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Abstract
Background and Aims: The aim of this study was to evaluate the feasibility, reproducibility and accuracy of Live

Three dimensional Echocardiography (3DE), Two dimensional Echocardiography (2DE) and Three dimensional
Xplane Echocardiography (3D Xplane) for the estimation of mitral valve area (MVA) and to assess which method
has the best agreement with the MVA non- invasively evaluated by the Pressure half time (PHT) method in isolated
rheumatic mitral valve stenosis (RMVS).
Methods: In 40 patients with isolated RVMS in sinus rhythm (29 female) MVA was determined by Doppler PHT
method and compared with measurements obtained by 2DE, Live 3DE and 3D Xplane method. All measurements were
performed by two independent observers.
Results: For both observers mean MVA was calculated minimum with 3DE (observer 1: 0.68±0.19, observer
2: 0.68±0.19 ). Intraobserver variability was least with 3D Xplane method (observer 1 cv 0.23 , observer 2 cv 0.23).
Although there was no significant interobserver variability for each method, it was least for MVA by 3D Xplane method
(difference -0.036) and maximum for 3DE method (-0.098) . Difference of each method with PHT showed lowest
difference with 3D Xplane (-0.30) and highest with 3DE (-0.63).
Conclusions: TTE 3D Xplane provides accurate and highly reproducible measurements of MVA and can easily
be performed from optimal PLAX view and corresponding parasternal short-axis views acquired in the same bisected
image using 3D Xplane technique . It was much easier and faster to define the image plane in short axis with the smallest
orifice area when 3D Xplane method was used.
Key words: 3D Xplane Echocardiography, Live 3D Echocardiography, Mitral valve area, Pressure half time,
Planimetry, Rheumatic mitral valve stenosis
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Rheumatic mitral valve stenosis (RVMS) still remains
an important public health concern in underdeveloped
countries. To define the best therapeutic strategy, clinical
data and accurate measurements of the mitral valve orifice
area are necessary. Two dimensional Echocardiography
(2DE) is the most commonly used method for assessment
of severity of RVMS. 1 Mitral valve area (MVA) can be
measured by Pressure half time (PHT), 2DE planimetry,
continuity equation, and proximal isovelocity surface area
methods.2,3PHT method is affected by changes in preload or
left ventricular compliance. Transmitral gradient, continuity
equation and cardiac catheterization using Gorlin equation
depend upon transvalvular flow and may be affected by
cardiac output and the presence of mitral regurgitation.4
Although planimetry correlates best with anatomic MVA as
assessed by explanted valves, it is highly operator dependent
and sometimes laborious. In addition, planimetry requires a

parasternal short axis view of the mitral valve and is limited to
patients with good image quality from a parasternal window.5
Live Three dimensional Echocardiography (3DE)
provides a unique “en-face” view of the complete mitral valve
apparatus and could, therefore, improve the accuracy of MVA
planimetry.6,7 However, it has not been routinely performed due
to the cumbersome nature of current platforms, prolonged data
acquisition, and offline processing time. With the advent of a new
transthoracic 3D Xmatrix array probe (Philips Epiq 7) that allows
real-time 3D rendering, many of the above limitations could be
circumvented.
The purpose of this study was to determine the
accuracy, feasibility and reproducibility of 3DE for calculating
MVA in patients with isolated RVMS. In addition, the accuracy
of MVA measurement from Live 3DE, 2DE and 3D Xplane
method was compared with values obtained by Doppler PHT
using it as the gold standard.8
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METHODS

Study Design
It was a prospective observational single center study done at
Shahid Gangalal National Heart Centre between June 2016
to October 2016.Two independent experienced investigators
calculated MVA by four methods (Live 3DE, 2DE, 3D Xplane,
PHT) and the average of three consecutive measurements
performed by both investigators was used. Both the Observers
were blinded for test results.
Study Population
A total of 51 patients with isolated RVMS were
enrolled in the study out of which 11 were excluded from the
study and only 40 patients were included in final study. 29
(72.5 %) were females and 13 (32.5 %) were below 20 years.
All the patients were planned for Percutaneous transmitral
commissurotomy (PTMC). Patients with suboptimal images,
heavy mitral valvular calcification, image artifacts precluding the
accurate measurement of MVA, Left ventricle dysfunction,severe
Aortic regurgitation, atrial fibrillation, multivalvular disease, and
prosthetic valve were excluded from the study.
Conventional echo
2DE and continuous wave Doppler were performed with a
Philips Epiq 7 machine with Xmatrix probes. Short axis views of
the mitral valve were obtained from the left parasternal window.
Careful scanning from the left atrium towards the left ventricle
and vice versa identified the smallest orifice of the mitral valve.
Particular care was taken to optimize gain settings. Planimetry of
the mitral valve area was done by manual tracing of the contours
using the diastolic frame with the largest opening amplitude
of the mitral valve. Continuous-wave Doppler recordings of
transmitral blood flow velocities were obtained in the apical four
chamber view. MVA was determined by dividing 220 by the PHT.
Live 3DE
Live 3DE was performed immediately after the 2DE study. Data
were recorded using the aforementioned probe. Live 3DE MVA
was performed by obtaining a Live 3D zoom data set. From
apical four chamber view from the LA side(surgical view). Multiple
cardiac cycles of the mitral valve were recorded using the “zoom”
mode (Figure 1). Live 3DE planimetry was performed “en-face”
at the ideal cross-section of the mitral valve during its greatest
diastolic opening. The ideal cross-section was defined as the most
perpendicular view on the plane with the smallest mitral valve
orifice.9

