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Abstract

Objective: To compare the early and late outcomes of off-pump 
coronary artery bypass grafting and coronary artery bypass graft + 
mitral valve repair in elderly patients with moderate chronic ischemic 
mitral regurgitation. 

Methods: One hundred and fifty elderly (age > 70 years) patients 
with moderate chronic ischemic mitral regurgitation who underwent 
off-pump coronary artery bypass grafting (n=95) or coronary artery 
bypass graft + mitral valve repair (n=55) between January 2007 and 
December 2014 were studied. They were subdivided according to 
presence or absence of high operative risk. Peri-operative variables 
and early operative outcomes were retrospectively studied. 
Survival, mitral regurgitation grade, and functional outcomes were 
prospectively analysed.

Results: Both groups were comparable in terms of age (P=0.23), 
sex (P=0.74), left ventricle ejection fraction (P=0.6) and preoperative 
functional class (P=0.52). The mean number of grafts for off-pump 
coronary artery bypass grafting group was 3.14 and coronary artery 
bypass graft + mitral valve repair was 3.21. Off-pump coronary 

artery bypass grafting group had statistically significant better 
early operative outcomes i.e perioperative blood transfusions, intra-
aortic balloon pump usage, arrhythmias, renal dysfunction, liver 
dysfunction, sepsis, mean hours of ventilation, intensive care unit 
stay and operative mortality. On a prospective follow up of 5±2.33 
years (1-9 years), coronary artery bypass graft + mitral valve repair 
in low operative risk subgroup had better improvements in mitral 
regurgitation grade than off-pump coronary artery bypass grafting. 
Both groups had similar improvements in functional class and 
cumulative survival was also comparable (63.2% vs. 54.5%).

Conclusion: Off-pump coronary artery bypass grafting is a safer 
alternative to coronary artery bypass graft + mitral valve repair with 
better early operative outcomes and comparable late survival and 
functional outcomes in elderly patients with moderate chronic ischemic 
mitral regurgitation, especially those with higher operative risk.
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Abbreviations, acronyms & symbols

ACC
AHA
ASE
CABG
CAD
CIMR
IABP
ICU
LV
MVRep
NYHA
OPCABG
RIME

 = American College of Cardiology 
 = American Heart Association 
 = American Society of Echocardiography 
 = Coronary artery bypass grafting 
 = Coronary artery disease 
 = Chronic ischemic mitral regurgitation 
 = Intra-aortic balloon pump 
 = Intensive care unit 
 = Left ventricle 
 = Mitral valve repair
 = New York Heart Association 
 = Off-pump coronary artery bypass grafting 
 = Randomized ischemic mitral evaluation 

INTRODUCTION

The number of elderly patients undergoing coronary 
artery bypass grafting (CABG) is on the rise. The continuing 
improvements in myocardial infarction management, timely 
thrombolysis and primary percutaneous intervention techniques 
have saved many lives. The age of patients presenting for CABG 
has increased and they have very advanced disease, both 
anatomically and functionally. Elderly patients have a higher 
burden of surgical risk factors and reduced functional capacity 
compared to the young. The prevalence of comorbidities 
such as cerebrovascular diseases, diabetes mellitus, chronic 
obstructive pulmonary disease, renal dysfunction and peripheral 
arterial disease are higher in the elderly. Age is a risk factor for 
poor operative outcome and elderly patients have worse early 
evolution in comparison to the young[1].
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other diseased coronary arteries. Group I underwent OPCABG & 
group II underwent CABG+MVRep with cardiopulmonary bypass 
support. In the patients who underwent MVRep, the mitral valve 
was inspected to rule out any structural lesion. MVRep was done 
using undersized complete semi-rigid ring (Carpentier-Edwards 
Physio I annuloplasty ring, Edwards Lifesciences, Irvine, CA, USA). 
All patients had a successful repair which was defined as less 
than mild mitral regurgitation at the end of the procedure. 

