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Abstract

Background: In cases of moderate(2 or 3+ on a scale of 0 to 4+) nonorganic mitral regurgitation (MR) and coronary 
artery disease, operative strategy continues to be debated between coronary artery bypass grafting alone (CABG) or con-
comitant valve repair. To clarify the optimal management of these patients, we evaluated the mid-term results of isolated 
CABG in the study group.

Methods: From March 2002 to February 2005, 40 consecutive patients (57.5% male, mean age: 62.45±8.7 years, mean 
ejection fraction: 44.15±12.6%, mean New York Heart Association class 2.5±0.78) with coronary artery disease and moder-
ate MR without organic mitral valve disease (prolapse, rheumatism, etc.) underwent CABG alone. Thirty one (77.5%) pa-
tients had either postoperative or follow-up transthoracic echocardiography with mean follow up time of 10.82±8.12 months. 
Patient’s pre and postoperative data were compared to evaluate the results of isolated CABG on moderate MR.

Results: MR was ischemic (with persistent wall motion abnormality) in 25(62.5%) patients and functional (without per-
sistent wall motion abnormality) in 15(31.5%). Considering postoperative and follow up transthoracic echocardiography, 
54.8% had no or mild MR (29% MR 1+, 25.8% no MR) and 45.2% had moderate MR (16.1% MR 3+, 29% MR 2+). Resolu-
tion of MR was significant (p<0.001), but it had no correlation with ischemic MR (p=0.46), preoperative ejection fraction 
(p=0.09), LV systolic (p=0.70) and diastolic dimensions (p=0.80). Seven patients died, 2 in hospital and 5 later.

Conclusion: Although for coronary artery disease accompanying moderate nonorganic MR, CABG alone reduces sever-
ity of MR significantly, many patients are left with moderate MR. Preoperative diagnosis of moderate nonorganic MR may 
warrant concomitant mitral repair.
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Introduction

Mitral regurgitation (MR) accompanying coronary artery 
disease (CAD) is a heterogeneous entity. Ischemic MR (IMR) 
is mitral insufficiency caused by myocardial infarction and 
associated with a persistent wall motion abnormality.1 The 

term IMR excludes rheumatic, degenerative, myxomatous, 
infective and other organic causes of MR.

IMR must be distinguished from organic mitral valve disease 
with coexisting coronary artery disease, but sometimes it is 
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very difficult to determine whether MR is ischemic or there 
is a coexisting of MR with coronary artery disease.

In IMR, does coronary artery bypass grafting (CABG) 
alone and revascularizing ischemic areas improve regional 
wall motion and correct the MR?

Although most surgeons would agree that severe MR 
should be corrected at the time of CABG and that trace to 
mild MR can probably be left alone, the optimal management 
of moderate ischemic MR remains controversial.

Those favoring a conservative approach, make several 
arguments:

First, revascularizing ischemic areas will improve regional 
wall motion and correct the MR.2,3,4

Second, several studies suggest that performing CABG 
alone does not affect long term survival or functional 
status.5,6,7,8,9

Many surgeons however, have advocated more liberal use 
of mitral annuloplasty in patients with moderate MR at the 
time of CABG.10

They argue that CABG alone will not correct moderate 
ischemic MR in many patients, especially those with scarring 
from myocardial infarction and those with annular and 
ventricular dilation.11 

In addition, intervention on the mitral valve appears to 
benefit those with symptomatic heart failure.12 Some authors 
suggest repairing moderate mitral regurgitation in selected 
cases to improve long-term quality of life.13 

This investigation was undertaken to study the influence of 
CABG alone on moderate non organ ic MR. For this purpose, 
we compared severity of MR before and after CABG and at 
follow up in patients with moderate MR.

Methods
 
Between March 2002 and February 2005, patients with 

moderate MR and coronary artery disease (CAD) who 
underwent CABG alone were identified from Tehran Heart 
Center surgery data base.

Moderate MR was defined as MR grade II or III with 
echocardiography or ventriculography.

Based on preoperative echocardiography, we excluded 
organic mitral valve diseases such as rheumatism, prolapse 
and infective endocarditis.

