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Background: Mitral regurgitation volume (MRvol) by quantitative pulsed Doppler (QPD) method previously
recommended suffers from geometric assumption error because of circular geometric assumption of mitral annulus
(MA). Therefore, the aim of this study was to evaluate the impact of different geometric assumption of MA on the
assessment of MRvol by two-dimensional transthoracic echocardiographic QPD method.

Methods: This study included 88 patients with varying degrees of mitral regurgitation (MR). The MRvol was
evaluated by QPD method using circular or ellipse geometric assumption of MA. MRvol derived from effective
regurgitant orifice area by real time three-dimensional echocardiography (RT3DE) multiplied by MR velocity-time

Results: Assumption of a circular geometry of MA, QPD-MAs4c and QPD-MAp ax overestimated the MRvol by a
mean difference of 104 ml (P < 0.0001) and 22.5 ml (P < 0.0001) compared with RT3DE. Assumption of an ellipse
geometry of MA, there was no significant difference of MRvol (mean difference = 1.7 ml, P=0.0844) between the

Conclusions: Assuming that the MA was circular geometry previously recommended, the MRvol by QPD-MAa4c
was overestimated compared with the reference method. However, assuming that the MA was ellipse geometry,
the MRvol by the QPD-MAuc + axc has no significant difference with the reference method.

Keywords: Mitral regurgitation volume, Quantitative pulsed Doppler, Real time three-dimensional

Introduction

Mitral regurgitation (MR) is one of the most common
heart-valve disorder, and its prevalence increases with
age [1]. In the clinical decision-making process regarding
mitral valvular lesions, accurate determination of the se-
verity of the MR is of major importance [2, 3]. Echocardi-
ography is the first method of non-invasive assessment of
MR, and mitral regurgitation volume (MRvol) is an im-
portant parameter to evaluate the severity of MR, which
may be calculated by quantitative pulsed Doppler (QPD)
method as previously recommended [4]. However, this

* Correspondence: fwanghao@sina.cn
Department of Echocardiography, The Affiliated Hospital of Qingdao
University, No.16 Jiangsu Road, Qingdao 266003, China

B BMC

method suffers from geometric limitations of two-
dimensional (2D) echocardiography. In the QPD method,
important geometric errors are made in calculating the
cross-sectional area (CSA) of the mitral annulus (MA) be-
cause of the circular geometric assumption (the CSA of
MA was derived as 0.785 d” where d was the diameter of
the MA in the apical four-chamber view) [5]. Recently, a
series of studies have confirmed that MRvol using effective
regurgitant orifice area (EROA) (direct planimetry of EROA
by real time three-dimensional color Doppler echocardiog-
raphy) multiplied by the MR velocity-time integral (VTIyR)
was highly accurate [6—8]. Therefore, the aim of this study
was to evaluate the impact of different geometric assump-
tion of MA on the assessment of MRvol by the traditional
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2D transthoracic echocardiographic (TTE) QPD method,
by comparison with MRvol derived from EROA by real
time three-dimensional color Doppler echocardiography.

Methods

Study population

This study included 88 patients (55 men, 33 women; mean
age, 48.2 + 14.0 years) with varying degrees of MR of dif-
ferent etiologies on color Doppler echocardiography be-
tween October 2011 and August 2017. The etiology of
MR was ischemia in 32, idiopathic dilated cardiomyopathy
in 26, mitral valve prolapse (MVP) in 30. MVP is diag-
nosed in the parasternal long-axis view as systolic dis-
placement of the mitral leaflet into the left atrial of at least
2 mm from the MA plane [4]. Exclusion criteria included
aortic regurgitation or stenosis, mitral stenosis, atrial fib-
rillation, frequent atrial or ventricular premature beats,
congenital heart disease, hypertrophic cardiomyopathy,
and poor general image quality. This study was approved
by the institutional review board of The Affiliated Hospital
of Qingdao University, and all patients underwent echo-
cardiographic examination because of clinical indications
and gave written informed consent.

