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      Treatment of Functional Ischemic 
Mitral Regurgitation by Coronary 
Artery Bypass Grafting                     

     Michael     Sean     Mulvihill       and     Peter     K.     Smith     

    Abstract  

  This chapter reviews recent developments in the treatment of ischemic 
mitral regurgitation. Recent and ongoing studies have added to our under-
standing of this dynamic disease process. We discuss current investiga-
tions on outcomes of new and established approaches, including adjunctive 
surgical techniques.  

  Keywords  

  Ischemic Mitral Regurgitation (IMR)   •   Revascularization   •   Mitral Valve 
Repair (MVR)   •   Coronary Artery Bypass Grafting (CABG)   •   Left 
Ventricular Reverse Remodeling  

      Introduction 

 Mitral regurgitation (MR) represents the most fre-
quent valvular heart disease in the United States. 
Ischemic mitral regurgitation (IMR) is common 
after myocardial infarction and results in signifi -
cantly increased risk for congestive heart failure 

and death. It is usually mild in severity and conse-
quently may go undiagnosed [ 1 ]. While outcomes 
are worse with increasing IMR severity, even mild 
IMR portends a signifi cantly increased risk of car-
diovascular mortality. The Survival and Ventricular 
Enlargement (SAVE) study reported a cardiovas-
cular mortality incidence of 29 % at 3.5 years after 
MI in those developing IMR, compared to 12 % in 
those without IMR (P < 0.001) [ 2 ]. The dynamic 
nature of IMR makes assessment and treatment 
selection challenging.  

    Pathophysiology of IMR 

 Pathologic condition in any one or more of the 
components of the mitral valve apparatus may lead 
to mitral regurgitation; however, the mitral valve is 
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normal in structure in most cases of IMR. The defi -
nition of ischemic (functional) mitral regurgitation 
by the classic Carpentier triad requires the follow-
ing: (1) patient with known coronary artery disease 
and a global or regional wall motion abnormality; 
(2) echocardiographic evidence for restricted leaf-
let motion in systole and/or annular dilatation, and 
(3) valve leafl et tethering but otherwise macroscop-
ically normal leafl ets [ 3 ]. Mitral regurgitation in the 
ischemic and dysfunctional LV further increases 
atrial pressure, which may lead to both pulmonary 
hypertension [ 4 ] and heart failure [ 5 ]. 

 IMR is largely due to left ventricular dysfunc-
tion and dilatation. Because chordae are non- 
extensible, papillary-muscle displacement exerts 
traction on leafl ets [ 6 ]. Subsequent dilatation of 
the mitral annulus contributes to IMR by distract-
ing the mitral leafl ets and preventing appropriate 
leafl et coaptation. IMR occurs due to papillary 
muscle rupture in a small minority of cases. More 
commonly, local LV remodeling in the region of 
papillary muscles attachment results in displace-
ment and thus alteration of mitral valve coaptation. 
Commonly, myocardial infarction involving the 
right or circumfl ex coronary arteries will result in 
greater displacement of the posterior compared to 
the anterior papillary muscle [ 7 ]. This results in 
greater posterior leafl et tethering. After anterior 
MI, apical displacement of papillary muscles may 
result in apical tethering of both mitral valve leaf-
lets and central mitral regurgitation [ 8 ]. 

 Multiple lines of evidence suggest that MR in 
the setting of ischemic disease is associated with 
poor outcome [ 1 ,  5 ,  9 ,  10 ]. Still disputed is whether 
IMR intrinsically causes poor outcome or whether 
IMR is a surrogate for left ventricular alterations 
which themselves are responsible for poor out-
comes. However, the association of severe isch-
emic mitral regurgitation with poor outcomes 
independent of ejection fraction, age, and presenta-
tion all suggest that regurgitation itself is a major 
contributor to poor outcomes.  

    Treatment Options 

 While modest improvements have been made in 
recent years, rates of morbidity and mortality 
with intervention in IMR remain high [ 11 ,  12 ]. 

