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Background Left atrial (LA) volume is a prognostic index in chronic mitral regurgitation (MR). However, little is known
about LA function in this setting. We hypothesized that LA dysfunction is related to pulmonary hypertension in chronic MR.

Methods Seventy-one patients with organic chronic MR who underwent real-time 3-dimensional transthoracic
echocardiography (RT3DE) were studied. Left atrial volumes and peak passive and active LA emptying rates were obtained.
Total LA emptying fraction was calculated as follows: [(maximum − minimum LA volume)/maximum LA volume] × 100. Similarly,
active and passive LA emptying fractions were calculated. From transmitral flow, the peak early (E) and late (A) diastolic filling
velocities and E/A ratio were obtained. The early (E′) and late (A′) diastolic myocardial velocities were obtained by tissue
Doppler interrogation of mitral annulus.

Results Effective regurgitant orifice area (EROA) was 0.57 ± 0.29 cm2. Right ventricular systolic pressure (RVSP) was
measured in 57 patients and averaged 37 ± 13 mm Hg. Patients with MR and high RVSP displayed higher minimum LA volume,
E/A ratio, E/E′ ratio, EROA, and MR volume, and lower A′ velocity, peak active LA emptying rate, active LA emptying fraction,
and total LA emptying fraction than patients with MR and normal RVSP. Multiple regression analysis revealed that EROA
(r = 0.51, P = .01) active LA emptying fraction (r = −0.53, P = .02), E/E′ ratio (r = 0.50; P = .04), and the lateral A′ velocity
(r = −0.46; P = .003) were independently correlated with RVSP.

Conclusions Left atrial function determined by RT3DE had significant correlation with RVSP in chronic MR, irrespective of
MR severity. Thus, pulmonary hypertension in chronic MR may depend not only on MR severity but also on LA function. (Am
Heart J 2009;158:309-16.)
Left atrial (LA) volume has been recognized as an
independent prognostic index in diverse conditions, such
as heart failure,1 myocardial infarction,2,3 and lone atrial
fibrillation.4 Moreover, LA enlargement has important
prognostic implications in mitral regurgitation (MR). Left
atrial dimension predicts atrial fibrillation occurrence
both before5 and after surgery6 and survival after surgery.7

As LA enlargement was identified as a prognostic index in
MR, further studies used more accurate measurements of
LA size. The LA volume measured by 2-dimensional
echocardiography could predict the occurrence of atrial
From the Department of Cardiovascular Medicine, Cleveland Clinic, Cleveland, OH.
Submitted February 27, 2009; accepted May 25, 2009.
Reprint requests: Takahiro Shiota, MD, Department of Cardiology, Cedars-Sinai Medical
Center and David Geffen School of Medicine, University of California, Los Angeles, CA,
90035.
E-mail: shiotat@cshs.org
0002-8703/$ - see front matter
© 2009, Mosby, Inc. All rights reserved.
doi:10.1016/j.ahj.2009.05.030
fibrillation8 and the combined end point of death or mitral
surgery in MR.8 However, LA function has not been
addressed in such studies. Real-time 3-dimensional echo-
cardiography (RT3DE) provides both reliable measure-
ments of LA volume, when compared to magnetic
resonance,9,10 and LA time-volume curves, which can be
used to estimate LA function.11,12 The LA volume
measured by RT3DE has been recently recognized as a
predictor of clinical outcomes in heart failure.13

Pulmonary hypertension is a current criterion for mitral
valve repair in asymptomatic patients with severe MR.14

Furthermore, mitral valve repair is becoming more
frequent in asymptomatic patients well before symptoms
or left ventricular (LV) dysfunction may develop.15

Therefore, it is critical to understand the factors involved
in the hemodynamic deterioration in patients with
chronic MR. The development of pulmonary hypertension
in chronic MR is not entirely understood, and LA function
may be an important contributor to this process. There-
fore, we hypothesized that LA function may be related to
pulmonary hypertension in chronic MR.
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Figure 1

