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schemic mitral regurgitation (MR) is MR due to compli-
cations of coronary artery disease and not with intrinsic 
valve disease such as rheumatic or degenerative mitral 

valvular disease.1 It is common and clinically important 
because it increases mortality even when mild, with a graded 
relationship between severity and reduced survival.2–4 Ven-
tricular remodeling with papillary muscle (PM) displace-
ment has been known to be an important mechanism of isch-
emic MR, especially in patients with inferior wall myocardial 
infarction (MI). Therefore, MR occurs at a higher incidence 
in patients with inferior MI compared with those with ante-
rior MI, despite its less severe left ventricular (LV) remodel-
ing, because of the greater displacement of posterior PM 
caused by localized inferior basal LV remodeling.5–7 How-

ever, most of the previous studies excluded the patients with 
MI in the acute phase. Thus, the mechanism of MR during 
acute phase of inferior MI is unclear. We hypothesized the 
mechanism of MR during acute phase could be different 
from that of MR during chronic phase and there could be 
more contributing factors than local remodeling in patients 
with inferior MI because of the influence of different chro-
nicity of MI and the diversity of mechanism of MR. Thus, 
we compared geometric changes and LV function by echo-
cardiography between patients with or without MR.

Cardiac magnetic resonance (CMR) allows a complete 
and accurate assessment of LV status in patients after acute 
MI and late gadolinium-enhanced CMR visualizes and quan-
tifies infarct size.8,9 However, few studies investigated the 
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Background:  To delineate the mechanism of mitral regurgitation (MR) in the acute phase of inferior wall myo-
cardial infarction (MI).

Methods and Results:  In 97 patients (age 59±12 years) with acute inferior wall MI, the severity of MR, left ven-
tricular (LV) geometric changes and function within 1.7±1.3 days after MI by echocardiography was retrospectively 
evaluated. Infarct size was measured within 3.9±1.7 days by cardiac magnetic resonance. Mild MR was present in 
16 (16.5%) and moderate MR in 12 (12.4%) of 97 patients. There were no significant differences in mitral annular 
area, sphericity and distances between papillary muscle tips and the contralateral mitral annulus. However, patients 
with moderate MR had significantly larger LV end-systolic volume, tenting area and infarct size. There was a graded 
relationship between the severity of MR and LV ejection fraction. In a multivariable regression analysis, LV ejection 
fraction and tenting area were found to be independent predictors of the severity of MR (r2=0.180, P=0.001).

Conclusions:  MR was associated with LV systolic dysfunction, increase in end-systolic LV volume and tether-
ing of mitral leaflet, suggesting reduced closing force as a consequence of LV systolic dysfunction in the presence 
of leaflet tethering would play a more pivotal role in the development of MR.    (Circ J  2011; 75: 619 – 625)
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relationship between infarct size by CMR and the severity of 
MR. We thought that there would be a positive association 
between the severity of MR and infarct size if LV remodel-
ing is an important mechanism of MR. We compared infarct 
size by CMR between patients with or without MR to inves-
tigate the association of infarct size with MR.

Methods
Patients
Between January 2000 and May 2010, 218 patients with acute 
inferior wall MI who had undergone a CMR were enrolled 
retrospectively. Acute MI was diagnosed by the presence of at 
least 2 of the following criteria: electrocardiographic changes, 
significant rises in myocardial bound creatine kinase fraction, 
and typical chest pain. Inferior wall MI was diagnosed by 
electrocardiography, echocardiography and coronary angiog-
raphy. In patients with non-ST elevation MI, echocardiogra-
phy and coronary angiographic findings were used for deter-
mination of the diagnosis of inferior wall MI.

