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Abstract

Ischemic mitral regurgitation (IMR) is one of the most challenging complications of acute myocardial infarction (AMI) and
chronic coronary artery disease (CAD). The presence of IMR, irrespective of severity significantly have a negative impact on
the short and long-term outcomes of patients with AMI and CAD. Nearly 25% of patients with AMI without congestive heart
failure (CHF) develop IMR and this number approaches 50% when CHF is present.
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Introduction

Ischemic mitral regurgitation (IMR) is one of the most challenging complications of acute myocardial in-
farction (AMI) and chronic coronary artery disease (CAD). The presence of IMR, irrespective of severity
significantly have a negative impact on the short and long-term outcomes of patients with AMI and CAD.
Nearly 25% of patients with AMI without congestive heart failure (CHF) develop IMR and this number
approaches 50% when CHF is present. IMR occurs in approximately 20—25% of patients followed up after
myocardial infarction (MI)[1—3] and in 50% of those with post-infarct congestive heart failure (CHF) [4]. In
patients with CHF, even a mild degree of mitral regurgitation (MR) adversely affects survival. Increasing
MR severity is associated with a progressively worse 5-year survival rate [1, 4].

This review is a concise overview of IMR and we will attempt to focus on the fundamentals of IMR and
potential treatments for this challenging disease state.

Definition

Dr. Carpentier has defined the triad of MR by focusing on the etiology, lesion and dysfunction, as such
IMR can have a specific definition. The etiology of IMR is due to coronary artery disease (CAD) and
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virtually is always associated with AMI. The primary lesion in IMR is leaflet tethering resulting from left
ventricle (LV) remodeling secondary to an acute ischemic insult. Multiple studies have shown that the
inferior/inferoposterior MI is more commonly associated with IMR[5]. The dysfunction of IMR rises from
posteriormedial and apical displacement of the papillary muscle (PM), which leads to a measurable “tethering
distance” and ultimately results in apical tenting and restriction of the free margin of the leaflets and poor
leaflet coaptation [6]. Tethering of secondary chordae can lead to a “seagull” deformation of the anterior
leaflet, which has been targeted in certain repair series. Ischemic heart disease (IHD) results in LV and
mitral annular remodeling[8]. As a consequence, LV remodeling can lead to changes in the geometry of the
mitral valve apparatus leading to MR[9].

It is noteworthy that IMR and FMR fundamentally have different pathophysiology, albeit IMR and FMR have
been frequently used interchangeably in the literature. IMR is associated with LV remodeling, yet the degree
of LV chamber remodeling differs due to the location of the AMI. Echocardiographic studies in patients with
dilated non-ischemic cardiomyopathy confirm enlarged LV diameter and sphericity to be the major predictors
of MR in addition to the tenting or apical tethering of the chordae tendineae and valve leaflets. However,
IMR, especially in the inferior or infero-posterior AMI, is not as much dependent on global LV dilatation
but rather on a more localized LV insult. Generally, IMR is more likely after inferior/inferoposterior AMI
rather that anterior AMI. IMR associated with anterior infarction is usually accompanied by greater LV and
mitral annular dilatation in the septal-lateral (S-L) (also known as “antero-posterior”) axis, more impressive
annular flattening, and lower ejection fraction (EF) relative to inferior MI. It appears that anterior infarction
does not sufficiently affect critical annular-subvalvular spatial relationships that are perturbed by a smaller
posterolateral infarct. As such, IMR in the presence of anterior AMI develops due to chronic remodeling
and progressive LV dysfunction, which results in development of IMR. Thus, IMR associated with anterior
MI may be more similar to the clinical spectrum to FMR characterized by severely depressed LV function,
global LV dilatation, and annular enlargement. On the other hand, an inferior MI is associated with less
global LV dilatation and systolic dysfunction but more substantial perturbation of the mitral subvalvular
apparatus[10].

Prevalence and Risk Factors

The true prevalence of IMR is unknown due to a number of factors. The heterogeneity of MR patients
presented in different studies makes the assessment of the prevalence more challenging. In addition, the
impact of the imaging modality used to identify MR or timing of imaging at the time of the diagnosis make
the accurate assessment of MR less desirable [11]. As note earlier, IMR occurs in 25% of patients presenting
with AMI without CHF and in 50% of patients with post-infarct CHF [1–4]. It is estimated that up to 20%
of patients undergoing cardiac catheterization for symptomatic CAD [12] and nearly up to 28% of patients
undergoing coronary artery bypass graft (CABG) [13] may have IMR.

The risk factors for developing IMR are; inferior AMI (38%) versus anterior AMI (10%) at echocardiographic
follow-up after 2 years [14, 15], advanced age, female gender, prior acute MI, large infarct size, recurrent
myocardial ischemia, multi-vessel CAD and CHF on admission [16].