Figure 2: 2a and 2b showing MVA calculation by 3D planimetry with
live Xplane assistance.

Statistical Analysis
Statistical analysis was carried out using SPSS 20(IBM, USA)
software. All values are expressed as mean ±SD. MVA obtained
with the different methods was compared by analysis of
variance for measurement. Coefficient of variation method
was used to look for intraobserver variability for different
methods of MVA calculation. Bland–Altman method was used
to measure agreement between two metric continuous variables(
interobserver variability).The limits of agreement between MVA
obtained from the 3DE data set, 3D Xplane method and 2DE
planimetric methods with values obtained by Doppler PHT were
assessed by difference in different tests.

RESULTS

Fourty patients with RMVS comprised our study group. Of total
patients 13 (33%) were below 20 yrs,16(40%) between 20 to 40
yrs and 11(27%) above 40 yrs. Males were 11(27.5%) and rest
were females 29(72.5%).
Intraobserver and Interobserver variability of mitral valve area
measurements
For observer 1 mean MVA by 2D planimetry
Figure1: live 3DE mitral valve zoomed view from LA side for mitral valve
was 1.00±.27, PHT 0.97±0.23, 3D Xplane0.92±0.21 and
area measurement
3DE 0.68±0.19 and for second observer mean MVA by 2D
Figure1: live 3DE mitral valve zoomed view from LA side for mitral valve area
planimetry was 1.00±.26, PHT 0.95±0.22, 3D Xplane0.92±0.22
3D Xplane
and 3DE 0.68±0.19. MVA by 3DE was underestimated as
measurement
Optimal PLAX and corresponding
parasternal short-axis views
compared to other methods of MVA measurements. We tested
at mitral valve level were acquired in the same bisected image
for intraobserver variability of MVA for observer 1 and 2 by
using 3D Xplane technique.
coefficient of variation and consistency test. For observer 1
MVA by 3D Xplane and PHT method was the less variable( cv

3D Xplane
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0.23, 0.24)method and more consistent (1-cv 0.75 ,0.76) were
as MVA by 2DE and 3DE were more variable (cv 0.27,0.28)
and less consistent( 1-cv 0.73, 0.71) . For second observer also
MVA by 3D Xplane and PHT method was the less variable( cv

0.23 , 0.24) method and more consistent (1-cv 0.76 ,0.75) were
as MVA by 2DE and 3DE were more variable (cv 0.25,0.28)
and less consistent( 1-cv 0.74, 0.71).The same results have been
shown by scatter plot diagram in fig .3

Table1: Intraobserver variability for each method was tested by Bland- Altman method
N

Minimum

Maximum

Mean

Std. Deviation

cv

1-cv

MVA 2D_1st

40

0.5000

1.5400

1.005750

0.2710274

0.269478

0.730522

MVA PHT_1st

40

0.4000

1.3000

0.971000

0.2362940

0.243351

0.756649

MVA Xp_1st

40

0.5000

1.2000

0.925250

0.2189835

0.236675

0.763325

MVA 3D_1st

40

0.3000

1.0000

0.688650

0.1959897

0.28460

0.7154

MVA2D_2nd

40

0.5000

1.4500

1.006500

0.2607342

0.25905

0.74095

MVAPHT_2nd

40

0.3800

1.2000

0.956750

0.2278595

0.23816

0.76184

MVAXp_2nd

40

0.4000

1.2000

0.925500

0.2247728

0.242866

0.757134

MVA3D_2nd

40

0.3000

1.1000

0.681850

0.1939587

0.284459

0.715541

Table 2: Interobserver difference in MVA calculation by two observer by Bland Altman method
Mean

