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Impact of gender and healthy aging on pulmonary
capillary wedge pressure estimated by the kinetics-
tracking index using two-dimensional speckle tracking
echocardiography

Masanori Kawasaki1, Ryuhei Tanaka2, Koji Ono2, Shingo Minatoguchi1, Takatomo Watanabe1,
Masazumi Arai2, Kazuhiko Nishigaki1, Toshiyuki Noda2, Sachiro Watanabe2 and Shinya Minatoguchi1

Risk stratification in heart failure (HF) among patients and healthy subjects using pulmonary capillary wedge pressure (PCWP) is

important for understanding when and why HF develops. The aim of the present study was to evaluate the impact of gender and

healthy aging on estimated PCWP using a kinetics-tracking index in patients and in healthy subjects without hypertension. The

study population consisted of 198 healthy subjects without cardiovascular or other systemic diseases and who were not taking

any medications. Echocardiographic studies were performed using an ACUSON Sequoia 512 ultrasound system. Active left atrial

(LA) emptying function (EF) was defined as (pre-atrial contraction LA volume−minimum LA volume)/pre-atrial contraction LA

volume×100%. With an increase in age, the E/A and E/e’ ratios (markers of left ventricular (LV) diastolic dysfunction (DD))

showed a similar decrease in males and females. PCWP was maintained at 8.3±1.8 mm Hg in males and 8.2±2.3 mm Hg in

females because of compensation by an increase in active LA EF. In contrast, the compensation for LV DD with an increase in

active LA EF in females tended to be more gradual (slope=0.11) than in males (slope=0.18, P=0.060 vs. female). The

parameters that indicated LV DD deteriorated with advancing age. PCWP might be maintained because of compensation, namely

an increase in active LA EF in both males and females. The compensation in female septuagenarians and octogenarians was

weaker than in male septuagenarians and octogenarians. This difference in compensation may explain why HF with preserved LV

ejection fraction occurs more frequently in females than in males.

Hypertension Research (2016) 39, 327–333; doi:10.1038/hr.2015.149; published online 21 January 2016

Keywords: diastolic function; gender; healthy aging; left atrial function; pulmonary capillary wedge pressure

INTRODUCTION

Measurement of intracardiac pressure, such as pulmonary capillary
wedge pressure (PCWP) or left ventricular (LV) filling pressure, is
useful for the stratification of LV diastolic dysfunction (DD) that can
result in heart failure (HF) because of hypertension and aging.1,2

However, measurement of PCWP or LV filling pressure is an invasive
method, and there have been few noninvasive indices that can
precisely estimate PCWP or LV filling pressure. Recently, we devel-
oped a novel index, the kinetics-tracking index (KT index) to predict
PCWP based on the combination of active left atrial (LA) emptying
function (EF) and minimum LA volume (LAV) index obtained from
the time–LAV curve using speckle tracking echocardiography (STE).
The PCWP estimated by the KT index (ePCWP) had a strong
correlation with the PCWP obtained by right-heart catheterization
(r= 0.92) in patients with normal sinus rhythm.3 Furthermore, the KT
index was a more accurate and useful predictor of PCWP than E/e’.3

There have been no previous reports evaluating PCWP in healthy
subjects in a relatively large population because of the absence of a
noninvasive method to measure PCWP in healthy subjects. Therefore,
the aim of the present study was to evaluate the impact of gender and
healthy aging on ePCWP and other echocardiographic parameters in
patients and in healthy subjects without hypertension.

METHODS

Subjects and study protocol
The study population consisted of healthy subjects without cardiovascular or