Echocardiographic examination

2D and real time three-dimensional (3D) echocardiog-
raphy (RT3DE) were performed using the iE33 ultra-
sound system (Philips Healthcare, Amsterdam, The
Netherlands).
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2D TTE: MRvol by QPD method using different geometric
assumption of MA

2D TTE was performed with a S5-1 transducer, and pa-
tients were imaged in the left lateral decubitus position.
The MA diameter was measured between the inner
edges of the base of posterior and anterior leaflets in
early to mid diastole at maximal mitral valve (MV)
opening in the apical four-chamber (A4C), apical two-
chamber (A2C) and parasternal long-axis (PLAX) view
[5, 9]. The left ventricular outflow tract (LVOT) diam-
eter was measured just below the aortic valve in early to
mid systole in the PLAX view [5, 9]. The pulsed Doppler
sample was carefully placed as parallel as possible to the
blood flow in the A4C and apical five-chamber (A5C)
views to obtain the Doppler spectral profiles of the MA
and LVOT. The sample volume was positioned at the
level of the MA and LVOT. The modal velocity profile
on Doppler recordings was traced to obtain the velocity-
time integral (VTI) [5, 9]. Data from three cardiac cycles
was averaged.

MRvol by QPD was calculated as the difference
between MA forward stroke volume (SVy14) and LVOT
forward stroke volume (SVpvor) (Fig. 1), that was
MRvol = SVyia - SVivor. SVivor was calculated as the
VTI of LVOT (VTILyor) multiplied by the cross-
sectional area (CSA) of LVOT (CSA;vor). The LVOT is
circular and the CSAjvor is derived as: md?/4, that is
0.785 d>. Thus, SVivor = 0.785 d* x VT yor, where d is
the diameter of the LVOT in the PLAX view [4].

-
Dist 3.33cm

+ Vmax 82.8 cm/s
Vmean 56.5cm/s
Max PG 3 mmHg'
Mean PG 1 mmHg;
VTl 134 cm‘

MRVOl = SVa - SVivor = 90.75-45.51 = 4524 ml

+ Vmax

Fig. 1 QPD calculations of MRvol assuming that the MA is ellipse geometry. a The diameter of LVOT was measured in the PLAX view, and the
CSALvor was derived as 0.785 d”. d LVOT pulsed Doppler was traced to obtain the VTl yor. Thus, SVivor = 0.785 d? X VTl yor = 0.785 x 2.08% X
13.4=4551ml. b and ¢ The diameter of MA was measured in the A4C and A2C view. The CSA\4 was derived as 0.785 x a x b. @ MA inflow
pulsed Doppler was traced to obtain the VTlya Thus, SVya = 0.785 X a X b X VTlya =0.785 X 3.33 X 2.65 X 13.1 =90.75 ml. In this example of MR,

Dist 2.65cm

77.5 cmis '_

Max PG 2 mmHg
Mean PG 1 mmHg
VTI 13.1 cm
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SVma was calculated as the VTI of MA (VTIya)
multiplied by the CSA of MA (CSAja). Assuming that
the MA is circular geometry (Fig. 2), the CSApa is de-
rived as 0.785 d*. Thus, SVya = 0.785 d* x VTIys, where
d was the diameter of the MA in the PLAX, A4C or
A2C view. Assuming that the MA is ellipse geometry
(Fig. 1), the CSAys is derived as 0.785xaxb. Thus,
SVama = 0.785x a x b x VTIy 4, where a is the diameter of
the MA in A4C and b in A2C view, a in A4C and b in
PLAX view or a in A2C and b in PLAX view [4, 10, 11].

Real-time 3D color Doppler echocardiograpy: MRvol by
RT3DE

3D color Doppler data were acquired immediately after
the 2D TTE using the same system equipped with a fully
sampled matrix-array X3-1 transducer from the apical
view, combining 7 small real-time subvolumes into a lar-
ger pyramidal volume. Nyquist limits were set between
40 and 60 cm/sec to avoid any overestimation or under-
estimation. Patients were asked to hold respiration dur-
ing imaging acquisition.