Overall suboptimal outcomes refl ect uncertainty 
with respect to surgical indications. With trans-
catheter interventional treatments for mitral 
regurgitation primarily in the experimental 
phase, surgery is the treatment recommended by 
management guidelines [ 13 ]. The most recently 
published ACC/AHA guidelines for CABG and 
Valve Disease avoid a formal decision algorithm 
for the treatment of IMR and at present lag 
behind the best available clinical evidence. 2014 
guidelines advise that a concomitant mitral 
valve repair procedure be considered in patients 
with chronic moderate secondary MR undergo-
ing other cardiac surgery ( Level of Evidence :  C ) 
[ 14 ]. In this chapter, the use of coronary artery 
revascularization by way of CABG alone in the 
treatment of ischemic mitral regurgitation will 
be reviewed. The decision to add a concomitant 
mitral valve procedure will be fully discussed in 
the next chapter. Most broadly, the best clinical 
evidence available at this time support the use of 
revascularization with CABG alone for the 
treatment of moderate ischemic mitral regurgi-
tation. We do not recommend the routine inclu-
sion of a concomitant mitral valve procedure to 
CABG for the treatment of moderate ischemic 
mitral regurgitation.  

    Coronary Artery Revascularization 

 Reported hospital mortality in patients with IMR 
undergoing CABG varies widely from 1.0 to 
12.5 %, due to differences in baseline comorbidi-
ties, LV size and LV function [ 15 – 18 ]. While per-
cutaneous coronary intervention (PCI) continues 
to be offered to some patients at high risk for con-
ventional open CABG, this modality often fails 
to address the persistently occluded coronary 
arteries common in IMR patients. Ellis and col-
leagues reported a 28 % rate of complete revascu-
larization with PCI in this population [ 19 ]. Ellis 
and colleagues suggest that maximally complete 
revascularization by CABG may offer better out-
comes since most IMR patients suffer from 
severe multivessel coronary artery disease. 

 The response of IMR to coronary revascular-
ization alone is known to be variable. Among 
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patients with moderate IMR undergoing CABG 
alone, Lam and colleagues report a 22 % pro-
gression to severe IMR at 6 weeks [ 17 ]. By 
contrast, Tolis and colleagues report a similar 
population of patients undergoing CABG alone 
for mild- moderate IMR and show improvement 
at 3 year follow-up of MR grade from 1.7 to 0.5 
[ 18 ]. This variation in outcome is hypothesized 
to relate to the completeness of revasculariza-
tion, a standpoint supported by recent observa-
tional studies [ 20 ]. LV contractile reserve may 
also play a role, in that successful CABG will 
restore viable LV segments in the region of pap-
illary muscle attachment that may relieve teth-
ering of the mitral valve. Recent work 
examining cardiac remodeling has revealed no 
change in MR grade among patients without 
improvement in LV function or LV size follow-
ing isolated CABG for IMR, supporting the 
thesis that maximal restoration of perfusion to 
viable myocardium is prerequisite for success-
ful remodeling [ 16 ,  21 ,  22 ]. 

 Five year survival in patients with moderate 
IMR undergoing CABG alone varies from 50 % 
[ 18 ] to 87 % [ 16 ] in recent observational stud-
ies. Survival after CABG in the IMR population 
is generally decreased compared to those 
patients undergoing isolated CABG without 
MR [ 17 ,  23 ,  24 ]. In their most recent work, 
Grossi and colleagues report that even mild 
IMR is an independent risk factor for worsen-
ing survival after CABG [ 24 ]. Examination of 
over 3000 patients treated at Duke University 
revealed a graded effect with increasing MR 
associated with increasing mortality after 
CABG [ 23 ]. These data again highlight that 
patients with increasing degrees of MR often 
present as more comorbid than patients without 
MR. Patients with MR had worse NYHA func-
tional class and lower ejection fraction. These 
patients were more likely to suffer from renal 
insuffi ciency, and were more likely to have had 
an intra-aortic balloon pump (IABP) in place 
preoperatively. These factors have made appro-
priate risk stratifi cation and propensity analysis 
challenging in determining the best course of 
therapy. Fortunately, recent prospective work 
has sought to clarify treatment strategies for 
this patient population.  