other systemic diseases and who were not taking any medications. Subjects who

had a normal chest X-ray and echocardiographic findings according to the

recommendations of the American Society of Echocardiography4 were included

in the present study. We also included patients who had trivial valvular

regurgitation and those who had abnormal values of diastolic function

parameters, such as E/A (ratio of the peak early diastolic LV filling velocity

to peak atrial filling velocity) and E/e’ (ratio of peak early diastolic transmitral
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inflow velocity to annular tissue velocity). All subjects had normal findings
based on an annual physical checkup or a school physical checkup within the
previous 3 years. The present study included subjects X 40 years old with a
normal ECG who were referred to our hospital because of chest pain or
discomfort and were shown to be free from cardiovascular disease by multi-
detector computed tomography, myocardial scintigraphy or left heart cathe-
terization. The present study also included subjects o40 years old with a
normal ECG who were referred to our hospital because of chest pain or
discomfort and were shown to be free from cardiovascular disease by exercise
stress ECG. Subjects who were referred to our hospital because of bundle
branch block or premature contractions and had normal echocardiographic
findings, except for trivial valvular regurgitation, were also included. We
prospectively enrolled eligible consecutive subjects who gave informed consent.
These subjects also had normal findings based on an annual physical checkup.
The present study was approved by the ethics committee of our institution
(T10090), and all patients gave informed consent before their participation.

Echocardiographic studies
All echocardiographic studies were performed using an ACUSON Sequoia 512
ultrasound system (Siemens Medical Solutions, Mountain View, CA, USA) with
a 4V1c transducer (1.5–4.25 MHz). Measurements were made according to the
criteria of the American Society of Echocardiography.4 The LV ejection fraction
was obtained from the LV end-diastolic volumes and end-systolic volumes
according to the biplane method using the modified version of Simpson’s rule.
LV mass was calculated at the end diastole. The volume and mass were indexed
to the body surface area. Doppler measurements of mitral inflow E-wave and
A-wave velocity were obtained, and tissue Doppler measurements of mitral e’
wave velocity were made at the septal annulus.
After measurement of the standard echocardiographic parameters, a

time–LAV curve was obtained by STE using offline software (Syngo Velocity
Vector Imaging, Siemens Medical Solutions) to evaluate phasic LAV and LA
function. As recommended by the American Society of Echocardiography,
measurements of phasic LAV were made from the apical two- and four-
chamber view.4 We also selected a measurement solely from the apical four-
chamber view by STE because there were several poor recordings from the
apical two-chamber view. Active LA EF measured by STE has been reported to
be more accurate from the apical four-chamber view than the apical two-
chamber view compared with the current gold standard, three-dimensional CT
(r= 0.73 for four-chamber view vs. r= 0.45 for two-chamber view).5 Total,
passive and active LA EF were defined during a cardiac cycle as (maximum
LAV−minimum LAV)/maximum LAV×100%, (maximum LAV−pre-atrial
contraction LAV)/maximum LAV×100% and (pre-atrial contraction
LAV−minimum LAV)/pre-atrial contraction LAV×100%, respectively. The
LAV and function measurements were averaged from three consecutive beats.
The reliability of the STE method for the quantification of phasic LAV and LA
function has been well established in previous studies.6–8 The LA peak strain
rate during systole, early diastole and atrial contraction were also obtained from
the LA mid-septal and mid-lateral walls. The LA peak strain was obtained from
the average of the LA mid-septal and mid-lateral wall strain. The E/e’ was
assessed as an index of diastolic function.
We recently reported that the logarithm of active LA EF/minimum LAV

index was the best predictor of PCWP among all the ultrasound parameters
based on multivariate regression analysis. The following regression equation
was obtained from this analysis: PCWP= 10.8–12.4 (log10 (active LA
EF/minimum LAVI)) (measurements obtained from the apical four-chamber
view).3 The ePCWP measured by this function was strongly correlated with the
PCWP obtained by right-heart catheterization (r= 0.92) in patients in normal
sinus rhythm (Figure 1).3 We named this novel index (log10 (active LA
EF/minimum LAVI)) the ‘kinetics-tracking index: KT index’. The details of this
index have been shown in a previous report.3 Briefly, we employed the LA
volume as the denominator in the KT index to evaluate PCWP because as the
LV diastolic function decreases, the LA volume increases.9,10 We determined
the logarithmic correlation between the ePCWP and LA function using the LA
function as the numerator in the KT index. Hsiao et al.10 previously reported a
good logarithmic correlation between the LV filling pressure and the LA
distensibility ((maximum LAVI−minimum LAVI)/minimum LAVI) that was

similar to the total LA EF ((maximum LAVI−minimum LAVI)/maximum
LAVI). Chamber stiffness is generally defined as a change in pressure relative to
a change in volume of a hollow elastic structure.11 To estimate the stiffness in
the LA, we used a change in the ePCWP as a substitute for a change in the LA
pressure. We also used a change in the LA peak strain as a substitute for a
change in the LA volume. Thus, we substituted ePCWP/LA peak strain for LA
pressure and volume to determine LA stiffness.

