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Abstract: We studied 80 subjects : 53 (66.3%) females , mean age 54.68+14.02 years.33(41.25%) hypertensive and diabetics .Atrial
fibrillation , in 35 (43.75%) patients . 53(66.25%) presented with shortness of breath.Vena contracta width 5.80 ± 1.59 mm by 2 d echo
and by 3 d echo 7.66 ± 4.77 , p value 0.001. The Effective Regurgitant Orifice Area with 2 d echo , 33.17 ± 19 mm and with 3 d echo
47.97 ± 21.94 , p<0.001. A 1 , normal in 51 (63.8%) patients with 2d echo : normal only in 29(36.3%) of patients with 3 d echo, p<0.001.
A2, normal in 24 ( 30%) with 3 d echo and normal in 51 (63.8%) with 2 d echo , p<0.001. A3 , normal in 33 (41.3%) by 3 d which was
normal in 52( 62.0%) by 2 d echo. P1 normal with 2 d echo in 63(78.8%) while with 3 d echo in 38(47.5%) of patients , p<0.001. The P2
normal in 69 (86.7%) with 2 d echo while normal in 44(55.0%) of the patients with 3 d. The P3 normal in 70(87.5%) with 2 d echo, in
51(63.8%) of the patients with 3 d echo.
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1. Introduction
The mitral valve is a complex structure1.Mitral regurgitation
is often referred to as organic, if there is an intrinsic valve
disease, or functional, if the valve is structurally normal but
leaks as a result of an extravalvular abnormality, such as an
alteration in left ventricle chamber geometry and/or
dilatation of the mitral annulus that adversely affects normal
coaptation of the mitral valve leaflets during systole . In
contrast to conventional 2 dimensional echocardiography,
which only displays the mitral valve leaflets en face from the
left ventricle perspective, 3D echocardiography enables en
face visualization from both left ventricle and left atrial
perspectives. The latter view is also known as the ‘‘surgical
view,’’ because it resembles the intraoperative image of the
mitral valve after the surgeon, standing on the patient’s right
side, opens the left atrium 2. Despite proven superiority of
three dimensional echocardiography over two-dimensional
echocardiography no Indian studies are available comparing
the two modalities. So we decided to take up this study.

2. Review of Literature
Manuel Martínez-Sellés et al studied 272 patients to
investigate the prevalence of the different causes of severe
mitral regurgitation and the influence of gender on that
prevalence, in their study , 143 were women (52.6%)3 .
Their mean age was 70.2+13.8 years (interval 24- 94 years) .
Hariram Tiwari and Kriengkrai Hengrussamee 4 ,did a
retrospective study in which they analyzed 180 patients with
chronic isolated severe MR determined by two-dimensional

and Doppler echocardiography from January to December
2007 , the mean age was 53 years and 100 patients were men
(56%).
Pizzarello etal 5 in their original study of clinical and
echocardiographic features of isolated severe pure mitral
regurgitation , found coronary artery disease as cause of
mitral regurgitation in 34% of cases , mitral valve prolapse
was found in 48% cases , infective endocarditis was in 12%
of cases and rheumatic heart disease was seen in 6% of the
cases. This reflects the high prevalence of coronary artery
disease since many decades irrespective of geographic
differences . In the study by Hariram Tiwari and
KriengkraiHengrussamee4 , ischemic heart disease was seen
in 28 (16%) of the patients .
R.A. R.A. Pizzarello etal have quoted the several studies that
have shown that rheumatic heart disease is a much less
common cause of MR than was previously reported 5
(Burgess et al., 1973; Mintz et al., 1979; Selzer and
Katayama, 1972;Waller er al., 1982). Waller et al. (1982),
reported that in a series of 97 patients with isolated severe
chronic, pure MR, rheumatic heart disease was the etiology
in only 3% of the cases. They found that mitral valve
prolapse (62 %) and coronary artery disease (30%) were the
most common etiologies.
Ling et al 6 found in their patients that heart failure occurred
in 63%, atrial fibrillation in 30% of patients with mitral
regurgitation. In the study of prevalence and clinical profile
of valvular heart disease in a teaching hospital by D. Radha
Krishnan and V Srinivas7 the mean systolic pressure in
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isolated mitral regurgitation was 125.78 and mean diastolic
pressure was 76.24 mmHg .
PaaladineshThavendiranathan did a study to test the
accuracy of an automated 3-dimensional (3D) proximal
isovelocity surface area (PISA) (in vitro and patients) and
stroke volume technique (patients) to assess MR severity
using real-time volume color flow Doppler transthoracic
echocardiography8 and concluded that Automated real-time
3D volume color flow Doppler based 3D PISA is more
accurate than the 2D PISA method to quantify MR.
Ahmad Zaghlol et al subjected Fifty patients to both 2D and
3D transthoracic color Doppler flow mapping techniques to
assess mitral regurgitation by VC 9. Their studied group of
patients consisted of 50 patients, 28 males and 22 females.
Their age ranged from 45 to 65 years with a mean of
55.1±7.4 years. Thirty patients with ischemic or dilated
cardiomyopathy, 11 patients with rheumatic heart diseases,
and 9 patients with mitral valve prolapse. In patients with
central jet mitral regurgitation, the VC width obtained by 2D
and 3D were nearly equal (0.68+0.22vs 0.65+0.17cm, p=
0.063) and significantly correlated with effective
Regurgitant orifice area EROA (r= 0.548, p= 0.005 and r=
0.747, p= 0.001, respectively). In patients with eccentric jet
of mitral regurgitation, the VC width measured by 2D
overestimated the VC area measured by 3D
echocardiography (0.67+0.168cm vs 0.53+0.174cm, p=
0.040) and this 2D VC width was poorly correlated with
EROA (r= 0.125, P= 0.088). In contrast, the VC area
measured by 3D echocardiography in patients with eccentric
jet of mitral regurgitation correlated well with EROA (r=
0.812, p= 0.002). Conclusions drawn are that Real-time
three dimensional echocardiography provides more accurate
and highly reproducible assessment of VC cross-sectional
area in patients with both central and eccentric mitral
regurgitation than two-dimensional echocardiography.

