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mitral valve deformation seems to be more important determinants
of FMR severity.

Abstract
Background: Functional mitral regurgitation (FMR) is one of
the common and severe complications in patients with dilated
cardiomyopathy. Then determinants of degree of FMR must be
more defined.
Purpose: We sought to determine a cut off value of the tenting
area and the coaptation depth which correlate with the severity of
the FMR.
Methods and results: We enrolled prospectively 96 patients (71
males; age 57 ± 13 years) with left ventricular (LV) dilation and
systolic dysfunction (LV ejection fraction ≤40%) in sinus rhythm.
The severity of the FMR was determined by the proximal isovelocity
surface area method allowing calculation of the effective regurgitant
orifice (ERO) and regurgitant volume (RV). An ERO ≥ 20mm2 and a
RV ≥30ml/beat defined significant FMR.
We evaluate mitral deformity by measuring tenting area (TA) and
coaptation depth (CD) from apical 4-chamber view at mid-systole.
FMR was significant in 26 cases.

It is useful then to determine echocardiographic determinants of
FMR severity in patients with LV dysfunction.

Methods
Patients
Inclusion criteria were: dilated cardiomyopathy with systolic LV
dysfunction (LVEF less than 40%), structurally normal cardiac valves
and sinus rhythm. Criteria of non inclusion were organic valvular
disease, acute myocardial infarction and atrial fibrillation or flutter.

Echocardiographic measurements
All patients underwent complete transthoracic echocardiography
for assessing MR severity and measuring the indices of global and
local LV remodelling as well as mitral deformation indexes. Exams
were performed by the same operator using Aloca 5000 or VIVID
E9 (GE).

TA correlated positively with ERO (r=0,58; p<0.01) and with RV
(r=0,87; p<0,01). Cut off value of TA at 1,5cm2 diagnosed significant
FMR with a sensitivity of 84% and a specificity of 61%.
Coaptation depth correlated positively with tenting area (r=0,4,
p<0,01). However, there is no correlation between CD and the
severity of mitral regurgitation.
Conclusions: Tenting area, an echocardiographic parameter of
mitral deformability, is correlated positively with the severity of FMR.
Minimal TA of 1,5cm2 identified significant FMR with a sensitivity of
84% and a specificity of 61%.

Introduction
The negative impact of FMR on survival has been well
documented, and a graded relationship between the severity of MR
and mortality has been repeatedly demonstrated [1,2].
Although global LV dilation and sphericity has been attributed
to FMR by alteration in mitral annulus and subvalvular apparatus,
and ultimately incomplete coaptation, but local LV remodeling and
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Figure 1: ERO and MR volume assessed by PISA method.
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Complete 2D and colour Doppler flow imaging were performed
according to guidelines of the ASE, to determine severity of the mitral
regurgitation [3].

Mean age was 57 ± 13 years. 17 patients were categorized as having an
ischemic cardiomyopathy (ICM) by documented history of infarction
and/or coronary angiography.

ERO and MR volume assessed by PISA method (Figure 1). ERO ≥
0,2cm2 and RV ≥30ml/beat defined as significant FMR.

Left ventricular dysfunction was severe (EF 31 % ± 8 %, range
10 % to 40 %). Mean end-diastolic diameter (EDD), end-diastolic
volume (EDV), end-systolic diameter (ESD) and end-systolic volume
(ESV) of LV were: 68 ± 8mm, 161 ± 52ml, 57 ± 9mm and 111 ± 42ml,
respectively.

LV dimensions were measured at diastole and systole (LVEDD,
LVESD) in parasternal long axis view. LV volumes and EF were
obtained by biplane Simpson’s method.

70 patients (73%) presented with mild regurgitation, 26 patients
(27%) with moderate to severe functional mitral regurgitation. Mean
ERO and RV were respectively 16 ± 9mm2 and 23 ± 11ml/beat.

To quantify the mitral deformity, we measured the tenting
area and the coaptation depth. TA was defined as the area enclosed
between mitral leaflets and annular plane (Figure 2). CD was defined
as the distance between leaflet coaptation and the mitral annulus
plane (Figure 3).

Tenting area, as mitral deformation indice, increased significantly
with higher degree of FMR (P<0.001) (Figure 4).

These parameters were obtained at mid-systole in the apical
4-chamber view.

A cut off value of Ta 1,5cm2 diagnosed significant FMR with a
sensitivity of 84% and a specificity of 61%.

Statistical analysis

Coaptation depth was positively correlated to Ta (r=0,4, p<0,01).
(Figure 5) However, there was no correlation between coaptation
depth and the severity of FMR (r=0, 13; p=0,214).

Data was expressed as mean ± SD. A value of p ≤ 0,05 was
considered significant. Group comparison of continuous variables
was performed by Pearson’s t-test.
Ta values were categorized according to the cut-off ROC analysis
as a predictor of significant FMR.

In addition, there was no significant relationship between FMR
severity and LVEF (r=-0,08; p=0,47 with ERO and r=0,03, p=0,78
with RV).

Results
Of total 96 patients enrolled in this study, 71 (74%) were male.

Figure 4: Tenting area and severity of mitral.
Figure 2: Tenting Area (TA)- Area enclosed between mitral leaflets and
annular plane.

Figure 3: Coaptation Depth (CD)- Distance between leaflet coaptation and
the mitral annulus plane.
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Figure 5: Correlation between tenting area (Ta) and coaptation depth (CD).
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Discussion

Conclusion

The papillary muscle displacement stretches the body of the
leaflet by pulling the stay cord, and apical displacement of the leaflets
(i.e., incomplete mitral leaflet closure) induces mitral deformity and
functional MR.

Degree of LV enlargement and dysfunction were not primary
determinants of FMR severity, therefore a tenting area>1.5cm2, a
parameter of mitral valve apparatus deformation, predict a significant
FMR with a good sensitivity.

The lack of correlation between EF and the severity of the FMR
indicates that systolic dysfunction is not mainly responsible for
functional MR.
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