Three-dimensional color Doppler data sets were ana-
lyzed offline using software (QLAB version 7.1). Using
multiplanar reconstruction of the 3D color Doppler data
sets, a cross-sectional plane through the vena contracta
perpendicular to the jet direction was selected, and the
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cross-sectional plane was then moved along the jet direc-
tion as far as the smallest cross-sectional area [7, 10]. The
EROA was determined using manual planimetry of the
color Doppler flow signal from an en face view, and the
MRvol was calculated as EROA by RT3DE multiplied by
the VTIyr (Fig. 3). An MRvol > 60 ml was used to define
severe MR [4].

Statistical analysis

Continuous data were presented as mean + SD. Categor-
ical data were presented as percentages or absolute
numbers. One factorial analysis of variance was used to
compare the MA diameters measured in different views
and the CSApa calculated using the different geometric
assumption. Pearson’s correlation analysis was performed
to evaluate the relation between QPD and RT3DE mea-
surements of MRvol. Bland-Altman analysis was per-
formed to evaluate the differences in MRvol assessed with
QPD and RT3DE. Differences were considered statistically
significant at P <0.05. Statistical analysis was performed
using MedCalc version 152 (MedCalc Software, Maria-
kerke, Belgium).

Results
Clinical and echocardiographic characteristics of the MR
patients are listed in Table 1.

by QPD-MAa>c = 110.69-86.85 = 23.84 ml

Fig. 2 QPD calculations of MRvol assuming that the MA is circular geometry. a The diameter of LVOT was measured in the PLAX view, and the
CSALvor was derived as 0.785 d”. d LVOT pulsed Doppler was traced to obtain the VTl yor. Thus, SVivor = 0.785 d? X VTl yor = 0.785 x 1.96° X
28.8=286.85ml. b and ¢ The diameter of MA was measured in the A4C and A2C view. The CSAasc was derived as 0.785 x 3.2%, and CSAxc Was
derived as 0.785 x 2.71%. e MA inflow pulsed Doppler was traced to obtain the VTlya Thus, SVasc =0.785 X 3.22%19.2=15433ml, and SVasc =
0.785% 2.71? % 19.2 = 110.69 ml. In this example of MR, MRvol by QPD-MAsc = SVauc - SVivor = 154.33-86.85 = 67.48 ml, and MRvol
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EROA by 3D = 0.28cm?

-

VTIyr =150 cm, MRvol =0.28 x 150 =42 mL

Fig. 3 MRvol calculated as EROA by RT3DE multiplied by the VTlyg. The 3D color Doppler data was manually cropped by the cross-sectional
plane perpendicularly to the regurgitant jet direction up to the smallest cross-sectional area of the regurgitant jet. The EROA was determined
using manual planimetry of the color Doppler flow signal from an en face view. Example of a MR patient: EROA = 0.28 cm?,

Vmax 432 cmi/s 4
Vmean 304 cmi/s§ f
Max PG 75 mmHg
Mean PG 43 mmHg

VTI 150 cm

Table 1 Patient characteristics (n = 88)

Variable Value

Age (y) 482+ 140
Men/women 55/33

Heart rate (beats/min) 748+ 138
Systolic BP (mm Hg) 1125+187
Diastolic BP (mm Hg) 73.1+95
LVEDD (cm) 59+ 1.1
LVESD (cm) 45+15
LVEF (%) 531+185
LVOT diameter (mm) 20+0.1
VTlyor (cm) 173450
VThaa (cm) 179454
VTlyg (€M) 131.1+299
EROA by RT3DE (cm?) 033£0.14

BP Blood pressure, LVEDD Left ventricular end-diastolic diameter, LVESD Left
ventricular end-systolic diameter, LVEF Left ventricular ejection fraction, EROA
by RT3DE The EROA was measured by manual planimetry of the 3D color
Doppler signal; Data are expressed as mean + SD or as number

Comparison of MA diameter in different views and CSAya
based on different geometric assumption

As listed in Table 2, ANOVA showed significant differ-
ences among the 2D TTE diameters of the MA in three
different views. The MA diameters in PLAX view were
larger than the MA diameters in A4C or A2C view
(MAprax Vs MAsc or MAjoc: 3.0+0.4 vs 29+ 0.4 or
2.7 £ 0.3, P<0.001). As for CSA of the MA, the CSAp;ax
derived from circular geometric assumption was larger
than CSA p4c and CSA poc or CSAppax + aacy CSAprax
azc and CSAauc, aac derived from ellipse assumption
(P<0.001 for all).

