring, and Group B had incomplete ring.

Excluded from the study were patients who had previous 
cardiac surgery or required other concomitant cardiac proce-
dures and those who had MR for reasons other than ischemia.

Surgical technique: Intraoperative transesophageal echo-
cardiography was performed for all patients. Degree of MR was 
assessed, according to jet area, vena contract, proximal isovelocity 
surface area (PISA), and flow reversal into the pulmonary vein.

All patients had midline sternotomy and CABG with 
ascending aorta and bicaval cannulation. Patients’ tempera-
ture was allowed to drift. Tepid blood antegrade cardiople-
gia was used. We started with CABG first and then mitral 
valve was approached and assessed through left atriotomy. All 
patients had either complete or incomplete annuloplasty ring, 
based on surgeon’s preference to repair the mitral valve.

All operative details, including CABG and cross-clamp 
time, type of ring (complete or incomplete ring), inotropic 
support, need for intra-aortic balloon pump (IABP), and 
degree of residual MR were recorded.

Postoperative data: Length of ICU and hospital stay, 
duration and need for inotropes, duration of mechanical ven-
tilation, reopening for bleeding or tamponade, postoperative 
atrial fibrillation (AF), renal failure, and postoperative infec-
tion were recorded. Follow up after discharge was docu-
mented up to 70 months, including clinical assessment of dys-
pnea status and echocardiographic assessment of the degree 
and progression of MR as well as LV function and dimensions.

Statistical analysis: Statistical analysis was performed 
using Statistical Package for Social Sciences (IBM SPSS Sta-
tistics) for Windows, version 26 (IBM Corp., Armonk, NY, 
USA). For quantitative data, the Shapiro-Wilk test for nor-
mality was performed. For data that followed the normal dis-
tribution, values were expressed as mean ± standard deviation. 

Comparisons between the two groups were carried out using 
the Independent Samples T-test. For data that did not follow 
the normal distribution, median and interquartile range (IQR: 
expressed as 25th-75th percentiles) were calculated; Mann-
Whitney test was used to compare between the two groups. 
For qualitative data, the variables were summarized as count 
and percentage. Pearson’s Chi-square test for independence, 
Fisher’s exact test, or Fisher-Freeman-Halton exact test 
were used to examine the association between two categori-
cal variables, as appropriate. Survival analysis with Kaplan-
Meier curve and Log-rank test was performed to assess the 
progression of the severity of residual MR after annuloplasty. 
A P-value <0.05 was adopted to interpret the significance of 
statistical test results.

RESULTS

Table 1 summarizes patient characteristics. (Table 1) The 
incomplete ring group had significantly higher percentages 
of women (P = 0.024), patients with congestive heart failure 
(CHF) (P = 0.043), and dyslipidemia (P = 0.038). Patients also 
had a higher median EURO score (P = 0.036).

Table 2 shows the operative data of the included patients. 
(Table 2) The incomplete ring group had a significantly higher 
percentage of patients who underwent an urgent operation 
(57.4% vs. 37.5%, P = 0.022) and those with moderate tricus-
pid valve insufficiency (27.9% vs. 6.9%, P = 0.001). The com-
plete ring group had a significantly longer mean bypass time 
(141.9 vs. 99 min, P < 0.001) and clamp time (116.4 vs. 84.6 
minutes, P < 0.001) than the incomplete ring group. There 
were no significant differences between the two groups, con-
sidering the dyspnea status (P = 0.158) nor the intraoperative 
echocardiographic assessment of left ventricular end-diastolic 
diameter (LVEDD), left ventricular end-systolic diameter 
(LVESD), and ejection fraction (EF) (P = 0.896, P = 0.972 
and P = 0.107, respectively).

