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Introduction:
Assessment of left ventricular (LV) function is a common indication to

perform an echocardiogram. Echocardiographic evaluation of systolic
function is important for determination of the hemodynamic status in
cardiomyopathy providing data for an informed prognosis and proper
treatment. ¥

Assessment of LV function generally requires expert echocardiographer
estimation and is somewhat subjective and prone to reader discordance.
Despite the routine use of newer and more refined echocardiographic
technologies, such as strain-rate imaging, speckle-tracking, and 3D
echocardiography, sometimes accurate assessment of LV function might

be difficult especially in cases of poor sonographic windows. & *®)

Among the factors that affect LV systolic function, contractility plays an
important role and depends largely on the function of the myocites,
which form the three layers of the equine ventriculum. Several indices
are used to assess systolic function; fractional shortening is the most
common. Fractional shortening is easily measured and is an indicator of
the ventricular myocardium contractile state, especially in relation to the
behavior of its short axis. Recent studies have demonstrated the
importance of the longitudinal fibers in global myocardial contractility,
especially in cardiac patients having alterations in the ventricular

geometry and the contractility. ¢ "

The movement of the mitral annulus toward the apex is a result of long-
fiber contraction. During diastole, the annulus moves back away from the
apex. LV apical motion is limited throughout the cardiac cycle, such that



the distance between the apex of the heart and the chest surface is almost
constant during contraction. ® During systole, the heart produces a
displacement of the mitral annulus that is quantitatively related to the
intensity of the ventricular contraction. The magnitude of the
displacement of the mitral annulus during myocardial contraction can be

measured from M-mode images of the mitral annulus. © 17

Mitral annulus is an essential, dynamic, and tightly coupled component
of the mitral valve/left atrial/left ventricular complex that aids in
effective and efficient valve closure and unimpeded LV filling.*? The
mitral annulus has a complex shape and motion, and its excursion has
been correlated to LV function. During the cardiac cycle the annulus
excursion encompasses a volume that is part of the total LV volume
change during both filling and emptying. ?

Recent studies suggested that Mitral annular plane systolic excursion
(MAPSE) might be helpful as a surrogate measurement for LV
function.*'Y Multiple studies have shown that a decrease in MAPSE
correlates with many factors affecting LV function, including atrial
fibrillation, myocardial infarction, dilated cardiomyopathy, and age.®*®)
MAPSE, in addition to being a simple surrogate for EF, may have
additional implications for patient outcomes. " *® 1% Willenheimer et al.
demonstrated that among patients with heart failure, those with decreased
MAPSE levels had significantly higher mortality. Previous work done on
tricuspid annular systolic excursion has also shown that a simple one-
dimensional measurement can predict mortality in patients with heart
failure. MAPSE value may be a reliable index of LV systolic function;
however, this index has not been used for routine evaluations or as a

measurement of systolic dysfunction. % 2



Aim of the work

To validate a previously generated formula to calculate ejection fraction
using MAPSE compared with ejection fraction as determined by an
expert echo-cardiographer using qualitative eyeball method, m-mode
method and biplane modified Simpson's rule in patients with impaired

systolic function.



Study Design and Sampling

This is a prospective analysis of 200 patients with systolic dysfunction
data by two-dimensional trans-thoracic echocardiography in a single
hospital where MAPSE and Ejection Fraction by qualitative eye ball
method, m-mode method and biplane modified Simpson's rule will be

measured and compared.
Inclusion Criteria:

1. Age > 18 years.
2. Patients able to understand and sign the informed consent document.
3. Patients with impaired systolic function (Ejection Fraction < 50%).

Exclusion Criteria;

1. Patient refuses to perform Echocardiography or to sign the informed
consent.

2. Patients who suffer from mitral valve stenosis.

3. Patients with prosthetic mitral valve.

4. Patients who have active infective endocarditis of mitral valve.

5. Patients who have mitral valve leaflet thrombus.

6. Patients with rapid atrial fibrillation.
7. Patients with mod to severe mitral regurgitation.

Methods:

Every patient will be subjected to the following;

I. Baseline assessment;:
e Informed consent.

e Thorough history taking and clinical examination including
demographics, cardiovascular risk factors, weight, height and
vital signs.

e 12 lead ECG.