RT3DE LA volume measurement. A, Quad screen display of the Q-Lab analysis software (left panel) and TomTec software (right panel) showing
semiautomatic tracing of LA endocardial border for LA volume calculation. B, Representative example of LA time-volume curve derived from RT3DE.
Note the definitions of total, passive, and active LA stroke volumes. C, Graph obtained by deriving the time-volume curve in B. The peak passive (a)
and active (b) LA emptying rates represent the maximal slopes of time-volume curve of respective phases.
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Methods
Patients
We retrospectively examined data from all consecu-

tive adult patients with chronic isolated MR due to
organic mitral valve disease who underwent RT3DE in
our echocardiographic laboratory between January
2007 and December 2008. Within the study period,
104 patients who met eligibility criteria underwent
RT3DE imaging. Of these, patients with any of previous
valvular surgery (n = 2), LV hypertrophy (n = 2), atrial
fibrillation (n = 4), inadequate mitral inflow or tissue
Doppler interrogation (n = 10), concomitant aortic
regurgitation (n = 3), or inadequate apical RT3DE
imaging (n = 12) were excluded from analysis. The data
presented were abstracted from our echocardiography
database that is approved by the Institutional Review
Board for clinical research at Cleveland Clinic (Cleve-
land, OH).

Echocardiography
Studies were performed through phased-array, commer-

cially available, ultrasound systems (iE33, Philips, And-
over, MA, or Vivid7, GE Medical Systems, Milwaukee, WI),
equipped with 2.5 MHz phased-array and 2- to 4-MHz 4



Table I. Clinical characteristics of study patients

Total (n = 71)

Age (y) 56.5 ± 11.5
Body mass index (kg/m2) 24.5 ± 3.9
Male 51 (71.8%)
Etiologies:
Mitral valve prolapse 64/71 (90%)
Anterior leaflet 4/64 (6.3%)
Posterior leaflet 29/64 (45.3%)
Bileaflet 31/64 (48.4%)
Flail 33/64 (51.6%)

Anterior leaflet 1/33 (3%)
Posterior leaflet 32/33 (97%)

Rheumatic disease 2/71 (3%)
Healed infective endocarditis 3/71 (4%)
Occlusive vasculopathy 1/71 (1.5%)
Fen-phen related valvular disease 1/71 (1.5%)
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matrix-array transducers. Cardiac dimensions were mea-
sured in accordance with the American Society of
Echocardiography recommendations.16 M-mode echocar-
diography was used to measure LA diameter and LV end-
diastolic and end-systolic diameters. The LV ejection
fraction was determined by modified Simpson's rule
with images obtained from apical 4- and 2-chamber
views. Pulsed wave Doppler was obtained in apical 4-
chamber view, positioned at the mitral leaflet tips. From
transmitral recordings, the peak early (E) and late (A)
diastolic filling velocities, E/A ratio, and E-wave decelera-
tion time were obtained. Right ventricular systolic
pressure (RVSP) was derived from continuous wave
Doppler interrogation of tricuspid regurgitation. Right
atrial pressure was estimated on the basis of inferior vena
cava size and inspiratory collapse, in accordance with the
American Society of Echocardiography recommenda-
tions16 and previous works of the literature.17,18

Mitral valve prolapse was defined as displacement of
one or both leaflets into the LA beyond the mitral annulus
level during systole. The severity of MR was assessed by
quantitative Doppler by the proximal isovelocity surface
area method.19 Mitral regurgitation severity was also
semiquantitatively assessed and classified into I to IV
according to American Society of Echocardiography
criteria.20