3. Methods
This study was conducted in the Department of Cardiology
of ‘Sir Ganga Ram Hospital’, New Delhi from June , 2013
to April, 2015. Sample size of 80 was calculated using the
formula (Z²×p×q)/d²) ,p=70% , precision error of estimation
(d) = 0.10 and alpha = 0.05.
All patients underwent a detailed general physical and
clinical cardiological examination. The diagnoses was on the
basis of clinical and two Dimensional Transthoracic
Echocardiographic findings. The mitral valve Leaflets ,
annulus , quantification of mitral regurgitation , were studied

by both modalities. Statistical testing was conducted with
the statistical package for the social science system version
SPSS 17.0. Continuous variables were presented as mean +
SD or median if the data is unevenly distributed. Categorical
variables will be expressed as frequencies and percentages.
For all statistical tests, a p value less than 0.05 was taken to
indicate a significant difference.

4. Results
Out of studied 80 subjects, 27 (33.8%) were males and 53
(66.3%) were females and the mean age was 54.68+14.02
years. Table 1, showing age distribution of patients. Mean
weight of the studied patients was 62.24+9.48 kg and the
mean height was 161.35+7.19 cms. Table 2, showing
etiological distribution of patients.
Table 1: Showing age distribution of patients
Age Groups
<=30 yrs
31 - 50 yrs
51 - 60 yrs
61 - 70 yrs
71 - 80 yrs
Total
Mean ± SD
Min – Max

Frequency
%
3
1.90%
25
15.60%
25
15.60%
21
13.10%
6
3.80%
80
100%
54.68 ± 14.02
19 – 82

Table 2: Showing etilogical distribution of patients
Etiology Males Percentage Females Percentage Total ( %)
Ischemic
13
48.14%
12
22.64% 25(31.25%)
Heart Disease
Rheumatic
1
3.70%
19
35.84%
20(25%)
Heart Disease
Dcmp
2
7.40%
5
9.43%
7(8.75)
Infective
1
3.70%
2
3.77%
3(3.75%)
Endocarditis
Connective
Tissue
1
3.70%
1
1.88%
2(2.5%)
Disorder
Mitral Valve
1
3.70%
2
1.88%
3(3.75)
Prolapse
History Not
8
29.62%
12
22.64%
20(25%)
Available
Total
27
100%
53
100%
80(100%)

The mean systolic pressure of studied subjects was
166.63+22.23 , and mean diastolic pressure was 79.97+801
mmHg. Out of the studied subjects, 6 (7.5%) were
hypertensive , 33(41.25%) were hypertensive and diabetics
and 2(2.5%) were only diabetics. Table 3 : showing various
types of presentation in the patients .

