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Background: The mitral annulus (MA) plays a significant role in promoting left atrial and left ventricular
(LV) filling and emptying, which is dependent on LV functional properties. The present study aimed to
investigate the relationship between LV strains, quantitative features of longitudinal contractility and MA
size and function in healthy subjects.

Methods: The present study comprised 295 healthy adults; 117 subjects were excluded due to inferior
image quality (40%). Finally, 178 healthy adults (mean age: 32.0+11.3 years, 92 males). Complete two-
dimensional Doppler echocardiography and three-dimensional speckle-tracking echocardiography were
performed in all cases.

Results: The global and mean segmental left ventricular longitudinal strain (LV-LS) proved to be
-16.1%%2.5% and -16.9%=2.4%, respectively. In the present study, LV-LS <-13% was considered to be
reduced. In ROC analysis, the cut-off value for MA fractional area change (MAFAC) to predict impaired
LV-LS was <44%, with 67% sensitivity and 69% specificity and ROC area under curve 0.73 (P=0.0005).
Significantly increased LV volumes and LV mass and reduced MAFAC could be demonstrated in healthy
subjects with global LV-LS <-13%. Significantly larger ratio of subjects with global LV-LS <-13% had
MAFAC <44% (31% vs. 67%, P=0.009). Patients with MAFAC <44% had significantly reduced global and
mean segmental LV-LS. Significantly larger ratio of subjects with MAFAC <44% had global LV-LS <-13%
(4% vs. 16%, P=0.009).

Conclusions: There is a strong relationship between MA and LV longitudinal function. MA fractional
area change predicts global LV-LS.
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Introduction

The mitral valve (MV) apparatus is a complex three-
dimensional (3D) functional unit which separates the left
atrium and the left ventricle (LV), and has a critical role in
the regulation of normally unidirectional blood flow (1).
Compared to the LV ejection fraction (EF), LV longitudinal
systolic function was found to be more sensitive in the
detection of cardiac depression in several disorders (2,3).
Three-dimensional speckle-tracking echocardiography
(3DSTE) is a clinical tool of choice for simultaneous
quantification of longitudinal LV deformation and mitral
valve (MV) morphology and function (4,5). LV-MV
interactions are not clearly understood at this moment,
therefore the relationship between LV quantitative features
of longitudinal contractility and MA size and function was
aimed to be investigated in healthy subjects in this study.

Methods
Subjects

The present study comprised 295 healthy adults; 117
subjects were excluded due to inferior image quality (40%).
Finally, 178 healthy adults (mean age: 32.0«11.3 years,
92 males) have been included without risk factors, known
diseases or other conditions which theoretically could have
affected the results. None of them take any medications at
the time of examination. Complete two dimensional (2D)
Doppler echocardiography and 3DSTE were performed
in all cases at the same time by the same echocardiography
machines. The results of the present study are a part of the
MAGYAR-Healthy Study (Motion Analysis of the heart
and Great vessels bY three-dimensionAl speckle-tRacking
echocardiography in Healthy subjects). It was organized
at the Cardiology Center of the University of Szeged to
assess the clinical role of 3DSTE-derived echocardiographic
parameters in healthy subjects (‘magyar’ means "Hungarian’
in Hungarian language) among others. Informed consent was
obtained from each patient and the study protocol conformed
to the ethical guidelines of the 1975 Declaration of Helsinki.

Two-dimensional echocardiography

Toshiba Artida"™ (Toshiba Medical Systems, Tokyo, Japan)
echocardiography equipment using a PST-30SBP (1-
5 MHz) phased-array transducer was used for standard

transthoracic Doppler examinations. Concerning guidelines,
LV-EF was calculated by the Simpson’s method (6). Visual
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grading and Doppler assessments were used to exclude
valvular abnormalities.

3DSTE-derived data acquisition and quantitative analysis

The same Toshiba Artida™ echocardiography equipment
was used with a fully sampled PST-25SX matrix-array
transducer (Toshiba Medical Systems, Tokyo, Japan) with
3D capability. Pyramidal 3D full volumes were formed by
the software using the R-wave triggered LV subvolumes
from the 3D pyramidal data acquired during six consecutive
cardiac cycles during one breath-hold from apical views in
accordance with recent practices (4,7). Depth and angle
were adjusted for optimal temporal and spatial resolution.
3D Wall Motion Tracking software version 2.7 (Toshiba
Artida™%; Toshiba Medical Systems, Tokyo, Japan) was used

for quantitative analysis.