Tissue Doppler imaging of the mitral annulus level was
obtained at the septal and lateral positions. Maximal early
(E′) and late (A′) diastolic myocardial velocities were
obtained. Echocardiograms were stored digitally and
reviewed off-line with software (Prosolv Cardiovascular
Analyzer, Problem Solving Concepts, Indianapolis, IN).
Real-time 3-dimensional echocardiography was per-

formed in apical views. Three-dimensional LA images
were taken by wide-angled acquisition (full-volume
method) during end expiration. Off-line softwares (Q-lab
system, Philips; 4D LV Cardio-view, TomTec, Munich,
Germany) were used for displaying and quantifying
3-dimensional images. The LA volume was measured
using a semiautomatic tracing of endocardial border at
each frame during one cardiac cycle (Figure 1, A).21

Automatic tracings were manually modified if correction
was needed. Left atrial appendage and pulmonary vein
entrance were excluded from LA volume calculations.
Time-volume curves were obtained (Figure 1, B), and the
maximal slope during passive and active LA emptying
were expressed as peak passive and peak active LA
emptying rates, respectively (Figure 1, C). From LA time-
volume curves, maximum LA volume, minimum LA
volume, and LA volume before LA contraction were
determined. The following indexes of LA function were
calculated according to previous studies.12,21 Total LA
emptying fraction was calculated as follows: [(maximum
LA volume − minimum LA volume)/maximum LA volume]
× 100. Active LA emptying fraction was calculated as
follows: [(precontraction LA volume − minimum LA
volume)/precontraction LA volume] × 100. Passive LA
emptying fraction was calculated as follows: [(maximum
LA volume − precontraction LA volume)/maximum LA
volume] × 100.

Statistical analysis
Calculations were done using commercially available

statistical software (GraphPad Prism 3.02, GraphPad
Software, La Jolla, CA, and MedCalc 9.2.0.2, MedCalc
Software, Mariakerke, Belgium). Continuous variables
were expressed as mean ± SD, and discrete variables
were presented as percentages. All echocardiographic
variables passed standard tests of normality (Kolmogorov-
Smirnov test) allowing the use of parametric tests.
Comparisons between patients with and without elevated
RVSP were performed by unpaired Student t test. Each
variable was tested for correlation with RVSP by simple
linear regression analysis (Pearson's correlation). All
variables with significant univariate association with
RVSP were entered in a multivariate stepwise regression
analysis with RVSP as the dependent variable. Intraobser-
ver and interobserver variabilities were carried out by
Bland-Altman analysis and concordance correlation coeffi-
cient analysis. The null hypothesis was rejected at P b .05.
The authors are solely responsible for the design and
conduct of this study, all study analyses, the drafting and
editing of the paper, and its final contents.

This study was supported in part by the National Space
Biomedical Research Institute through NASA NCC 9-58,
Houston, TX.

Results
Patient characteristics
Population characteristics are summarized in Table I. The

population studied consistedof 71patients,mostlymale and
middle-aged. Most patients presented with mitral valve
prolapse involving the posterior leaflet or both anterior and



Table II. Two-dimensional echocardiographic characteristics of
study patients

Total
(n = 71)

Normal RVSP
(n = 32)

High RVSP
(n = 25)

LA diameter (cm) 4.70 ± 0.67 4.57 ± 0.77 4.89 ± 0.59
LA area (cm2) 29.2 ± 6.4 28.4 ± 6.8 30.5 ± 6.0
LV end-diastolic
diameter (cm)

5.79 ± 0.63 5.75 ± 0.61 5.72 ± 0.67

LV end-systolic
diameter (cm)

3.25 ± 0.61 3.24 ± 0.63 3.23 ± 0.64

LV end-diastolic
volume (mL/m2)

78.3 ± 19.0 75.4 ± 17.8 83.3 ± 20.9

LV end-systolic volume
(mL/m2)

18.5 ± 7.1 18.7 ± 7.1 17.9 ± 7.1

LV ejection fraction (%) 76.2 ± 7.1 75.0 ± 7.3 78.4 ± 6.7
E (cm/s) 122.0 ± 33.2 107.7 ± 29.8 140.0 ± 31.9⁎
A (cm/s) 74.3 ± 22.4 70.5 ± 18.5 78.9 ± 26.5
E/A ratio 1.77 ± 0.72 1.55 ± 0.49 2.07 ± 0.92†