Collection of Data

All the relevant preoperative, intra-operative and post-
operative data were collected from the respective case files after 
acquiring permission from the institute’s ethics committee. They 
were tabulated for comparison of the subgroups. After acquiring 
written informed consent, the study cohort was followed up 
and their functional class, mitral regurgitation grade and survival 
were recorded.

Definitions

The definition of moderate ischemic mitral regurgitation 
followed the guidelines of the American College of Cardiology 
(ACC), the American Heart Association (AHA), and the American 
Society of Echocardiography (ASE), and was defined as an 
effective regurgitant orifice area of 0.20 to 0.39 cm2, a regurgitant 
volume of 30 to 59 mL per beat, a regurgitant fraction of 30% to 
49%, or a vena contracta width of 0.30 to 0.69 cm[8].
•	 Postoperative renal dysfunction: creatinine > 2mg/dl
•	 Postoperative liver dysfunction: liver enzymes & bilirubin > 

three times the upper limit of normal value.
•	 Sepsis: presence of positive blood culture with or without 

fever and raised white blood cell counts. 
•	 Arrhythmia: any supraventricular or ventricular arrhythmia.

Statistical Analysis

The statistical calculations were performed using SPSS 
software v 20.0 (Chicago, IL, USA) Quantitative data was 
expressed as mean ± SD whereas qualitative data was expressed 
as a percentage. Uni-variate analysis of the continuous data 
was performed using Student’s t-test for parametric and Mann-
Whitney U-test for non-parametric variables, whereas chi-square 
test was used for the categorical data. The cut-off value of P<0.05 
was considered for the statistical significance. Survival analysis 
was performed using Kaplan Meier. 

RESULTS

Baseline Characteristics 

The mean age of the entire cohort was 76.1 years. 
Demographic and preoperative clinical characteristics of the 
study population are presented in Table 1. Both groups were 
comparable in terms of age (P=0.23), sex (P=0.74), haemoglobin 
(P=0.2), extent of CAD (P=0.27), left ventricular ejection fraction 
(P=0.6), comorbidities - previous stroke (P=0.96), diabetes mellitus 
(P=0.11), hypertension (P=0.85), recent myocardial infarction 
(P=0.19), chronic obstructive pulmonary disease (P=0.69) and 
renal dysfunction (P=0.09) (Table 1).

Optimal management strategy of moderate chronic ischemic 
mitral regurgitation (CIMR) has long remained controversial. It is 
now well understood that CIMR is a bad prognostic indicator 
in coronary artery disease (CAD). Mitral regurgitation begets 
more mitral regurgitation leading to worsening of mitral 
regurgitation grade and early progression to left ventricle (LV) 
dysfunction. Several studies have shown the association of CIMR 
as a negative determinant of survival in patients with CAD[2-4]. It 
is now an accepted strategy to surgically address severe CIMR 
and to do revascularization alone for mild CIMR at the time of 
myocardial revascularization. Management of moderate CIMR 
at the time of CABG is a controversial topic and data regarding 
the same in elderly is scanty. The addition of mitral procedure in 
this subset is a difficult decision because of added morbidity of 
cardiopulmonary bypass and cardioplegic arrest for repair. All the 
studies on chronic CIMR have compared on-pump CABG and 
CABG + Mitral valve repair (MVRep). Off pump coronary artery 
bypass grafting (OPCABG) has proven to be a safer alternative 
to on pump CABG for high risk patients[5] and this has been 
studied by many investigators[6,7]. This study aims at comparing 
the outcomes of OPCABG and CABG+MVRep in the setting of 
moderate CIMR in elderly.

METHODS

Study Design

Combined retrospective and prospective observational study.

Inclusion Criteria

All patients (age > 70 years) who underwent surgery for CAD 
with moderate CIMR during the study period (January 2007 to 
December 2014) were included in the study.

