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Validation of Mitral Annular Plane Systolic Excursion & end
Point Septal Separation for Rapid Assessment of Left
Venticular Systolic Function

Arshad Fuad Ridha

ABSTRACT:

BACKGROUND:

Assessment of LV systolic function is sometimes difficult because of obesity, chest wall deformities
or in critically ill patients. We try to evaluate alternative methods for rapid assessment of LV systolic
function.

OBJECTIVE:

In this study we try to evaluate mitral annular plane systolic excursion (MAPSE) ( Since LV
longitudinal shortening reflected by MAPSE is a sensitive marker of LV systolic function.) & E-point
septal separation (EPSS) for rapid assessment of LV systolic function & as alternative way to assess
ejection fraction (EF).

METHODS:

This is an observational case-control study enrolling 143 patients, 73 patients with LV dysfunction &
70 persons with normal LV function served as a control group.

LV EF (Left ventricle ejection fraction), MAPSE & EPSS all are measured for patients & the control
groups. P-value <0.05 is considered as a statistically significant.

RESULTS:

A 73 patients with LV dysfunction & 70 patients with normal LV function (taken as a control) were
enrolled in this study. There are significant LV dilatation, a decrease in LVEF, decrease in MAPSE
& increase in EPSS in patients group in comparison with control groups, & all are statistically
significant (P-value=0.0001).MAPSE less than 7 mm & EPSS more than 7 mm had a sensitivity of
34.24 % & 97.26% respectively & a specificity of 100% & 85.71% respectively.

CONCLUSION:

Both MAPSE & EPSS parameters are simple, easy to obtained & require no time especially in
patients with poor acoustic window.

An average MAPSE of less than 7 mm & EPSS of more than 7 mm can be used as a surrogate of LV
systolic dysfunction with acceptable sensitivity & specificity.

KEY WORD: MAPSE, EPSS, LV function.

INTRODUCTION:

Mitral annular plane systolic excursion (MAPSE)
also known as mitral ring displacement & mitral
annulus excursion (MAE), is obtained from M
mode & it assesses LV longitudinal function ¢33,
It can be get easily &®7 even for the junior doctor
(™ and in patients with poor acoustic windows (3).
It has been suggested as a surrogate measurement
for LVEF in cardiac patients 6, MAPSE may be
reduced with increasing age & in patients with
atrial fibrillation, myocardial infarction & heart
failure®1°1Y and to be more sensitive than
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conventional  echocardiographic ~ markers in
detecting abnormalities in LV systolic function at
an early stage ?!2. MAPSE is known to be
prognostic for major cardiac events and mortality in
patients with cardiovascular disease ©:13:14.15),
Measurement of MAPSE

MAPSE can be measured using the M mode from
the lateral & septal walls of the apical 4 chambers
views & from the anterior & inferior walls of the
apical 2 chambers views. The best is to obtain it
from the lateral & septal walls.

Generally, the lateral MAPSE values are higher
than that of septal walls. 15)

349



LEFT VENTICULAR SYSTOLIC FUNCTION

& during measurement always make the cursor
parallel to the LV walls. The excursion in M mode
should be measured from the lowest point to the
highest point i.e. from end diastole to end systole.
(Fig. 1). The post-systolic motion towards the apex

during the isovolumetric relaxation period, which is
sometimes linked with ischaemia, fibrosis, or
pressure overload,(17) should not be included in
the measurement.

Figure 1

The average normal value of MAPSE derived from
previous studies for the four annular regions
(septal, anterior, lateral, and posterior) ranged
between 12 and 15 mm (18, 9)and a value of
MAPSE <8 mm was associated with a depressed
LV EF (<50%)(18) . A mean value for MAPSE of
>10 mm was linked with preserved EF (>55%) (1,
20). In addition, a mean value for

MAPSE of <7 mm could be used to detect an EF
<30% in dilated cardiomyopathy patients with
severe congestive heart failure (9).

One important thing is that the association between
MAPSE & EF is only true in case of a normal or
dilated LV (20, 21), but this association is not
applicable in case of left ventricular hypertrophy

(LVH) (22). This is because the LV longitudinal
function represented by MAPSE is impaired in case
of LVH while radial function represented by EF
will remain normal or even increased (23). The
same is also true with increasing age in which
MAPSE is impaired while the EF remain normal or
even increased.(24,25)

EPPS, Surrogate markers of LV systolic
function:

EPSS refers to the distance between the anterior
leaflet of the mitral valve and the interventricular
septum during early diastole. This is easiest to
measure using M-mode echocardiogram, and the
measurement is taken when the anterior mitral
leaflet is at its closest to the septum (Figure 2).

