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ABSTRACT

Background: Speckle tracking echocardiography (STE)-
derived mitral annular displacement (MAD) utilizes the
speckle tracking technique to measure strain vectors,
which provides accurate estimates of left ventricular
ejection fraction (LVEF).

Objectives: To validate the accuracy of mitral annular
displacement (MAD), assessed by Speckle Tracking
Echocardiography (STE), as a surrogate for
determination of left ventricular systolic function in
comparison to 2-Dimensions Simpson method in
patients with different heart diseases.

Methods : This cross-sectional study included patients
who referred to outpatient department of Ibn Albitar
Center for Cardiac Surgery, Baghdad, Irag, between
October 2012 and April 2013. STE continuously tracked
annular motion throughout the cardiac cycle in the apical
4- and 2-chamber views. LVEF for each patient was
measured by both Simpson method and STE-derived
MAD.

Results: This study included 100 patients, of them (35%)
had ischemic heart disease (IHD), (10%) had dilated
cardiomyopathy (DCM), (10%) had valvular heart disease
(VHD), (25%) had normal echocardiography, and (20%)

had hypertensive heart disease (HHD).There was
significant correlation between EF % (derived by MAD) and
EF % (derived by Simpson method) in patients with
different heart diseases. This correlation was good in
normal subjects (r=0.673), and those with IHD(r=0.896),
DCM (r=0.724) and VHD (r=0.935), while in HHD it was
moderately correlated (r=0.455). There was slight under-
estimation of LVEF derived by MAD (a mean value of
difference 0.846 %; p =0.022). In subgroup analysis, this
difference was seen only in patients with HHD (a mean
value of difference 3.145 %; p <0.001), while it was absent
in other subgroups.

Conclusion: STE-derived MAD provides easy, fast, and
accurate assessments of global longitudinal systolic
function. LVEF derived by MAD was correlated well with
LVEF derived by Simpson method in patients with
different heart diseases.
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he assessment of left ventricular (LV) systolic
function is indispensable in the management and
prognosis of cardiac patients.1 Radial shortening
is predominantly dependent upon the contraction
of circumferential myocardial fibers in the mid-wall,
whereas longitudinal shortening is governed by both

longitudinal subendocardial and subepicardial
fibers.>*Because the subendocardium is more
vulnerable to ischemia and interstitial fibrosis, a

decrease in longitudinal function might be a sensitive
marker for subclinical alterations in LV systolic
performance. 7

Accurate assessment of LVEF by 2D trans-thoracic
echocardiography (TTE) is time-intensive and limited by
poor image quality, because of its dependence on
endocardial tracing, and by the frequent use of
foreshortened apical views. The recognition of these
limitations has led to the development of alternative
echocardiographic methods for the assessment of LV
systolic function. One proposed method involves the use
of mitral annular displacement (MAD), &which is fast
and does not depend on endocardial definition and thus
can be easily performed in the majority of patients.12
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The aim of our study is to validate the accuracy of mitral
annular displacement (MAD), assessed by Speckle
Tracking Echocardiography (STE), As a surrogate for
determination of left ventricular systolic function in
comparison to 2-D simpson method in patients with
different heart diseases.

patients. This cross-sectional study included patients
who referred to outpatient department of lbn-Al bitar
Center for Cardiac Surgery, Baghdad, Iraq, between
October 2012 and April 2013. ECG was done for all
patients. IHD was determined when a patient had
evidence of previous myocardial infarction. VHD
included moderate to severe aortic valve stenosis and
mitral valve regurgitation. HHD was determined by the
presence of left ventricular hypertrophy (LVH) and
history of hypertension. DCM was determined by the
presence of LV dilation and dysfunction in the absence
of ischemia. Patients with mitral valve replacement, atrial
fibrillation, left bundle branch block, and congenital heart
disease were excluded from this study. Also patients
with poor TTE window were excluded.