I1. Echocardiographic assessment:

Echocardiography will be performed with the patients in the left lateral
decubitus position. Measurements will be performed according to the
recommendations of the American Society of Echocardiography. ¥
Two-dimensional imaging examination will be performed in the standard
fashion in parasternal long and short axis views and apical 4- and 2-
chamber views. Pulsed Doppler spectral recordings will be obtained in
the apical 4-chamber view from a 4mm sample volume placed at the tips
of mitral valve.

Echocardiograms will be subjected to careful visual analysis to detect
regional contractile abnormalities. LV systolic and diastolic volumes and
ejection fraction will be derived from biplane apical (2- and 4-chamber)
views using the modified Simpson's rule algorithm and estimation of
ejection fraction by m-mode in parasternal long and short axis. @Y The
trans-mitral pulsed Doppler velocity recordings from three consecutive
cardiac cycles will be used to derive measurements as follows: peak
velocities reached in early diastole (E) and after atrial contraction (A),
and deceleration time (DT) is the interval from E-wave to the decline of
velocity to baseline. In those cases in which velocity will not return to

baseline, extrapolation of the deceleration signal will be performed.

Displacement of the mitral annulus will be measured by Starting in an
apical four-chamber view; measurements are done with M-mode beam
positioned on the medial and lateral mitral annuli, in line with the left
ventricular long axis. Maximum systolic plane excursion of the medial
and lateral mitral annuli will be measured in mm. The longitudinal
motion of the mitral annulus is depicted over time as a sine wave. The
nadir of the sine wave corresponds to the mitral annular position at end-
diastole, and the peak occurs at end-systole. The height of the peak

relative to the nadir is MAPSE. In the current study, medial and lateral



MAPSE measurements will be taken and averaged for each patient. Inter
observer and intra observer variability in MAPSE measurements will be
tested in a sub study of patients by an independent observer, as well as
re-measuring MAPSE by a single observer. Results obtained from
MAPSE measurements will be used to produce calculated ejection
fraction on the basis of the formula previously generated by Matos et al.
where EF equals for men= 4.8 x MAPSE (mm) + 5.8 and for women=
4.2 x MAPSE (mm) + 20. @

Statistics:

Continuous normally distributed data will be analyzed using unpaired t
tests and will be presented as mean + SD. Diagnostic properties
(sensitivity, specificity, positive predictive value, negative predictive
values, and total accuracy) will be calculated according to the MAPSE
calibration cohort cutoff values on the basis of gender-specific regression
equations previously generated by Matos et al. Two-tailed tests of
significance will be reported and P values < .05 will be considered a
priori to indicate statistical significance.

Inter-observer and intra-observer variability in MAPSE measurements
will be tested by having 20 random studies read by an independent
observer, as well as re-measuring MAPSE by a single observer.
Inter-observer variability will be calculated by averaging the values
obtained and then dividing the absolute difference between the two
observers’ measurements by the mean of the two measurements for every
single patient from the randomly selected group. Similarly, intra-observer
variability will be calculated from the difference between the two

measurements by the same reader.



ALL DATA WILL BE GATHERED, TABULATED, AND STATISTICALLY
ANALYZED ON A PC COMPUTER USING A COMMERCIALLY AVAILABLE

STATISTICAL SOFTWARE PACKAGE.

References

1. Feigenbaum H, Zaky A, Nasser WK. Use of ultrasound to measure left
ventricular stroke volume. Circulation 1967;35:1092-9.

2. Alam M, Hoglund C, Thorstrand C, et al . Atrioventricular plane
displacement in severe congestive heart failure following dilated
cardiomyopathy or myocardial infarction. J Intern Med 1990;228:569-
75.

3. Elnoamany MF, Abdelhameed AK. Mitral annular motion as a
surrogate for left ventricular function: correlation with brain natiuretic
peptide levels. Eur J Echocardiogr 2006;7:187-98.

4. Qin JX, Shiota T, Tsujino H, et al. Mitral annular motion as a
surrogate for left ventricular ejection fraction:real-time three-
dimensional echocardiography and magnetic resonance imaging studies.
Eur J Echocardiogr 2004;5:407-15.