In 93 of 218 consecutive patients, echocardiography was 
not performed within 5 days or CMR within 7 days after acute 
MI. Twenty-eight patients were also excluded because they 
had MR caused by intrinsic mitral valvular lesions (including 
rheumatic changes, infective endocarditis, and mitral valve 
prolapse), other associated cardiac diseases, PM rupture due 
to MI, history of previous MI, abnormal wall motions in the 
anterior wall by echocardiography or hyper-enhancement 
areas (infarct areas) in the anterior wall by CMR. Thus, echo-
cardiographic measurements were available in 97 patients. 
CMR imagings were available in 89 (92%) of 97 patients. Of 
8 patients, 5 patients had other pulse sequences taken with a 
different scanner and thus images were not suitable to analyze 
with our software program (ViewForum, version 4.1, Philips 
Medical Systems, Netherlands), 2 patients did not meet the 
inversion time when taking a CMR and another patient’s 
infarct area analysis was not possible because of respiratory 
motion.

Echocardiographic Measurements
LV end-diastolic and end-systolic cavity was traced in the 
apical 4-chamber and 2-chamber views, and LV volume was 
obtained by using the modified biplane Simpson method.10 
LV ejection fraction was calculated from the LV end-dia-
stolic and end-systolic volumes. Regional wall motion was 
assessed by assigning a segmental score to each of the 17 LV 
segments.11 All segment scores were added and divided by 
the number of segments analyzed to obtain the regional wall 
motion score index (RWSI).10 LV sphericity was assessed by 
using the LV short-axis/long-axis dimension ratio in the end-
systolic apical 4-chamber view.12 Left atrial (LA) volume was 
calculated using the prolate ellipsoid model.13 From mitral 
Doppler tracings with the sample volume at the mitral leaflet 
tips, the following variables were measured: peak velocity of 
early rapid filling wave (E), peak flow velocity at atrial con-
traction (A), E/A ratio, and deceleration time of early filling. 
A restrictive LV filling pattern was defined as an E/A ratio 
>2, with a deceleration time of <150 ms.14 Early and late dia-
stolic tissue Doppler velocities (E’ and A’) were measured at 
the medial mitral annulus using a tissue Doppler image.

Midsystolic mitral annular dimension was measured in the 
apical 4- and 2-chamber views, and its area was calculated by 
using an ellipsoid assumption (annular area = d1 × d2 × π/4) 
(Figure 1).15,16 The mitral leaflet-tenting area between the 
leaflets and the line connecting the annular hinge points in the 
apical 4-chamber view was traced at midsystole to estimate 
the apical displacement of the mitral leaflets (Figure 1B).17 
The leaflet-tethering distance between the PM tips and the 
contralateral anterior mitral annulus was also measured in the 
apical 4- and 2-chamber views (Figure 1, L1 and L2) to esti-
mate PM displacement.18–20 The severity of MR was deter-
mined by the ratio of color Doppler jet area to LA area at 
midsystole. MR grade was estimated as mild, moderate, or 
severe on the basis of ratios of greater than 10% to 20%, 
greater than 20% to 40%, and greater than 40%, respec-
tively.21,22

CMR Easurements
CMR was performed within 3.9±1.7 days (range 1–7) after 

Figure 1.    Methods to measure (1) the mitral annular area from 2 diameters in apical views (d1 and d2), (2) the mitral leaflet-tent-
ing area between the mitral leaflets and a line connecting mitral annular hinge points in the midsystolic apical 4-chamber view 
(shaded area shown in B), and (3) leaflet-tethering lengths between anterior or posterior papillary muscle (PM) tips and contra-
lateral anterior mitral annulus (L1 and L2). LV, left ventricle; LA, left atrium
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acute MI using a 1.5 Tesla (T) imaging unit (Gyroscan Intera, 
Philips Medical Systems, Netherlands) equipped with a dedi-
cated cardiac software package and a dedicated cardiac 
phased-array surface coil. Delayed enhancement images was 
performed using a segmented inversion recovery radiofre-
quency spoiled gradient echo (T1-TFE) sequence (typical 
TR/TE =5.3/1.6 ms, flip angle =15°, slice thickness =10 mm, 
field of view =360 mm, matrix size = 512 × 512, number of 

signal average =2) 10 min after the intravenous injection of 
gadolinium-diethylene-triamine-pentaacetic acid at a dose of 
0.2 mmol/kg body weight. The inversion time was deter-
mined by a dedicated TI-determining sequence (Look-
Locker) and ranged from 220 to 300 ms. Contiguous end-dia-
stolic short-axis slices of the LV were acquired from base to 
apex without gaps (8–10 slices in number) to cover the whole 
LV (Figure 2B). For quantitative analysis, we used the scan-