Assumption of a circular geometry of MA, MRvol by QPD

compared with reference method

Compared with MRvol by RT3DE, MRvol by QPD-
MA p4c and QPD-MA 4 ,c showed good correlation (r =
0.822, P <0.0001; r=0.805, P<0.0001), while MRvol by
QPD-MAp; ax demonstrated poor correlation (r = 0.574,
P <0.0001). QPD-MAp;ax and QPD-MAa4c overesti-
mated the MRvol by a mean difference of 22.5ml (P <
0.0001) and 10.4 ml (P < 0.0001) compared with RT3DE
(Fig. 4). However, QPD-MA ,c underestimated the
MRvol by a mean difference of 5.5 ml (p =0.0002) com-
pared with RT3DE (Fig. 5).
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Table 2 Results of ANOVA analysis for MA diameter and CSAya

Variable Value ANOVA analysis
F P
MA diameter (cm)
MAp| ax 30+ 04 18471 <0.001
MApsc 29+ 04
MAaac 2.7 £03
Circular assumption (sz)
CSApLAX 71£19 9.992 <0.001
CSAuac 6.6 £ 1.7
CSApac 57412
Ellipse assumption (cm?)
CSApLAX + A4C 68 £ 1.6
CSApLAX + A2C 63+ 14
CSAp4C + AC 6.1+13

MApax, MApsc and MA4>c diameter The MA diameter was measured in PLAX,
A4C and A2C view, CSAp ax The CSA of MA was calculated from the MA
diameter in PLAX view using circular geometric assumption (CSA = 0.785 d?),
CSApiax + aac The CSA of MA was calculated from the MA diameter in PLAX and
A4C view using ellipse assumption (CSA =0.785 x a X b)

Assumption of a ellipse geometry of MA, MRvol by QPD
compared with reference method

MRvol by QPD-MAppax + asc and QPD-MAppax 1 aac
demonstrated good correlation compared with
RT3DE(r=0.789, P<0.0001; r=0.776, P<0.0001).
QPD-MApiax + asc and QPD-MAp;ax + aoc Overesti-
mated the MRvol by a mean difference of 15.2ml (P<
0.0001) and 6.8 ml (P=0.0002) when compared with
RT3DE. As for QPD-MAasc, a2c, there was better
correlation compared with RT3DE (r=0.905, P<
0.0001), and the Bland-Altman analysis revealed no
significant difference (mean difference=1.7ml, P=
0.0844) (Fig. 6). The correlation and difference be-
tween MRvol measured by QPD and RT3DE is sum-
marized in Table 3.
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Categorizations of MR severity according to different
methods

On the basis of MRvol by RT3DE, 19 (21.6%) patients
had severe MR (MRvol > 60 ml). Assuming that the MA
is circular geometry, 42 (47.8%) patients had severe MR
based on QPD-MApiax, 31 (35.2%) patients had severe
MR based on QPD-MA p4c, and 12 (13.6%) patients had
severe MR based on QPD-MA s,c. Assuming that the
MA is ellipse geometry, 40 (45.4%) patients had severe
MR based on QPD-MAppax + aacr 28 (31.8%) patients
had severe MR based on QPD-MAp; ax + a2c, and 22
(25%) patients had severe MR based on QPD-MA s4c
A2C-

Compared with MRvol by RT3DE, MR severity using
QPD-MAp ax, QPD-MAjac, QPD-MAppax . asc, and
QPD-MAbpax + a2c Were overestimated in 23 (26.1%)
patients, in 12 (13.6%) patients, in 21 (23.8%) patients,
and in 9 (10.2%) patients, respectively, and MR severity
using QPD-MApc was underestimated in 7 (10.2%)
patients. Although MR severity using QPD-MAa4c ; a2c
was overestimated in 3 (3.4%) patients, Chi-squared re-
vealed no significant difference (P = 0.724).