Impact of IMR on Prognosis

Similar to the challenges of estimating the true prevalence of IMR, the prognosis of IMR and CAD is also
heterogeneous in many studies. It is common in studies that patients with MR and CAD may have been
considered as IMR, however, some patients may have MR yet the etiology of MR is not necessarily IMR.
Nevertheless, the retrospective analyses of single center studies demonstrate that presence of MR always
portends poor prognosis. Hickey et. al used the Duke Clinical Research Institute in 11,748 patients. The
investigators demonstrated that that 1-year mortality for severe IMR was 40%, for moderate IMR 17%, for
mild IMR 10% and for patients without IMR 6% [12].

A case-controlled study from Mayo Clinic demonstrated that patients with IMR detected in the chronic phase
(more than 16 days) after Q-wave myocardial infarction have lower 5-year survival than patients without
MR (38.5% vs 61.6%, p < 0.001) [2].
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The SAVE (Survival and Ventricular Enlargement) study demonstrated that mild IMR increases the risk of
cardiovascular mortality, even in patients without CHF [3]. Patients

with IMR had a higher incidence of cardiovascular mortality (29% vs 12%, p < 0.001) and CHF (24% vs
16%, p < 0.001) than patients without IMR at a mean of 3.5 years after AMI.

Pathophysiology and Mechanism of Regurgitation in IMR

Although it is tempting to consider PM dysfunction or displacement, i.e. lack of contraction, as the main
mechanism of regurgitation in IMR patients, animal and clinical studies have shown otherwise. In an elegant
study by Kaul et. al, the investigators proved that it’s not the PM dysfunction, but MR occurs during
ischemia only when global LV function is affected. This mechanism applies even when thickening of the PM
and the immediately adjacent LV remains intact. MR in this situation is related to incomplete mitral leaflet
closure, i.e. the less the leaflet closure the more the MR [17]. Furthermore, Aguero et. al devised a left
atrial infarction swine model. The investigators showed that left atrial infarction alone leads to significant
left atrial enlargement and mitral annular dilatation that may result in IMR [18].

Multiple animal and clinical studies have demonstrated that the mitral leaflet area grow due to MR [19 –
21]. Mitral valve leaflets are larger in IMR patients but fibrotic processes set in counterproductively. The
endothelial-to-mesenchymal transition, an embryonic process is upregulated in these patients that leads to
thickening of the leaflets of the mitral valve [22]. This study shows that despite increase in the absolute value
of the mitral valve area, the profibrotic changes of the cell signaling pathways will lead to maladaptation of
the coaptation of the leaflets.

Kalra et. al, in a cardiac MRI study of patients with moderate to severe IMR compared to mild MR patients
demonstrated that the disposition of the PM was one of the main drivers of the regurgitation in IMR patients.
In normal heart anatomy, the PMs are located below and slightly posterior to the commissures of the mitral
valve leaflets. The physiologic function of the posterior PM is to move medially towards the septum and
the anterior PM will follow the posterior PM and the distance between the two shortens. They measured
the distance between the two PMs, defined as inter PM distance (IPMD). In this study, they noticed that
the shortening of the IPMD was significantly less in IMR patients compared to controls. A cut-off point
of 20mm seems to increase the risk of >moderate MR in patients with IMR. Moreover, they also showed
that the reduced torsion of the posterior PM leads to increased MR. These findings elaborate the common
feature of asymmetry of the line of coaptation of IMR at the level of P3 with severely posteriorly displaced
P3 segment of the mitral valve leaflet, leading to severe MR and posteriorly directed jet.

The increase in preload caused by CIMR after MI is not accompanied by a parallel increase in contractility
[24]. The chronic volume overload in a ventricle that has

decreased compliance causes an increase in wall stress and left atrial (LA), ventricular end-diastolic and
wedge pressures. The LA and ventricle enlarge, resulting in pulmonary hypertension and congestion, leading
ultimately to heart failure and death [25,26]. Ventricular dilatation increases tethering, which worsens MR
severity, creating a cycle whereby MR begets MR in a self-perpetuating manner.

Decision Making and Treatment:

Medical treatment:

There are only a few studies that focus on the impact of medical treatment on CIMR. Medical treatment of
CIMR may lead to a reduction in MR severity, and/or it may lead to

attenuation or reversion of post-MI LV remodeling. Several studies suggest that angiotensin-converting
enzyme inhibitors, nitrates and diuretics can lead to a partial shorter long-term reduction in MR by increasing
the transmitral valve pressure gradient through either afterload or preload reduction [27 - 29]. In addition,
inotropic vasopressors, such as dobutamine, can decrease CIMR [30]. As shown by the SAVE (Survival And
Ventricular Enlargement) and SOLVD (Studies of Left Ventricular Dysfunction) studies, ACE inhibition can
attenuate [31], arrest [32] or reverse [33] post-MI LV remodeling. In addition, the CAPRICOR (Carvedilol
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PostInfarct Survival Controlled Evaluation) and CARMEN (Carvedilol and ACE Inhibitor Remodeling Mild
Heart Failure Evaluation Trial) studies showed that the combination of ACE inhibition and b-blockade
inhibits [34] or synergistically reverses LV negative remodeling. There are, however, no data from large
trials that show a decrease in the incidence of CIMR after attenuation or reversal of LV remodeling with
ACE inhibition and b-blockade [36]. Despite the use of these drugs CIMR remains common. Cardiac
resynchronization therapy (CRT) significantly and immediately reduces functional MR and CIMR due to

improved coordinated timing of the PM insertion sites [36] and increased closing force. Long-term CRT
(up to 12 months) results in progressive structural and functional LV reverse remodeling, improved LV
systolic and diastolic function and decreased MR severity in patients with moderate-to-severe heart failure
and dyssynchronous ventricular contraction [37]. This effect is also evident during exercise, preventing the
increase of MR during exercise [38]. However, approximately 30% of CHF patients treated with CRT do not
respond to treatment [39]. Independent predictors of lack of response to CRT are ischemic heart disease,
severe MR and LV end-diastolic dimension 75 mm [40]. This indicates that patients with CIMR are less
likely to benefit from CRT, especially in advanced stages of LV dilatation and tenting [37].

Surgical treatment:

There are multiple single center studies published to tackle the treatment of IMR. Virtually ball of these
studies are not randomized and there are numerous confounding factors for each study. Until recently, there
was few randomized controlled trials (RCT) focusing on the surgical management of the IMR. Over the last
decade, we have been able to randomize patients to mitral valve surgery and coronary artery bypass grafting
(CABG) and CABG alone, as well as CABG + mitral valve repair vs. CABG + mitral valve replacement.
The results of the RCT studies are summarized in Table – 1 [41-46].

When the mitral regurgitation is severe, debate has focused on the choice between MVR or chordal-preserving
mitral valve replacement as recently addressed by Goldstein et. al who randomized 251 patients with chronic
IMR to undergo either mitral-valve repair or chordal sparing replacement with complete preservation of the
subvalvular apparatus [46]. At two years follow up, authors conclude that there was no difference with
respect to LV reverse remodeling or survival but the rate of recurrence of moderate or severe mitral regur-
gitation was more than 15 times higher with mitral-valve repair (58.8% vs. 3.8%) resulting in more heart
failure—related adverse events and cardiovascular admissions [46]. When the regurgitation is only moderate,
debate has centered on the role of associated MVR versus isolated coronary artery by-pass grafting (CABG)
[47]. European guidelines on valvular heart disease have not clearly addressed the surgical treatment of
moderate IMR and CABG. According to ESC guidelines, “there is continuing debate regarding the manage-
ment of moderate ischemic MR in patients undergoing CABG and, in such cases, valve repair is preferable”
[48]. Conversely, AHA/ACC guidelines consider surgical MVR at the time of CABG when the regurgitation
is moderate as a class IIb-level of evidence C. This recommendation indicates that the procedure may be
considered with benefit [?] risk but additional studies are needed [48]. With this level of uncertainty and
patients on the operating table, a randomized clinical trial on this issue is invaluable for making decisions
in these challenging patients. Recently, Michler et al. have published the 2-year outcomes of this patient
population. The investigators randomized 301 patients with moderate IMR and multivessel coronary artery
disease to undergo either CABG alone or CABG and MVR. The primary end point was the degree of LV
reverse remodeling, as measured by means of the LV end systolic volume index (LVESVI) on transthoracic
echocardiography (TTE) 1 year after randomization. All patients were followed for 2 years with end points
measured at 6, 12, and 24 months. Secondary end points included findings on TTE at other time points,
rate of death, MACCE, defined as a composite of death, stroke, subsequent mitral-valve surgery, hospital-
ization for heart failure, or worsening New York Heart Association (NYHA) class, serious adverse events,
degree of postoperative mitral regurgitation, quality of life, and rehospitalization [43]. At 2 years follow up,
authors concluded that the addition of mitral-valve repair to CABG had no incremental effect on reverse
LV remodeling. However, patients who underwent CABG alone had 3 times higher prevalence of moder-
ate or severe mitral regurgitation than those who underwent the combined procedure (32.3% vs. 11.2%,
P<0.001). Conversely, this difference did not translate into higher rates of death, MACCE, serious adverse
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events (including heart failure), or readmission during these 2 years of follow up.

Moreover, patients who underwent CABG plus mitral valve repair had higher self-reported exercise capacity.
Patients randomized to MVR+CABG had longer operation time, longer cross-clamp and bypass times, which
resulted in a longer postoperative length of stay during the index hospitalization, and significantly higher
rates of serious neurologic events and supraventricular arrhythmias [44].