Anterior Leaflet

Posterior Leaflet

Figure 2

During diastole, the tip of the anterior MV leaflet
move toward the septum & during M mode this is
represented by E point as seen in fig. 2. The
distance between E point & the septum is called E
point septal separation (EPSS) & it does not only

assess LV dilatation & function but it has a strong
negative correlation with EF i.e. the higher the
distance the lower the EF (26,27).

Normally, the EPSS is no more than 6mm. The
distance increases with worsening left ventricular
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LEFT VENTICULAR SYSTOLIC FUNCTION

systolic function, and an EPSS >7mm is a sensitive
marker for severely impaired systolic function.
METHODS:

Study design:

This was an observational case-control study
evaluating the relationship of MAPSE & EPSS to
LVEEF in patients with LV dysfunction & in healthy
population who attended the Echocardiogram
department in Al-Yarmouk hospital for any
indication.

Subjects:

73 patients with LV dysfunction as documented by
an LVEF < 54 % in females or LVEF < 52% in
males were enrolled during the period from 2157 of
April 2016 to 25" of March 2017.

A 70 healthy individuals as documented by an
LVEF > 54 % in females & LVEF > 52% in males
were enrolled as a control during the period of 21%
of April 2017 to 20" of April 2017.

Exclusion:

1.Patients with valvular cardiomyopathy (valve
leading to LV dysfunction).

2. Patients with left ventricular hypertrophy.
Measures:

All echocardiographic examination were completed
using S4 probe 25 Mhz phased-array.
Comprehensive transthoracic echocardiogram was
performed with Vivid E9 echocardiography system
(GE).

After taking a consent, we asked about past medical
history, current or past occupation, smoking status
& presence or absence of ischemic heart disease.
By echocardiogram, we measure LV size (left
ventricular internal diameter diastolic) (LVIDD),
LVEF, EPSS & MAPSE.

Two-dimensional imaging examination  was
performed in the standard fashion in parasternal
long- & short-axis views & apical 4-& 2- chamber
views.

LVEF were calculated using cubed formula i.e.
Teichholz methods.

Excursion of mitral annulus was measured using M
mode from the apical 4 chambers view with beam

positioned to the lateral walls. The amount of
excursion was measured in mm.

In M mode the longitudinal motion of MV annulus
was recorded against time giving the appearance of
a sine wave. The depth of the sine wave occurred in
end diastole while the height occurred in end
systole. Measurement of depth to height represent
MAPSE

Regarding measurement of EPSS, an M-mode from
parasternal long axis view was taken at the level of
mitral valve leaflet tips.

Measurement was taken in early diastole (in mm),
& EPSS was defined as the shortest distance from
the E-point of mitral valve (the tip of the anterior
mitral valve leaflet) to the ventricular septum.
Statistical analysis:

Data were coded & analyzed using the SPSS
package program, version 24.0 (SPSS Inc, Chicago,
IL, USA) & excel 2013 programs. Qualitative data
were presented using the frequency & its related
percentage, while quantitative data were presented
using the mean & standard deviation. Continuous
variables were compared between the two groups
using student’s t-test, while categorical variables
were compared using Pearson Chi-square test. One-
way analysis of variance (ANOVA) was used to
compare three or more groups.

A P-value of < 0.05 was chosen as the level of
significance.

RESULTS:

A 73 patients with LV dysfunction classified
according to their EF (EF < 54 % in females & <
52 % in males ) & 70 patients with normal LV
function (EF > 54 in females & > 52 in males )
(taken as a control) were enrolled in this study.
There were 47 (64.38 %) males & 26 (35.62%)
females in patients group, & 31 (44.28%) males &
39 (65.72 %) females in the control groups. The
mean age was 58.9 +12.4 year of the patients
group, the range was 6-77 years & the mean age of
the control group was 45.8 + 13.5 year, range 19-75
year. The rest of clinical data is demonstrated in
table 1.
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Table 1: Demographic & clinical data of patients with LV dysfunction & control groups.