    Revascularization with CABG Alone 
for Ischemic MR 

 In patients with moderate IMR, there has been 
considerable controversy with respect to the 
appropriate course of therapy. In particular, the 
decision to perform a valve procedure in addition 
to revascularization with CABG has been the 
subject of much debate. The benefi t of concomi-
tant mitral valve intervention has hinged on an 
assessment of the extent to which revasculariza-
tion alone can adequately improve valvular func-
tion. Proponents of CABG alone note that 
revascularization can promote left ventricular 
remodeling, leading to a decreased LV chamber 
size, restored functional integrity of the sub-
chordal mitral valve apparatus, and thereby 
decreasing mitral regurgitation. Importantly, the 
kinetics and rate of remodeling remain to be fully 
elucidated. This is of particular importance in the 
evaluation of short-term outcomes following 
CABG, as near-term evaluation may not fully 
capture the benefi t of coronary artery bypass sur-
gery. Those who favor combined CABG and 
mitral intervention note that isolated CABG in 
the presence of scar and non-viable myocardium 
may not result in remodeling after revasculariza-
tion, therefore necessitating mitral intervention 
as regurgitation will not improve despite revascu-
larization. Recently, both updated observational 
studies and prospective clinical trial data have 
clarifi ed the risks and benefi ts of each strategy in 
this patient population. 

 Castleberry et al. retrospectively reviewed 
patients at a single institution carrying a diagno-
sis of coronary artery disease and moderate or 
severe mitral regurgitation from 1990 to 2009 
[ 25 ]. A total of 4989 patients were stratifi ed by 
medical therapy alone, PCI, CABG, or CABG 
with concomitant mitral valve repair or replace-
ment. After a median follow up period of 
5.37 years, lower mortality was observed in 
patients treated with revascularization (by PCI, 
CABG, or CABG plus mitral valve repair or 
replacement) in comparison to medical therapy. 
Patients treated with CABG alone demonstrated 
the lowest risk of death. 

 Three prospective clinical trials now cor-
roborate many of the fi ndings fi rst identifi ed in 
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the retrospective databases (Table  6.1 ). The fi rst 
to publish (in 2009), Fattouch et al. reported a 
single center Italian study of 102 patients of 
which 48 underwent CABG with concomitant 
MVR, while 54 underwent CABG alone [ 26 ]. 
Primary endpoints were NYHA functional class 
to assess clinical status, and assessment of extent 
of reversal of left ventricular remodeling by way 
of echocardiographic assessment (TTE) of left 
ventricular end-systolic diameter (LVESD), left 
ventricular end-diastolic diameter (LVEDD) and 
ejection fraction. At 1 year, addition of MVR to 
CABG resulted in lower NYHA functional class 
(15.5 % of patients undergoing CABG with MVR 
vs. 43.7 % of patients undergoing CABG alone 
experiencing NYHA class II or greater symp-
toms). CABG-alone patients experienced higher 
rates of post-operative MR and had no signifi cant 
change in LVESD or LVEDD at the conclusion 
of the study, while CABG with MVR patients 
exhibited reversal of left-ventricular remodeling 
as evidenced by a decrease in both LVESD and 
LVEDD. Subjects had no difference in ejection 
fraction nor survival, though the study was under-
powered for the detection of survival differences.

   The 2012 Randomized Ischemic Mitral 
Evaluation (RIME) trial randomized a total of 
73 patients in the United Kingdom and Poland 

with moderate MR by echocardiography to iso-
lated CABG vs CABG with concomitant MVR 
[ 27 ]. The study was concluded after 73 patients 
of a planned 100 after the primary endpoint – 
peak oxygen consumption – was reached after 1 
year. Peak oxygen consumption has previously 
been recognized as a clinically-relevant mea-
sure of functional capacity. Patients undergo-
ing CABG + MVR had a 22 % increase in peak 
oxygen consumption at 1-year compared to a 
5 % increase in patients undergoing isolated 
CABG. Patients undergoing CABG + MVR had 
a median NYHA functional class of I, com-
pared to median class of II in the isolated CABG 
group at the conclusion of the follow up period. 
The RIME study did not identify any difference 
in overall survival between the treatment arms, 
though again a small sample size and short dura-
tion of follow up limit the scope of long-term 
conclusions. Overall, the RIME study supported 
the addition of a mitral intervention in addition to 
revascularization with CABG. 