E-wave deceleration
time (ms)

198.4 ± 56.9 191.0 ± 58.2 208.7 ± 55.9

E′ average (cm/s) 10.4 ± 2.9 10.1 ± 2.6 10.2 ± 2.9
E/E′ ratio 12.5 ± 5.0 11.1 ± 3.4 14.6 ± 5.9†

Septal A′ (cm/s) 9.7 ± 2.9 10.6 ± 2.8 8.2 ± 2.6†

Lateral A′ (cm/s) 10.5 ± 3.3 11.7 ± 2.9 8.8 ± 3.2⁎
EROA (cm2) 0.57 ± 0.29 0.45 ± 0.22 0.79 ± 0.28⁎
MR volume (mL) 79.5 ± 38.9 66.7 ± 36.8 106.7 ± 31.7†

⁎ P b .001 versus normal RVSP.
† P b .01 versus normal RVSP.

Table III. RT3DE characteristics of study patients

Total
(n = 71)

Normal
RVSP (n = 32)

High RVSP
(n = 25)

Maximum LA volume
(mL/m2)

49.9 ± 15.8 47.5 ± 15.1 53.4 ± 17.2

Minimum LA volume
(mL/m2)

26.7 ± 11.9 23.2 ± 10.4 31.9 ± 12.7⁎

Precontraction LA
volume (mL/m2)

35.4 ± 12.7 32.8 ± 12.5 38.6 ± 13.6

Peak passive LA
emptying rate (mL/s)

−224 ± 99 −234 ± 87 −215 ± 102

Peak active LA emptying
rate (mL/s)

−169 ± 80 −177 ± 77 −134 ± 67†

Total LA emptying
fraction (%)

47.8 ± 12.5 52.7 ± 11.0 41.1 ± 10.9‡

Active LA emptying
fraction (%)

27.0 ± 11.0 30.7 ± 10.2 20.3 ± 9.7‡

Passive LA emptying
fraction (%)

29.4 ± 9.8 31.9 ± 9.9 27.3 ± 8.1

⁎ P b .01 versus normal RVSP.
† P b .05 versus normal RVSP.
‡ P b .001 versus normal RVSP.
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posterior leaflets. In almost half of the patients, a flail of
at least one of the scallops of the posterior leaflet was
present (Table I).

Two-dimensional echocardiographic characteristics
All patients had LV ejection fraction N50%. Mitral

regurgitation was graded as follows: II, 4; II to III, 3; III,
16; III to IV, 16; and IV, 32. Effective regurgitant orifice
area (EROA) was 0.57 ± 0.29 cm2. Right ventricular
systolic pressure was measurable from adequate tricuspid
regurgitation spectra in 57 patients and averaged 37.3 ±
12.9 mm Hg. There were 25 patients with elevated RVSP
(N35 mm Hg) according to current criteria.18 There was
no significant difference in gender proportion between
patients with elevated RVSP (18 males/7 females) and
normal RVSP (22 males/10 females, P = .79). Patients
with elevated RVSP had greater EROA and MR volume
than patients with normal RVSP. They also had larger
E/A ratio, E-wave velocity, and E/E′ ratio and lower lateral
and septal A′ than patients with normal RVSP (Table II).
There was no significant difference regarding age (57.4 ±
11.8 vs 58.5 ± 10.8 years) or body mass index (24.0 ±
4.6 vs 24.2 ± 3.2 kg/m2) between patients with and
without elevated RVSP.