Table 3 shows the postoperative course and follow up 
of the included patients. (Table 3) A higher percentage of 
patients with incomplete rings required prolonged ventilation 
>24 hours compared with those with complete rings (39.3% 
vs. 15.3%, P = 0.002). No significant difference was detected 
between the two groups, considering the postoperative length 
of hospital stay (P = 0.336), ICU stay (P = 0.111), postopera-
tive LVEDD (P = 0.388), LVESD (P = 0.384) and EF (P = 
0.293), as well as other postoperative complications, including 
pneumonia (P = 0.374), sternal infection (P = 1.000), stroke 
(P = 0.500), renal failure (P = 0.101), low cardiac output (P = 
0.116), cardiac arrest (P = 0.977), AF/atrial flutter (P = 0.395), 
and ventricular fibrillation (VF) (P = 1.000). Postoperative 
cardiopulmonary resuscitation was performed in five patients 
in the incomplete ring group (one patient with PEA, two 
patients with rapid ventricular tachycardia, and two patients 
with VF) and six patients in the complete ring group (three 
patients with rapid ventricular tachycardia, one patient with 
systole, and two patients with VF). There was no significant 
difference in the grade of residual MR or postoperative dys-
pnea status between the two groups (P = 0.464 and P = 0.723, 
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respectively). Death within 30 days after surgery occurred in 
two and three patients in the incomplete and complete ring 
groups, respectively. One patient in the complete ring group 
died after more than 30 days postoperatively. There was no 
significant difference in mortality between the two groups (P 
= 0.687). The mean duration of survival after surgery did not 
differ significantly between the two groups (P = 0.276).

Figure 1 demonstrates the difference between preoperative 
and postoperative echocardiographic measurements within 
each group. (Figure 1) In the complete ring group, LVEDD 

and LVESD significantly were reduced in follow-up echocar-
diography compared with preoperative assessment (P < 0.001 
and P = 0.035, respectively). However, EF increased slightly 
in the follow-up echocardiography (P = 0.219). In the incom-
plete ring group, the follow-up echocardiography showed a 
significant reduction in LVEDD and a significant increase in 
EF (P = 0.005 and P = 0.046, respectively), but LVESD was 
not significantly reduced (P = 0.451).

Figure 2 illustrates the Kaplan-Meier curve for the progres-
sion of residual MR into grade 3+ or more after annuloplasty. 

Table 1. Patients’ characteristics (N = 133)

Group A (Complete ring; N = 72) Group B (Incomplete ring; N = 61) P

Age (years)

   Mean ± SD 61.9 ± 10.5 63.0 ± 9.1 0.534

   (Min – Max) (16.0-82.0) (46.0-91.0)

Gender

   Female 16 (22.2%) 25 (41.0%) 0.024*

   Male 56 (77.8%) 36 (59.0%)

Co-morbidities

   CHF 31 (43.1%) 37 (60.7%) 0.043*

   AF 17 (23.6%) 19 (31.1%) 0.330

   IABP 17 (23.7%) 19 (31.2%) 0.330

   Obesity 17 (23.6%) 16 (26.2%) 0.728

   Smoker 14 (19.4%) 13 (21.3%) 0.790

   DSL 64 (88.9%) 60 (98.4%) 0.038*

   Diabetes 51 (70.8%) 44 (72.1%) 0.869

   Hypertension 43 (59.7%) 35 (57.4%) 0.784

   Hypothyroidism 4 (5.6%) 9 (14.8%) 0.075

   CVA 8 (11.1%) 3 (4.9%) 0.196

   PVD 2 (2.8%) 5 (8.2%) 0.246

   COPD 6 (8.3%) 5 (8.2%) 0.977

MR grade

   1+ 1 (1.4%) 0 (0.0%) 0.301

   2+ 7 (9.7%) 8 (13.1%)

   3+ 46 (63.9%) 31 (50.8%)

   4+ 18 (25.0%) 22 (36.1%)

S-creatine

   Median [IQR] 96.5 [79.0 - 130.5] 100.0 [78.0 - 158.0] 0.488

   (Min-Max) (53.0-854.0) (60.0 - 730.0)

EuroScore

   Median [IQR] 6.0 [4.0-8.0] 7.0 [5.0-9.0] 0.036*

   Min-Max (0.0 - 88.0) (2.0-16.0)

AF, atrial fibrillation; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; CVA, cerebrovascular accident; DSL, dyslipidemia; IABP, 
intra-aortic balloon pump; IQR, interquartile range; Max, maximum; Min, minimum; MV, mitral valve; PVD, peripheral vascular disease; SD, standard deviation; 
*significant at P < 0.05



The Heart Surgery Forum #2021-3893

E640

(Figure 2) Four patients progressed into grade 3 or 4 (three 
in the incomplete ring and one in the complete ring group). 
The Log-rank test showed the lack of significant difference 
between the two types of rings. 