Patients with moderate MR and concomitant valve repair 
or replacement have been evaluated in another study.

MR was defined as ischemic if associated with persistent 
wall motion abnormality and as functional when there was 
not any persistent wall motion abnormality.

Parsonnet score was used before the operation to estimate 
the risk of mortality after CABG.
 

Echocardiography

A preoperative echocardiography was performed for all 

patients. The assessment of mitral regurgitation severity was 
based on a number of variables (Table 1).14

Table 1. Assessment of the mitral regurgitation severity

RV (ml) ERO 
cm2

MR jet 
(%LA)

I Mild <30ml <0.2 <15

II 30-44ml 0.2-0.29 15-30

III 45-59ml 0.3-0.39 35-50

IV Severe ≥ 60ml >0.4 >50

RV, Regurgitation Volume (ml); ERO, Effective Regurgitation Orifice (cm2); 
MR jet (%LA), Mitral Regurgitation jet (% Left Atrium)

Ventriculography

MR grading based on ventriculography was done according 
to the following criteria:15

I. Mild: essentially clears with each beat and never opacifies 
the entire left atrium.

II. It does not clear with one beat and generally does 
opacity the entire Left atrium, it is opacified (albeit faintly) 
after several beats, however, opacification of Left atrium 
does not equal that of left ventricle.

III. The left atrium is completely opacified and achieves 
equal opacification of left ventricle.

IV. Severe: opacification of the entire left atrium occurs 
within one beat, the opacification becomes progressively 
denser with each beat, and contrast material can be seen 
refluxing into the pulmonary veins during systole.
 

Postoperative Transthoracic echocardiography
 
A postoperative transthoracic echocardiography was 

performed by a noninvasive cardiologist before discharge for 
17/38 (45%) patients.
 

Follow up

Follow up was conducted in two periods. One between 
January and March 2004 and another between January and 
March 2005. Transthoracic echocardiography for follow 
up was completed in 21 patients. We can not find 5 patients 
because of change of their telephone NO. And their address, 
7 patients interviewed by telephone, but they didn’t come for 
echocardiography and 7 patients were died (2 in hospital and 
5 later). The date and cause of death were noted for cases 
who had died.

 
Data collection and analysis

Preoperative, operative, and postoperative data were 
collected prospectively in the division’s clinical database and 
confirmed by review of the actual medical records.
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Statistical analysis was performed with the SPSS statistical 
package (SPSS Inc). All means in the text are expressed as 
mean ± SD. 

Ordinal variables were compared with the nonparametric 
Mann-Whitney or Willcoxon signed ranks tests. Categorical 
Variables were compared with fisher’s exact test for2 X 2 
contingency tables and Pearson’s x2 test for larger tables. A p 
value< 0.05 was considered statistically significant.

Results
 

Patient characteristics

Patient demographics, preoperative and postoperative data 
are presented in (Table 2).

Table 2. Patient characteristics

All patients 
Age, y

Mean
Range 

Sex
Male 
Female 

Left ventricular function 
Normal (EF ≥ 50%) 
Mild dysfunction (EF 40- 49%)
Moderate dysfunction (EF 30-39%) 
Severe dysfunction (EF <30%) 

Ejection Fraction
Mean 
Range 

NYHA Function Class
Mean 
Comorbid condition

Diabetes mellitus 
Hypertension 
Renal insufficiency 
COPD 

Number of bypass grafts 
Mean 
Range 

Aneurysmectomy 
Poor coronary arteries 
Left main stenosis (> 50%) 
Recent unstable angina Recent 
Myocardial infarction 
Preoperative IABP 
Recent pulmonary edema
Cardiogenic shock 
Congestive heart failure

n = 40

62.45 ±8.7
44 - 78

57.5%
42.5%

42.5%
25%
12.5%
20%

44.15% ± 17.6%
20% – 70%
2.5 ± 0.78

30%
52.5%
5%
25%

3.43 ± 1.01
1-5
5%
7.5%
7.5%
32.5%
15%
7.5%
5%
2.5%
10%

EF, Ejection Fraction; NYHA, New York Heart Association; COPD, Chronic 
Obstructive Pulmonary Disease; IABP, Intra Aortic Balloon Pump

Mean age was 62.45±8.7 years (range 44 to 78 years) and 
mean ejection fraction was44.15 ± 1 2.60% (range 20 to 70%). 
25(62.5%) patients had persistent wall motion abnormality 
(Ischemic MR (IMR) group), while 15(31.5%) patients 
had no persistent wall motion abnormality (functional MR 
(FMR) group).