5. Soeki T, Fukuda H, Shinohara H, et al. Mitral inflow and mitral
annular motion velocities in patients with mitral annular calcification:
evaluation by pulsed Doppler echocardiography and pulsed Doppler
tissue imaging. Eur J Echocardiogr 2002;3:128-34.

6. Vinereanu D., Khokhar A., Tweddel A.C., et al. Estimation of global
left ventricular function from the velocity of longitudinal shortening.
Echocardiography 2002;19(3):177-185.

7. Yip G., Wang M., Zhang Y., et al. Left ventricular long axis function in
diastolic heart failure is reduced in both diastole and systole: time for a
redefinition?. Heart 2002;87:121-125.



8. Stoylen A., Skjaerpe T. Systolic long axis function of the left ventricle.
Global and regional information. Scand Cardiovasc J 2003;37(5):253-
258.

9. Keren G, Sonnenblick E, Le Jemtel T. Mitral annulus motion: relation
to pulmonary venous and transmitral flows in normal subjects and in
patients with dilated cardiomyopathy. Circulation 1988;78:621-9.

10. Zaky A, Grabhorn L, Feigenbaum H. Movement of the mitral ring: a
study in ultrasoundcardiography. Cardiovasc Res 1967;1:121-31.

11. Timek T.A., Miller D.C. Experimental and clinical assessment of
mitral annular area and dynamics: what are we actually measuring?.
Ann Thorac Surg 2001;72(3):966-974.

12. Carlhall C. Contribution of mitral annular excursion and shape
dynamics to total left ventricular volume change. Am J Physiol Heart
Circ Physiol 2004;287:H1836-H1841.

13. Simonson JS, Schiller NB. Descent of the base of the left ventricle: an
echocardiographic index of left ventricular function. J Am Soc
Echocardiogr 1989;2:25-35.

14. Alam M, Thorstrand C. Effects of acute myocardial infarction on the
displacement of the atrioventricular plane: an echocardiographic study.
J Intern Med 1989;226:251-6.

15. Alam M. The atrioventricular plane displacement as a means of
evaluating left ventricular systolic function in acute myocardial
infarction. Clin Cardiol 1991;14:588-94.

16. Emilsson K,Wandt B. The relation between mitral annulus motion
and ejection fraction changes with age and heart size. Clin Physiol
2000;20:38-43.



17. Pai R.G., Bodenheimer M.M., Pai S.M., et al. Usefulness of systolic
excursion of the mitral anulus as an index of left ventricular systolic
function. Am J Cardiol 1991;67:222-224.

18. Alam M., Hoglund C. Assessment by echocardiogram of left
ventricular diastolic function in healthy subjects wusing the
atrioventricular plane displacement. Am J Cardiol 1992;69:565-568.

19. Alam M., Hoglund C., Thorstrand C., et al. Haemodynamic
significance of the atrioventricular plane displacement in patients with
coronary artery disease. Eur Heart J 1992;13:194-200.

20. Willenheimer R, Cline C, Erhardt L, et al. Left ventricular
atrioventricular plane displacement: an echocardiographic technique for
rapid assessment of prognosis in heart failure. Heart 1997;78:230-6.

21. Ghio S, Recusani F, Klersy C, et al. Prognostic usefulness of the
tricuspid annular plane systolic excursion in patients with congestive
heart failure secondary to idiopathic or ischemic dilated
cardiomyopathy. Am J Cardiol 2000;85:837-42.

22. Wenzelburger FWG, Tan YT, Choudhary FJ, et al. Mitral annular
plane systolic excursion on exercise: a simple diagnostic tool for heart
failure with preserved ejection fraction. Eur J Heart Fail 2011;13:953-
60.

23. Johri AM, PicardMH, Newell J, et al. Can a teaching intervention
reduce interobserver variability in LVEF assessment: a quality control
exercise in the echocardiography lab. JACC Cardiovasc Imaging
2011;4:821-9.

24. Jones CJH, Raposo L, Gibson DG. Functional importance of the long
axis dynamics of the human left ventricle. Br Heart J 1990;63:215-20.