Reproducibility of PCWP estimated using the KT index
We previously determined the interobserver variability of ePCWP in 30
patients with chest pain or discomfort. In that study, 30 randomly selected
recordings were measured by two observers in a blinded manner. Similarly,
we determined the intraobserver variability of the ePCWP in the same 30
recordings that were measured twice by one observer within a 7-day
interval.
The intraobserver correlation coefficient and variability in the ePCWP were

0.99 and 0.9± 1.5%, respectively. The interobserver correlation coefficient and
variability in the ePCWP were 0.99 and 2.5± 1.8%, respectively.

Statistical analyses
The data are expressed as the mean± s.d. The categorical data are summarized
as percentages and compared using the χ2 test. Comparisons of parameters
among eight groups were performed using two-way analysis of variance
followed by Bonferroni’s test for post hoc comparisons. Simple linear regression
analysis was performed to determine the relationship among the echocardio-
graphic parameters. Multivariate regression analysis was used to elucidate the
relationships among the echocardiographic parameters and age. These statistical
analyses were performed using Stat View version 5.0 (SAS Institution, Cary,
NC, USA). Significant differences in the slopes of regression lines between
males and females were tested using analysis of covariance for parallel slopes
(Statflex version 6.0, Artech, Osaka, Japan). A P-value of o0.05 was considered
significant.

RESULTS

Characteristics of the study population and echocardiographic
parameters
We enrolled 198 healthy subjects. The characteristics of the study
population and echocardiographic parameters are listed in Table 1 and
Figure 1, respectively. The systolic blood pressure was within normal
range (126± 8 mmHg in males and 125± 9 mmHg in females) and
increased with advancing age. The LV ejection fraction and the
LV mass index were not significantly different among the eight age
groups of males and females. The maximum, minimum and pre-atrial
contraction LAVI significantly increased with advancing age, resulting
in a deterioration of total and passive LA EF. E/A and E/e’ (indicators
of LV diastolic function) and LA stiffness significantly deteriorated
with advancing age. However, the ePCWP was maintained because of
compensation by an increase in active LA EF.

Impact of healthy aging and gender on echocardiographic
parameters
Table 2 shows the correlation coefficients between the clinical and
echocardiographic parameters and age. We selected body surface area
and systolic blood pressure as clinical parameters to include in the
multivariate regression analysis. We also selected E/e’ and E/A as
echocardiographic parameters to include in the multivariate regression
analysis because these parameters have been demonstrated to be
robust parameters that are associated with aging. We also selected
active LA EF and minimum LAVI as echocardiographic parameters to
include in the multivariate analysis because these parameters were the
main focus of the present study. Multivariate regression analysis
showed that systolic blood pressure, E/e’, E/A, active LA EF and
minimum LAVI were independently associated with age in males
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(R2= 0.787; Table 3). Similarly, multivariate regression analysis
showed that E/e’, E/A, active LA EF and minimum LAVI were
independently associated with age in females (R2= 0.809; Table 3).
The maximum and minimum LAVI was greater in male and female
octogenarians than in males and females in their 30s, 40s and 50s
(Figure 1).

Relationship between age and LV DD
Figure 2 shows the relationships between age and echocardiographic
parameters, indicating LV DD. With an increase in age, echocardio-
graphic parameters, such as E/A and E/e’ (indicators of LV diastolic
function), deteriorated to the same extent in males and females
(the slope of E/A was − 0.021 in males and − 0.021 in females, and the
slope of E/e’ was 0.041 in males and 0.039 in females). However, there
was no significant relationship between ePCWP and age. This finding
suggested that ePCWP was maintained at ∼ 8 mmHg because of
compensation by an increase in active LA EF in these healthy subjects.
In contrast, the compensation for LV DD by an increase in active
LA EF tended to be more gradual in females (slope= 0.11) than in
males (slope= 0.18, P= 0.060 vs. females). Figure 3 shows the
relationships between active LA EF and indicators of LV DD
(that is, E/A and E/e’) after adjusting for age. The correlation
coefficients between active LA EF and E/A were stronger in males

than in females (−0.51 vs. − 0.27, P= 0.047). The slopes of these two
relationships (regression lines) indicated that the strength of the
compensation for LV dysfunction tended to be greater in males than
in females, but this difference was not significant (−5.74 vs. − 3.91,
P= 0.17; Figure 3).

