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INTRODUCTION

Coronary artery disease is one of  the leading causes 
of  death worldwide. Ischemic mitral regurgitation 
(IMR) is defined as mitral regurgitation complicating 
the manifestations of  CAD in the absence of  primary 
leaflet or chordal pathology.1 Many studies have shown 
that IMR is an independent predictor of  cardiovascular 
morbidity and mortality. Its presence is associated with 
a three-fold increase in the risk of  heart failure and a 
1.6-fold increased risk of  death at 5-year follow-up, 
independent of  LV ejection fraction, Killip class, age 
and gender.2  The increased mortality risk relates to the 
quantified degree of  MR; as survival rates are different 

between patients with different degrees of  IMR.3 The 
pathophysiology of  IMR is complex, and its presence 
may be related to several underlying processes that are 
often difficult to separate in a given patient.4 Because of  
its complex pathophysiology and heterogeneous clinical 
presentation, the proper treatment of  IMR is often 
debated, and the relative utility of  revascularization is 
uncertain.5

Few studies have shown that revascularization is 
associated with improved survival compared with medical 
therapy in patients with IMR,6,7 but the proper way of  
revascularization still remains controversial. Surgical 
revascularization has potential benefits of  achieving more 
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complete revascularization and improving IMR more 
effectively by addition of  a mitral valve procedure at the 
time of  coronary artery bypass graft (CABG) surgery. 
However, surgical revascularization has a higher procedural 
risk compared with percutaneous coronary intervention 
(PCI), and it is unclear whether IMR is merely a marker 
for more advanced left ventricular (LV) dysfunction or 
whether IMR itself  should be a target for therapy.8 In 
previous studies, MV surgery in addition to CABG was 
not associated with an incremental reduction in mortality 
beyond PCI and CABG alone.9,10

MATERIALS AND METHODS

Patient selection
Patients were divided into two groups based on their line 
of  management. Group- A included patients managed with 
optimal medical therapy (OMT) while Group- B included 
patients managed with revascularization. Subgroups  B1 
& B2 included patients managed with PCI and CABG 
respectively. Patients having concomitant rheumatic heart 
disease or documented mitral regurgitation due to any 
other pathology were excluded from the study. Patients 
with severe MR or any other mechanical complications 
associated with acute myocardial infarction were also 
excluded from the study.

Study parameters for defining MR severity
There are various parameters to define the severity of  
MR but some disparity persists among the guidelines 
as to what constitutes severe MR.11 Almost all the 
guidelines agree that EROA ≥0.4 cm2, RgV ≥60  mL, 
and RgF ≥50% constitute severe MR.12-15  These numbers 
are derived from a study that calibrated echo data with 
biplane angiographic grading.16 The above values had the 
optimal sensitivity and specificity for 4+ angiographic 
MR. The cutoff  values for ≥3+ angiographic MR 
severity were EROA ≥0.3 cm2, RgV ≥45  mL, and 
RgF ≥40%. The 2 published randomized trials in MR, 
Acorn and EVEREST II used ≥3+ as entry criteria.17-19 
The Cardiothoracic Surgery Network trials originally 
used EROA ≥0.4 cm2 for the severe MR trial20 and 0.2 
to 0.39 cm2  for the moderate MR trial21  which were 
subsequently modified to allow lower values for EROA if  
accompanied by other echo signs that indicated that MR 
severity was worse, such as RgV, VCW etc. Considering 
above points, following parameters were studied to grade 
the severity of  MR in our study:

Distal MR jet area compared to LA 
The high turbulent mosaic color Doppler pattern of  MR 
flow was measured as a ratio relative to the left atrial area. 
Traced at its maximum in apical views, the MR jet area was 
divided by the left atrial area traced in same frame.22 As 

per the measurements, MR was divided into mild (<20%), 
moderate (20-39%) and severe (≥40%).

Vena contracta width (VCW)
The VCW was measured as the linear dimension of  the 
neck of  the MR jet in parasternal long axis plane.23 As per 
measurements, MR was categorised as mild (<0.3  cm), 
moderate (0.3cm- <0.7cm) and severe (≥0.7cm).14,15

Proximal isovelocity surface area (PISA)
PISA was used (where feasible) to calculate the EROA and 
mitral RgV as follows24:

Flow rate at PISA=flow rate across regurgitant orifice

2πr2 × Aliasing velocity = EROA  × MR velocity

EROA= 2πr2 × Aliasing velocity ÷ MR velocity

(r= radius of  the hemispheric PISA zone)

Mitral RgV= EROA × TVI of  MR

Based on the RgV, MR was quantified into mild (<30 ml), 
moderate (30-59 ml) and severe (≥60 ml).

Volumetric method
Based on the principle that without notable aortic 
regurgitation, MR volume is the difference between the 
flow across the mitral valve and the LVOT. The regurgitant 
fraction (RgF) was calculated by dividing RgV by flow 
across the mitral valve and multiplied by 100.25,26

MV flow= LVOT flow + MV RgV

MV RgV= MV flow - LVOT flow

MV Rg V= Mitral annular area MV TVI – Aortic 
annulus area LVOT TVI

Mitral RgF= MV Rg V MV flow 100

Based on RgF, MR was divided into mild (<30%), moderate 
(30-49%) and severe (≥50%).

Statistical analysis
The completed data was analyzed by using standard 
statistical methods. Statistical tools like mean (µ) and 
standard deviations (SD) were calculated and information 
obtained from these statistical derivatives were used 
to calculate the “p” value by using unpaired t-test. The 
calculations were made by using Microsoft Office Excel 
2007 and Graph Pad software. The complete analysis was 
done by extensively comparing the different parameters 
of  MR severity.
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RESULTS

This study included 114 patients at start, but due to death 
of  2 patients during follow up; 112 patients were available 
for data analysis. Both Group-A and B had 56 patients while 
both revascularization Subgroups-B1 and B2 had 28 patients.

Based on different parameters at baseline in Group-A; mild 
MR was present in 4 patients (7.14%) while moderate MR 
was present in 52 patients (92.86%). At the end of  follow 
up; mild MR was present in 20 patients (35.71%) while 
moderate MR was present in 26 patients (46.23%). Severe 
MR developed in 10 patients (17.86%).

In Group-B at baseline; only 2 patients had mild MR and 
the rest 54 patients had moderate MR. At the end of  follow 
up; mild and moderate MR were present in 36 (64.29%) 
and 16  patients (28.57%) respectively, while severe MR 
developed in rest 4 patients (7.14%).

When we compared the individual baseline parameters with 
follow-up parameters, none of  the changes were statistically 
significant in Group-A patients (Table 1).

Group-B patients showed better results after 1  year 
of  follow up and almost all of  the parameters showed 
statistically significant reduction in severity (Table 2).

When we compared the overall result, MR grade improved 
in 60.71% of  patients in revascularization group compared 
to 28.57% patients in medially managed group. 53.57% 
patients in Group-A remained in the same grade as before 
compared to 32.14% patients in Group B. The grade of  MR 
deteriorated from moderate to severe in 17.86% patients 

in Group A, while only 7.14% of  patients form group B 
deteriorated to severe grade. This outcome clearly favors 
revascularization over medical therapy. (Figure 1).

SUBGROUP ANALYSIS

Based on different parameters at baseline in Subgroup-B1; 
mild MR was present in 2 patients (7.14%) while moderate 
MR was present in 26 patients (92.86%). After 1 year of  
follow up, mild MR was present in 18 patients (64.29%) 
while moderate MR was present in 8 patients (28.57%). 
Severe MR developed in 2 (7.14%) patients.

In the Subgroup B-2; all 28 patients (100%) had moderate 
MR at baseline. At the end of  follow up mild and moderate 
MR were present in 18  (64.29%) and 8 patients (28.57%) 
respectively, while severe MR developed in 2 patients (7.14%). 
Although these figures shows equal values after 1 year of  follow 
up in both subgroups; we should remember the fact that in PCI 
subgroup there were 2 patients of  mild MR from beginning; 
so overall improvement in MR grade occurred in 16 patients 
of  PCI compared to 18 patients of  CABG subgroup.

When we compared the Individual baseline parameters 
with follow up parameters; the results showed statistically 
significant improvement in both PCI and CABG subgroups 
(Table 3 & 4).