Discussion
The main finding of this study was that compared with
the MRvol using EROA by RT3DE multiplied by the
TVImgr, the MRvol was overestimated significantly by
the 2D TTE QPDj4c method previously recommended
[2, 4]. The overestimates were caused by the circular
geometric assumption of the MA, which led to the CSA
aac and corresponding SVya being overestimated. In
our study, assumption of an ellipse geometry of MA,
MRvol calculated by QPDayc ; a2c showed better correl-
ation (r=0.905, P < 0.0001) and had no significant differ-
ence (mean difference =1.7 ml, P =0.0844) with MRvol
by RT3DE.

MRvol by QPD is simple in theory. Stroke volume
(SV) at aortic valve or MV is derived as the product of

>
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y=7.458+1.067 x
r= 0.822, P<0.0001

MRvol by QPD

20 40 60 80
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between MRvol by QPD-MAa4c and RT3DE

Fig. 4 Assumption of a circular geometry of MA, linear regression plot and Bland-Altman plot showing correlations (a) and agreement (b)
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Fig. 5 Assumption of a circular geometry of MA, linear regression plot and Bland-Altman plot showing correlations (a) and agreement (b)
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CSA and VTI of flow at the LVOT or MA. In the absence
of MR, SV determinations at LVOT and MA are equal. In
the presence of MR, without any intracardiac shunt, the
flow through MA is larger than through the LVOT. The
difference between the two represents the MRvol [12]. For
MRvol by QPD method, it is very important to accurately
evaluate the CSApa and CSA;vot. The calculation method
of CSALvor is nearly consistent (CSApvor = nd?/4, where
d was the diameter of the LVOT in the PLAX view) (2, 4,
9]. However, the calculation method of CSAys4 is contro-
versial [5]. The MA diameter was measured in the A4C
view and the CSAp s was derived as 0.785 d? (where d is
the MA diameter in A4C) assuming that the MA is circular
geometry as previously recommended [4, 9]. However, pre-
vious studies have been demonstrated that the MA has a
saddle-shaped contour [13] and the CSA of the MA are
oval, with the major and minor diameter [5, 14, 15]. Ren
et al. [5] studied geometric errors of the MA by RT3DE.
They found that the MA geometry was oval in the 3D en
face views with a significant difference between the major
and minor diameters. The 2D diameters of the MA 54 was
significantly different from both the major and minor diam-
eters. Assuming that the MA was circular geometry, the
CSA of the MApyc by 2D TTE overestimated the CSA

compared with RT3DE [5]. In our study, the QPD-MApy ox
and QPD-MA p,4c overestimated the MRvol (mean differ-
ence =22.5ml, P < 0.0001; mean difference = 104 ml, P <
0.0001) and QPD-MA,sc underestimated the MRvol
(mean difference =5.5ml, P=0.0002) compared with the
MRvol by RT3DE. A possible reason is that the 2D
MAp ax and MA,yc diameters may approach the 3D
major diameters, and the MA,c may be close to the 3D
minor diameters as previous findings [5, 16]. Based on the
assumption of circular geometry, the monoplanar measure-
ments of MA diameter and false geometric assumption are
crucial factors of error using the 2D TTE QPD method.
This error is important because the MA diameter is
squared to derive the CSAya in the geometric circular as-
sumption formula, which result in an overestimation of the
CSAppax and CSApuc and an underestimation of the
CSApoc. Because of these, the corresponding SVya calcu-
lated by CSAppax or CSAqyc is overestimated, and the cor-
responding SV calculated by CSAz»c is underestimated.
Consequently, the QPD-MAp; ox and QPD-MA »4c overes-
timated the MRvol and QPD-MA o,c underestimated the
MRvol, which may cause over- or underestimation of MR
severity. In our present study, compared with MRvol by
RT3DE, MR severity using QPD-MAppax and QPD-