Exclusion Criteria

Patients having any evidence of structural (chordal or leaflet) 
mitral valve disease and endocarditis were excluded from the 
study. Patients who underwent surgery in extremis or had an 
emergency surgery were excluded from the study.

Study Groups

Of the 150 patients, 95 (63.33%) underwent OPCABG (group I) 
and the remaining 55 (36.67%) underwent CABG+MVRep (group II).

Subgroups

Both the groups were divided into two subgroups A & B 
according to the presence or absence of high operative risk, 
respectively. 

High operative risk is defined as the presence of left 
ventricular ejection fraction < 30% and one or more of the 
following risk factors - preoperative renal dysfunction, previous 
stroke and chronic obstructive pulmonary disease.

Surgical Procedures

All patients underwent myocardial revascularization, which 
included a left internal mammary artery graft to left anterior 
descending coronary artery and great saphenous vein graft for 

Malhotra A, et al. - OPCABG for Moderate CIMR in Elderly Patients



17
Brazilian Journal of Cardiovascular Surgery 

Braz J Cardiovasc Surg 2018;33(1):15-22Malhotra A, et al. - OPCABG for Moderate CIMR in Elderly Patients

23.64% (P=0.002)], sepsis [I - 6.32% vs. II - 23.64% (P=0.005)], mean 
duration of ventilation in hours [I - 6.92±2.36 vs. II - 17.35±4.66 
(P<0.001)] and intensive care unit (ICU) stay in days [I - 2.86±1.26 
vs. II - 5.87±1.98 (P<0.001)], were significantly more in the 
CABG+MVRep group. The thirty-day mortality was also high in 
CABG+MVRep group [I - 2.11% vs. II - 20% (P<0.001)] (Table 2).

Subgroup Comparison - High Operative Risk (IA vs. IIA)

OPCABG patients had better early operative outcomes 
in comparison with the CABG+MVRep patients in all the 
parameters studied (Table 3). The mean number of blood units 
transfused [IA - 2.3±0.6 vs. IIA - 3.1±0.9 (P<0.001)], IABP usage [IA 
- 8.57% vs. IIA - 50% (P=0.002)] renal dysfunction [IA - 11.43% vs. 
IIA - 45% (P=0.01)], arrhythmias [IA - 11.43% vs. IIA - 40% (P=0.03)], 
liver dysfunction [IA - 8.57% vs. IIA - 35% (P=0.04)], new onset 
stroke [IA - 5.71% vs. IIA - 30% (P=0.04)], sepsis [IA - 8.57% vs. IIA 
- 35% (P=0.04)], mean duration of ventilation in hours [IA - 7.23 

Operative Variables

All patients underwent complete coronary revascularization. 
The mean number of grafts in the OPCABG group was 3.14 and 
in the CABG+MVRep group was 3.21. The mean cardiopulmonary 
bypass time and mean aortic cross-clamp time in group II were 
96.67±20.25 and 66.33±13.14 minutes, respectively.

Early Post-Operative Outcome

Comparison Between Group I and II

Irrespective of the operative risk, CABG+MVRep group (II) 
had higher incidence of early postoperative complications as 
compared to OPCABG group (I) (Table 2). The mean number 
of blood units transfused [I - 2.2±0.5 vs. II - 2.9±1.1 (P<0.001)], 
intra-aortic balloon pump (IABP) usage [I - 8.42% vs. II - 36.36% 
(P<0.001)], renal dysfunction [I - 8.42 % vs. II - 34.55% (P<0.001)], 
arrhythmias [I - 8.42% vs. II - 27.27% (P=0.004)], liver dysfunction 
[I - 6.32% vs. II - 21.82% (P=0.01)], new onset stroke [I - 5.26% vs. II - 

Table 1. Preoperative variables comparison.