25. Jason Matos, Itzhak Kronzon, Georgia Panagopoulos, et al. Mitral
annular plane systolic excursion as a surrogate for left ventricular
ejection fraction. J Am Soc Echocardiogr 2012;25:969-74.



r4ad8a

oo A gall 58 Gila gall Jae (8 adde GoHlric caa s ) ',’]=3“2\5:\Lje:\,-.\§3@\
oo Al dliae Coara OV 8 56 JJM?G‘AL“’MY‘M}S\H&M\]

(1,2 .LQW\K;JM\}QJ}Aﬁ)\MM\fﬁ‘_;AAO‘:Qu)bjguggﬁé}jd;\

U A h}@\ub}d\ss)m}mé\chxubb lal) Adiae 3oUS 083

Claa ol i€l STl alasiind e ae N e gAY i e il A e lal)
5 Adgeall (358 Dla gall Jalail) i ¢ dgall Jara j geal Jie ¢ 435 puall (398 Do gall
Llal &1 50 lal) Aliaal dpcaliaaV) dduda ol vl alag¥) 4500 A pall (358 s 5l

B45) 5 ) guall 7 g g pie Alla L Aals 5 Camaa 5K 28 il Aliae 5016 (3800 api)

o Lo S oa Jhadien 5 V) cplall AualaWl Al e 55 Sl Jal sall (g
ema\)&yzxdm} uﬂhﬂuﬂ\u&ﬁ\d&&m‘uﬂu‘aﬂ\b)ﬂ\@k}
Aall (s yhise s8¢ Sl pualill (Wl s Lo sl JISY) ;5 4l ddyd ol) apil
L)ma b lilldliae luy lah led dals s ¢ QB (plal dliacJ dualiasy)
Alone ol ani 8 Al gl GV daad) o ela) 5y il 3 i (€1 5yl
oaldil A3k g JSE Bl e Ol das Q) o e BAalay ¢ JSS Q)

(6.7) k)

Uiae Ll ol A shall GLIVI (bl dagi oo i) sleall Aalall 285800 o
ae LB A8 ja | el cpdadl A (e lasmy ) iall lawall alal) 4 jall () oS5 o alal)
L8 uall mlass 5 Clall Aad ALl (5585 Cumy ¢ Alall 3 )50l J)sha 82 gase Qi
el el alaall dalad 48 ja die gy alill dlae bl @)l oL dsls
lal) dline (ali) ol ) i) slecall dils A ja aaa cpadl ealii) 50l g L e

(930 a4 sall sl Uy g DA (g0 Ll (S



S alaall (e IS 485 g dlia 53 5 (Salind 5 S5 O3S (A il plasall dala
DY) Gl eda 5 el alacall 33e) e selad Al e el 5 ) pdYle
Aalal) A ja Loy y o3 28y ¢ Baae AS ja 5 UG Lgd ) i) plenall dila D) 3 leld 350U,
& same (g s 3 Jiad I jial) alanal) il 38 a2l 5 ) gal) £l V) el Ayl

(02 a2 ) 5 aalls 4gans S o) sl pas i

8ol L) Joa€ sald 5 <5 )il alasall Ails 38 pa ) caldl Eigaal) cilud al
sloall dils 38 a (g gt alisi) o) Cpelal il pasae a5 1334 ) dliae
ARV 42000 Lgie V1 Cpdad) BeliS g Adas o 5545 508 Jal o ae p 300 1 il

(1510 peall ani 5 lil) dlime Coaaia ¢ i) dals

053 8 ¢ Ll Alume 568 (il oy L) (ALY )il Al sl 2S5l
Gaa 0e O saag) € oAl ey (P81 | ) e Gl il 5 ) L]
AIa) A8l e b (il ) (il ¢ il Alne Cinaiag (ylacaall ol
Hlay oyl eV 58 o) il Jama plif,Y s e al 138 ol I jial) dlaral
3l e oSy Jap aal g el o) iy (SO alaall AELAS Al uld e Jaall
323 ) (S oIyl lawall Al 4S jall ol A ) Aline (i in ye 8 34
) aEiS ey adding ol pisall 138 (ST 5 i) Aliaal Al @iV Adpda ol (945 5a ylise

(20.21,22) _\1a)) dlioaal dacaliil) 3 SH JOUAY (sl