17(42.5%) patients had preserved left ventricular systolic 
function (EF ≥ 50%) and 23(57.5%) had left ventricular 
systolic dysfunction (EF < 50%), which 20 % of them had 
severe systolic dysfunction (EF < 30%). 10 % of patients had 
congestive heart failure. Recent unstable angina was detected 
in 32.5 %, recent myocardial infarction in 15%, recent 
pulmonary edema in 5 %. 7.5% had left main stenosis, 2.5% 
were in cardiogenic shock and intra aortic balloon pumps 
(IABP) were used in 7.5% of patients.

Significant non cardiac comorbid conditions, including 
diabetes mellitus (30%), renal insufficiency (5%) and chronic 
obstructive pulmonary disease (25%) were not uncommon.

 
Preoperative data

Preoperative data are shown in table 2. The mean number 
of bypass grafts was3.43±1.01. Aneurysmectomy was done 
for 5% and 7.5% had poor coronary arteries.
 

Mortality and functional class
 
There were 2 (5%) in-hospital deaths and from the 33 

patients whom were followed, late death occurred in5 
(16.50%) patients. 

All deaths were cardiac related. Overall mortality was 
7 (20%) patients, 3 in the IMR group and 4 in functional 
MR (FMR) group. Mortality was not significantly different 
between IMR and FMR groups (12% vs. 26.7%, p=0.99). 
Preoperative ejection fraction (43.32± 13.59 vs. 47.14±10.74, 
p=0.48) and severity of MR (p=0.62) had no relation with 
mortality. 

2 in-hospital deaths occured on the day of operation, one 
with reducing blood pressure not responding to IABP and the 
other with cardiac arrest. Of the 5 late deaths, one occurred 
30 days after operation due to pulmonary thromboemboli, 
the 4 other deaths were documented through the telephone. 
The functional class improved from a preoperative mean of 
2.5±0.78 to a postoperative mean of 1.53±0.79 (p=0.002).
 

Postoperative TTE

From 17 patients who had postoperative transthoracic 
echocardiography, 41.2% had no or mild MR and 58.9% had 
moderate MR (2 or 3+) (Table 3).
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Table 3. Mitral regurgitation (MR) severity by TTE or Ventriculography

Severity

of M
R

Preoperative

N
=40

Postoperative

TTE

N
=17

Follow
 up

TTE

N
=21

Postoperative or follow
 up

TTE

N
=31

0+ 0% 29.4% 14.3% 25.8%

1+ 0% 11.8% 42.9% 29.0%

2+ 80% 47.1% 23.8% 29.0%

3+ 20% 11.8% 19.0% 16.1%

4+ 0% 0% 0% 0%

M
ean severity

of M
R 2.20±0.41 1.41±1.06 1.47±0.98 1.35±1.05

TTE, Transthoracic Echocardiography

Resolution of MR after CABG alone is significant (p=0.007) 
but it was not different between the IMR and FMR group, 
(40.0% vs. 42.9%, p=0.90). 5 patients ( 29.4% ) had MR 3+ 
before operation and 12 (70.6% ) MR 2+, in postoperative 
echocardiography 4 of first 5 patients had MR 2 or 3+ and one 
no or mild MR and from the other 12 patients, 6 had MR 2 or 
3+ and 6 no or mild MR, (Odds ratio= 4. 00), (figure 1). 