Variables
OPCABG CABG+MVRep

P value
N=95 (63.33%) N=55 (36.67%)

Age (years) 76.32±2.74 75.79±2.32 0.23

Sex (male) 67 (70.53%) 41 (74.55%) 0.74

Diabetes 36 (37.89%) 13 (23.64%) 0.11

Hypertension 61 (64.21%) 37 (67.27%) 0.85

COPD 32 (33.68%) 16 (29.09%) 0.69

Recent MI 13 (13.68%) 13 (23.64%) 0.19

Previous stroke 4 (4.21%) 3 (5.45%) 0.96

SVD 27 (28.42%) 16 (29.09%) 0.93

DVD 32 (33.68%) 13 (23.64%) 0.27

TVD 19 (20%) 19 (34.55%) 0.08

LMCA 44 (46.32%) 16 (29.09%) 0.06

Hb (gm %) 11.83±1.64 11.5±1.2 0.2

Creatinine (mg/dl) 1.18 ±0.59 1.24±0.4 0.51

Preoperative LVEF (%) 35.86±13.25 37.06±13.38 0.6

Renal dysfunction 17 (17.89%) 8 (14.55%) 0.09

NYHA

I __ __

II 60 (63.16%) 31 (56.36%) 0.52

III 35 (36.84%) 24 (43.64%) 0.52

IV __ __

CABG=Coronary artery bypass grafting; COPD=Chronic obstructive pulmonary disease; DVD=Double vessel disease; 
Hb=Hemoglobin; OPCABG=Off-pump coronary artery bypass grafting. LMCA=Left main coronary artery; LVEF=Left ventricle 
ejection fraction; MI=Myocardial infarction; MVRep=Mitral valve repair; NYHA=New York Heart Association; SVD=Single vessel 
disease; TVD=Triple vessel disease
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(P=0.001)], mean duration of ventilation in hours [IB - 6.76±2.25 
vs. IIB - 15.76±4.13 (P<0.001)] and ICU stay in days [IB - 2.78±1.34 
vs. IIB - 5.38±1.92 (P<0.001)] than the CABG+MVRep patients. The 
thirty-day mortality was also low in OPCABG subgroup [IB - 1.67% 
vs. IIB - 17.14% (P=0.01)]. Other parameters were not significantly 
different between the subgroups (Table 4).

Follow-Up Study

In a mean follow-up period of five years, both OPCABG and the 
CABG+MVRep group had improvement in the mitral regurgitation 
grade and New York Heart Association (NYHA) class.

± 2.45 vs. IIA - 18.24±4.72 (P<0.001)] and ICU stay in days [IA - 
3.63±1.12 vs. IIA - 6.42±2.1 (P<0.001)], were significantly more in 
the CABG+MVRep group. The thirty-day mortality was also high 
in CABG+MVRep subgroup [IA - 2.86% vs. IIA - 25% (P=0.04)] 
(Table 3).

Subgroup Comparison - Low Operative Risk (IB vs. IIB) 

Even in the low operative risk subgroup, OPCABG patients 
had significantly lower incidence of blood units transfused [IB - 
2.1±0.5  vs.  IIB - 2.7±1.5 (P=0.005)], IABP usage [IB - 8.33% vs. IIB 
- 28.57% (P=0.02)], renal dysfunction [IB - 6.67% vs. IIB - 28.57% 

Table 2. Early operative outcome comparison between group I and group II.

Variables
OPCABG

N=95 (63.33%)
CABG+MVRep
N=55 (36.67%)

P Value

Blood transfusion 2.2±0.5 2.9±1.1 <0.001

Postoperative IABP 8 (8.42%) 20 (36.36%) <0.001

Renal dysfunction 8 (8.42% 19 (34.55%) <0.001

Arrhythmia 8 (8.42%) 15 (27.27%) 0.004

Liver dysfunction 6 (6.32%) 12 (21.82%) 0.01

New onset stroke 5 (5.26%) 13 (23.64%) 0.002

Sepsis 6 (6.32%) 13 (23.64%) 0.005

30-day mortality 2 (2.11%) 11 (20%) <0.001

Ventilation (hours) 6.92±2.36 17.35±4.66 <0.001

ICU stay (days) 2.86±1.26 5.87±1.98 <0.001

CABG=Coronary artery bypass grafting; IABP=Intra-aortic balloon pump; ICU=intensive care unit; MVRep=Mitral valve repair; 
OPCABG=Off-pump coronary artery bypass grafting

Table 3. Early operative outcome comparison in high operative risk subgroup (A).