Patients Controls P-value
Number 73 70
Age “Mean+SD (Range)” | 58.9+12.4 (6-77) | 45.8+13.5(19-75) | 0.0001*
Males 47 31 0.016#
Females 26 39
Hypertension 36 26 0.142
Diabetes 33 12 0.0001#
IHD 33 8 0.0001#
Smoking 11 16 0.053

*Significant using Students-t-test for two independent means at 0.05 level
# Significant using Pearson Chi-square test at 0.05 level.

Table 2 shows the echocardiographic parameters of & increase in EPSS in patients group in comparison
patients & control groups, there are significant LV~ with control groups, & all are statistically
dilatation, a decrease in LVEF, decrease in MAPSE  significant (P-value=0.0001).

Table 2: Echocardiographic findings in patients with LV dysfunction & control groups.

Mean Patients Control P-value
LV size (mm) 62.5+9.5 (41-90) | 50.3+5.4 (40-68) 0.0001*
EF (%) 36.3+8.5 (17-53) | 70.9+6.3 (57-83) 0.0001*
MAPSE (mm) | 8.4#3.1(4.2-17) | 15.1+2.5 (11.3-22.1) | 0.0001*
EPSS (mm) 16.3+5.9 (6-35)) 4.04£2.5 (0-11.3) 0.0001*

*Significant using Students-t-test for two independent means at 0.05 level

Table 3 shows the echocardiographic parameters between males & females patients, there are significant
LV dilatation, decrease in LVEF & decrease in MAPSE in male patients in comparison to the females (P-
values: 0.001, 0.002, 0.001 respectively.

While there is no statistically significant deference between males & females regarding EPSS.

Table 3: Comparison of echocardiographic findings between males & females patients.

Mean Male patients Female patients P-value
LV size (mm) 65.3+9.7 (41-90) | 57.6+6.9 (44-70) 0.001*
EF (%) 34.1%7.9 (17-52) | 40.4+8.2 (25-53) 0.002*
MAPSE (mm)  7.9+2.8 (4.2-17) | 9.3+3.3 (5-16) 0.001*
EPSS (mm) 17.945.9 (6-35) | 13.3+4.8 (6.8-22.7) | 0.070

*Significant using Students-t-test for two independent means at 0.05 level

Table 4: Comparison of echocardiographic findings between ischemic & non-ischemic LV systolic dysfunction.

Ischemic Non-ischemic P-value
LV size (mm) 61.6+8.4 (41-49) 67.0+12.9 (51-90) | 0.061
EF (%) 36.618.2 (17-52) 35.2+10.3 (21-53) | 0.587
MAPSE (mm) 8.4+2.9 (4.2-17) 8.5+3.7 (4.2-14.2) | 0.919
EPSS (mm) 15.645.4 (6-27) 19.3+7.4 (8.3-35) 0.045*
*Significant using Students-t-test for two independent means at 0.05 level

Table 4 shows the echocardiographic parameters
between ischemic & non-ischemic LV dysfunction
patients. LV dilatation, LVEF & MAPSE all
showed a non-statistically significant difference,

while EPSS is significantly increased in non-
ischemic patients in comparison to the ischemic
ones (P-value: 0.045)
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Table 5 shows a statistically significant relation

between MAPSE & LVEF in patients with LV
dysfunction (LVD) (P-value: 0.0001)

Table 5: The relation between MAPSE & EF in patients with LV dysfunction.

MAPSE (mm) No. | EF (%) (Mean) P-Value
>10 24 40.2+6.4 (29-53)

9.9-8 borderline 17 40.0+8.0 (28-52) 0.0001*
<8 LVD 7 37.9+75 (28-47) |

<7 Severe LVD 25 | 29.747.2 (17-51)

*Significant using ANOVA test at 0.05 level

Table 6 shows a non-statistically significant

relation between EPSS & LVEF in patients with
LV dysfunction (LVD) (P-value: 0.380)

Table 6: The relation between EPSS & EF in patients with LV dysfunction (LVD).

EPSS(mm) | NO. | £r oy (Mean) | P-Value
>7 71 | 36.1%8.4 (17-53)
<7 2 | 455192 (39-52) 380

*Significant using Students-

Table 7: The sensitivity and specificity of different

t-test for two independent means at 0.05 level

echocardiographic parameters for diagnosing LVD.