Echocardiography:Echocardiography was performed by
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single operator using a commercially available
ultrasound machine (iE33, Philips Medical Systems)
equipped with a broad-band transducer. Two-
dimensional echocardiography measured LV
dimensions and wall thickness according to the
recommendations by the American Society of
Echocardiography. ¥ VEF was measured for all patients
using biplane Simpson method.

Assessment of long-axis function by STE-derived MAD:
STE measured strain vectors and assessed long-
axis function. Longitudinal shortening was measured in
the apical 4- and 2-chamber views. All participants
underwent two-dimensional Doppler imaging with a
harmonic transducer, and the obtained images were
stored as digital cine loops and analyzed by Off-line
QLAB software (Philips Medical Systems). The frame
rate was optimized to achieve a frame rate >60 Hz. In
the apical 2-chamber view, the anterior and inferior
aspects of the mitral annulus and the apical myocardium
were selected. In the apical 4-chamber view, the hinge
points of the mitral valve leaflets with the septal and
lateral aspects of the mitral annulus and the apical
myocardium were selected. Three regions of interest
(ROI) or points were placed. ROIs were tracked during
cardiac motion; then, we measured the motion of the
annular ROl toward the apex individually and the
displacement of the midpoint between the two annular
ROls. Displacement of the midpoint toward the apex was
directly expressed in millimeters. The total displacement
was expressed as a ratio of the longitudinal chamber
length at end-diastole in order to normalize the
displacement of left ventricular length in individual
ventricular size. MAD was derived from the mean values
obtained in the apical 4- and 2-chamber views.
Parametric images of mitral annulus excursion at
diastole and systole were also provided. Displacement,
which appears from end diastole to end systole, was
displayed as a color band (color kinesis) and
quantitatively confirmed by reduced amplitude of the
time curves, resulting in lower STE-derived MAD values.
The maximum displacement was included in this study.
LVEF % (derived by MAD) is calculated by the formula 2

EF = —0.074 + MAD? + 5.6 * MAD + 0.34
in the 2-chamber view and
EF = —0.055 «* MAD? + 5.2 * MAD + 3.3

in the 4-chamber view. And the mean value for the
above two equations was considered.

Statistical analysis: Statistical analysis was performed
with commercially available software (SPSS 18.0
software). All continuous data are reported as mean
standard deviation (SD), and categorical data as
frequencies. The correlation between EF % (derived by
MAD) and EF % (derived by Simpson) in different heart
diseases was assessed by Pearson correlation
coefficient and the significance of difference is tested by
Bland-Altman analysis. The level of p < 0.05 was
considered statistically significant.
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Results:This study included 100 patients, of them (35%)
had ischemic heart disease (IHD), (10%) had dilated
cardiomyopathy (DCM), (10%) had valvular heart
disease (VHD), (25%) had normal echocardiography,
and (20%) had hypertensive heart disease (HHD).
Patient's  characteristics and  echocardiographic
characteristics are shown in Table 1 and 2 respectively.
Mitral annular tracking and the quantification of STE-
derived MAD were achieved in all subjects within 15
seconds. Among the 100 patients studied, 69 where
men, 61 had hypertension, 42 had diabetes and 35 had
IHD. The mean age was 53.0+12.8 years.LVEF (derived
by MAD) was significantly lower in the patients with
DCM (34.83+3.74%) and in those with IHD
(43.08+9.25%) compared to patients with HHD
(61.4+3.32 %) and those with normal echocardiography
study (64.5+2.36%)

The correlation between EF % (derived by MAD)
and EF % (derived by Simpson) in different heart
diseases was shown in table 3. This table show
significant correlation between the two methods in
assessing LVEF in different heart diseases. This
correlation was good in normal echocardiography
patients (r = 0.673), and those with IHD(r = 0.896), DCM
(r=10.724) and VHD (r = 0.935), while in HHD it was less
well correlated (r = 0.455). A Bland-Altman analysis (
figure 1) showed slight under-estimation of LVEF
derived by MAD in comparison to that derived by
Simpson ( a mean value of difference 0.846 %; p
=0.022).
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Figure 1.A Bland-Altman analysis showed
a mean value of difference 0.846 %; p
=0.022, and the 95% limits of agreement
ranged from (-6.28% to 7.97%)