DISCUSSION

Treatment of moderate and severe ischaemic MR involves 
repair of the mitral valve and insertion of annuloplasty ring 
[David 2005; Suri 2006; Fedak 2008]. A wide variety of mitral 
valve annuloplasty rings have been developed, with variations 
in flexibility and shape. Several experimental and observational 
studies assessed the different types of rings and compared 

between some categories of rings, with discrepancies in the 
reported results among the studies. The effects of annuloplasty 
rings on the anatomy of the mitral valve and remodeling of the 
left ventricle were described, but clinical outcomes in human 
patients still are not precisely investigated [Khamooshian 
2014], particularly in mid-term and long-term follow up.

The present study aimed to compare the early and mid-
term results between patients undergoing repair of ischaemic 
MR with complete and incomplete annuloplasty rings. The 
present study included 133 patients with ischaemic MR: 61 
patients with incomplete, flexible rings and 72 patients with 
complete, semi-rigid rings inserted.

Rigid, complete rings were the first type developed and 
still are in use. Their design aims at radical reshaping of a 

Table 2. Operative details (N = 133)

Group A (Complete ring; N = 72) Group B (Incomplete ring; N = 61) P

Operative status

   Elective 45 (62.5%) 26 (42.6%) 0.022*

   Urgent 27 (37.5%) 35 (57.4%)

Dyspnea status

   Not specified 0 (0.0%) 2 (3.3%) 0.146

   NYHA I 5 (7.0%) 0 (0.0%)

   NYHA II 19 (26.4%) 14 (23.0%)

   NYHA III 39 (54.2%) 33 (54.1%)

   NYHA IV 9 (12.5%) 12 (19.7%)

   Mean ± SD 2.7 ± 0.8 3.0 ± 0.7 0.059

   (Min-Max) (1.0-4.0) (2.0-4.0)

   TV Insufficiency (moderate+) 5 (6.9%) 17 (27.9%) 0.001*

LVEDD (mm)

   Mean ± SD 58.3 ± 6.5 58.1 ± 7.5 0.896

   (Min-Max) (45.0-74.0) (44.0-74.0)

LVESD (mm)

   Mean ± SD 44.5 ± 7.4 44.5 ± 8.8 0.972

   (Min-Max) (25.0-59.0) (25.0-63.0)

EF (%)

   Mean ± SD 39.6 ± 10.4 36.6 ± 11.0 0.107

   (Min-Max) (20.0-60.0) (18.0-60.0)

Bypass time

   Mean ± SD 141.9 ± 50.4 99.0 ± 39.7 <0.001*

   (Min-Max) (0.0-257.0) (0.0-240.0)

Clamp time

   Mean ± SD 116.4 ± 45.5 84.6 ± 34.9 <0.001*

   (Min-Max) (0.0-255.0) (0.0-194.0)

EF, ejection fraction; LVEDD, left ventricular end-diastolic diameter; LVESD, left ventricular end-systolic diameter; Max, maximum; Min, minimum; SD, standard 
deviation; TV, tricuspid valve; *significant at P < 0.05



rly and Mid-Term Results After Repair of Ischaemic Mitral Regurgitation with Complete Annuloplasty Ring and Incomplete Ring – Soliman et al

E641© 2021 Forum Multimedia Publishing, LLC

Table 3. Postoperative course and outcome (N = 133)