Diagnosis of LVD by EF(Male
<=52; Female <=54)
LVD (n=73) Control (n=70)
MAPSE | Severe LVD (<7) 25 -
LVD (<8) 7 -
Borderline (10-8) 17 -
Normal (>10) 24 70
EPSS LVD (=>7) 71 10
Normal (< 7 mm) 2 60
EPSS:
Sensitivity=71/(71+2) x 100=97.26%; False Sensitivity = 25/73 x 100= 34.24%; False negative

negative=2.74%; Positive predictive value=71/
(71+10) x 100=87.65%
Specificity =60/(10+60) X 100= 85.71%; False
positive=14.29%; Negative predictive value=60/
(60+2) x 100=96.77%
Accuracy rate= (71+60)/143 x 100=91.61%
MAPSE:
1.For MAPSE less than 8 for the detection of LV
dysfunction
Sensitivity = (25+7)/73 x 100= 43.84%; False
negative %=56.16%; Positive predictive value
=32/32x100=100%
Specificity =70/70 X 100= 100%; False positive
%=0%; Negative predictive value =70/
(24+17+70) x 100= 63.06%
Accuracy rate= (7+25+70)/143 x 100= 71.33%
2.For MAPSE less than 7 for the detection of LV
dysfunction

%=65.76%; =25/25
x100=100%

Specificity =70/70 X 100= 100%; False positive
%=0%; Negative predictive value =70/
(24+17+7+70) x 100=59.23%

Accuracy rate= (25+70)/143 x 100= 66.43%
DISCUSSION:

Assessment of LV systolic function & obtaining
LV EF is sometimes difficult because of obesity,
chest wall deformities, and poor window or in
critically ill patients. So we have to look for other
parameters, compare these parameters with EF &
trying to know their sensitivity & specificity.
Longitudinal shorting of the left ventricle is a
sensitive marker reflecting heart function & can be
obtained by measuring MAPSE. Measurement of
MAPSE doesn’t require high imaging quality nor
highly specialized personnel.

Positive predictive value
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Although MAPSE & EF are strongly positively
related, they are not completely related. MAPSE is
more likely to assess longitudinal function of the
LV i.e. subendocardial fibers & is more sensitive to
subtle LV function changes while EF is more likely
to assess radial LV function i.e.subepicardial
(circumferential) fibers . ie. the longitudinal
function could be impaired while the radial
function can be preserved or even increased.

The other method for assessment of left ventricular
function is by measuring the distance between
anterior MV leaflet & ventricular septum in
diastole (EPSS) which can roughly assess LV EF.
In diastole, the anterior MV leaflet should approach
or even touch the septum. In LVD, the dilated LV
with increased preload will pull valve away from
the septum.

It is easy to obtain, fast as it is a simple linear m-
mode measurement obtained from parasternal long
axis view.

The current study showed that there are significant
LV dilatation, a decrease in LVEF, decrease in
MAPSE & increase in EPSS in patients group in
comparison with control groups, & all are
statistically significant (P-value=0.0001), Matos et
al. (7) reported that the average systolic excursion
of the mitral annulus correlated excellently with
LVEF. Previous studies also stated that chronic
heart failure patients showed a significant reduction
of MAPSE, and there was a good correlation
between MAPSE and EF (9). Qin et al G have
shown that MAPSE measurement correlate well
with other techniques for LV functional assessment
including 3D echocardiogram & cardiac MRI
imaging. Also, Tsang et al ©Y studied the
correlation of MAPSE, as derived from speckle-
tracking echocardiography, with MRI-derived
LVEF. They found a very strong correlation using
this alternative MAPSE technique, suggesting a
strong relation between MAPSE & LVEF.

The current study showed that there are significant
LV dilatation, decrease in LVEF & decrease in
MAPSE in male patients in comparison to the
females  (P-values:  0.001, 0.002, 0.001
respectively). While there is no statistically
significant deference between males & females
regarding EPSS. The explanation is that women’s
hearts are typically smaller than men’s, this could
account (at least partially) for the observed
differences between men and women. Matos et al
(™ showed that although average MAPSE values
did not differ significantly between men and
women, EFs did (P-values 0.33 & < 0.001
respectively). For a given MAPSE value, the

correlating EF was higher for women than for men.
No other study to date has been published that
evaluated gender specifically as a factor that affects
the correlation between MAPSE and EF.