Figure 2.    Cardiac magnetic resonance (CMR) assessment of left ventricle (LV) mass and infarct area. (A) Steady-state free 
precession image to discriminate between blood and endocardium. (B) Delayed enhancement image shows infarct area. (C) 
Epicardial and endocardial contours of the entire LV were manually traced for determining the LV mass (yellow and green line). 
Each  slice  was  divided  into  12  circumferential  segments  (purple  line)  to  determine  the  infarct  transmurality.  The  region  of 
hyper-enhancement area (infract area) was semi-automatically defined by the software program using automatic thresholding 
technique (red-shaded area).

Table 1. Baseline Clinical Characteristics

MR None 
(n=69)

Mild 
(n=16)

Moderate 
(n=12) P value

Age (years) 58.9±12.1 58.9±9.9　　 62.4±11.3 0.460

Male 55 (79.7%) 13 (81.3%) 7 (58.3%) 0.243

BSA (m2) 1.79±0.18 1.77±0.15 1.65±0.13 0.031

Body mass index (kg/m2) 25.0±3.3　　 23.9±2.5　　 23.4±2.6　　 0.177

STEMI 31 (44.9%)   9 (56.3%) 4 (33.3%) 0.479

Hypertension 27 (39.1%)   8 (50.0%) 4 (33.3%) 0.635

Diabetes mellitus 17 (24.6%)   2 (12.5%) 3 (25.0%) 0.567

Renal disease 5 (7.2%) 0 (0%)　　　 2 (16.7%) 0.241

Smoking 28 (40.6%)   9 (56.3%) 4 (33.3%) 0.416

Dyslipidemia 28 (40.6%)   7 (43.8%) 3 (25.0%) 0.546

Severity of coronary artery disease

    1-vessel 28 (40.6%)   6 (37.5%) 3 (25.0%)

    2-vessel 21 (30.4%)   5 (31.3%) 5 (41.7%)

    3-vessel 20 (29.0%)   5 (31.3%) 4 (33.3%)

Culprit lesion

    Right coronary artery 53 (76.8%) 10 (62.5%) 8 (66.7%) 0.437

    Left circumflex artery 16 (23.2%)   6 (37.5%) 4 (33.3%)

Lipid profile

    Total cholesterol 179.3±42.7　　 180.9±33.5　　 165.3±48.5　　 0.540

    LDL cholesterol 116.7±39.0　　 109.3±26.3　　 111.0±43.7　　 0.764

    HDL cholesterol 37.8±8.0　　 41.3±11.2 38.5±6.0　　 0.348

Cardiac enzyme

    Initial CK-MB 25.7±66.4 25.7±51.1 47.64±76.7　　 0.559

    Peak CK-MB 193.6±156.2 200.0±241.3 232.6±288.6 0.810

MR, mitral regurgitation; BSA, body surface area; STEMI, ST elevation myocardial infarction; LDL, low-density lipo-
protein; HDL, high-density lipoprotein; CK-MB, myocardial bound creatine kinase.
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ner’s workstation using commercially available software 
(ViewForum, version 4.1, Philips Medical Systems). Epicar-
dial and endocardial contours of the entire LV were manually 
traced for determining the LV mass (Figure 2C, yellow and 
green line). Each slice was divided into 12 circumferential 
segments on up to 6 short axis views (Figure 2C, purple 
line). The region of hyper-enhancement area (infract area) 
was semi-automatically defined by the software program 
using automatic thresholding technique (Figure 2C, red-
shaded area). Manual adjustments of the infarct region of 
interest were made where the computer algorithm failed to 
correctly delineate the infarct area. The same density 
(1.05 g/cm3) was assumed for both hyperenhanced and non-
hyperenhanced myocardium.23 LV mass and infarct mass 
were indexed to body surface area. Infarct size was defined 
as the total amount of hyper-enhancement area in all short-
axis slices and expressed as a percentage of LV mass. The 
extent of hyperenhanced area within each segment (referred 
to as the infarct transmurality) was defined as percent of the 
hyperenhanced myocardium to total area of the involved seg-
ment of the myocardium. Infarct transmurality was defined 
as percent of the hyper-enhanced myocardium to total area of 
the involved myocardium and transmurality index was graded 
as 1, 2, 3, or 4 based on its occupation of 1–25%, 26–50%, 
51–75%, or 76–100% of the myocardium, respectively. The 
mean transmurality index for each patient was calculated as 
the average of all segments with of a grade >1.

Statistical Analysis
All continuous variables were presented as mean ± standard 
deviation and compared by analysis of variance. Discrete 
variables were compared using χ2 analysis or the Fisher exact 
test, as appropriate. Independent correlates of the severity of 
MR were identified by forward stepwise multivariable regres-
sion (forward method, with P<0.05 for entrance into the 
model and P>0.10 for removal from the model). The variables 
entered in the multivariable model were LV ejection fraction, 
tenting area, LV end-systolic volume index and infarct size, 
which were significant variables in the univariate analysis. A 
value of P less than 0.05 was considered significant.

Results
Echocardiography was performed within 1.7±1.4 days (range 
0–5) after acute MI. MR was present in 28 (29%) of 97 
patients; mild in 16 patients, moderate in 12 and there were 
no patients with severe MR. Direction of MR jet was central 
in 10 (63%) patients with mild MR and in 8 (67%) patients 
with moderate MR. The other patients’ direction of MR was 
eccentric. Clinical characteristics are summarized in Table 1. 
There were no differences in age, sex and other frequencies of 
underlying diseases among the 3 groups. There were no dif-
ferences in the modality of intervention, severity of coronary 
artery disease and cardiac enzymes. Seventy-one (73.2%) 
patients had the culprit lesion in the right coronary artery and 
26 (26.8%) patients had the culprit lesion in the left circum-

Table 2. Echocardiographic Characteristics

MR None 
(n=69)

Mild 
(n=16)