Table 3: Showing various types of presentation in the patients
Asymptomatic
Atrial Fibrillation
Shortness Of Breath
Fever ( Infective Endocarditis)
Chest Pain

Males
4
11
19
1
3

Percentage
14.81%
40.74%
70.37%
3.70%
11.11%

Annulus transverse diameter was found to be 37.29+ 6.68
mm by 2 d echo and 42.75 ± 6.10 mm by 3 d echo p<0.001 .
Vena contracta width was 5.80 ± 1.59 mm by 2 d echo and

Females
8
24
34
2
7

Percentage
15.09%
45.28%
64.15%
3.77%
13.20%

Total (%)
12(15%)
25(31.25%)
53(66.25%)
3(3.75%)
10(12.5%)

by 3 d echo it was 7.66 ± 4.77 , p value being 0.001. The
Effective Regurgitant Orifice Area was calculated by PISA
method with 2 d echo which was found to be 33.17 ± 19 mm
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. It was compared with Anatomic Regurgitant Orifice Area
measurements by 3 d echo which was 47.97 ± 21.94,
p<0.001. Table 4 and 5 showing percentage of excess

mobility, normal mobility, prolapsing, restricted mobility of
A1,A2,A3 and P1,P2,P3 segment of anterior mitral leaflet
and posterior mitral leaflet respectively.

Table 4: Showing percentage of excess mobility, normal mobility, prolapsing, restricted mobility of A1,A2,A3 segment of
anterior mitral leaflet
A1

2D Group
3D Group
P
A2
2D Group
3D Group
P
A3
2D Group
3D Group
P Value
Value
Frequency % Frequency %
Frequency % Frequency % Value
Frequency % Frequency %
EM
10
12.60%
8
10% <0.001 EM
8
10%
6
7.50% <0.001 EM
8
10%
6
7.50% <0.001
N
51
63.80%
29
36.30%
N
51
63.80%
24
30%
N
52
62.00%
33
41.30%
P
4
5.00%
35
43.80%
P
7
8.80%
40
50%
P
7
8.80%
33
41.30%
RM
15
18.80%
8
10%
RM
14
17.50%
10
13%
RM
13
16.30%
8
10%
Total
10
12.60%
80
100%
Total
80
100%
80
100%
Total
80
100%
80
100%

Table 5: Showing percentage of excess mobility, normal mobility, prolapsing, restricted mobility of P1, P2, P3 segment of
posterior mitral leaflet
P1

2D Group
3D Group
P
Frequency % Frequency % Value
EM
4
5%
0
0.0% <0.001
N
63
78.8%
38
47.5%
P
1
1.3%
30
37.5%
RM
12
15.0%
12
15%
Total
80
100%
80
100%

P2

2D Group
3D Group
P
P3
2D Group
3D Group
P
Value
Frequency % Frequency % Value
Frequency %
Frequency
%
EM
3
3.8%
0
0.0% <0.001 EM
3
3.8%
0
0.0% <0.001
N
69
86.3%
44
55.0%
N
70
87.5%
51
63.8%
P
0
0.0%
29
36.3%
P
0
0.0%
23
28.8%
RM
8
10.0%
7
8.8%
RM
7
8.8%
6
7.5%
Total
80
100%
80
100%
Total
80
100%
80
100%

5. Discussion

careful about their health and disease status . This also
reiterates the fact that Regurgitant lesions are tolerated well.

In the present study the maximum number of patients were
in age group 31 – 50 yrs and 51 – 60 yrs , 25 ( 31.20 %) in
each group. Rheumatic heart disease was present in 25% of
the patients of which 1(3.70% ) were males and 19( 35.84%)
were females . This is showing the high prevalence of
rheumatic disease in our Indian scenario and variations in
different ethnic groups .In a report of a WHO Expert
Consultation
on
RHEUMATIC
FEVER
AND
RHEUMATIC HEART DISEASE the prevalence of
physiological valvular regurgitation in normal people varied
by valve: mitral regurgitation was present in 2.4–45% of
normal individuals 10, 11. In the present study rheumatic
heart disease was present in 25% of patients.

Shortness of breath seems to be the commonest presentation
among symptomatic patients. In the present study the mean
systolic pressure was 166.63+22.23 , with a range from 110160 and mean diastolic pressure was 79.97+801 mmHg.
This shows the simultaneous high prevalence of
hypertension. Total 10 (12.5%) of patients presented with
chest pain in our present study. However in present study 12
(15% ) of patients were asymptomatic from cardiac
symptoms point of view. They had presented with other
ailments and were diagnosed as mitral regurgitation while
cardiac evaluation.

