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Ischemic mitral regurgitation (IMR) is a common complication of ischemic heart 
disease that doubles mortality after myocardial infarction (MI) and is a major driv-
ing factor increasing heart failure.1,2 IMR is caused by post-MI left ventricle (LV) 

remodeling: inferior wall bulging displaces the papillary muscle, tethering the leaf-
lets into the LV cavity, and restricting their closure.3 The mitral valve (MV) has been 
thought of as an unchanging structure. However, its ability to adapt to expansion 
of the remodeling LV is increasingly recognized.4–7 Although mechanically displacing 
the papillary muscles without MI causes compensatory MV growth,8 this adaptive 
process is altered in the infarcted ventricle by excessive profibrotic processes, impair-
ing closure, and augmenting MR.9–11 There is a need to understand the timing of 
compensatory valve growth versus counterproductive fibrosis and the potential ef-
fects of therapy on these competing processes.12 IMR can vary from early post-MI to 
the chronic stage, but previous studies have mainly focused on IMR in the subacute 
or chronic setting, and little is known about the mechanism of acute IMR.

The study by Nishino et al13 in this issue of Circulation: Cardiovascular Imag-
ing provides new insights into the mechanism of acute IMR. This sophisticated 
3-dimensional echocardiographic study included 80 patients with significant IMR 
(44 patients with acute IMR; 36 with chronic IMR) compared with 3 different sub-
sets of controls (acute MI without MR, previous MI without MR, and non-MI con-
trols). MR was quantified by vena contracta and regurgitant volume. The authors 
measured MV complex geometry, LV function, and hemodynamics. LV systolic and 
diastolic volumes were significantly smaller in acute IMR than chronic IMR despite a 
comparable degree of regurgitation. The acute IMR group showed a smaller tenting 
volume and tenting height while the tethering length was not different. Of note, 
MV tenting in the acute MR group was still larger compared with non-MI controls, 
indicating that MV tethering occurs even with acute LV dysfunction. The scatter 
plot between MV tenting volume and MR (vena contracta width) demonstrated 
that acute IMR develops with smaller tenting compared with chronic IMR. It must 
be noted that the acute MI tenting volume will be lower than that in chronic IMR 
for any given tenting height because of the larger annular area in the chronic state.

The authors then pursued a comprehensive analysis of total leaflet area (early 
systolic value) and the adaptation-related index (total leaflet area to annular area 
ratio). Although the mitral annulus was remodeled (flattened and dilated) in acute 
MI, the leaflet area in the acute MR group was comparable to that of acute MI 
without MR and normal controls. This suggests a lack of valve adaptation in the 
acute phase, as shown by the smaller leaflet to annular area ratio (Figure). The 
authors also recognized the impact of hemodynamic factors for developing acute 
IMR. Systemic blood pressure was significantly higher in the acute versus chronic 
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IMR groups, with lower pulmonary artery systolic pres-
sure, potentially providing a higher transmitral closing 
force in the acute setting; despite that, MR volumes 
were comparable.14,15 Taking these observations togeth-
er, the authors provide an important message that in an 
acute MI setting, sudden onset of LV dysfunction may 
cause loss of MV coaptation even with a milder degree 
of tenting, and the lack of leaflet adaptation relative 
to the remodeled annulus and hemodynamic burden 
could augment significant IMR.

In this technically sophisticated and clinically impor-
tant study, several additional factors are worth consid-
ering. First, angiotensin-converting enzyme inhibitors, 
angiotensin receptor blockers, β-blockers, or diuretics 
can affect hemodynamics that influence IMR. Second, 
MV adaptation is best assessed in terms of the total 
mitral leaflet area of the open valve in diastole,4,16 inde-
pendent of systolic leaflet stretch, which assists in valve 
adaptation to physiological variation in volume loading. 
Early systolic closure area may be close to that value, with 
differences relating to systolic stretch (Figure, left) and 
the initially coapted leaflet portions that are not included 
in the closed leaflet surface and may not be optimally 
resolved. In addition to the total mitral leaflet area to 
annular area ratio measured, the total mitral leaflet area 
to closure area ratio is important to assess adequacy of 
MV adaptation in meeting the need for surface a non-
planar surface area that depends on tethering.4,16 Third, 

this study raises intriguing questions for longitudinal 
studies of the evolution of acute to chronic IMR.

This study importantly increases awareness of the 
need for adequate MV leaflet adaptation in limiting 
IMR. In chronic IMR, experimental studies have dem-
onstrated that tethering in the presence of MI induces 
exuberant endothelial-to-mesenchymal transformation. 
Although modest endothelial-to-mesenchymal trans-
formation can adaptively increase leaflet area, exces-
sive generation of intersitial cells and matrix make the 
MV thicker and fibrotic, impairing closure and increas-
ing MR.11 In a large animal model, the angiotensin II 
receptor antagonist losartan modulates this exces-
sive endothelial-to-mesenchymal transformation and 
other profibrotic changes.17 The race to modulate MV 
adaptation and growth versus fibrosis has just begun; 
can we win it, by what means and at what time? The 
authors note that earlier reperfusion is a crucial fac-
tor for predicting improvement of IMR along with LV 
reverse remodeling,18 but we must also consider the 
patients with persistent MR despite successful revascu-
larization. Even surgical annular ring repair for chronic 
IMR often fails: persistent MV tethering causes recur-
rent MR.19 For acute IMR, there is no consensus on 
whether MV surgery is beneficial as opposed to medi-
cal therapy alone.20 Several studies have demonstrated 
that renin–angiotensin system inhibitors improve long-
term event-free survival in patients with significant MR 

Figure. Competing valve adaptation factors over time.  
Normal leaflet coaptation (left) is assisted by the ability of the leaflets to stretch in response to systolic pressure. Acute MI 
increases leaflet tethering, but without the opportunity for compensatory increases in mitral leaflet area, MR results (center). 
Over time (right), there is the additional competition between adaptive growth and profibrotic changes with leaflet thicken-
ing and stiffening that limit both systolic stretch and coaptation. Figure courtesy of Mark D. Handschumacher. MI indicates 
myocardial infarction; MR, mitral regurgitation.
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after acute MI,21,22 but the benefit was mainly thought 
linked to reverse LV remodeling; beneficial effects on 
the MV itself have not been addressed and may be dif-
ficult to study without the ability to control LV volume, 
as in the experimental setting.

In summary, the authors are to be congratulated 
for highlighting the need to consider the race toward 
MV adaptation beginning with acute MI, to encourage 
compensatory valve growth without fibrosis while limit-
ing LV remodeling.
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