Std.
Deviation

Std. Error
Mean

95% Confidence Interval of the Difference
Lower

Upper

Difference

MVA2D_1st-MVA2D_2nd

-0.000750

0.1319555

0.0208640

-.0429514

0.041451

-0.0844028

MVAPHT_1st MVAPHT_2nd

0.014250

0.0636452

0.0100632

-.0061047

0.034604

-0.0407094

MVAXp1st - MVAXp_2nd

-0.000250

0.0573110

0.0090617

-.0185789

0.018078

-0.0366579

MVA3D_1st - MVA3D_2nd

0.006800

0.1541965

0.0243806

-.0425144

0.056114

-0.0986289

Figure 3: 3a,3b, 3c and 3d scatter plot diagram showing MVA calculation by different method and intra observer variability
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For each method mean difference and SD was computed and
95%CI of the differences was also calculated, then the lower
limit for each method was deducted from upper limit to find
the difference. Although there was no significant interobserver
variability for each method it was least for MVA by 3D Xplane
method( difference -0.036) and maximum for 3DE method
(-0.098) (Table2).

Table 3 : Showing difference between various methods
of MVA calculation and PHT method by difference in
difference method.

3DE, 2DE and 3D Xplane Versus Doppler PHT method for
MVA measurement
The difference of each method was deducted to difference of
PHT for each observer and then the difference and 2SD was
computed. Although there was no significant difference in each
method with respect to PHT, the lowest difference was found
with 3DXplane (-0.30) and highest with 3DE (-0.63). (Table 3)
The same results have been shown by scatter plot diagram in
fig .4

Difference

2D-PHT

3D Xplane-PHT

3D- PHT

SD

0.142307

0.075717

0.157504

mean(-2sd)

-0.29961

-0.16593

-0.32246

mean(+2sd) 0.269614

0.136934

0.307558

-0.30287

-0.63002

-0.56923

DISCUSSION

To define the best therapeutic strategy in patients with
RMVS, clinical data and accurate measurements of MVA are
necessary. Doppler-based methods are heavily influenced by
hemodynamic variables, left ventricular hypertrophy, and
associated valvular disease. 10-13 Accordingly, methods based
on direct measurement of valvular orifice should be more
accurate. To date, direct measurements of the MVA area can
only be performed using planimetry traced on 2DE images.
However, this method has multiple limitations, the major
one being the correct image plane orientation. Studies have
shown good correlation between Doppler PHT and invasive
method of MVA calculation by Gorlin formula, therefore
we took Doppler PHT as the gold standard method of
MVA for our study. 14 Live 3DE improves the operator’s
ability to perform a well-oriented and accurate MVA
planimetry. 6,7 With the recent advent of Live 3DE, many
of these limitations have been overcome. Live 3DE allows
evaluation of the MVA “en-face.” Additionally, flexibility,
rotation, and orientation of the mitral valve to the desired
plane are easy and independent of the orientation of the
acoustic window where image acquisition is done. There are
several studies in the past showing good agreement between
3DE and invasive method by Gorlin formula. 15,16 But there
are also few studies which doesn’t show good correlation
between 3DE and Doppler 2D methods. 17 Our study
showed that all methods for calculation of MVA are valid
but there was not a good correlation 2DE and 3DE with
Doppler PHT method and intraobserver and interobserver
variability was more for 2DE and 3DE. There are few
studies to support our results that show that MVA can be
slightly underestimated with 3DE. 18
Our study validates that 3D Xplane is the most accurate
echocardiography parameter for measuring MVA using non
invasively determined PHT data as the gold standard. Xplane
technique has an edge over conventional 2D TTE in that it
displays mitral leaflet separation and corresponding planimetered
MVA in same bisected image. The study done by RK Gokhroo
et al also showed that MVA by 3D Xplane method is simple and
reliable method of MS severity.18 Independent analysis of the
results from both observers showed that 3D Xplane planimetry is
the most reproducible, feasible and accurate method to measure
MVA. Furthermore, 3D Xplane measurements have less interand intraobserver variability and provide the best interobserver
agreement for MVA measurement.
Study limitations
One limitation is that the echocardiography delineation of the
MVA is always dependent on the quality of the image. MVA
measurements obtained from 3DE were not compared with
measurements derived from cardiac catheterization and 3D TEE
which could have more better validated our results.

Figure 4: 4a,4b and 4c Showing scatter plot diagram Showing
difference between various methods of MVA calculation
and PHT method by difference in difference method.

Clinical implications
3D Xplane method can improve the assessment of Rheumatic
MVA and severity in patients with discordant results between
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different methods and in clinical scenarios where these methods
are known as not useful (i.e., the early postvalvuloplasty period).
Thus, it is able to replace other non-invasive methods and make
invasive evaluation unnecessary.

CONCLUSIONS

3D Xplane echocardiography is feasible, accurate, and highly
reproducible for estimating MVA in patients with RMVS.
Compared with other currently used modalities,3D Xplane
echocardiography has the best agreement with the other non
invasive methods of MVA measurement. It was a single center
observational study which needs to be extended to other high
volume centers to further validate this observation.
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