¥=5.500+0.914 x
r= 0.905,

A 120
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100 |

80
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Fig. 6 Assumption of an ellipse geometry of MA, linear regression plot and Bland-Altman plot showing correlations (a) and agreement (b)
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Table 3 Results of Pearson’s correlation and Bland-Altman analysis for MRvol by QPD and reference methods
Method MRvol (ml) Pearson’s correlation analysis Bland-Altman analysis
r p Mean difference (ml) 95% limits of agreement (ml) p
Circular assumption
QPD-MAp ax 664 + 41.1 0.574 <0.0001 22.5 —436 ~ 886 <0.0001
QPD-MAp4c 543 £276 0.822 <0.0001 104 -206 ~ 414 <0.0001
QPD-MAp>c 384 £ 206 0.805 <0.0001 -55 =317 ~ 20.2 0.0002
RT3DE 439+ 213
Ellipse assumption
QPD-MAp| ax + aac 59.1 £ 295 0.789 <0.0001 152 -205~ 510 <0.0001
QPD-MAp ax + A2 506 £ 256 0.776 <0.0001 6.8 -249 ~ 385 0.0002
QPD-MApac + aac 456 £ 215 0.905 <0.0001 1.7 -16.6 ~ 20.1 0.0844

QPD-MAp ax MRvol was measured by QPD using circular geometric assumption, and the MA diameter was measured in PLAX view, QPD-MAp ax + aac MRvol was
measured by QPD using ellipse assumption, and the MA diameter was measured in PLAX and A4C view, RT3DE MRvol was measured using EROA multiplied by

the VTlyr

MApqc were overestimated in 23 (26.1%) patients and in
12 (13.6%) patients, respectively, and MR severity using
QPD-MA 5, was underestimated in 7 (10.2%) patients.

Based on that the MA is oval with the major and
minor diameters previously demonstrated [5, 14, 15]. In
this study, assuming that the MA was ellipse geometry,
there was no significant difference of MRvol (mean dif-
ference = 1.7 ml, P = 0.0844) between the QPD-MA asc .
Azc and the RT3DE. This is because the MA o4 diame-
ters may approach the 3D major diameters, and the
MA poc may be close to the 3D minor diameters. The
CSApa calculated by 2D MAsoc and MApyc diameters
using ellipse geometric assumption formula (CSAp, =
0.785 x a x b) may be closer to the real CASy;5, which
led to an accurate evaluation of corresponding SVya
and MRvol by QPD-MA a4c ; a2c and may more accur-
ately assess MR severity. In our present study, although
MR severity using QPD-MA p4c ; a2c Was slightly overes-
timated in 3 (3.4%) patients, Chi-squared revealed no
significant difference (P=0.724). Since the MAprax
diameter was larger than the MAayc (3.0 £0.4 vs 2.9 +
04, P < 0.001), which resulted in the fact that the
CSApLax + aoc Was larger than the CSAa4c ; a2, the cor-
responding MRvol by QPD-MAp;ax s a2c Was overesti-
mated (mean difference = 6.8 ml, P=0.0002) compared
with the RT3DE. As for the overestimation of MRvol
(mean difference=152ml, P < 0.0001) by QPD-
MAbp1 Ax + aac, this could be related to the fact that the
MA p4c diameter was larger than the MApoc (2.9 +0.4
vs 2.7 £0.3, P < 0.001), which led to an overestimation
of the corresponding CSA ppax.asc and SVya, thus
overestimating the MRvol. The smaller difference of the
result between the MRvol by QPD-MAs4c, a2c and
RT3DE was probably because the MA has an elliptic
shape with a saddle-shaped 3D structure, and there are
dynamic changes in its shape and position in different
diseases during the cardiac cycle [17-20].