The overall subgroup analysis showed that revascularization 
by PCI is comparable to CABG in reducing the severity of  
MR grade. In Subgroup B1, the MR grade was improved 
in 57.14% of  patients compared to 64.28% of  patients 
in Subgroup  B2. 35.71% patients from Subgroup  B1 

Table 1: MR severity parameters before and after one year of OMT
Parameter At presentation After 1 year “p” value

Mean SD Mean SD
MR Jet Area (% of LA) 28% 5.3 27% 9.7% 0.6341
VCW (mm) 3.98 0.96 3.94 1.74 0.9156
RgV (ml/beat) 40.61 7.92 39.18 13.71 0.6346
RgF (%) 35.43 5.04 34.61 9.83 0.6960
EROA (cm2) 0.27 0.05 0.26 0.05 0.4575

LA: left atrium; VCW: vena contracta width; RgV: regurgitant volume; RgF: regurgitant fraction; EROA: effective regurgitant orifice area

Table 2: MR severity parameters before and after one year of Revascularization
Parameter At presentation After 1 year “p” value

Mean SD Mean SD
MR Jet Area (% of LA) 29% 5.1 23% 9.2% 0.0039*
VCW (mm) 4.24 0.88 3.41 1.45 0.0123*
RgV (ml/beat) 42.25 7.58 34.18 12.89 0.0061*
RgF (%) 37.14 4.85 30.07 9.36 0.0008*
EROA (cm2) 0.28 0.05 0.23 0.08 0.0070*

LA: left atrium; VCW: vena contracta width; RgV: regurgitant volume; RgF: regurgitant fraction; EROA: effective regurgitant orifice area
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and 28.57% patients from Subgroup B2 remained in the 
same grade as before. The grade of  MR deteriorated 
from moderate to severe in 7.14% of  patients from both 
subgroups. (Figure 2).

DISCUSSION

IMR is common with a reported frequency of  50% in the 
overall population; mild in 38% and moderate to severe 

in 12% of  the patients.2 After AMI, approximately 15% 
of  mitral murmurs disappear by hospital discharge and 
another 15%  are gone within several months.27 The proper 
treatment of  ischemic MR is often debated, and the relative 
utility of  revascularization is uncertain.5 Percutaneous 
or surgical revascularization has been associated with 
improved survival compared with medical therapy in 
patients with IMR6,7 but the proper way of  revascularization 
remains controversial.

The primary goal of  our study was to evaluate the relation 
between various treatment strategies on progression of  
IMR. The findings of  our study were compared and 
contrasted against several publications on similar issues. 
When we compared the degree of  MR after one year in 
medically managed patients, improvement in MR grade 
occurred in only 28.57% of  patients during follow up. 
As per analysis, this improvement was statistically not 
significant. At the same time when we compared the 
degree of  MR in revascularized patients; improvement in 
MR grade was observed in 60.71% of  patients which was 
statistically significant. This improvement was observed 
across all the parameters of  MR severity. Also, MR grade 
deterioration was less in revascularized patients (7.14%) 
compared to medically managed patients (17.86%). This 
improvement in MR grade in revascularization arm at 
60.71% was almost similar to the improvement observed 
in the study by Kang et al,28 i.e. 67%. The subgroup analysis 
showed that there was almost similar improvement in both 
modes of  revascularization across various MR severity 
parameters. Out of  28  patients in the PCI subgroup, 
there was improvement in 57.14% of  patients while in 
CABG subgroup improvement was observed in 64.28% 

Table 3: MR severity parameters before and after one year of PCI
Parameter At presentation After 1 year “p” value

Mean SD Mean SD
MR Jet Area (% of LA) 28% 5% 23% 9% 0.0130*
VCW (mm) 4.01 0.85 3.4 1.44 0.0588*
RgV (ml/beat) 40.29 7.32 34.21 12.93 0.0348*
RgF (%) 36 4.56 30.07 8.97 0.0029*
EROA (cm2) 0.27 0.05 0.23 0.08 0.0290*

PCI: Percutaneous coronary intervention; LA: left atrium; VCW: vena contracta width; RgV: regurgitant volume; RgF: regurgitant fraction; EROA: effective regurgitant orifice 
area

Table 4: MR severity parameters before and after one year of CABG
Parameter At presentation After 1 year “p” value

Mean SD Mean SD
MR Jet Area (% of LA) 30% 6% 23% 10% 0.0025*
VCW (mm) 4.46 0.89 3.41 1.52 0.0026*
Reg Vol (ml/beat) 44.21 7.58 34.14 13.34 0.0010*
Reg Fraction (%) 38.29 5.03 30.07 10.09 0.0003*
EROA (cm2) 0.30 0.05 0.23 0.09 0.0007*

PCI: Percutaneous coronary intervention; LA: left atrium; VCW: vena contracta width; RgV: regurgitant volume; RgF: regurgitant fraction; EROA: effective regurgitant orifice area

Figure 1: MR status after one year in medically managed and 
revascularized patients

Figure 2: MR status after one year of follow up in PCI and CABG 
patients
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of  patients. Also, MR grade deterioration was similar in 
both subgroups (7.14%).

CONCLUSIONS

Revascularization; either in the form of  PCI or CABG is 
better in improving grade of  ischemic mitral regurgitation 
compared to medical management alone. Progression of  
ischemic MR also depends on its initial severity; none of  
the mild MR cases showed deterioration to moderate or 
severe category in our study. Also, PCI and CABG are 
almost equally effective in reducing the severity of  MR 
across various echo parameters.

REFERENCES

1.	 Rankin JS, Hickey MS, Smith LR, Muhlbaier L, Reves JG, Pryor DB, 
et al. Ischemic mitral regurgitation. Circulation 1989; 79: I116–I121.

2.	 Bursi F, Enriquez-Sarano M, Nkomo VT, Jacobsen ST, 
Westo  SA, Meverden RA, et al. Heart failure and death after 
myocardial infarction in the community: the emerging role of 
mitral regurgitation. Circulation 2005; 111:295–301.

3.	 Grigioni F, Enriquez-Sarano M, Zehr KJ, Bailey KR, Tajik AJ, 
et  al. Ischemic MR long-term outcome and prognostic 
implications with quantitative Doppler assessment. Circulation 
2001; 103:1759–1764.

4.	 Otsuji Y, Handschumacher MD, Liel-Cohen N, Tanabe H, 
Jiang L, Schwammenthal E, et al. Mechanism of ischemic MR 
with segmental LV dysfunction: 3D echocardiographic studies in 
models of acute and chronic progressive regurgitation. J Am Coll 
Cardiol 2001; 37: 641–648.

5.	 Miller DC. Ischemic mitral regurgitation redux–to repair or to 
replace? J Thorac Cardiovasc Surg 2001; 122: 1059–1062.

6.	 Hickey MS, Smith LR, Muhlbaier L, Harrell FE Jr, Reves  JG, 
Hinohara T, et al. Current prognosis of ischemic mitral 
regurgitation: implications for future management. Circulation 
1988;78: I51–I59.

7.	 Trichon BH, Glower DD, Shaw LK, Cabell CH, Anstrom KJ, 
Felker GM, et al. Survival after coronary revascularization, with 
and without mitral valve surgery, in patients with ischemic MR. 
Circulation 2003;108:II103–II110.

8.	 Gheorghiade M, Sopko G, De Luca L, Velazquez EJ, Parker JD, 
Binkley PF, et al. Navigating the crossroads of coronary artery 
disease and heart failure. Circulation 2006;114:1202–1213.

9.	 Wu AH, Aaronson KD, Bolling SF, Pagani FD, Welch K and 
Koelling TM. Impact of mitral annuloplasty on mortality risk in 
patients with mitral regurgitation and left ventricular systolic 
dysfunction. J Am Coll Cardiol 2005;45:381–387.

10.	 Mihaljevic T, Lam BK, Rajeswaran J, Takagaki M, Lauer MS, 
Gillinov AM, et al. Impact of MV annuloplasty combined with 
revascularization in patients with functional ischemic MR. J Am 
Coll Cardiol 2007;49:2191–2201.

11.	 Grayburn PA, Weissman NJ and Zamorano JL. Defining 
severe  MR: Quantitation of Mitral Regurgitation. Circulation 
2012; 126:2005-2017.

12.	 Bonow RO, Carabello BA, Chatterjee K, de Leon AC Jr, 
Faxon DP, Freed MD, et al. ACC/AHA 2006 guidelines for the 
management of patients with valvular heart disease: a report 
of the ACC/AHA Task Force on Practice Guidelines. J Am Coll 
Cardiol 2006; 48:1–148.

13.	 Vahanian A, Baumgartner H, Bax J, Butchart E, Dion R, 

Filippatos G, et al. Guidelines on the management of valvular 
heart disease: the Task Force on the Management of Valvular 
Heart Disease of the European Society of Cardiology. Eur Heart 
J 2007; 28:230 –268.

14.	 Zoghbi WA, Enriquez-Sarano M, Foster E, Grayburn PA, 
Kraft CD, Levine RA, et al. Recommendations for evaluation of 
the severity of native valvular regurgitation with two dimensional 
and Doppler echocardiography. J Am Soc Echocardiogr 2003; 
16:777– 802.

15.	 Lancellottti P. Moura L, Pierard L, Agricola E, Popescu BA, 
Tribouilloy C, et al. European Association of Echocardiography 
recommendations for the assessment ofvalvular regurgitation, 
part 2: mitral and tricuspid regurgitation (native disease). Eur J 
Echocardiogr 2010; 11:307–332.