 Most recently, Smith et al. have reported the 
results of the largest trial to date designed to 
ascertain if the potential benefi ts of a combined 
CABG and mitral procedure outweigh the 
increased risks of the added intervention [ 28 ]. 
The Cardiothoracic Surgical Trials Network 

   Table 6.1    Prospective studies comparing isolated CABG and CABG + MVR for the treatment of moderate ischemic 
mitral regurgitation   

 Study  Fattouch et al.  Chan et al. (RIME)  Smith et al. (CTSN) 

 Years  2003–2007  2007–2011  2009–2013 

 Treatment arm 
 Isolated 
CABG  CABG + MVR 

 Isolated 
CABG  CABG + MVR 

 Isolated 
CABG  CABG + MVR 

 Subjects  54  48  39  34  151  150 

 Primary endpoints  NYHA class II or greater  Change in peak oxygen 
consumption at 1 year 

 LVESI (mL/m 2 ) at 1 year 

 43.70 %  15.5 %*  0.8 ± 2.9  3.3 ± 2.3**  46.1 ± 22.4  49.6 ± 31.5 

  One year outcomes  

 Mortality (%)  1.9 %  4.2 %  5.0 %  9.0 %  7.3 %  6.7 % 

 Stroke (%)  1.3 %  4.0 % 

 Heart failure 
readmission 

 8.0 %  3.0 %  13.2 %  14.7 % 

 NYHA class III or 
IV 

 15.0 %  4.0 %  10.3 %  7.9 % 

   CABG  coronary artery bypass graft,  MVR  mitral valve repair,  MR  mitral regurgitation,  LVESVI  left ventricular end- 
systolic volume index,  NYHA  New York Heart Association Class of Heart Failure 
 *P < 0.01; **P < 0.001  
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 randomly assigned 301 patients across multiple 
centers with moderate ischemic mitral regurgi-
tation as determined by transthoracic echocar-
diography to CABG alone or CABG plus 
mitral-valve repair (combined procedure). The 
primary end point was the left ventricular end-
systolic volume index (LVESVI). At 1 year, sig-
nifi cant reductions in the LVESVI were observed 
in both arms of the trial, but the addition of a 
mitral-valve repair to CABG did not result in a 
higher degree of left ventricular reverse remod-
eling. 69 % of patients in the CABG-alone group 
had no mitral regurgitation or mild regurgitation 
at 1 year, as compared with 89 % of patients in 
the combined procedure group. These fi ndings 
suggest that revascularization alleviates revers-
ible ischemia in both groups. Clinical outcomes 
at 1 year, including functional status, quality of 
life, mortality, need for mitral-valve reopera-
tion, and major adverse cardiac or cerebrovas-
cular events did not differ signifi cantly between 
groups. The combined-procedure group did 
experience a higher rate of serious neurologic 
events and had a higher rate of supraventricular 
arrhythmias, likely related to the atriotomy 
mandated by the mitral valve procedure. Given 
that the addition of a mitral-valve repair to 
CABG did not result in a higher degree of left 
ventricular remodeling, but did lead to an 
increased number of untoward events, the trial 
did not show a clinically meaningful advantage 
of adding mitral repair to CABG. 

 The results of these three studies are in con-
fl ict. Taken together in recent meta-analysis, the 
addition of MVR to CABG in patients with mod-
erate ischemic mitral regurgitation does reduce 
residual MR grade in short-term outcomes, but 
does so with a simultaneous increase in morbid-
ity and does not offer improvement in mortality 
or other clinically-meaningful metrics. The 
opposing outcomes reached by these trials may 
refl ect differences in the end points assessed, the 
methods of classifying mitral regurgitation, and 
baseline characteristics such as rates of prior 
myocardial infarction and duration of mitral 
regurgitation from initial diagnosis to trial enroll-
ment. While there may well exist a patient popu-
lation with moderate ischemic mitral regurgitation 

that will optimally benefi t from CABG with con-
comitant mitral valve procedure in terms of sur-
vival, functional status, or symptoms, this patient 
population has not yet been conclusively identi-
fi ed in the literature. At present, a concomitant 
mitral valve procedure should not be routinely 
added to CABG for the treatment of moderate 
ischemic mitral regurgitation. Longer-term anal-
yses of these trials will be of great value and will 
yield further insight into the long-term impact of 
revascularization in IMR. In particular, further 
assessment of the degree to which CABG can 
yield both long-term reversal of ventricular 
remodeling and improvement in clinical out-
comes will be of extreme importance. Taken 
together, the best available evidence to date sup-
ports isolated CABG in the short term for the 
treatment of moderate ischemic mitral regurgita-
tion. These data should be considered in the con-
text of the individual patient who is evaluated for 
the treatment of ischemic mitral regurgitation in 
order to best identify an appropriately risk- 
stratifi ed and individualized treatment plan.     
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