3DSTE-derived LV longitudinal strain assessments

Three short-axis views acquired at different LV levels and
the apical two- (AP2CH) and four-chamber (AP4CH) views
were selected automatically from the 3D echocardiographic
pyramidal dataset at end-diastole by the software (4,7). For
3D reconstruction of the endocardial surface, the examiner
selected two points at the edges of the mitral valve and
one point at the apex on the 3D reconstruction of the
endocardial surface on the AP2CH and AP4CH views.
Then the endocardial surface was manually adjusted in all
apical long- and short-axis. After these adjustments were
made, the software automatically reconstructed and tracked
the endocardial surface in 3D space throughout the cardiac
cycle, and generated curves for global and mean segmental
LV longitudinal strains (LSs) (Figure I). LS is expressed as a

negative number.

3DSTE-derived mitral annular measurements

MA measurements were performed in accordance with
a simple method recently demonstrated by our working
group. Briefly, from short-axis views, C3 was positioned at
the level of the MA with the help of AP2CH and AP4CH
views to find the optimal endpoints of the MA at end-
diastole and end-systole (Figure 2) (5):

MA morphologic parameters
% MA diameter (MAD) was defined as the perpendicular
line drawn from the peak of MA curvature to the
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Figure 1 The apical four- (A) and two-chamber (B) views and 3 short-axis views at different left ventricular (LV) levels (C1, C2, C3) are
presented in a healthy case. The three-dimensional LV cast (D) together with LV volumetric data (E) and LV segmental longitudinal strains
(coloured lines) and LV volume-change (dashed line) regarding the cardiac cycle (F) are also presented. LA, left atrium; LV, left ventricle;
RA, right atrium; RV, right ventricle.

middle of the straight MA border both at end-diastole, % MA fractional area change (MAFAC) = (end-diastolic
just before mitral valve closure, and at end-systole, just MAA - end-systolic MAA) / (end-diastolic MAA x 100).
before mitral valve opening;

% MA area (MAA) was measured by planimetry both at

end-diastole and at end-systole; Statistical analysis
% MA perimeter (MAP) was measured by planimetry both All values were expressed as mean = standard deviation.
at end-diastole and at end-systole. Group comparisons were made with unpaired Student’s
t-test. For the dichotomous variables, chi-square analysis
MA functional parameters and Fisher’s exact test were performed. Two-sided P<0.05
% MA fractional shortening (MAFS) = (end-diastolic MAD was defined as statistical significance. Pearson’s coefficient
- end-systolic MAD) / (end-diastolic MAD x 100); was calculated to examine correlations between parameters
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Figure 2 Images from three-dimensional full-volume echocardiographic dataset: apical four-chamber view (A), apical two-chamber view (B)

and a cross-sectional view at the level of the mitral annulus (C3) optimized on apical four- and two-chamber views. (C1,C2) Cross-sectional

views of different LV levels, not shown during MA measurements. Mitral annular data in end-systole and end-diastole are also presented.

Area, MA area; Circ, MA perimeter; Dist, MA diameter; LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

featuring MA morphology and global and mean segmental
LV-LS and for intraobserver and interobserver correlations.
Inter- and intraobserver reproducibility of measurements
of end-diastolic and end-systolic MA parameters and LV-
LS was tested in healthy subjects. To assess the predictive
power of MAFAC, receiver operator curve (ROC) was
constructed and the area under the curve was reported
with sensitivity and specificity values with 95% confidence
intervals. MedCalc software was used for statistical
calculations (MedCalc, Mariakerke, Belgium).

Results
Clinical data

Demographic data are presented in Table 1. Average height
and weight proved to be 172.3£11.1 cm and 71.8+17.7 kg,
respectively.

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

Two-dimensional echocardiographic data

Routine two-dimensional Doppler echocardiography
showed normal results including left atrial diameter
(36.8+4.0 mm), interventricular septum thickness
(9.1£1.5 mm), systolic and diastolic LV diameter (38.4+23.5
and 48.0+3.9 mm, respectively) and LV volume (36.4+9.1
and 97.4x29.4 mL, respectively), LV ejection fraction
(65.6%+4.7%), transmitral flow velocity E (72.8+26.0 cm/s)
and A (64.3+19.0 cm/s) and their ratio (1.25+0.52). None of
the healthy subjects had grade >1 valvular regurgitation or
significant valvular stenosis.