DISCUSSION

We determined the impact of gender and healthy aging on ePCWP
using the KT index and other echocardiographic parameters
that indicated LV DD in healthy subjects. The echocardiographic
parameters that indicated LV DD deteriorated with advancing age in
these healthy subjects. However, PCWP may be maintained because of
compensation by an increase in active LA EF in both males and
females. Furthermore, we demonstrated that the age-related compen-
sation because of an increase in active LA EF was more gradual in
females than in males, and this compensation in female septuagenar-
ians and octogenarians was much weaker than in male septuagenarians
and octogenarians.

The clinical value of estimated PCWP in healthy subjects
Recent advances in echocardiography have enabled the evaluation of
LA function in patients with various diseases.8 We previously reported
that hypertension is associated with an impairment of LA function and
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the risk of atrial fibrillation as assessed using STE.12 Hypertension
affects many conditions of LV fluid volume and pressure status. For
instance, anemia is associated with elevated LV filling pressure only in
patients with hypertension but not in patients without hypertension.13

The noninvasive measurement of PCWP in healthy subjects and in
patients with hypertension is valuable for the quantitative stratification
of intravascular fluid volume and pressure status for the prediction of
HF risk because of hypertension. However, there have been no
previous studies evaluating PCWP in healthy subjects in a relatively
large population because the measurement of PCWP requires an
invasive method. The KT index we recently developed has a strong
correlation with PCWP as measured by right-heart catheterization.3 In
the present study, PCWP in healthy subjects was maintained regardless
of deterioration of LV DD because of compensation by an increase in
active LA EF. Daimon et al.14 reported that LV DD evaluated by E/A
and E/e’ deteriorated with advancing age in healthy Japanese subjects.
However, that report did not evaluate PCWP. Fukuda et al.15 also
reported echocardiographic parameters using three-dimensional
echocardiography in healthy Japanese subjects. However, they focused
only on volumetric parameters in the left atrium. In contrast, the
present study focused on LA function, PCWP and LA volume, and
demonstrated that the deterioration of LV DD because of aging was
compensated by LA function; thus, PCWP was maintained.

PCWP in healthy subjects
There have been a few studies that have evaluated PCWP using healthy
volunteers in small sample sizes. PCWP was measured by right-heart
catheterization in 70 healthy volunteers. The PCWP in these subjects

was ∼ 12 mmHg and did not differ among young (28± 4 years old,
57% men), early middle age (42± 5 years old, 32% men), late middle
age (57± 4 years old, 48% men) and seniors (70± 3 years old,
50% men),16 whereas the E/A ratio deteriorated from 1.9 to 0.8.
Although these findings were consistent with the present results,
PCWP measured by right-heart catheterization (12 mmHg) was
slightly higher than PCWP in the present study (8 mmHg). This
discrepancy may be because measurement of PCWP by right-heart
catheterization was performed using an invasive method and imposed
a physical burden on the subjects, whereas measurement of ePCWP by
STE in the present study did not impose a physical burden on the
subjects. Another study reported PCWP measured by right-heart
catheterization in 50 healthy, elderly, nonsedentary volunteers who
were free of cardiovascular, pulmonary and systemic diseases, chest
pain or shortness of breath and had normal electrocardiogram and
echocardiographic findings. The PCWP in these subjects was
∼ 9 mmHg (65± 10 years old, 74% men).17 This value was similar
to the ePCWP obtained in the present study.