In the present study Dilated cardiomyopathy was found in 7
(8.75%) patients : 2 (7.40%) male patients and 5 (9.43%)
females patients and Infective endocarditis was present in
1(3.70%) of males and 2(3.77%) of females , total 3.75% of
patients . Connective tissue disorder was present in 1 each
male and females patient (2.5%) .In the study by Hariram
Tiwari and KriengkraiHengrussamee4 , the causes of MR
were floppy mitral valve 131 (73%), endocarditis 16(9%),
rheumatic disease 12(7%), ischemic heart disease 12(7%),
dilated cardiomyopathy 6 (3%), and an unknown etiology 3
(1%). In the present study Mitral valve prolapse was the
etiology seen in 1 male patient (3.70%) and 2 female
patients (3.77%) , total of 3.75% study subjects. Suman
Bhandari etal 12 in their Valvular Heart Disease : Diagnosis
and Management have quoted that the prevalence of this
entity is 1% to 2.5% of the population.
In the present study history related to cardiac pathology was
not available in 8(29.62%) of male patients and 12(22.64) of
female patients , total 20 (25%) patients , reflecting the large
burden of disease undiagnosed and potentiality of patients
who will present to emergency department with
complications 1st time. In study by Manuel Martínez-Sellés
et the etiology being unclear in 32 patients (11.8%) . It may
be a reflection of a large segment of society not much

In the present study Mitral Valve was reconstructed en face
from the left atrium (LA). AROA was measured by
planimetry from 3D pictures and compared to the EROA by
proximal Isovelocity surface area and proximal MR jet
width from 2D echo.
AltiokE evaluated Direct measurement of anatomic
regurgitant orifice area (AROA) by 3-dimensional
transesophageal echocardiography 13. In 72 patients (age
70.6 ± 13.3 years, 37 men) with mild to severe MR, 3dimensional
transesophageal
echocardiography
and
transthoracic color Doppler echocardiography were
performed to determine AROA by direct planimetry, EROA
by proximal convergence method, and vena contracta area
(VCA) by 2-dimensional color Doppler echocardiography.
AROA determined by direct planimetry was 0.30 ± 0.20
cm², EROA determined by proximal convergence method
was 0.30 ± 0.20 cm².
The prolapse of A1 segment was seen only in 4(5.0%) of
patients with 2 d echo but with 3 d echocardiography it was
seen in 35(43.8%) of patients.
Prolapse of A2 was seen in 40 (50 %) of patients with 3 d
echo which was however seen only 7(8.8%) of the patients
by 2 d echo. Excess mobility and restricted mobility were
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found in less number of patients with 3 d echo 6(7.5%) and
10 (13% ) respectively in contrast to the findings of Excess
mobility and restricted mobility by 2 d echo 8(10%) and 14
(17.5% ) respectively.
A3 Prolapsing segment was seen in 33 (41.3% ) of patients
by 3 d echo and 7(8.8%) of patients by 2 d echo. In
conclusion , 3 d echo appears to be better at picking up the
prolapse segment than 2 d echo and overall prevalence of
prolapsed valve could be higher .
P1 was found to be normal with 2 d echo in 63(78.8%)
patients while with 3 d echo it was normal in 38(47.5%) of
patients , which was statistically significant p<0.001. The P2
segment , in the present study was found to be normal in 69(
86.7%) of the patients with 2 d echo while it was normal in
44(55.0%) of the patients with 3 d echo , which is
statistically significant. The prolapse segment was not seen
in any of the patient with 2 d echo while it was seen in 29
(36.3%) of the patients with 3 d echo. The P3 ,Prolapse
segment was not seen in any of the patients with 2 d echo
while it was seen in 23(28.8%) of the patients with 3 d echo.

6. Conclusions
Statistical difference in vena contracta width , annulus and
effective regurgitant orifice are measurements may enable us
to quantify many more moderate regurgitations as severe
ones leading to need of more number of early interventions .
However more long term studies are required to establish the
standard values on 3D echo. To confirm our findings of
different scallops, large studies are required specially
confirmation of results during surgery. Further large studies
are required for studying various shapes of annulus and its
dynamics . Studies are required to differentiate the different
dimensions of different shapes of vena contracta and their
implications on the assessment of severity and treatment
outcomes. Effective regurgitant orifice are by PISA method
should be done by both 2d echo and 3 d echo for
comparison. Despite extensive search we could not find
detail morphological and mobility study references , which
could have helped us for comparative evaluation.
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