Figure 1. Comparison of resolution of MR in postoperative and Follow up 
echocardiography

Follow up echocardiography

From 21 patients who had follow up echocardiography, 
57.2% of patients had no or mild MR, 42.8% moderate 
MR. MR resolution was significant (p=0.007) but it was not 
different between IMR and FMR groups,(50.0% vs. 71.4%, 
p=0.64). 4 patients (9.04%) had MR 3+ before operation 
and 17 (80.95%) MR 2+, in follow up echocardiography 2 
of first 4 patients had MR 2 or 3+ and 2 no or mild MR and 
from the other 17 patients, 7 had MR 2 or 3+ and 10 no or 
mild MR, (Odds ratio= 1.43), (fig 1). Although reduction 
of MR in follow up echocardiography in comparison to 
postoperative echocardiography is not significant (p=0.4), 
but if there is some reduction in severity of MR, it is probably 
due to time course of recovery of hibernating myocardium. 
Considering postoperative and follow up echocardiography 
together, we performed echocardiography for 31 patients..
Postoperat ive or fol low-up echocardiography revealed 
that 54.8% of patients had no or mild MR and 45.2% had 
moderate MR. MR reduction was not different between IMR 
and FMR groups, (47.4% vs. 66.7%, p=0.46). Comparing 
this with preoperative MR, MR reduction is significant 
(p<0.001). The mean preoperative, postoperative, follow up 
and postoperative or follow-up MR grades were 2.20±0.41, 
1.41±1.06, 1.47±0.98 and 1.35±1.05, Respectively (Table 
3). There is a trend for persistence of moderate MR after 
CABG in patients with left ventricular systolic dysfunction 
(58.8% in patients with EF<50% vs. 28.6% in patients with 
EF≥50%, p=0.09) (table 4).

Table 4. Postoperative or follow up echocardiography (severity of MR in 
impaired and normal LV systolic function)

 MR 0 or 1+
 n (%)

MR 2 or 3+
n (%)

Total
n (%)

EF < 50% 7(41.2%) 10(58.8%) 17(100.0%)

EF ≥ 50% 10(71.4%) 4(28.6%) 14(100.0%)

Total 17(54.8%) 14(45.2%) 31(100.0%)

MR, Mitral Regurgitation; LV, Left Ventricle; EF, Ejection Fraction

Resolution of MR was not related to left ventricular diastolic 
and systolic dimensions (LVDd: 53.69 ± 10.38 vs. 52.85 ± 
6.03 mm, p = 0.80 and LVDs: 42.69 ± 11.88 vs. 41.17± 6.86 
mm, p=0.70). 3 (7.5%) patients had poor coronary arteries 
from which 1 (2.5%) had mild MR in follow up and two 
died, 1 in-hospital and the other later (who had MR 2+ in 
postoperative echocardiography). 5 (16.1%) patients had MR 
3+ at follow up or postoperative echocardiography; 4 of them 
were in the IMR group and only 1 patient was in the FMR 
group, but difference was not significant (p= 0.62). Mean 
ejection fraction in these patients was 42% vs. 44% in the rest, 
p= 0.7. 8 patients (20%) had MR 3+ with echocardiography 
or angiography before operation, in 4 patients severity of 
MR was different with these two methods, in 4 other patients 
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when our surgeons checked severity of MR in the time of 
operation, it seemed non significant and so they did not repair 
mitral valve. In follow up of these patients, 3 had MR3+ (one 
died later), 1 MR 2+, 1 MR 1 +, 2 no MR and another died 
later. From 5 patient who had MR 3+ after operation, 3 had 
MR3+ before operation, 1 MR 1+ and 1 MR 2+.

Intraoperative transesophageal echocardiography

From 3 patients who had intraoperative TEE (post-pump) 
1 had moderate MR and she died on the day of operation, 2 
had mild MR and upon follow up echocardiography one of 
them had mild MR and the other moderate MR.

Discussion
 

 There are two key findings in this study: 1) although resolution 
of MR after CABG alone is statistically significant and 55% 
of patients had resolution of MR, but 45% continued to have 
moderate MR after CABG alone.

2) There is a trend for persistence of MR in patients with 
impaired LV systolic function. In addition, most patients with 
MR 3+ after CABG alone were in the IMR group.
 