The current study showed that LV dilatation, LVEF
& MAPSE all showed a non-statistically significant
difference between ischemic & non-ischemic
(dilated cardiomyopathy) LV systolic dysfunction,
while EPSS is statistically significant in non-
ischemic (dilated cardiomyopathy) patients in
comparison to the ischemic ones (P-value: 0.045).
The explanation is that the LV takes on a more
spherical geometry in dilated cardiomyopathy than
ischemic LV systolic dysfunction & with
progressive dilatation, the minor axis increases
disproportionally, & the ratio of long to minor axis
decreases i.e. sphericity index less than 1.5:1
implies marked pathological remodeling. There is
no published data to date comparing MAPSE &
EPSS between ischemic LV dysfunction & dilated
cardiomyopathy.

In this current study there is strong relation
between MAPSE & EF (measured by M-mode), P-
value:0.0001.In Walaa et al (32) study they found a
significant positive correlation between average
MAPSE & EF measured by M-mode (p<0.001), EF
measured by Simpson’s rule (p<0.001), & EF
measured by visual inspection (p<0.001). Our study
failed to find a relation between EPSS & EF
measured by M-mode (P value: 0.38).While in
Conor et al study @2 they found that a prediction of
LVEF from linear regression equation using EPSS
measurement could theoretically be used to
generate to generate a quantitative prediction of
LVEF, while in Abdalla Elghaha et al ©¥ study
they found that Correlation coefficient revealed to
be very strong between Mitral EPSS measured by
CMR & LVEF (r= -0.92; 95% Confidence interval
for r= -0.95 to -0.87) with high significant level
(P<0.0001).

The current study showed that a MAPSE less than
8 had a sensitivity of 43.84%, a specificity of 100%
& accuracy rate of 71.33% for the detection of LV
systolic dysfunction & a MAPSE less than 7 had a
sensitivity of 34.24%, a specificity of 100% &
accuracy rate of 66.43% for the detection of severe
LV systolic dysfunction. While in Walaa et al ©?
study showed that an average MAPSE cutoff value
of less than or equal to 5 provided the best balanced
sensitivity (67.1%) and specificity (76.5%) to
predict EF <30%. A cutoff value of less than or
equal to 3.9 could determine EF < 30% in 100% of
the patients. Matos etal.(? study stated that a
MAPSE cutoff point of <6 served as an appropriate
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cutoff point to predict severely depressed EF less

than or equal to 30%. Elnoamany etal.[5]

demonstrated that a MAPSE value of <7 mm had

92% sensitivity and 67% specificity for the

detection of severe left ventricular dysfunction.

Alam etal.® demonstrated that a mean

MAPSE <7 mm could detect an EF <30% with

sensitivity of 92% and specificity of 67% in

patients with dilated cardiomyopathy with severe
congestive heart failure.

Our study showed that EPSS >7 had a sensitivity of

97.26%, a specificity of 85.71% & accuracy rate of

91.61% for the detection of LV systolic

dysfunction. In Conor et al ¢ study they found that

an EPSS greater than 7 may be used to predict
patients with severely reduced LVEF. In another
study, EPSS of 7 mm would determine severe left

ventricular dysfunction (EF <30%) with 100%

sensitivity.

Study limitation:

1. This is a small observational case-control study,
a large randomized multicenter study for
extended period is required

2. Inclusion of diastolic function assessment

3. Inclusion of patients with Valve diseases

4.Comparing MAPSE & EPSS with Speckle
tracking derived-, MRI derived- or 4 D
echocardiogram derived EF.

CONCLUSION:

Despite the introduction of a sophisticated

echocardiogram methods like 4D echocardiogram,

Speckle tracking derived strain & CMR for the

assessment of LVEF, we believe that both MAPSE

& EPSS parameters are simple, easy to obtained &

require no time especially in patients with poor

acoustic window.

An average MAPSE of less than 7 mm & EPSS of

more than 7 mm can be used as a surrogate of LV

systolic dysfunction with acceptable sensitivity &

specificity.

So we believe that both MAPSE & EPSS should be

acquired routinely in all studies, & be used as an

alternative method for assessing LV systolic
function.
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	Measurement of MAPSE
	MAPSE can be measured using the M mode from the lateral & septal walls of the apical 4 chambers views & from the anterior & inferior walls of the apical 2 chambers views. The best is to obtain it from the lateral & septal walls.
	Generally, the lateral MAPSE values are higher than that of septal walls. (16)
	& during measurement always make the cursor parallel to the LV walls. The excursion in M mode should be measured from the lowest point to the highest point i.e. from end diastole to end systole. (Fig. 1). The post-systolic motion towards the apex duri...
	EPPS, Surrogate markers of LV systolic function:


