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Abstract 

Background: Mitral valve prolapse is the most common anomaly of the mitral valve apparatus. 
Echocardiography plays a central role in the evaluation of the mitral valve. When a detailed eval-
uation of the mitral valve is required, transesophageal echocardiography is indicated with the 
advantage of better resolution and additional views. Aim: To evaluate mitral valve prolapse using 
trans-thoracic echocardiography. Subjects and Methods: A cross-sectional descriptive study de-
sign was done including 60 control and 60 patients with isolated mitral valve prolapse attending 
Suez Canal University hospital for echocardiographic evaluation, excluding children with other 
congenital heart diseases, rheumatic heart disease, cardiomyopathy, each participant was sub-
jected to full medical history, general, cardiac examination, and investigations. Results: a signifi-
cant difference was found between the patient and control regarding mitral leaflets long axis 
PML (P=0.012), mitral leaflets apical PML (P=0.000), coaptation length (P=0.000), triangle 
(P=0.000), chordea tendinea attached to posterior leaflet (apical parasternal view) (P=0.002), mi-
tral regurge (P=0.000). A significant positive strong correlation was found between coaptation 
and mitral regurge in patients (r =0.716; P =0.001), the best critical value between mitral regurge 
(M1+M2) and absence of mitral regurge (Mo), to predict mitral regurge (m1+m2), the coaptation 
length is more than 4, the best critical value between moderate mitral regurge (M2) and mild(M1) 
+ no regurge (Mo), to predict moderate mitral regurge (m2), coaptation length is more than 5. 
Conclusion: Trans-thoracic echocardiography is an effective imaging modality to evaluate mitral 
valve abnormalities and assess the severity and the hemodynamic consequences.  
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Introduction 

Mitral valve is a complex anatomical and 
functional structure. Mitral apparatus con-
sists of three parts: mitral annulus, mitral 
valve leaflets and sub valvular apparatus 
(chordae tendinea and papillary muscles). 
For its function left atrial and ventricular 
myocardium is also important. Normal 
function of all parts of the mitral valve ap-
paratus is essential for the normal function 

of the mitral valve(1,2). Mitral annulus is a 
saddle shaped fibrous structure, which an-
teriorly borders to the aorta. Posterior an-
nulus is close to circumflex coronary artery 
at the lateral side and to coronary sinus at 
the medial side. Mitral annulus is in a fi-
brous continuity with aortic and tricuspid 
valve(3). Mitral leaflets consist of a larger 
and longer anterior (AMVL) and shorter 
posterior mitral valve leaflet (PMVL)(4). 
Based on Carpentier’s classification mitral  
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leaflets are divided in eight segments. An-
terior and posterior leaflet have three scal-
lops each: medial (A3, P3), middle (A2, P2) 
and lateral (A1, P1). The middle scallop is 
the largest. The leaflets are connected by 
two commissures: anterolateral, adjacent 
to left atrial appendage, and posterome-
dial commissure(5). Sub valvular apparatus 
consists of chordae tendineae and papil-
lary muscles. Chordae are thin filaments 
that connect the margins of the mitral leaf-
lets to the papillary muscles. There are pri-
mary, secondary, and tertiary mitral 
chordae which are attached to two papil-
lary muscles: posteromedial and anterol-
ateral papillary muscle. Chordae from the 
medial part of both leaflets attach to the 
posteromedial papillary muscle and from 
the lateral part to the anterolateral papil-
lary muscle(6). Mitral valve prolapse is the 
most common anomaly of the mitral valve 
apparatus with an incidence of 2–6 per 
cent. Mitral valve prolapse is caused by 
progressive myxomatous degeneration of 
mitral valve leaflets and chordae tendins 
with a higher displacement of one or two 
mitral leaflets by more than 2 mm above 
the mitral annulus plane to the left 
atrium(7). Mitral valve prolapse is a valve 
heart condition characterized by the ab-
normally thickened mitral valve leaflet be-
ing transferred to the left atrium during 
systole. Prolapsed mitral valves are classi-
fied into various subtypes depending on 
the thickness of the leaflet, the concavity, 
and the degree of contact with the mitral 
annulus. Subtypes may be classified as clas-
sical, non-classical, symmetrical, flail or 
non-flail. MVP has a low probability of com-
plications in its non-classical form(8). Mitral 
valve prolapse is normal with a recorded 
prevalence of 2–3 per cent. Some would 
continue to experience severe mitral re-
gurgitation (MR) that would require ac-
tion. However, the rate of disease 

progression remains elusive. MVP patho-
physiology is thought to be a persistent 
pattern of frequent minor damage and re-
pair occurring in a mitral valve with small 
congenital anatomical variations in the 
valve apparatus during the cardiac cycle. 
This can explain the age-based develop-
ment and progression of prolapse(7). This 
identifies two distinct types of “mitral 
valve prolapses (MVP)”. Also known as mi-
tral valve prolapse syndrome (MVPS), is 
the primary or classic form. It is associated 
with mitral valve leaflet defects, as well as 
perivalvular supporting tissue such as 
chordae tendinea and annulus. MVPS is 
also associated with additional cardiac 
symptoms such as skeletal, connective tis-
sue, and characteristics of neuropsychia-
try. The defect in the secondary or non-
classical form is confined to the mitral 
valve without perivalvular or systemic 
manifestations(9). Echocardiography plays 
a central role in the evaluation of the mitral 
valve. To enable the assessment of its mor-
phology and function. The basic investiga-
tion is transthoracic echocardiography 
(TTE) which can routinely be used in every-
day clinical practice. When detailed evalua-
tion of the mitral valve is required, 
transesophageal echocardiography (TEE) 
is indicated with the advantage of better 
resolution and additional views(10). Echo-
Doppler studies is an essential tool to iden-
tify the presence and magnitude of mitral 
valve prolapse, the thickness of mitral 
valve leaflets, mitral annulus size, chordae 
tendineae length, and left ventricular and 
left atrial size and function. The test also re-
veals any associated heart diseases. Multi-
ple views of the mitral valve annulus are es-
sential, and the echo-Doppler findings 
have to be correlated with clinical data(11).  

Subjects and Methods 

Study setting and Study population 
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This study was carried out in the Pediatrics 
Department at Suez Canal University hospi-
tal in Ismailia, included 120 children as 60 
control and 60 patients with mitral valve 
prolapse, attending to Suez Canal University 
hospital for echocardiographic evaluation. 
All children with isolated mitral valve pro-
lapse were included. All children with other 
congenital heart disease, all children with 
rheumatic heart disease, and all children 
with cardiomyopathy excluded by echocar-
diography were excluded. 

Study design and Sample Size Justification 
A cross-sectional descriptive study was 
conducted on infants with mitral valve pro-
lapse presented to Suez Canal University 
Hospitals. Those fulfilled the inclusion cri-
teria were enrolled in this study. Non-prob-
ability comprehensive sampling method 
will be conducted. Calculation of the sam-
ple size according to the formula (12,13) re-
vealed 60 patients/group. 

Data collection tool 
A) History: The following data was col-
lected: Age (by year), sex, age at diagnosis, 
history of rheumatic fever, congenital dis-
ease, and medications. B) Examination: 
Height, weight, and cardiac examination 
was done. C) Investigations. 

Full trans-thoracic two-dimensional echo-
cardiography study 
Complete two dimensional, pulsed-wave, 
continuous wave and color-flow Doppler 
echocardiographic examinations were per-
formed with a General Electric, echocardi-
ographic evaluation using Philips cx50 
equipped with 3-8MHZ transducer. fre-
quency suitable for patient's age and size. 
Echocardiographic MVP has since been de-
fined as single leaflet or bi leaflet prolapse 
of at least 2 mm into the left atrium during 
a systole beyond the long axis annular 
plane, with or without mitral leaflet 

thickening was considered the diagnostic 
criterion for mitral valve prolapse(14). 

a. M-mode echocardiography 
Measurement of the dimensions of cardiac 
chambers and vessels, thickness of the 
septum and free walls. LV systolic function 
including fractional shortening, ejection 
fraction. Normal FS is 36% (range 28% to 
44%). Normal mean ejection fraction is 66% 
(range 56% to 78%). 

b. Doppler 
Assessment of right and left ventricular di-
astolic function using mitral valve (MV) in-
flow velocities. 

C- Assessment of Mitral valve prolapse 
Measure length of both AML& PML, meas-
ure area below AML& PML, measure both 
chordae tendinea of anterior and posterior 
leaflet in apical / long axis PSV, measure 
length of closure tip of mitral leaflet (coap-
tation length), and measure intra papillary 
muscle distance. 

Results 

Age of patients and control group 
As shown in (table 1), there was statistical 
significance difference between patient 
and control regarding age p-value=0.042. 

Posterior Mitral leaflet  
(Long axis parasternal view) 
There was a statistically significant differ-
ence between patient and control regard-
ing Mitral leaflets long axis PML (increase 
in control group). P =0.012 (Figure 1) 

3. Post. Mitral leaflet  
(Apical parasternal view) 
There is a statistically significant decrease 
in patients’ group compared to control 
group regarding mitral leaflets apical PML 
P=0.000 (Table 2). 
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Table 1: Comparison between patients and control group as regard age 

Groups 
Age  T-test 

Range Mean ± SD t P-value 

Control group 3y - 16y 8.600 ± 3.468 
-2.059 0.042* 

Patients group 5y - 15y 9.833 ± 3.082 

 
. 

 
 

Figure 1: Posterior Mitral leaflet long axis parasternal view 

 
4. Triangle measurement (apical paraster-
nal view) 
There was a statistically significant de-
crease in patients regarding Triangle and 
compared to control group, P =0.000 (Ta-
ble 3). 

5. Coaptation length and mitral leaflets clo-
sure: there is statistically significant differ-
ence between patient and control regard-
ing Coaptation length "increased in pa-
tients’ group than control group" P-
value=0.000, (Figure 2).  
 
 

6. Chordea tendinea attached to posterior 
leaflet (apical parasternal view): 
There was a statistically significant in-
crease in chordea tendinea attached to 
posterior leaflet in the control group com-
pared to the patients’ group (P=0.002, Fig. 
3). 

7. Mitral regurge 
Table (4) shows a statistically significant 
difference between patients and controls 
group regarding mitral regurge. P-
value=0.000. 

 

Table 2: Comparison between patients and control group  
as regard Posterior Mitral leaflet (apical parasternal view). 

Groups 
Mitral leaflets apical PML  T-test 

Range Mean ± SD t P-value 

Control group 9 - 24 13.867 ± 4.131 
4.590 0.000* 

Patients group 5 - 16 10.667 ± 3.477 
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Figure 2: Coaptation length and mitral leaflets closure 

 

Table 3: Comparison between patients and control group  
as regard Triangle measurement (apical parasternal view). 

Groups 
 Triangle T-test 

Range Mean ± SD t P-value 

Control group 17 - 37 24.900 ± 4.990 
4.384 0.000* 

Patients group 13 - 30 21.333 ± 3.847 

 

 

Figure 3: Chordea tendinea attached to posterior leaflet apical parasternal view. 

 

Table 4: Comparison between patients and control group  
as regard Mitral regurge. 

  
Groups 

Total 
Control group Patients group 

Mitral regurge 

M0 60(100.0%) 12(20.0%) 72(60.0%) 

M1 0(0.0%) 32(53.3%) 32(26.7%) 

M2 0(0.0%) 16(26.7%) 16(13.3%) 

Total 60(100.0%) 60(100.0%) 120(100.0%) 

Chi-square 
X2 80.000 

P-value 0.000* 
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8. relation between coaptation length and 
mitral regurge: Figure (4) shows a signifi-
cant positive strong correlation between 

coaptation and mitral regurge in patients 
where the correlation coefficient (r)=0.716 
and P-value=0.001 (< 0.05). 

 

 

Figure 4: The relation between Coaptation length and Mitral regurge in patients 
 

9. correlation between coaptation length 
and mitral regurge 
Table (5) shows that the best critical value 
between mitral regurge (M1+M2) and ab-
sence of mitral regurge (Mo), to predict 

mitral regurge (m1+m2), the coaptation 
length is more than 4 with sensitivity 100%, 
specificity 72.2%, positive predictive value 
(PPV) 70.6, negative predictive value 100% 
and the accuracy was 92.2%. 

 

Table 5: ROC curve between Coaptation length and  
Mitral regure (M1+M2 VS M0). 

ROC curve between Coaptation length and Mitral regure 

Cutoff Sens. Spec. PPV NPV Accuracy 

> 4 * 100.0 72.2 70.6 100.0 92.2 

 

 

 

Table (6) shows that the best critical value 
between moderate mitral regurge (M2) 

and mild(M1) + no regurge (Mo), to predict 
moderate mitral regurge (m2), coaptation 
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length is more than 5, with sensitivity 100%, 
specifity 59.6%, positive predictive value 

(PPV) 27.6, negative predictive value 100% 
and the accuracy was 81.5%.  

 

Table 6: ROC curve between Coaptation length and  
Mitral regurge (M2 VS M0+M1) 

ROC curve between Coaptation length and Mitral regurge 

Cut off Sens. Spec. PPV NPV Accuracy 

> 5 *  100.0 59.6 27.6 100.0 81.5 

 

 
 
Discussion 

Mitral valve is one of the four heart valves.  
It is located between the left atrium and  
the left ventricle, it is responsible for mod-
ulating blood flow between left atrium and 
left ventricle, not simply valve is a complex 
termed mitral apparatus. It receives its 
name due to its shape which resembles a 
bishop's miter with two peaks(15). Mitral 
valve prolapses (MVP); is a valvular heart 
disease characterized by displacement of 
abnormally redundant thickened one or 
both leaflets into the left atrium during sys-
tole more than 2mm above mitral valve 
hinge points. It is generally a benign dis-
ease discovered accidentally during car-
diac auscultation or by echocardiog-
raphy(16). Echocardiography has proved 
utility for the noninvasive diagnosis of mi-
tral valve prolapse syndrome(3). The echo-
cardiographic features of mitral valve pro-
lapse appear to be similar in children and 
adults. Although there are numerous 

theories about the basic abnormality in this 
disease, it is unclear whether an abnormal-
ity of the left ventricular contraction pat-
tern or a primary abnormality of the mitral 
valve apparatus is the underlying cause(4). 
A complex interrelation may exist between 
factors of ventricular shape and mitral 
valve structure in the etiology of the mitral 
valve prolapse syndrome(3). An objective 
review of an echocardiographic material 
suggested that there was a spectrum of 
normal mitral valve motion in children with 
mitral valve prolapse and that the patterns 
of motion are likewise dependent up on 
the portion of the valve examined(17). Fur-
ther, it had encountered patterns mimick-
ing mitral valve prolapse in patients with 
an enlarged left ventricle or sub aortic ste-
nosis who have no evidence of prolapse on 
angiography. This cross-sectional study 
was conducted at Pediatrics Department 
at Suez Canal University hospital in Ismailia 
and included 120 children as 60 control and 
60 patients with mitral valve prolapse, for 
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echocardiographic evaluation using philips 
cx50 equipped with 3-8MHZ transducer. In 
our study there was a significant compari-
son between patient and control regarding 
age P-value=0.042. In control group, the 
age ranged from 3 to 16 by Mean 
(8.600+3.468). And the aged ranged from 
5 to 15 by mean (9.833+3.082). Regarding 
to sex distribution in our study we were 
found no statistical significance between 
male and female in control group (male=28 
(46.7%), (female= 28(46.7%) and in patient 
group(male=24(40.0%), female=36(60.0%), 
where p-value=0.143. This agrees with pre-
vious studies (18-20) studies. These studies 
ascertained and reduced the sex incidence 
difference of mitral valve prolapse, which 
was 3 times in females more than in males 
according to old studies (21), to become 
equal between both sex groups. This cor-
rection was done by improved technology, 
community studies rather than hospital-
based studies, better understanding of the 
3-dimensional architecture of the mitral 
valve annulus and using new echocardio-
graphic criteria for the diagnosis of mitral 
valve prolapse. This is in keeping with 
Toyono and Kestelli(22,23) who stated that 
there was no significant difference in sex 
value between patients with MVP. This is in 
agreement with Garfunkel et al.(24) who 
stated that MVP prevalence in children and 
adolescents: 6% to 11%. Mean age of presen-
tation was 9.9 years; rare presentation be-
fore adolescent growth spurt in children 
without connective tissue disorders. Also, 
Mohamed Diab et al. (9) study found that 
the mean age of the study group (children 
with MVP) was 8.20±2.36, the majority of 
the studied group was in age group 6-9 
years. Regarding to mitral leaflets diame-
ter we found statistical significance in pos-
terior mitral leaflet in (long axis and apical 
parasternal view) where p value =0.012 
(long axis) and p-value=0.000(apical). But 

not statistical significance found with ante-
rior mitral leaflet in both (long axis and ap-
ical view) where p-value=1.000(long axis) 
and p-value=0.890(apical). Comparing the 
techniques, it was our impression that the 
slightly greater incidence of abnormal 
studies with standard single crystal exami-
nations could be related to atypical trans-
ducer angulations33which are less easily 
achieved with the larger multiple crystal 
transducer. In agreement with Atalay et al. 
(25) study which found that valvular thicken-
ing and chordal elongation were common 
in patients with MVP by echocardiography. 
Anterior leaflet and chordal lengths of the 
MV were closely related to the degree of 
valve regurgitation in the study. It was also 
observed that the patients with MVP had 
greater posterior leaflet thickness than pa-
tients without prolapse. Furthermore, 
other studies found the elongation of ante-
rior and posterior mitral leaflets was 
demonstrated in patients with MVP. It also 
found elongation of both MV leaflets inpa-
tients with MVP when compared to those 
without MVP(26). Zhou et al.(27) had sug-
gested that a rheumatic etiology should be 
suspected whenever anterior MVP exists, 
especially in young patients. Weissman et 
al. (28) demonstrated the high prevalence 
of abnormal leaflet thickening in patients 
with MVP by two-dimensional echocardi-
ography. We demonstrated in our work 
that mitral regurge was statistical signifi-
cance between patient and control p-
value=0.000, we found in patient group 12 
cases (20%) without mitral regurge, and 32 
cases (53.3%) had mild mitral regurge and 
16 cases (26.7%) had moderate mitral re-
gurge. Like Mohamed Diab et al.(9) who 
found that, the majority of the studied 
group (88%) show normal 2D echocardio-
graphic findings, the overall prevalence 
was 18 cases (12.0%), 17 cases (11.3%) had a 
mild MVR, only one case (0.7%) had 
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moderate MVR. We found the Coaptation 
length was statistical significance with mi-
tral valve prolapse, although, and Coapta-
tion length was statistical significance with 
mitral regurge where p-value =0.001, and 
we found when coaptation length (more 
than 4) is the best value to predict mitral 
regurge with sensitivity 100%, Specifity 
72.2%, Positive predictive value (PPV) 70.6, 
Negative predictive value 100% and the ac-
curacy was 92.2%. We found when coapta-
tion length (more than 5) is the best value 
to predict moderate mitral regurge (table 
18) with sensitivity 100%, specificity 59.6%, 
positive predictive value (PPV) 27.6, nega-
tive predictive value 100% and the accuracy 
was 81.5%. Regarding to chordae tendinea 
attached to anterior leaflet in (long axis 
and apical parasternal view) and chordae 
tendinea attached to the posterior mitral 
leaflet in (long axis parasternal view) we 
found no statistical significance between 
patient and control where p-value =0.168, 
0.722, 0.096 respectively. And we found 
statistical significance in chordae tendinea 
attached to posterior mitral leaflet in (api-
cal parasternal view) which increase in con-
trol group where p-value =0.002. This 
agrees with Ortiz et al.(29) who found that 
in MVP patients there was left atrioventric-
ular valve with short chordae the leaflet at-
tached near the apex of the left ventricle. 
Regarding to difference in chordea length 
between chordea tendinea attached to an-
terior mitral leaflet and chordea attached 
to posterior mitral leaflet we found no sta-
tistical significance in long axis and apical 
view p-value=0.363 and 0.124 respectively. 
we found statistical significance between 
mitral regurge and chordea length differ-
ence in apical view p-value=0.049. But we 
found no statistical significance be be-
tween mitral regurge and chordea length 
difference in along axis parasternal view p-
value=0.103. Regarding to Intra papillary 

Muscle distance we found statistical signif-
icance between patient and control group 
as (increase in patient group) where p-
value=0.023, and a significant positive cor-
relation between Intra papillary Muscle dis-
tance and chordae tendinea attached to 
anterior mitral leaflet P-value=0.028 and a 
significant positive correlation between In-
tra papillary Muscle distance and chordae 
tendinea attached to posterior mitral leaf-
let in apical parasternal view (P=0.009. Re-
garding to triangle measurement in apical 
parasternal view we found statistical sig-
nificance between patient and control 
group (decrease in patient group) where p-
value=0.000. Clinical implications: It is 
likely that mitral valve prolapse represents 
a summation of motions of the mitral ring, 
the mitral leaflets, the papillary muscle ap-
paratus, the left ventricular wall and, in-
deed, the whole heart. The abnormalities 
are probably related to, and occur at, the 
time of a specific ventricular size and 
shape. The M mode tracing thus repre-
sents an addition of structural motions and 
images obtained from different portions of 
the valve during its systolic descent. There-
fore, prolapse may or may not be detecta-
ble in echocardiography in an individual pa-
tient. Further, the motion of prolapse may 
at times be outside the examining plane. It 
is therefore possible that echocardiog-
raphy will fail to identify some mitral ab-
normalities of the prolapse type because 
mitral valve motion will appear within the 
normal spectrum. These cases, represent-
ing false negative diagnoses, will require 
diagnosis with previously utilized clinical 
methods. False positive diagnoses also oc-
cur and may cause psychologic damage or 
create non disease. Systematization of the 
criteria for mitral valve prolapse and the 
method of examination, as well as in-
creased awareness of causes of false posi-
tive systolic motion abnormalities, should 
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lessen confusion regarding the incidence 
and meaning of mitral prolapse and reduce 
overdiagnosis in individual patients. 

Conclusion  

Trans-thoracic echocardiography is an ef-
fective imaging modality to evaluate mitral 
valve abnormalities and to assess the se-
verity and the hemodynamic conse-
quences. 
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