Three-dimensional speckle-tracking echocardiographic data

The global and mean segmental LV-LS proved to be
-16.1%+2.5% and -16.9%=+2.4%, respectively (Tuble I).
3DSTE-derived LV volumetric, LV-LS and MA data are
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Table 1 Three-dimensional speckle-tracking echocardiographic data of healthy subjects and their relationship to left ventricular longitudinal

strain and mitral annular fractional area change

Global LV-LS MAFAC
Variables All
>-13% =-13% >44% <44%

Demographic data

N 178 [100] 163 [92] 15[8] 117 [66] 61 [34]

Age (years) 32.0+11.3 32.7+x11.5 23.9+4.6 32.1+11.1 31.8+11.8

Male gender, n [%] 92 [52] 84 [52] 8 [53] 34 [58] 59 [50]
LV volumetric data

LV end-diastolic volume (mL) 86.1+23.0 85.0+22.2 94.7+28.1* 85.5+23.0 87.3+22.9

LV end-systolic volume (mL) 36.2+10.5 35.7+10.0 42.2+13.9* 35.4+10.5 38.0+10.3

LV ejection fraction (%) 58.2+5.6 58.4+5.5 55.1+5.7 58.6+5.7 57.4+5.3

LV mass (mg) 158.0+31.9 156.3+31.5 168.8+31.1* 156.5+30.9 160.6+33.7
LV longitudinal strain

Global LV-LS (%) -16.1£2.5 -16.50+2.10 -11.6+1.6* -16.5+2.4 -15.5:2.5"

Mean segmental LV-LS (%) -16.9+2.4 -17.24+2.12 -12.9+1.5* -17.3+2.4 -16.2+2.2"
MA parameters

MA end-diastolic diameter (cm) 2.38+0.44 2.45+0.44 2.29+0.45 2.47+0.45 2.2120.38'

MA end-diastolic area (sz) 7.12+2.22 7.39+2.23 6.70+2.62 7.73x2.21 5.93+1.85'

MA end-diastolic perimeter (cm) 10.22+1.49 10.27+1.50 9.89+1.66 10.56+1.47 9.57+1.33'

MA end-systolic diameter (cm) 1.59+0.38 1.59+0.38 1.65+0.41 1.49+0.36 1.800.37'

MA end-systolic area (sz) 3.44+1.26 3.41+1.26 3.86+1.19 3.09+1.13 4.1621.23'

MA end-systolic perimeter (cm) 7.08+1.23 7.04+1.23 7.59+1.17 6.74+1.18 7.75+1.06'

MA fractional area change (%) 51.3+15.7 52.5+15.3 39.3+15.3" 60.5+9.2 33.6:9.0'

MA fractional shortening (%) 34.2+15.1 34.3+15.0 27.4+15.2 40.0+13.0 21.410.7'
Global LV-LS <-13%, n [%] 15 [8] 01[0] 15 [100]* 5[4] 10 [16]‘r
MAFAC <44%, n [%] 117 [66] 51 [31] 10 [67]* 01[0] 61 [1 00]T

*P<0.05 vs. global LV-LS >-13%; TP<0.01 vs. MAFAC >44%. LS, longitudinal strain; LV, left ventricular; MA, mitral annular; MAFAC, mitral

annular fractional area change.

presented in Table 1. In the present study, LV-LS <-13%
was considered to be reduced. In ROC analysis, the cut-off
value for MAFAC to predict impaired LV-LS was <44%,
with 67% sensitivity (95% CI, 38-88%) and 69% specificity
(95% CI, 61-76%) and ROC area under curve 0.73
(P=0.0005) (Figure 3). Significantly increased LV volumes
and LV mass and reduced MAFAC could be demonstrated
in healthy subjects with <-13% global LV-LS as compared
to cases with global LV-LS >-13%. Significantly larger ratio
of subjects with global LV-LS <-13% had MAFAC <44% as
compared to cases with >-13% global LV-LS 31% vs. 67%,

© Quantitative Imaging in Medicine and Surgery. All rights reserved.

P=0.009). Patients with MAFAC <44% had significantly
reduced global and mean segmental LV-LS, reduced end-
diastolic and increased end-systolic MA sizes and reduced
MAFS. Significantly larger ratio of subjects with MAFAC
<44% had global LV-LS <-13% as compared to cases with
MAFAC >44% (4% vs. 16%, P=0.009). MAFAC showed no
correlations with global or mean segmental LV-LS.

Reproducibility measurements

Table 2 shows the mean + standard deviation difference in

qims.amegroups.com  Quant Imaging Med Surg 2019;9(2):304-311
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values obtained by two measurements of the same observer
and two observers for the measurements of 3DSTE-derived
end-diastolic and end-systolic MA parameters and LV-LS
in 20 healthy subjects, along with the respective correlation
coefficients.