Left atrial function by RT3DE
Left atrial volume. Minimum LA volume was larger in

patients with elevated RVSP than in patients with normal
RVSP (Table III, Figure 2).
The LA volumes showed significant correlations with LV
size, diastolic parameters, and MR degree. Maximum LA
volume presented positive correlations with LV end-
diastolic volume (r = 0.56, P b .0001), E-wave velocity
(r = 0.37, P = .001), E/A ratio (r = 0.34, P = .004), EROA
(r = 0.41, P = .0006), and MR volume (r = 0.42, P = .0004).
Left atrial booster pump function. The LA emptying

indexes (active LA emptying fraction and peak active LA
emptying rate) were decreased in patients with elevated
RVSP compared with patients with normal RVSP (Table III,
Figure 2).
The LA emptying indexes showed significant correla-

tions with diastolic parameters and MR degree. Active LA
emptying fraction presented negative correlation with LV
end-diastolic volume (r = −0.31, P = .009), E-wave velocity
(r = −0.40, P = .0007), E/A ratio (r = −0.38, P = .001), E/E′
ratio (r = −0.34, P = .005), EROA (r = −0.42, P = .0004),
and MR volume (r = −0.36, P = .003). Peak active LA
emptying rate presented positive correlations with both
septal (r = 0.38, P = .001) and lateral A′ (r = 0.35, P = .004).
Left atrial conduit function. Passive LA emptying

fraction and peak passive LA emptying rate were similar
between patients with and without high RVSP (Table III,
Figure 2).
The LA conduit function indexes showed significant

correlations with LV size, tissue Doppler, and diastolic
parameters. Passive LA emptying fraction presented
positive correlations with E′ (r = 0.32, P = .008) and
negative correlation with E/E′ ratio (r = −0.35, P = .003).
Peak passive LA emptying rate presented positive correla-
tions with LV end-diastolic (r = 0.47, P b .0001) and end-
systolic (r = 0.31, P = .008) volumes, E/A ratio (r = 0.33, P =
.005), E′ (r = 0.51, P b .0001), EROA (r = 0.27, P = .03), and
MR volume (r = 0.30, P = .01), and negative correlation
with E/E′ ratio (r = −0.29, P = .01).



Figure 2

LA time-volume curves. Representative examples of LA time-volume curves (upper panel) and derived dV/dt curves (bottom panel) for patients with
normal RVSP (A) and elevated RVSP (B). Note the flatter aspect of the terminal part (⁎) of the LA time-volume curve of the patient with high RVSP
indicating a lower active LA emptying fraction in this patient. This difference is also highlighted by the reduced peak active LA emptying rate shown
in the bottom panel (⁎).
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Left atrial reservoir function. Total LA empty-
ing fraction was lower in patients with elevated RVSP
(Table III, Figure 2).
Total LA emptying fraction presentedpositive correlations

with both septal (r = 0.34, P = .004) and lateral A′ (r = 0.37,
P = .002) and negative correlation with E-wave velocity (r =
−0.32, P = .007), E/A ratio (r = −0.34, P = .004), E/E′ ratio
(r = −0.39, P = .001), and EROA (r = −0.29, P = .02).

Correlation between echocardiographic parameters
and RVSP
Simple linear regression analysis revealed significant

positive correlations between RVSP and EROA, MR
volume, E-wave velocity, E/E′ ratio, E/A ratio, end-diastolic
LV volume, and LA diameter, and negative correlations
between RVSP and both septal and lateral A′ (Table IV,
Figure 3). There was no significant relationship with age
or body mass index.

Correlation between LA parameters measured by
RT3DE and RVSP
Simple linear regression analysis revealed significant

positive correlation between RVSP and LA volumes and
negative correlations between RVSP and total, active, and
passive LA emptying fractions, and peak active LA
emptying rate, (Table IV, Figure 3).
Multiple stepwise regression analysis including 2-dimen-

sional echocardiographic and RT3DE parameters with
significant univariate association with RVSP revealed that
EROA (r = 0.51, P = .01), active LA emptying fraction (r =
−0.53, P = .02), E/E′ ratio (r = 0.50, P = .04), and lateral A′
velocity (−0.46, P = .003) independently correlated with
RVSP. Together their variance (R2) accounted for 56% of
the variance of the RVSP.