Estimated PCWP compared with E/e’
The E/e’ has been proposed to estimate the LV filling pressure.18–20 In
the present study, the E/A and E/e’ ratios (indicators of LV diastolic
function) significantly deteriorated with advancing age. However, the
ePCWP was maintained at ∼ 8 mmHg because of compensation by an
increase in active LA EF in these healthy subjects. These findings
suggested that E/e’ does not necessarily reflect PCWP. Estimation of
PCWP or LV filling pressure using E/e’ in healthy subjects or patients
with mild LV diastolic function may not be valid because of the

Table 1 Study population and echocardiographic parameters

Teens 20s 30s 40s 50s 60s 70s Eighties P-value (ANOVA)

Male (n=96) n=14 n=11 n=8 n=10 n=17 n=9 n=14 n=13

Age, year 13±2 24±3 35±4 45±2 55±3 64±3 73±2 83±3

BSA, m2 1.43±0.26 1.82±0.16 1.82±0.10 1.81±0.18 1.79±0.15 1.68±0.12 *1.59±0.10 *1.58±0.04 o0.001

SBP, mm Hg 118±9 126±5 128±6 128±8 127±8 128±11 126±5 127±8 0.029

DBP, mm Hg 71±6 73±7 75±6 78±8 80±6 78±8 77±6 76±6 0.009

LV EF, % 65±6 61±7 63±7 65±4 65±8 66±8 67±6 65±5 0.48

E/A 2.2±0.7 1.7±0.4 1.4±0.5 1.3±0.2 1.0±0.2 0.9±0.2 *0.8±0.1 *0.8±0.1 o0.001

LVMI, g m−2 103±10 102±9 103±19 110±11 108±15 112±7 108±9 104±10 0.47

LAD, mm 33±5 32±3 36±2 36±5 36±5 38±4 38±5 *40±4 o0.001

SR-systole 1.7±0.4 1.5±0.6 1.5±0.2 1.4±0.2 1.4±0.3 1.3±0.2 1.2±0.2 1.3±0.4 0.26

SR-ed −2.9±0.5 −2.6±0.5 −1.9±0.5 *−1.8±0.4 *−1.4±0.3 *−1.2±0.3 *−1.1±0.3 *−0.9±0.2 o0.001

SR-ac −1.1±0.4 −1.2±0.2 −1.4±0.4 −1.5±0.2 −1.7±0.3 −1.6±0.2 −1.7±0.5 −1.6±0.5 o0.001

Female (n=102) n=9 n=10 n=14 n=15 n=15 n=18 n=12 n=9

Age, year 15±2 24±2 37±3 45±3 54±3 66±3 72±2 84±4

BSA, m2 1.48±0.07 1.46±0.07 1.46±0.17 1.50±0.15 1.50±0.10 1.52±0.11 1.41±0.08 1.36±0.13 0.015

SBP, mm Hg 114±9 120±7 120±6 125±8 128±6 127±7 127±9 128±6 o0.001

DBP, mm Hg 70±5 74±5 72±6 75±8 78±7 78±7 76±9 77±4 0.040

LV EF, % 63±7 66±7 67±4 65±8 67±7 65±7 64±6 65±8 0.87

E/A 2.3±0.4 1.8±0.2 1.4±0.2 *1.1±0.2 *1.0±0.2 *0.9±0.2 *0.9±0.1 *0.7±0.1 o0.001

LVMI, g m−2 82±9 94±19 94±20 97±12 98±12 101±11 97±16 99±14 0.10

LAD, mm 27±4 30±4 32±4 32±4 34±3 35±3 36±4 36±4 o0.001

SR-systole 1.7±0.3 1.6±0.3 1.5±0.4 1.5±0.2 1.5±0.2 1.4±0.2 1.4±0.3 1.3±0.3 0.005

SR-ed −2.6±0.4 −2.3±0.4 −1.9±0.4 −1.8±0.4 *−1.5±0.2 *−1.3±0.3 *−1.2±0.4 *−0.8±0.3 o0.001

SR-ac −1.2±0.4 −1.2±0.2 −1.2±0.2 −1.5±0.4 −1.6±0.2 −1.6±0.4 −1.6±0.3 −1.7±0.6 o0.001

Abbreviations: ac, atrial contraction; ANOVA, analysis of variance; BSA, body mass index; DBP, diastolic blood pressure; E/A, ratio of the early to late diastolic filling velocity; ed, end-diastole; LAD,
left atrial diameter; LV EF, left ventricular ejection fraction; LVMI, left ventricular mass index; SBP, systolic blood pressure; SR, strain rate.
*Po0.05 vs. 20s.
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compensation owing to an increase in active LA EF. The increase in
active LA EF plays an important role in preventing an increase in
PCWP with an increase in LV end-diastolic pressure.