Moderate 
(n=12) P value

Mitral deformation

    Tenting area/BSA (cm2/m2) 0.61±0.21 0.79±0.23 0.80±0.21 0.002

    Annular area/BSA (cm2/m2) 4.19±1.31 4.23±1.27 4.02±1.34 0.907

LV global and local systolic function

    LV ejection fraction (%) 52.1±10.6 48.0±9.6　　 41.7±11.6 0.003

    Total RWSI 1.41±0.29 1.54±0.37 1.66±0.23 0.022

    Inferior RWSI 1.87±0.65 2.08±0.64 2.15±0.57 0.239

    Posterior RWSI 1.45±0.53 1.64±0.78 1.88±0.64 0.053

LV diastolic function

    E (cm/s) 73.3±18.7 76.4±18.1 68.1±19.1 0.507

    A (cm/s) 68.5±20.6 66.2±23.1 77.3±32.0 0.392

    E/A 1.20±0.64 1.30±0.53 0.95±0.28 0.282

    Deceleration time (ms) 178.1±34.6　　 172.8±37.9　　 169.3±31.3　　 0.658

    Restrictive LV filling 3 (4.3%) 1 (6.3%) 1 (8.3%) 0.827

    E’ (cm/s) 6.0±1.7 5.3±1.5 5.2±1.9 0.213

    A’ (cm/s) 7.8±1.6 7.1±2.3 6.8±2.2 0.234

    E/E’ (cm/s) 13.1±5.3　　 14.7±5.5　　 15.8±7.9　　 0.341

LV global remodeling

    Sphericity 0.47±0.09 0.46±0.08 0.44±0.11 0.698

    LVEDVI (ml/m2) 52.9±16.1 60.6±16.2 66.4±35.8 0.079

    LVESVI (ml/m2) 25.3±8.8　　 29.7±10.4 34.7±16.8 0.018

LV local remodeling

    Annular to APM/BSA (mm/m2) 26.2±4.1　　 28.0±2.9　　 27.9±5.3　　 0.182

    Annular to PPM/BSA (mm/m2) 25.0±3.5　　 25.9±3.3　　 26.2±4.5　　 0.468

LA remodeling

    LAVI (ml/m2) 26.1±6.4　　 30.3±5.4　　 30.5±7.4　　 0.014

LV,  left  ventricle;  RWSI,  regional  wall  motion  score  index;  LVEDVI,  left  ventricular  end-diastolic  volume  index; 
LVESVI, left ventricular end-systolic volume index; APM, anterior papillary muscle; PPM, posterior papillary muscle; 
LAVI, left atrial volume index. Other abbreviations see in Table 1.
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flex artery. Patients whose culprit lesion in the left circumflex 
artery had an increased frequency of more severe MR than 
those with the culprit lesion in the right coronary artery, but 
this difference did not reach statistical significance (P=0.437). 
Four patients without MR had right ventricular infarct but any 
patients with MR did not have right ventricular involvement.

Mitral Deformation
There were no significant differences in annular area within 
the 3 groups (P=0.907). However, patients with mild or mod-
erate MR had larger tenting area than those without MR (0.79 
or 0.80 vs. 0.61, P=0 .004 and 0.007) (Table 2).

LV Systolic and Diastolic Function
Regarding LV systolic function, there was a graded relation-
ship between the severity of MR and LV ejection fraction 
(P=0.003). Patients with moderate MR had more decreased 
LV systolic function than those without MR (41.7% vs. 
52.1%, P=0.001). Patients with moderate MR had signifi-
cantly more increased total RWSI than those without MR 
(1.66 vs. 1.41, P=0.005) and patients with moderate MR had 
decreased wall motion at inferior/posterior wall than those 
without MR but this did not reach a statistical significance in 
the inferior wall (inferior RWSI 2.15 vs. 1.87, P=0.239 and 
posterior RWSI 1.88 vs. 1.45, P=0.053) (Table 2).

With regard to LV diastolic function, there were no signifi-
cant differences in E, A, E/A, deceleration time of E velocity, 
E’, A’ and E/E’ between the 3 groups. There were also no 
significant differences in the frequency of restrictive LV fill-
ing (P=0.827) (Table 2).

LV Global and Local Remodeling
With regard to LV global remodeling, there were no signifi-
cant differences in sphericity of LV. However, there was a 
graded relationship between the severity of MR and LV 
dimension. Patients with moderate MR had larger end-sys-
tolic volume than those with mild MR and without MR 
(P=0.018), although in the case of LV end-diastolic volume 
it was not significant statistically (P=0.079). In contrast to 
LV global remodeling, there was no relationship between 
the severity of MR and tethering distance between the both 
PM tips and the contralateral anterior mitral annulus within 
the 3 groups (annular to anterior PM, P=0.182 and annular to 
posterior PM, P=0.468), suggesting no relationship between 
ischemic MR and local remodeling of LV.

Infarct Size
Regarding CMR measurements, although there was a trend 
for increased total LV mass index and infarct transmurality 
in patients with higher degree of MR, the association did not 
reach a statistical significance (P=0.409 and P=0.064) 
(Table 3). However, there was a graded relationship between 
infarct mass index and the severity of MR (P=0.018). Also, 
patients with mild or moderate MR had larger infarct size 

than those without MR (P=0.016).