Interobserver and intraobserver analysis
There were good interobserver and intraobserver

agreements for LA volumes as evaluated by both
concordance correlation coefficient and Bland-Altman
analysis. The intraobserver correlation coefficient yielded
values of 0.98, 0.98, and 0.99 for maximum LA volume,
minimum LA volume, and precontraction LA volume,
respectively. The interobserver correlation coefficient
yielded values of 0.96, 0.99, and 0.98 for maximum LA
volume, minimum LA volume, and precontraction LA
volume, respectively.
The mean difference for intraobserver agreement

(±1.96 SDs) was −3.0 mL (±13.3), 0.5 mL (±11.8), and
−1.0 mL (±8.9) for maximum LA volume, minimum LA



Table IV. Univariate regression analysis—echocardiographic
parameters and RVSP

r P

LA 0.33 .01
LA area 0.24 NS
LV end-diastolic volume 0.39 .003
LV end-systolic volume 0.08 NS
LV ejection fraction 0.21 NS
E 0.49 .0001
A 0.06 NS
E/A ratio 0.34 .01
E-wave deceleration time 0.06 NS
E′ average −0.09 NS
E/E′ ratio 0.51 b.0001
Septal A′ −0.35 .008
Lateral A′ −0.45 .0007
EROA 0.52 b.0001
MR volume 0.45 .0005
Maximum LA volume 0.29 .03
Minimum LA volume 0.45 .0005
Precontraction LA volume 0.34 .01
Peak passive LA emptying rate −0.09 NS
Peak active LA emptying rate −0.31 .02
Total LA emptying fraction −0.50 b.0001
Active LA emptying fraction −0.52 b.0001
Passive LA emptying fraction −0.29 .03

NS, Not significant.
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volume, and precontraction LA volume, respectively. The
mean difference for interobserver agreement was −3.5 mL
(±19.9), −1.6 mL (±6.5), and −2.0 mL (±9.6) for maximum
LA volume, minimum LA volume, and precontraction LA
volume, respectively.
Discussion
In this article, we show that LA function is an important

correlate of RVSP in chronic MR, along with the MR
severity (reflected by EROA) and LA pressure (reflected by
E/E'). Decreased LA function was correlated with elevated
RVSP, irrespective of MR severity. Among all LA function
parameters studied, active LA emptying fraction and
lateral A′ velocity had the best correlation with RVSP.

Importance of LA volume measurement and advantages
of RT3DE
Interest in investigating LA size and function has

increased in recent years as LA volume has emerged as a
prognostic index in conditions as diverse as heart
failure,1 myocardial infarction,2 and lone atrial fibrilla-
tion.4 The LA volume has been recognized as a more
powerful predictor than LA diameter or area.22 In
chronic MR, LA enlargement has important prognostic
implications, as it can predict atrial fibrillation occur-
rence,5,6,8 the combined end point of death or mitral
surgery,8 and postoperative survival.7

In all previously mentioned studies, LA volumes were
analyzed by 2-dimensional echocardiography. However,
this method assumes a geometrical model and depends on
mathematical calculations to determine the volume of a
nonsymmetrical chamber. Furthermore, the LA can be
distorted by its own dilation13 or dilation of neighboring
structures. Owing to this complex anatomy, LA volume
may be better assessed by RT3DE than by 2-dimensional
echocardiography.13,23-26 The LAvolume measurement by
RT3DE does not require geometrical assumptions and
avoids errors due to foreshortening that may occur in 2-
dimensional measurements. In consequence, the correla-
tion between LAvolume measured by these 2 methods are
modest,25 and 2-dimensional echocardiography under-
estimates LA volumes.13,26 In addition, 3-dimensional LA
volume measurements were reliable when compared to
magnetic resonance imaging9,10,24 and had a better
correlation with magnetic resonance than 1- or 2-
dimensional LA volume estimates.24 Moreover, LA volume
measurement by RT3DE presents less test-retest varia-
tion23 and interobserver and intraobserver variability13,23

than LA volume measured by 2-dimensional echocardio-
graphy, making it more suitable for sequential analysis. We
showed excellent interobserver and intraobserver agree-
ments for LA volume measured by RT3DE. Therefore, we
decided to use RT3DE to analyze LA volumes and function
in our study.