Note :Mean EF=[EF(SIMP)+EF(MAD)}/2
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Table-1- Patients

charecteristics Echocardiographic data Total
Normal HHD IHD DCM VHD
Age(meantSD) 49.2+6.4 57.6110.9 60.419.3 32.9+11.0 47.3+14.9 53+12.8
Sex (male) 60% 85% 74.2% 60% 50% 69%
Hypertension 28% 100% 88.5% 0% 30% 61%
Diabetes 8% 25% 94.2% 0% 20% 42%
IHD 0% 0% 100% 0% 0% 35%
Total 25 20 35 10 10 100
HHD;hypertensive heart diseases. IHD;ischemic heart diseases.
DCM;dilated cardiomyopathy.VHD;valvular heart disease
Table 2: Echocardiographic characteristics
Echogardiograp EF%(simpson) EF % (MAD) Correlati P value
hy Mean + SD Mean + SD on
coefficie
nt (r)
Normal 64.9+2.90 64.5+2.36 0.673 <0.001
HHD 64.51+2.66 61.4+3.32 0.455 0.043
IHD 43.21+£10.07 43.08+9.25 0.896 0.001
DCM 35.07+3.44 34.83+3.74 0.724 0.017
VHD 61.02+8.34 60.44+10.06 0.935 0.001
Total 53.87+13.44 53.03+12.85 0.963 <0.001

HHD;hypertensive heart diseases. IHD;ischemic heart diseases.
DCM;dilated cardiomyopathy.VHD;valvular heart diseases

Discussion: LVEF is a most extensively investigated
echocardiographic parameter and a clinically useful
index for assessments of systolic function.’ Several
studies have been conducted on STE derived MAD and
its relation to EF measured by TTE or CMR ' .0ur
study showed significant correlation between EF %
(derived by MAD) and EF % (derived by Simpson), in
normal subjects (r=0.673), and those with IHD(r=0.896),
DCM (r=0.724) and VHD (r=0.935), while in HHD it was
less well correlated (r=0.455).These results are
comparable to a study conducted by Suzuki et al )
which showed a good correlation between EF %
(derived by MAD) and that derived by simpson method
in patients with IHD (r=0.733), and DCM (r=0.614), while
in HHD patients there was poor correlation (r=0.301).
Tsang et al.”’have conducted a study on patients with
reduced LVEF (the mean LVEF, 41%) and
demonstrated that STE-derived MAD can accurately
estimate LVEF. Vinereanu D et al.4repor1ed that patients
with asymptomatic diastolic dysfunction and those with
diastolic heart failure had impaired longitudinal systolic
function even though they had preserved LVEF >50%.
Patients with HHD tend to have deteriorated longitudinal
systolic function despite preserved LVEF. The majority
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of HHD patients with Jareserved LVEF have subclinical
systolic dysfunction.1 ’ 17Nishikage T et al.”® has
demonstrated that 10% of the asymptomatic
hypertensive patients with preserved LVEF have
impaired longitudinal function.Nishimura K et al.”has
demonstrated that radial strain in the inner half layer of
the LV wall decreases in hypertensive patients. These
findings reflect subendocardial fiber impairments.

In the current study, the under-estimation of EF
derived by MAD in patients with HHD with preserved
LVEF who have probably subclinical longitudinal systolic
dysfunction. The strong correlation between STE-
derived MAD and LVEF was not found in these patients,
supporting the theory that LVEF is not always correlated
well with longitudinal systolic function in all heart
disease.
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Table 3: correlation between left ventricular EF % (by
Simpson) and left ventricular EF% (by MAD) in different
heart diseases