Determinants of the Severity of MR
Multiple stepwise regression analysis revealed that significant 
independent predictors of the severity of MR were LV ejec-
tion fraction and tenting area (r2=0.180, P=0.001) (Table 4).

Discussion
The present study assessed the mechanism of MR during the 
acute phase of inferior wall MI and found that MR was asso-
ciated with LV systolic dysfunction and tethering of mitral 
leaflet. Pathological tethering and concomitant regurgitation 
occur when an imbalance is present between closing and 
tethering forces. From the results of the current study, it can 
be speculated that decreased closing force in the presence of 
leaflet tethering would be the most important mechanism of 
MR in the acute phase of inferior wall MI.

Previously, a number of groups proved PM displacement 
tethered the mitral leaflets into the LV and restricted their 
ability to coapt effectively at the level of mitral annulus. It 
has been known that MR occurs in higher incidence for 
patients with inferior MI compared with those with anterior 
MI in spite of less LV remodeling, because localized inferior 
basal LV remodeling in patients with inferior MI can poten-
tially cause greater geometric changes in the mitral valve 
apparatus with displacement of posterior PM, despite lesser 
global LV remodeling and dysfunction than that seen in 
patients with anterior MI.5–7 However, these series that 
underscored the localized inferior LV remodeling and PM 
displacement as the mechanism of ischemic MR included 
only patients in the chronic phase of MI. Therefore, we com-
pared geometric changes and LV function between patients 
with or without MR after acute inferior MI within 1 week. 
From our data, it can be suggested that reduced closing force 
as a consequence of LV systolic dysfunction in the presence 
of leaflet tethering would play a more pivotal role in the 
development of MR in the acute phase of inferior MI, 
whereas increased tethering forces through a combination of 
annular dilation and geometric remodeling of the LV, espe-
cially PM displacement would be a more important contribu-
tor in the chronic phase (Figure 3). Our results are also con-
sistent with previous study that LV dysfunction without 

Table 3. Cardiac Magnetic Resonance Characteristics 

MR None 
(n=63)

Mild 
(n=15)

Moderate 
(n=11) P value

Total LV mass index (g/m2) 65.5±14.6 68.9±17.9 71.9±21.1 0.409

Infarct mass index (g/m2) 11.8±7.7　　 16.1±8.5　　 18.6±9.8　　 0.018

Infarct size (%) 17.4±9.6　　 22.2±8.4　　 25.9±12.1 0.016

Infarct transmurality 2.95±0.54 3.06±0.40 3.35±0.49 0.064

Abbreviations see in Tables 1,2.

Table 4. Determinants of the Severity of MR

Model for the severity of MR 
(r2=0.180, P=0.001)

Standardized  
β coefficient P value

LV ejection fraction (%) –0.264 0.022

Tenting area/BSA (cm2/m2)   0.255 0.027

Abbreviations see in Tables 1,2.
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dilatation fails to produce significant MR.18 Although LV 
systolic dysfunction was the most important factor as a 
determinant of the severity of MR, increased tenting area 
was also significant in multivariable regression analysis. 
Therefore, the presence of tethering as an increased tethering 
force should be obligatory in both the acute and the chronic 
phase of MI (Figure 3). Actually, global dilation of LV 
causes PM displacement and tenting to some extent. How-
ever, in our study LV dilation was not prominent to induce 
PM displacement because it is in the acute phase. Therefore, 
we believe that the combination of global dilation of LV 
(even though it is not sufficient to increase PM displace-
ment), dilation of annular area and reduced closing force and 
so on can also increase tenting area from our results.

Although we excluded the patients who had any regional 
wall motion abnormality in the anterior wall to exclude any 
possible effect of ischemia of non-infarct related artery, such 
as left anterior descending artery, lack of the compensatory 
hypercontraction of the non-infarcted segments might be 
related to decreased LV global contractility. When we ana-
lyzed the data including the patients who had regional wall 
motion abnormality in the anterior wall, patients with mild 
and moderate MR had significantly increased RWSI in the 
anterior wall than those without MR (1.55 or 1.51 vs. 1.05, 
P=0.001).