Effect on mortality

In hospital mortality was 5% and overall mortality in the 
patients who were followed was 7/35 (20%).

Parsonnet score of these patients was 19.58 ± 9.77. 
According to the Parsonnet score, in-hospital mortality for a 
score between 15-20, is about 9.5 %16 so in-hospital mortality 
in this study is lower than comparable populations.

Late mortality in our study was 16.5 % which was 
comparable to the Ogus report (16%),4 but mean ejection 
fraction of their patients was lower (25±5%).
 

Clinical Implications

The present study addressed the specific question of whether 
CABG alone corrects moderate MR in the mid term.

Although many patients had some improvement in their 
MR, a significant proportion was left with moderate MR. 
The long term clinical implications of these results are 
not specifically addressed in the present study. Whether 
these results justify more liberal use of mitral annuloplasty 
depends on the answer to 2 follow up questions: 1) what 
is The long-term impact of residual MR on functional 
status and survival? 2) Does this MR gradually progress to 
severe MR and produce left atrial and ventricular dilation, 
elevate pulmonary pressure, increase the frequency of atrial 
fibrillation and need for reoperation?

Skeptics have argued that residual MR after CABG alone 
does not have an adverse effect on late functional status or 
survival.

In the Emory group study,6 5-and 10- year actuarial survival 

was nearly identical to that of a control group without 
preoperative MR undergoing CABG during the same time 
period. One other study suggests that CABG alone does not 
affect long-term survival in patients with moderate ischemic 
MR.17

Two large studies18,19 in the 1980s suggest that MR is an 
independent risk factor for late death in patients undergoing 
CABG.

There is limited information in the literature on the late 
functional status of patients undergoing CABG alone for 
moderate ischemic MR. Mallidi et al reported that overall late 
survival was not affected by the presence of mild to moderate 
degrees of mitral regurgitation in patients undergoing CABG 
but These patient had poorer event-free survival and worse 
late functional status.13 The Emory study6 reported a trend 
toward more class III and IV angina (29% versus 6%) and 
congestive heart failure (14% versus 6%) compared with 
case-matched controls. On the other hand, Bolling et al20 
reported that nearly all patients undergoing mitral valve 
repair at the time of CABG moved from class III or IV to 
class I or II.

These findings raise the possibility that even if the 
significant rate of residual MR noted in the present study does 
not result in decreased long term survival, it may adversely 
affect long-term functional status and quality of life. 
Concomitant mitral valve repair may therefore be justified, 
if it can be performed with relatively low operative risk, to 
improve long-term functional status. In our study, there is a 
trend for persistence of moderate MR in patients with left 
ventricular systolic dysfunction. In addition, of 5 patients 
with MR3+ after CABG, 4 were in the IMR group. Is there 
any association between Ischemic MR as the mechanism 
of MR and preoperative ejection fraction with resolution of 
MR after CABG alone? If this hypothesis could be proved, 
we can determine patients who need mitral valve repair by 
preoperative transthoracic echocardiography. For proving the 
hypothesis we need a prospective study with more patients.
 

Study Limitations

The primary limitation of the present study is that it is a 
retrospective analysis, susceptible to various sources of 
bias.

The second limitation is that decision to forgo concomitant 
mitral valve repair was not based on specific preoperative 
criteria but solely on surgeon preference.

Individual surgeons differed in their threshold for exploring 
the mitral valve based on their assessment of the literature, 
with some surgeons performing CABG alone as a matter of 
policy.

Conclusion
 
Although CABG alone reduces MR severity significantly 

in patients with moderate non organic MR, but about 45% 
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of patients are left with moderate MR, so wider application 
of mitral annuluplasty may be warranted in these patients. 
More detailed analysis is necessary to determine preoperative 
factors that predict residual MR after CABG alone, and 
long-term follow up is necessary to determine the impact of 
residual MR on late symptoms and survival.

A prospective study with routine echocardiography 
is necessary to determine whether LV systolic function, 
persistent wall motion abnormality and scarring myocardium 
have any effect on residual MR after CABG in these 
patients.
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