16.	 Dujardin KS, Enriquez-Sarano M, Bailey KR, Nishimura RA, 
Seward JB and Tajik AJ. Grading of mitral regurgitation by 
quantitative Doppler echocardiography: calibration by left 
ventricular angiography in routine clinical practice. Circulation 
1997;96:3409 –3415.

17.	 Acker MA, Jessup M, Bolling SF, Oh J, Starling RC, Mann DL, 
et al. Mitral valve repair in heart failure: five-year follow-up from 
the mitral valve replacement stratum of the Acorn randomized 
trial. J Thorac Cardiovasc Surg 2011;142:569 574.

18.	 Feldman T, Foster E, Glower D, Kar S, Rinaldi MJ, Fail PS, et al; 
for the EVEREST II Investigators. Percutaneous repair or surgery 
for mitral regurgitation. N Engl J Med 2011;364:1395–1406.

19.	 Foster E, Wasserman HS, Gray W, Homma S, Di Tullio MR, 
Rodriguez L, et al. Quantitative assessment of the severity of 
mitral regurgitation by serial echocardiography in a multicenter 
clinical trial of percutaneous mitral valve repair. Am J Cardiol 
2007;100:1577–1583.

20.	 Perrault LP, Moskowitz AJ, Kron IL, Acker MA, Miller MA, 
Horvath KA, et al. Optimal surgical management of severe mitral 
regurgitation: to repair or to replace? J Thorac Cardiovasc Surg 
2012;143:1396 –1403.

21.	 Smith PK, Michler RE, Woo YJ, Alexander JH, Puskas JD, 
Parides MK, et al. Design, rationale, and initiation of the Surgical 
Interventions for Moderate Ischemic Mitral Regurgitation Trial: 
a report from the Cardiothoracic Surgical Network. J  Thorac 
Cardiovasc Surg 2012;143:111–117.

22.	 Chen C, Thomas JD, Anconina J, Harrigan P, Mueller L, Picard MH, 
et al. Impact of impinging wall jet on color Doppler quantification of 
mitral regurgitation. Circulation 1991;84:712–720.

23.	 Roberts BJ and Grayburn PA. Color flow imaging of the vena 
contracta in mitral regurgitation: technical considerations. J Am 
Soc Echocardiogr 2003;16:1002–1006.

24.	 Bargiggia GS, Tronconi L, Sahn DJ, Recusani F, Raisaro A, 
De Servi S, et al. A new method for quantitation of MR based 
on color flow Doppler imaging of flow convergence proximal to 
regurgitant orifice. Circulation 1991; 84:1481–1489.

25.	 Quinones MA, Otto CM, Stoddard M, Waggoner A and 
Zoghbi WA. Recommendations for quantification of Doppler 
echocardiography: a report from the Doppler Quantification Task 
Force of the Nomenclature and Standards Committee of the 
American Society of Echocardiography. J Am Soc Echocardiogr 
2002;15:167–184.

26.	 Enriquez-Sarano M, Bailey K, Seward J, Tajik A, Krohn M 
and Mays J. Quantitative Doppler assessment of valvular 
regurgitation. Circulation 1993;87:841– 848.

27.	 Heikkila J. Mitral incompetence as a complication of acute 
myocardial infarction. Acta Medica Scand Suppl 1967; 475:1.

28.	 Kang D H, Kim M J, Kang SJ, Song JM, Song H, Hong MK, 
et al. Mitral Valve Repair versus Revascularization Alone in 
the Treatment of Ischemic Mitral Regurgitation. Circulation 
2006;114:I-499-I-503.



Saha, et al.: Effects of coronary revascularization on ischemic MR

Asian Journal of Medical Sciences | Mar-Apr 2019 | Vol 10 | Issue 2	 13

Authors Contribution:
JS- Concept and design of the study, critical revision of the manuscript; SS- Concept, collected data and review of literature, manuscript preparation and 
revision; AR- Literature review, statistical analysis and interpretation, manuscript revision; MB- Collected data, statistical analysis and review of the study.

Work attributed to: 
Department of Cardiology and CTVS, Medical College and Hospital, Kolkata, West Bengal

Orcid ID:
Dr. Jayanta Saha -  https://orcid.org/0000-0001-8574-3943
Dr Sudhakar Singh -    https://orcid.org/0000-0001-5181-2250
Dr Arnab Roy -   https://orcid.org/0000-0003-3045-8699
Dr Manoj Bhargava -   https://orcid.org/0000-0003-3045-8699

Source of fundings: None, Conflict of Interest: None,