Discussion

The normal MV apparatus is a dynamic 3D structure which

MAFAC

100 |-

80 -

[0}
o

MAFAC =44%

Sensitivity

N
o

AUC=73%
P=0.0005
Sensitivity =67%
Specificity =69%

20

PRSI I IS [T S TR S ST N S |
0 20 40 60 80 100

100-specificity

Figure 3 Receiver operating characteristic analysis illustrating
the diagnostic accuracy of mitral annular (MA) fractional area
change (MAFAC) in predicting reduced (<-13%) left ventricular

longitudinal strain is demonstrated.

allows normal blood flow during the cardiac cycle: LV
inflow from the LA during diastole and LV outflow into the
aorta during systole. The key components are the MA, the
valve leaflets, the chordae tendineae, and the LV wall with
its attached papillary muscles (1). MA plays a significant
role in promoting LA and LV filling and emptying, which
is dependent on LV functional properties (8). LV strains
are quantitative features of LV myocardial contractility.
Global LV-LS characterizes LV deformation (lengthening or
shortening) in longitudinal direction and has good prognostic
value in various disorders (9,10). Moreover, LV-LS is more
sensitive than LV-EF in detecting abnormalities in LV
systolic function as noted by Carasso et 4. (3). 3DSTE allows
complete non-invasive assessment of the heart chambers
in 3D space including parallel evaluation of MA and LV
morphology and function (at the same time) from the same
3D dataset. This advantage enables physiologic studies
assessing the effects of these components on each other.

In recent studies global LV-LS and MV function have
been demonstrated to be associated in several pathological
states (11). However, to the best of the authors’ knowledge,
no clinical studies are available directly assessing a
relationship between LV longitudinal deformation and MA
functional properties in healthy subjects. Lower global LV-
LS was found to be associated with lower MA function.
Moreover, impaired LV longitudinal deformation proved to
have a prognostic role in the prediction of MAFAC, as well.
These results could suggest that subclinical impairment of
LV longitudinal function is associated with reduced MA
function in otherwise healthy subjects without risk factors

Table 2 Intra- and interobserver variability for the most important parameters

Intraobserver agreement

Interobserver agreement

Mean + SD difference
in values obtained by
2 measurements of the

Variables

Correlation coefficient
between measurements

Correlation coefficient
between independent
measurements of 2

Mean + SD difference
in values obtained by 2

of the same observer observers
same observer observers
End-diastolic MAD 0.01+£0.25cm 0.96 (P<0.0001) 0.02+0.21 cm 0.97 (P<0.0001)
End-diastolic MAA ~0.01+1.08 cm’ 0.98 (P<0.0001) 0.00+0.86 cm” 0.98 (P<0.0001)
End-diastolic MAP -0.02+1.00 cm 0.93 (P<0.0001) -0.14+1.06 cm 0.92 (P<0.0001)
End-systolic MAD -0.02+0.27 cm 0.96 (P<0.0001) 0.01+0.29 cm 0.96 (P<0.0001)
End-systolic MAA ~0.01+0.35 cm’ 0.99 (P<0.0001) ~0.07+0.41 cm’ 0.99 (P<0.0001)
End-systolic MAP 0.08+0.56 cm 0.98 (P<0.0001) 0.07+0.49 cm 0.99 (P<0.0001)
LV-LS 0.08%+0.95% 0.98 (P<0.0001) 0.06%+1.06% 0.96 (P<0.0001)

MAD, mitral annular diameter; MAA, mitral annular area; MAP, mitral annular perimeter; LV-LS, left ventricular longitudinal strain.
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or overt cardiovascular diseases. This result is against what
could be demonstrated in different disorders. For instance,
although type 1 diabetes mellitus is associated with impaired
global LV-LS (12), MA functional properties proved to
be significantly increased suggesting a compensatory
mechanism in these patients (5). Our results suggest that
demand for this compensatory mechanism did not reach a
certain level required for the mechanism to develop in our
healthy subject. Further studies are warranted to confirm
our findings and to reveal pathophysiological background of
this compensation.

Limitation section

The most important limitations occurring during the

3DSTE studies are listed below:

% Spatial and temporal resolution of the relatively new
3DSTE is low which could affect the results and
should be considered when interpreting the results.

% Although 3DSTE could measure LV volumes, its

accuracy depends on the quality of the acquired
image and particularly on enlargement of the
LV (13). This study tried to mirror real life
experience, therefore 3DSTE-derived LV volumetric
data could be somewhat lower as expected.

% Early stage diseases were not excluded by other
imaging or laboratory tests, although lower strain
values could indicate subclinical changes.

% LV strain and volumetric and functional data of heart
chambers other than the LV were not examined in
this study.

% Although the MA geometric shape approximates a
hyperbolic paraboloid, only one plane MA motion
and function was analysed in this study.

% Spatial longitudinal analysis of the MA movement
along its long-axis is also possible (6), it was not
aimed to be measured and compared to other
parameters in this particular study.

Conclusions

There is a strong relationship between MA and LV
longitudinal function. MA fractional area change predicts
global LV-LS.
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