Variables
IA – OPCABG

N=35
IIA- CABG+MVRep

N=20
P Value

Blood transfusion 2.3±0.6 3.1±0.9 <0.001

Postoperative IABP 3 (8.57%) 10 (50%) 0.002

Renal dysfunction 4 (11.43%) 9 (45%) 0.01

Arrhythmia 4 (11.43%) 8 (40%) 0.03

Liver dysfunction 3 (8.57%) 7 (35%) 0.04

New-onset stroke 2 (5.71%) 6 (30%) 0.04

Sepsis 3 (8.57%) 7 (35%) 0.04

30-day mortality 1 (2.86) 5 (25%) 0.04

Ventilation (hours) 7.23±2.45 18.24±4.72 <0.001

ICU stay (days) 3.63±1.12 6.42±2.1 <0.001

CABG=Coronary artery bypass grafting; IABP=Intra-aortic balloon pump; ICU=Intensive care unit; MVRep=Mitral valve repair; 
OPCABG=Off-pump coronary artery bypass grafting
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Improvement in Mitral Regurgitation Grade

CABG+MVRep was able to offer better results in terms of 
mitral regurgitation reduction in the low operative risk subgroup, 
however the results are comparable in the high operative risk 
subgroup (Figure 1). 

Functional Class Improvement 

In a mean follow up period of five years, both groups had 
comparable improvements in their NYHA functional class 
irrespective of their operative risk. No statistically significant 

Table 4. Early operative outcome comparison in low operative risk subgroup (B).

Variables
IB – OPCABG

N=60
IIB- CABG+MVRep

N=35
P Value

Blood transfusion 2.1±0.5 2.7±1.5 0.005

Postoperative IABP 5 (8.33%) 10 (28.57%) 0.02

Renal dysfunction 4 (6.67%) 10 (28.57%) 0.01

Arrhythmia 4 (6.67%) 7 (20%) 0.1

Liver dysfunction 3 (5%) 5 (14.29%) 0.23

New-onset stroke 3 (5%) 7 (20%) 0.05

Sepsis 3 (5%) 6 (17.14%) 0.11

30-day mortality 1 (1.67%) 6 (17.14%) 0.01

Ventilation (hours) 6.76±2.25 15.76±4.13 <0.001

ICU stay (days) 2.78±1.34 5.38±1.92 <0.001

CABG=Coronary artery bypass grafting; IABP=Intra-aortic balloon pump; ICU=intensive care unit; MVRep=Mitral valve repair; 
OPCABG=Off-pump coronary artery bypass grafting

Fig. 1 – Follow-up comparison of mitral regurgitation (MR) grade 
between the subgroups.

CABG=coronary artery bypass grafting; MVRep=mitral valve repair; 
OPCABG=off-pump coronary artery bypass grafting

difference among the subgroups in terms of functional class 
improvement was found (Figure 2). 

Survival 

In a mean follow-up period of five years, 35 patients of the 
entire cohort (group I – n=26, group II – n=9) died of non-cardiac 
cause and 12 (group I – n=7, group II – n=5) died of cardiac 
causes. The cumulative survival of OPCABG group was 63.2% and 
for the CABG + MVRep group was 54.5%. The 5-year survival was 
similar in both groups (Figure 3).