Previous study by Lewis JF observed a high correlation
between thermodilution- derived stroke volume and
Doppler-determined mitral inflow volume, and did not find
significant difference between the use of assumption of a
circular geometry of MA from the A4C view and the use of
assumption of an ellipse geometry of MA from the A4C
and A2C views [21]. However, the study by Rokey R found
that the average regurgitant volume by the Doppler method
(6.04 +£3.091/min), assuming that the MA was circular
geometry from the A4C view, was slightly higher than that
obtained by angiography (5.33 + 3.48 1/min), although not
significant [22]. Similar results were obtained in study by
Enriquez-Sarano M in which the assumption of a circular
geometry of MA from the A4C view by the Doppler
method mildly overestimated the MA stroke volume and
significantly overestimated regurgitant volume [23]. Most
of the earlier studies of Doppler method was mainly based
on the standard angiographic grading method, which is
subjective and influenced by many factors, including cath-
eter position, rhythm disturbances, amount and velocity of
dye injected, chamber size, and radiogram penetration [24].
Even the quantitative angiography, which makes use of left
ventriculographic stroke volume for mitral valve flow and
thermodilution for cardiac output, has conspicuous limita-
tions. The error of cardiac output measurement is between
5 and 10% for thermodilution and between 10 and 15% for
angiography, leading to a greater error when they are com-
bined into the MR [24].

Echocardiography is the most commonly method for
evaluating MR severity, and the QPD method has been
successfully introduced into routine clinical practice for
assessment of MR severity [4]. The QPD method is
based on accurately evaluating the CSAy;4 and CSAp.
vor- The MA diameter was measured in the A4C view
and the CSAy, was derived as 0.785 d° assuming that
the MA is circular geometry as previously recommended
[4]. Unfortunately, the human left heart and mitral valve
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do not provide the ideal conditions for the application of
assumption of a circular geometry of MA, which eventu-
ally diminish the accuracy of assessment of MR severity.
Previous studies have been demonstrated that the MA
has a saddle-shaped contour and the CSA of the MA are
oval [5, 13-15]. Therefore, our aim of the present study
is to find the appropriate geometric model and the opti-
mal MA diameters combination for traditional 2D TTE
through systematic research, so as to measure the MRvol
by 2D TTE QPD more accurately. To the best of our
knowledge, no clinical studies have assessed the impact
different geometric assumption of MA on the assess-
ment of MRvol by QPD. This study showed that the
QPD-MA4c overestimated the MRvol assuming that
the MA was circular geometry as previously recom-
mended, and assuming that the MA is ellipse geometry,
the MRvol with QPD-MA a4c , aoc correlated well and
had good agreement compared with MRvol using EROA
by RT3DE multiplied by the VTIy;z. The QPD-MAayc
azc provided more accurate assessment of MRvol using
ellipse assumption of MA than the QPD-MA 54c apply-
ing circular assumption previously recommended.

Limitations

First, a limitation of a true gold standard for calculating
MRvol was absent in the present study. In this study, the
MRvol derived from EROA by RT3DE multiplied by the
VTIyr was used as the reference method, which has
been documented as an accurate method [6, 7], and
some studies have used it as reference method [10, 25].
However, RT3DE has limited spatial resolution of the re-
constructed image, which may lead to biased results
[26]. Second, this study did not evaluate the dynamic
changes of 3D structure and CSA of the MA in different
diseases and cardiac cycles. Third, in this study, the rela-
tionship between 3D MA diameters and 2D diameters in
different views, as well as the geometry of LVOT were
not evaluated, which may add to further errors in calcu-
lating MRvol by QPD. Fourth, this present study did not
address the significance to stratify the results in primary
and secondary MR, and further researches and follow-up
data are necessary to explore. Finally, further studies are
needed to confirm the results of MRvol by QPD-
MAaac + aac based on ellipse assumption of MA.

Conclusion

Assuming that the MA is circular geometry as previously
recommended, the MRvol by 2D TTE QPD-MA p4c was
overestimated compared with the MRvol derived from
EROA by RT3DE multiplied by the VTIyz. However, as-
suming that the MA was ellipse geometry, the MRvol by
the 2D TTE QPD-MA s4c . a2c Was accurate compared
with the reference method.
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