Echocardiographic data Total
Normal HHD IHD DCM VHD

NyTem) | 0774008 | 128012 | 0.97:0.18 0.72+0.10 1.08£0.33 0.970.25

rTlem) | 0771008 | 129013 | 1.00:0.18 | 0.72:0.10 1.08:0.33 0.98+0.26

nooD(em) | 4761020 | 4651036 | 5851063 6.5:0.59 5.2410.67 5.3410.81

mooDlem | 3026023 | 2981027 | 457:0.74 5.38:0.60 3.43:0.63 3.831.02
B e(Mmode) | 66.1£3.05 | 654308 | 43.96:9.41 | 3531482 | 63.11:9.36 | 54.85:13.66
EFO(SIMPSON) | 64.0:290 | 645266 | 4321:10.0 | 3507:3.44 | 61.026834 | 53.87+1344
Er o (MAD) | 6456236 | 6141332 | 43081025 | 34.83:374 | 604411006 | 5303:1285

HHD;hypertensive heart diseases. IHD;ischemic heart
diseases. DCM;dilated cardiomyopathy.VHD;valvular
heart diseases

Two-dimensional STE can quantify myocardial strain
simultaneously in different LV segments with angle-
independent ultrasound beam using tracking acoustic
pixels equally distributed within the myocardial wall.
Global longitudinal strain is linearly related with biplane
LVEF in patients with coronary artery disease. 2 |n the
current study, the good correlation between LVEF
(derived by MAD) and LVEF (derived by Simpson) was
found in the patients with coronary artery disease. In the
present study, LVEF and longitudinal function were not
identical in all patients (table 2), but rather reflected
different aspects of systolic left ventricular function. The
correlation between longitudinal function and LVEF was
found in patients with HHD, which was probably
multifactorial. The patients with HHD had a relatively
narrow range of LVEF, which affected the ability of STE-
derived MAD to distinguish these patients (table 3).
Some patients with diastolic dysfunction have preserved
LVEF and reduced longitudinal function. The weak
correlation attributes to the fact that diastolic dysfunction
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can be related to reduced longitudinal function even in
patients with preserved LVEF. Yip et al. 2 and
Vinereanu et al. have demonstrated the clear
correlation between the S wave (The peak systolic mitral
annular velocity) and E wave (early diastolic mitral flow
velocity) with r value 0.7-0.8. This finding suggests that
energy generated during systole should be converted to
restorin2g forces, leading to early diastolic suction and
filling. % Bnn increase in the A wave (late diastolic mitral
flow velocity) leads to a descent of the base of the heart,
further longitudinal stretch. It may in turn increase
longitudinal systolic velocities through the Frank-Starling
mechanism. Patients with HHD without left ventricular
systolic dysfunction demonstrated decreased
longitudinal strain and increased circumferential strain,
resulting in maintained LVEF. Therefore, a
compensatory increase in circumferential shortening
may be essential for maintaining LVEF, even in the
presence of a decrease in longitudinal shortening. %
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STE-derived MAD can be performed in most patients
because echo-dense structure easily detects the mitral
annulus. STE-derived MAD can also visualize and track
the mitral annulus even in patients who have poor image
qualities with inadequate visualization in the
endocardium and the LV apex. It takes only 15 s to
complete the whole procedure including tracking,
measuring, and reporting STE-derived MAD; therefore, it
provides fast, user-friendly, and accurate estimation of
LVEF in the majority of patients compared with a cardiac
magnetic resonance EF reference.’

Study limitations: The unavailability of cardiac MRI
which was the gold standard for LVEF assessment is the
major limitation of the study. In order to put our theory
into practice, more patients with various LVEF and of
different heart diseases should be included. Further
studies with more data accumulation are thus called for.

Conclusion: STE-derived MAD provides easy, fast, and
good assessments of global longitudinal systolic
function. LVEF derived by MAD was correlated well with
LVEF derived by Simpson method in patients with
different heart diseases with slight under-estimation of
LVEF especially in patients with hypertensive heart
disease.

Recommendation: We recommend the use of STE-
derived MAD for evaluation of longitudinal LV systolic
function, which can be performed in most patients and
especially useful in those with poor image quality.
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