Based on these findings in our study, increasing closing 
force can be considered in the treatment of MR, especially in 
the acute phase of MI. Inotropic agents, such as dobutamine 
infusion, might reduce MR by raising LV pressure and 
increasing closing force.24,25 Diuretics or nitrates also can 
increase closing force by increasing transmitral pressure with 
decreasing LA pressure.26

Infarct size has been considered an established marker of 
LV remodeling.27,28 Therefore, we hypothesized that there 
would be a positive association between the severity of MR 
and infarct size if LV remodeling is an important mechanism 
of MR. Neskovic et al reported that peak creatine kinase value 
was significant independent predictors of MR and patients 
who developed MR had larger infarcts.29 To our knowledge, 
this would be the first study to show that infarct size mea-
sured by CMR has a positive relationship with MR during the 
acute phase of inferior wall MI. Not only systolic dysfunction 
but also LV remodeling in the patients with MR can be attrib-
utable to this larger infarct size measured by CMR.

MR in the acute phase of MI conveys adverse prognosis 

similarly in the chronic phase by doubling mortality after MI 
and the development of heart failure.2,3,30 Until now, it is cer-
tain that ischemic MR is an independent predictor of outcome, 
but the mechanism linking MR and the outcome is not well 
understood. Probably, the development of heart failure sec-
ondary to the development of ischemic MR is one of the main 
links between both entities. Thus, the development of isch-
emic MR leads to the development of heart failure and car-
diac death.20,31 From the results of our study, it can be thought 
that the presence of ischemic MR in patients with inferior MI 
might be a reflector of poor LV function and remodeled LV, 
which is a substrate for adverse outcome after MI. 

Study Limitations
There are several limitations of our study. First, the severity 
of MR was not assessed in a quantitative manner because we 
retrospectively reviewed the patients and quantitative assess-
ment of the severity of MR was not routinely performed in 
patients with mild to moderate MR rather than severe, the 
data about MR severity in quantitative manner were not 
available in all patients. Second, estimation of geometric 
change in the mitral apparatus was done by using a single 2-
dimensional echocardiogram, and therefore we could not 
evaluate 3-dimensional PM displacement in multiple direc-
tions, as with 3-dimensional echocardiography.6,18,19 Third, 
our echocardiographic findings were observed after MI and 
do not exclude that some MR was present beforehand in 
some patients, a limitation shared by all studies on this topic. 
Fourth, we retrospectively reviewed the patients who per-
formed CMR in the patients of MI and this would result in 
selection bias. Fifth, we did not quantify area at risk, which 
might be important for transient LV systolic dysfunction due 
to stunned myocardium as CMR performed in our patients 
had a protocol only to assess the presence and the extent of 
delayed enhancement. Sixth, we could not measure +dP/dt, a 
better parameter for LV contractility, as an index of LV con-
tractility. Seventh, a small number of patients were studied.

Conclusions
In the acute phase of inferior wall MI, MR was associated 
with LV systolic dysfunction with tethering. Therefore, it 
can be suggested that reduced closing force as a consequence 
of LV systolic dysfunction in the presence of leaflet tether-
ing would play a more pivotal role in the development of 

Figure 3.    Reduced closing force as a consequence of left ventricular (LV) systolic dysfunction in the presence of leaflet tether-
ing would play a more pivotal role in the development of mitral regurgitation in the acute phase of myocardial infarction (MI), 
whereas increased tethering force through a combination of annular dilation and geometric remodeling of the LV, especially 
papillary muscle displacement would be more important contributor in the chronic phase. Presence of tethering as an increased 
tethering force should be obligatory in both the acute and the chronic phase of MI. PM, papillary muscle.
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MR in the acute phase of inferior MI, whereas increased 
tethering forces through a combination of annular dilation 
and geometric remodeling of the LV would be more impor-
tant contributor in the chronic phase.
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