Chronic MR and pulmonary hypertension
Pulmonary hypertension in isolated chronic MR is a

long recognized condition, and its importance as a
signal of a patient's hemodynamic deterioration is
emphasized by that pulmonary hypertension is a current
criterion for mitral valve repair in patients with
asymptomatic MR.14 In a previous study where pulmon-
ary hypertension was evaluated by cardiac catheteriza-
tion in patients with MR with preserved LV systolic
function, high mean pulmonary capillary wedge pres-
sure, and pulmonary arteriole resistance were the only
variables independently differing between patients with
and without elevated RVSP.27 The echocardiographic
parameters studied were not significantly different
between the 2 groups, but only LA and LV diameters
were studied in this last study.27

The LA function is important in adaptation of the heart
to the volume burden caused by MR. In chronic severe
MR, the LA undergoes remodeling and dilation due to
volume overload. However, LA remodeling is also
associated with changes in LA function, secondary to
structural, functional, metabolic, and neurohormonal
consequences.28 Our data demonstrated that not only
the MR severity but also the LA function may be important
to the development of pulmonary hypertension in chronic
MR. Our multiple regression analysis showed that both
active LA emptying fraction and lateral A′ velocity had
independent influence on RVSP, irrespective of the MR
severity. Patients with high RVSP presented depressed LA
contractile function, as active LA emptying fraction, peak



Figure 3

Correlations between echocardiographic parameters and RVSP. Right ventricular systolic pressure displayed independent positive correlations with
E/E′ ratio (A), and EROA (B); and negative correlations with lateral A′ (C), and active LA EF (D). EF, Emptying fraction.
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active LA emptying rate, and A′ velocity were decreased in
patients with high RVSP. Interestingly, lateral A′ velocity
was a RVSP correlate almost as good as the active LA
emptying fraction. Although A′ velocity may be affected
by Doppler angle, this parameter is easier to measure than
any 3-dimensional variables. Patients with elevated RVSP
also presented high E/E′ ratio, which indicated that they
likely have elevated LA pressure, as the E/E′ ratio has been
reported to be a reliable predictor of LV end-diastolic
pressure in patients with MR.29 Furthermore, the active
LA emptying fraction was inversely related with the E/E′
ratio. Therefore, it is speculated that the depressed
contractile LA function may contribute to a further rise
in the LA pressure in patients with MR that may aggravate
the pulmonary venous congestion and the secondary
pulmonary artery hypertension.

Limitations
The retrospective nature of this study and the selection

criteria used limit the conclusions of this study to patients
with chronic organic MR in sinus rhythm. The extrapola-
tion of these results to populations with functional MR or
in atrial fibrillation remains to be explored.
The LA tracing may be problematic owing to the LA

being in the far field. However, most 3-dimensional images
analyzed in our study were clear enough to allow tracing
of LA border in all planes.
In the present study, only 56% of the variation in RVSP in

patients with MR was explained by the variables analyzed.
This may be due not only to the known variability of
echocardiographic measurements but also to other factors
not included in the model, as concurrent pulmonary
disease, that may influence RVSP.

Conclusions
The LA function determined by RT3DE is an important

correlate of RVSP in chronic MR, along with the MR
severity (reflected by EROA) and LA pressure (reflected by
E/E'). Active LA emptying fraction and A′ velocity were
inversely related to RVSP, indicating that LA contractile
dysfunction may contribute to pulmonary congestion and
development of pulmonary hypertension. Further studies
are warranted to determine the prognostic significance of
LA function in chronic MR.
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