Group A (Complete ring; N = 72) Group B (Incomplete ring; N = 61) P

Postoperative length of hours

   Median [IQR] 284.0 [207.5 - 430.5] 312.0 [237.0 - 524.0] 0.336

   (Min-Max) (118.0-1965.0) (105.0-4507.0)

ICU stay (hours)

   Median [IQR] 170.0 [106.5 - 305.0] 213.0 [145.0 - 431.0] 0.111

   (Min-Max) (45.0-2031.0) (41.0-4254.0)

LVEDD (mm)

   Mean ± SD 54.2 ± 8.0 55.5 ± 9.1 0.388

   (Min-Max) (33.0-72.0) (40.0-75.0)

LVESD (mm)

   Mean ± SD 42.5 ± 8.4 44.0 ± 10.5 0.384

   (Min-Max) (22.0-61.0) (23.0-64.0)

EF (%)

   Mean ± SD 41.3 ± 11.1 39.3 ± 11.0 0.293

   (Min-Max) (20.0-60.0) (20.0-60.0)

Postoperative complications

   Prolonged ventilation >24 hours 11 (15.3%) 24 (39.3%) 0.002*

   Pneumonia 9 (12.5%) 11 (18.0%) 0.374

   Sternum deep infection 1 (1.4%) 1 (1.6%) 1.000

   Stroke 2 (2.8%) 0 (0.0%) 0.500

   Renal failure 2 (2.8%) 6 (9.8%) 0.101

   Low cardiac output 17 (23.6%) 22 (36.1%) 0.116

   Cardiac arrest 6 (8.3%) 5 (8.2%) 0.977

   AF/Aflutter 36 (50.0%) 26 (42.6%) 0.395

   V-fib 2 (2.8%) 2 (3.3%) 1.000

Grade of residual MR

   0 36 (50.0%) 28 (45.9%) 0.464

   1+ 27 (37.5%) 18 (29.5%)

   2+ 6 (8.3%) 9 (14.8%)

   3+ 0 (0.0%) 2 (3.3%)

   4+ 1 (1.4%) 1 (1.6%)

Dyspnea status

   NYHA 0 8 (11.1%) 11 (18.0%) 0.723

   NYHA I 45 (62.5%) 33 (54.1%)

   NYHA II 14 (19.4%) 14 (23.0%)

   NYHA III 1 (1.4%) 1 (1.6%)

   Mean ± SD 1.1 ± 0.6 1.1 ± 0.7 0.778

   (Min-Max) (0.0-3.0) (0.0-3.0)

   Overall mortality 4 (5.6%) 2 (3.3%) 0.687

Last survival follow up (months)

   Mean ± SD 44.5 ± 18.6 40.8 ± 19.6 0.276

   (Min-Max) (8.0-80.0) (14.0-92.0)

AF, atrial fibrillation; Aflutter, atrial flutter; EF, ejection fraction; ICU, intensive care unit; IQR, interquartile range; LVEDD, left ventricular end-diastolic diameter; LVESD, 
left ventricular end-systolic diameter; Max, maximum; Min, minimum; MR, mitral regurgitation; SD, standard deviation; V-fib, ventricular fibrillation; *significant at P < 0.05
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very dilated mitral valve annulus, which usually occurs with 
left ventricular dilatation and systolic dysfunction [De Bonis 
2011]. Flexible incomplete bands were developed to preserve 
the contour of the native annulus [Cosgrove 1995]. Semi-
rigid rings were designed, aiming to combine the advantages 
of rigid and flexible rings, to maintain leaflet coaptation and 
valve integrity during systole while allowing for physiologic 
hemodynamic changes during diastole [Carpentier 1995].

The choice of ring type in the present study was based 
upon surgeon preference. We observed that the use of com-
plete ring significantly was higher among male patients (P = 
0.024) and those requiring urgent surgery (P = 0.022), while 
the use of incomplete ring significantly was higher in patients 
with CHF and DSL (P = 0.043 and P = 0.038, respectively). 
Moreover, a significantly higher median EURO score was 
observed in the incomplete ring group (P = 0.036). These 
findings might explore the surgeons’ justification for the type 
of ring inserted, but further analysis requires a dedicated 
study, preferably with the interview of surgeons to clarify the 
reasons beyond their choices and to exclude the probability of 
ring availability affecting the choice.