DISCUSSION 

This is probably the first study conducted in the elderly to 
compare the outcome of OPCABG versus CABG+MVRep for 
moderate CIMR. The routine use of antiplatelets, statins, beta 
blockers, and angiotensin converting enzyme inhibitors has 
greatly extended the age of CAD patients. It is now a common 
clinical scenario to see septuagenarians undergoing surgical 
myocardial revascularization. Even a healthy elderly is very 
different physiologically from a young as they have age-related 
thickening and stiffening of blood vessel walls leading to less 
elasticity, reduced diastolic function and poor effort tolerance 
compared to the young. They have reduced functional reserve 
of other organ systems compared to the young[9]. The incidence 
of cardiovascular disease increases as one’s age advances. At 60-
79 years, 70% will have cardiovascular disease of some form and 
21% will have identifiable CAD[10]. This is reflected in our study as 
our cohort also has higher incidence of comorbidities.

The morbidity and mortality of surgical myocardial 
revascularization in the elderly have reduced significantly. 
Off-pump technique has added to the safety of surgical 
revascularization in the elderly. OPCABG has been shown to have 
reduced myocardial injury, reduced renal complications, reduced 

      IA vs IIA                                           IB vs IIB
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of CABG is class IIB[22]. The addition of MVRep to CABG requires 
cardiopulmonary bypass with considerable length of aortic 
cross clamp time. Increased incidence of complications can be 
attributed to cardiopulmonary bypass in which, tissues and organs 
may suffer from regional malperfusion. The elderly with reduced 
functional reserve of many organ systems are more vulnerable 
to the complications of cardiopulmonary bypass. Extracorporeal 
circulation leads to various types of cellular injuries[23]. There 
was an increased incidence of supraventricular arrhythmias 
in the MVRep group, which may be due to the atrial incision 
for left atrial exposure. A similar trend of higher complications 
(24%) with CABG+MVRep group was observed by Smith et 
al.[24]. Randomized Ischemic Mitral Evaluation (RIME) trial[25] also 
reported higher complication rates in MVRep group showing that 
adding MVRep should be weighed against the surgical morbidity 
and mortality risk the patient is exposed to. In our study, we have 
noted that CABG+MVRep group had high rate of early operative 
complications. We feel that the difference in our study is more 
pronounced as OPCABG group is completely excluded from the 
complications due to cardiopulmonary bypass.

We have documented in one of our earlier studies that mitral 
ring annuloplasty with CABG in a selected subgroup with severe 
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blood product usage and less neurological complications 
than on-pump CABG[11]. OPCABG can achieve complete 
revascularization comparable to on-pump CABG as shown in this 
study (mean number of grafts 3.14 vs. 3.21)[12]. In expert hands, 
OPCABG can also be safely accomplished in the presence of 
moderate CIMR.

CIMR involves incomplete closure of structurally normal 
mitral valve leaflet and is due to CAD that affects the LV 
geometry causing annular dilatation and tenting of the 
chordae tendineae[13-15]. Numerous studies have indicated 
association of CIMR with poor survival rates in CAD patients[16,17]. 
Surgical correction of moderate CIMR at the time of coronary 
revascularization is still an unresolved controversy[18-21]. Even in 
the recent ACC/AHA guidelines (2014), the level of evidence for 
surgical correction of moderate mitral regurgitation at the time 

Fig. 2 - Follow-up comparison of New York Heart Association 
(NYHA) class between the subgroups. 

CABG=coronary artery bypass grafting; MVRep=mitral valve repair; 
OPCABG=off-pump coronary artery bypass grafting

Fig. 3 – Kaplan-Meier survival curve between the off-pump coronary 
artery bypass grafting (OPCABG) and coronary artery bypass grafting 
(CABG)+ mitral valve repair (MVRep) groups.

 CABG_0_CABG_MVRep_1

a) Follow-up NYHA Class Comparison IA vs IIA

b) Follow-up NYHA Class Comparison IB vs IIB
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