In summary, this trial concludes that patients who undergo CABG alone have less morbidity, same improve-
ment on LV function and same rates of mortality (10.6% vs. 10%) and cardiovascular events than patients
who undergo CABG plus MVR [44].

With these data, it would appear that the controversy is over and the problem is solved. What does IMR
mean? In the current, AHA/ACC guidelines FMR occurs not only due to AMI but also reversible ischemia.
If MR was caused by reversible ischemia rather than by nonviable scar formation, successful myocardial
revascularization can lead to reduced LV size, increased mitral-valve closing forces, improved papillary-
muscle synchrony, and enhanced contractility of subjacent myocardium. Therefore, treating these patients
with CABG may result in a global improvement of the LV, hence improving mitral valve function.

So, one may conclude if mitral regurgitation and ventricular dysfunction may be correctable by revascular-
ization alone, the performance of MVR would only add operative risk without any benefit.

Potential Causes of Failed Surgery in Mitral Valve Repair

There are different repair surgeries for IMR patients. Also, the mitral valve replacement has two options
of mechanical and bioprosthetic. Despite failure of the two randomized controlled trials, mitral valve repair
is still a viable option. The post-hoc analysis of the CTSN studies have demonstrated that in patients
who had good repair with less than mild MR, the LVESVI and LV reverse remodeling was in favor of the
repair patients compared to the replacement. Bouma et. al have meticulously investigated the causes of
failed repair in patients undergoing IMR reparative surgery. The most sensitive and specific finding was
the sphericity index of the LV with 100% sensitivity and specificity, followed by posterior tethering angle
>39.5 degrees with 100% senility and 95% specificity [49]. Furthermore, the basal/posterior aneurysm or
dyskinesis was also associated with higher incidence of failed mitral valve repair despite a resistive mitral
annular correction. Although tenting height and area have been previously recognized as important markers
of failed repair in IMR, these findings were specific but not sensitive. The patient selection continues to be
one of the most challenging steps to impact the outcome of these patients.

Percutaneous Treatment of IMR

MitraClip system (Abbott Inc. Irvine, CA, USA) has been approved since 2013 for the treatment of degen-
erative MR patients with prohibitive or high risk surgery for mitral valve repair or replacement [50]. Over
75% of patients randomized to EVEREST II trial had degenerative MR and the rest of the cohort had FMR.
However, it has never been meticulously studied as to what percentage of patients randomized had IMR.

Subsequently, COAPT trial (the Cardiovascular Outcomes Assessment of the MitraClip Percutaneous Ther-
apy for Heart Failure Patients with Functional Mitral Regurgitation) randomized 614 patients with FMR
to medical therapy versus MitraClip therapy [51]. The etiology of FMR was ischemic in nearly 61% of the
cohort. The subgroup analysis of the patients demonstrated that MitraClip treatment arm significantly
decreased the primary endpoint of the trial (heart failure hospitalization in 2 years) as well as cardiovascu-
lar mortality and all-cause mortality. Although these results are tremendously encouraging in treating the
patients with FMR due to ischemic cardiomyopathy, however, it still does not explain whether the etiology
of MR in the ischemic group of MitraClip patients was IMR. In other words, the association of MR in the
setting of ischemic cardiomyopathy is not consistent with the pathophsiology of IMR, as noted above. Con-
sidering all of these limitations, in our view, MitraClip therapy seems to be an excellent option for patients
with IMR for the time being. Vast majority of patients with IMR already have high risk or prohibitive risk
for conventional open heart surgery. Furthermore, the risk to the MitraClip procedure is extremely low, as
has been proven in the COAPT trial. Therefore, a therapeutic intervention for IMR patients seems quite
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plausible. Whether treating IMR patients with MitraClip is going to change their outcomes with respect
to mortality or heart failure remains to be seen. It is quite possible that we will never have another trial
specifically looking into this patient population due to the heterogeneity of the disease and lack of enthusiasm
from the cardiovascular community to enroll these patients into a randomized controlled trial. Furthermore,
the comparator arm, either by medical therapy or surgery continues to have poor outcomes. Therefore,
MitraClip therapy at the moment remains the only available percutaneous option for these patients.

Conclusion

Ischemic mitral regurgitation occurs relatively frequently in patients with ischemic heart disease and is asso-
ciated with an increased risk for hospital admissions. The pathophysiology of ischemic mitral regurgitation
is complex and multifactorial. The best treatment option is still debatable in majority of cases. Multidis-
ciplinary approach by the cardiologist, heart failure specialist, Imaging specialist, structural interventional
cardiologist and cardiac surgeon should be considered in all cases. The intervention should suite the patient
condition and his comorbidities.

The author has no conflicts of interest to decline.
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