The present study assessed the rate of postoperative 
adverse events. There was no significant difference in the rate 
of adverse events between the two groups, apart from a sig-
nificantly higher percentage of patients with an incomplete 
ring who required prolonged ventilation >24 hours (39.3% 
vs. 15.3%, P = 0.002). However, this higher rate may have 
been affected by differences in patients’ comorbidities and 
basic characteristics. No significant difference was detected 
between the two groups, considering postoperative length of 
hospital stay (P = 0.336), ICU stay (P = 0.111), sternal infec-
tion (P = 1.000), pneumonia (P = 0.374), stroke (P = 0.500), 
renal failure (P = 0.101), low cardiac output (P = 0.116), car-
diac arrest (P = 0.977), AF/atrial flutter (P = 0.395), and VF 
(P = 1.000).

In partial agreement with these results, Pang et al. [Pang 
2019] reported the lack of significant difference in the rates of 
low cardiac output syndrome (P = 0.419), respiratory failure 
(P = 0.730), sternal wound infection (P = 0.593), and stroke 
(P = 0.259) in their retrospective study on 133 patients with 
chronic ischaemic MR. However, they found a significantly 
higher percentage of patients suffering from acute renal fail-
ure (P = 0.016) in the semi-rigid ring group.

The effect of annuloplasty rings on the measurements 
and function of the left ventricle is a focus of interest. Our 
results revealed the lack of significant differences between the 
two groups, regarding the postoperative LVEDD, LVESD, 
and EF (P = 0.388, P = 0.384, and P = 0.293, respectively). In 
accordance with our findings, a meta-analysis by Hu and Zhao 
[Hu 2011] compared rigid and flexible rings and reported 
only a slight, not significantly higher LVEDD and LVESD in 
the flexible ring group in patients with isolated MR. Another 
meta-analysis by Khamooshian et al. [Khamooshian 2014] 
included 18 studies and compared rigid, semi-rigid, and flex-
ible annuloplasty rings in patients with ischaemic MR. They 
found no significant difference in EF, LVEDD, and LVESD 
among the three types of rings. Similarly, Pang et al. [Pang 
2019] reported the lack of significant difference in LVEDD, 

LVESD, and EF between flexible and semi-rigid ring groups.
Regarding the postoperative dyspnea status (defined by the 

NYHA class), we found no significant difference between the 
two groups (P = 0.723). Khamooshian et al. [Khamooshian 
2014] likewise found no significant difference in NYHA class 
among the rigid, flexible, and semi-rigid ring types, though 
the mean NYHA class was slightly higher in the flexible ring 
group.

The difference between preoperative and postoperative 
echocardiographic measurements was assessed within each 
group in this study. In the complete ring group, LVEDD and 
LVESD were reduced significantly in follow-up echocardiog-
raphy compared with preoperative assessment (P < 0.001 and 
P = 0.035, respectively), while EF showed a slight increase (P 
= 0.219). In the incomplete ring group, a significant reduc-
tion in LVEDD and a significant increase in EF were detected 
(P = 0.005 and P = 0.046, respectively); but LVESD was not 
significantly reduced (P = 0.451). The median postoperative 
NYHA class showed a significant decrease within each group 
(P < 0.001). Meanwhile, Khamooshian et al. [Khamooshian 
2014] found that LVEDD and LVESD decreased significantly 

Figure 1. Comparison of intraoperative and follow-up echocardiograph-
ic measurements within each group. EF, ejection fraction; LVEDD, left 
ventricular end-diastolic diameter; LVESD, left ventricular end-systolic 
diameter. Error bars represent one standard deviation; *significant at P 
< 0.050.

Figure 2. Kaplan-Meier curve for the progression of the grade of residual 
MR to 3+ or above. (X2 is the statistic of the Log-rank test)
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while EF increased significantly with both flexible and semi-
rigid rings. They found no significant change with the use of 
rigid rings. They also reported that the mean NYHA score 
was significantly reduced in all types of rings.

The recurrence of MR grade 3 or above seemed to be 
higher among the incomplete ring group, though the differ-
ence did not reach statistical significance. In partial agreement 
with this finding, Onorati et al. [Onorati 2009] compared the 
semi-rigid incomplete and complete rings and found a higher 
incidence of MR recurrence in the incomplete ring group 
(64.7% vs. 10.5; P < 0.001). In addition, Silberman et al. [Sil-
berman 2009] reported that the rate of residual MR with the 
semi-rigid ring was significantly lower than in the flexible ring 
group (15% vs. 35%; P = 0.03). Moreover, Pang et al. [Pang 
2019] found that the mean grade of residual MR was signifi-
cantly higher in the flexible ring group compared with the 
semi-rigid ring group (1.40 vs. 0.97; P = 0.008). The stability 
of mitral valve repair is crucial as heart failure may complicate 
recurrent MR [Michler 2016; Goldstein 2016]. The entire 
mitral valve annulus may be distorted by an infarct, so com-
plete ring annuloplasty can provide better results than partial 
annuloplasty. When the posterior annulus only is stabilized, 
valve competence may be preserved for a time interval. How-
ever, the anterior annulus continues to distort, and the left 
ventricle continues to remodel, increasing the probability of 
recurrence of MR [Gorman 2003]. Moreover, incomplete 
rings do not reduce effectively the septolateral (SL) distance, 
contributing to the recurrence of MR.

There was no significant difference in 30-day mortality 
after surgery in our cohort, though the percentage was higher 
among the complete ring group (5.6%) compared with the 
incomplete ring group (3.3%). The mean duration of sur-
vival after surgery did not differ significantly between the two 
groups (P = 0.276). This mortality rate is comparable to the 
pooled rate of early mortality (5.1%) reported in a meta-anal-
ysis based on seven observational studies and four random-
ized controlled trials. However, these rates are lower than the 
rates reported by Saitto et al. [Saitto 2018] and Pang et al. 
[Pang 2019]. Saitto et al. [Saitto 2018] found operative mor-
tality of 6.6% and a mortality rate of 22% in mid-term follow 
up after insertion of the incomplete, semi-rigid band in 105 
patients with ischaemic MR. Pang et al. [Pang 2019] found 
in-hospital mortality rates of 10.3% in the flexible ring group 
and 7.4% in the semi-rigid ring group, with no significant 
difference (P = 0.592), while the 5-year and 10-year patient 
survival was not significantly higher among the flexible ring 
group than the semi-rigid ring (P = 0.330). On the contrary of 
these results, Silberman et al. [Silberman 2009] found that a 
significantly higher 5-year mortality rate in the flexible, com-
plete ring group (75%) as opposed to no deaths in the semi-
rigid, complete ring group (P  = 0.03).

These variations in mortality rate among the studies could 
be attributed to differences in basic patients’ characteristics 
as well as the type of ring inserted, in terms of flexibility and/
or shape. Confirmation of the presence or lack of impact of 
the ring type on patients’ survival requires the elimination of 
confounding factors as in randomized clinical trials and inclu-
sion of a larger sample size.

The current study presented some points of strength as 
two different types of annuloplasty rings were compared and 
the follow-up period was fair. However, some limitations 
appeared. Being an observational study, the effect of basic 
patients’ characteristics, and the involvement of multiple sur-
geons may affect the choice of ring type and patients’ out-
comes. A larger sample size and longer follow-up period are 
required to illustrate whether any difference exists between 
the ring types, in terms of the long-term outcomes and the 
stability of the repair.

CONCLUSION

The choice of incomplete or complete annuloplasty ring 
was not associated with a marked difference in the early and 
mid-term results of ischaemic MV repair. However, random-
ized controlled clinical trials, with larger sample size and a 
long duration of follow up, are required to confirm or refute 
these findings.
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