Differences in atrial function between males and females
Several studies have demonstrated a difference in cardiac function
between males and females. A recent study showed there was a
significant relationship between cardiac and lung function in females
after adjusting for confounding variables, whereas there was no such
relationship in males.21 The maximum LAVI in octogenarians was
greater than males and females in their 30s, 40s and 50s whereas
deterioration of passive LA EF developed nearly 2 decades earlier in
males and females. These results were consistent with the results
obtained in a previous study.22 However, the present study showed
compensation because of the increase in active LA EF only in male
septuagenarians and octogenarians. There was also an intriguing
finding in the present study. With an increase in age, echocardio-
graphic parameters such as E/A and E/e’, which reflect LV DD,
deteriorated to the same extent in males and females. However,
compensation for LV DD caused by an increase in active LA EF was
less pronounced in females (slope= 0.11) than in males (slope= 0.18).
In males, there was a strong correlation between active LA EF and E/A
and between active LA EF and E/e’ compared with females. The slopes
of these two regression lines indicated that the strength of the

compensation for LV DD was also greater in males than in females.
As shown in Figure 3, compensation because of an increase in active
LA EF was more prominent in males than in females. The Framing-
ham Heart Study showed that the prevalence of congestive HF in
septuagenarians was higher in males than in females.23 However, the
prevalence of congestive HF in octogenarians was higher in females
than in males. The 11-year follow-up of the PREVEND study showed
that female gender was associated with new-onset HF with preserved
LV ejection fraction, whereas male gender was associated with new-
onset HF with reduced LV ejection fraction after adjusting for age.24 In
the present study, compensation for LV DD caused by an increase in
active LA EF was significantly increased only in male octogenarians
compared with female octogenarians. This finding may explain why
HF with preserved LV ejection fraction occurs more frequently in
females than in males.
It has recently been reported that hormone replacement therapy by

estrogen and/or progestogen reduced new-onset atrial fibrillation in
the first year after myocardial infarction.25 The underlying mechan-
isms remain unknown. Together with the results of the present study,
it is possible that a deficiency in female hormones may impair diastolic
function.

Clinical implications
The potential clinical application of the present methods and findings
is broad. Noninvasive measurement of ePCWP is useful for the
evaluation of intravascular fluid volume and pressure status for the
onset of HF. Risk stratification of HF using PCWP is important for
understanding when and why HF develops in patients and healthy
subjects. This method may also be applicable for the determination of
appropriate dry weight during dialysis and prediction of the onset of
atrial fibrillation. A recent study demonstrated that increases in active
LA EF during leg lifts were blunted in HF patients with preserved LV
ejection fraction, and this resulted in a reduction in LA stroke
volume.26 Regarding ePCWP, further investigations are necessary to

Table 3 Multivariate regression analysis for the independent

determinants of age

Regression coefficient (β) P-value Coefficient of determination (R2)

Male 0.787

Body surface

area

— 0.93

Systolic blood

pressure

0.118 0.021

E/e’ 0.117 0.046

E/A −0.526 o0.001

Active LA EF 0.290 o0.001

Minimum LAVI 0.197 o0.001

Female 0.809

Body surface

area

— 0.86

Systolic blood

pressure

— 0.20

E/e’ 0.065 0.013

E/A −0.691 o0.001

Active LA EF 0.107 0.042

Minimum LAVI 0.168 0.004

Abbreviations: E/A, ratio of the early to late diastolic filling velocity; E/e’, ratio of early diastolic
transmitral inflow velocity to annular tissue velocity; LA EF, left atrial emptying function, LAVI,
left atrial volume index.

Table 2 Univariate regression analysis for the independent

determinants of age

Univariate regression

r P-value

Male
LV mass index 0.10 0.32

LV ejection fraction 0.16 0.11

E/e’ 0.51 o0.001

E/A −0.80 o0.001

Maximum LAVI 0.29 0.005

Minimum LAVI 0.47 o0.001

Pre-ac LAVI 0.60 o0.001

Total LA EF −0.56 o0.001

Passive LA EF −0.80 o0.001

Active LA EF 0.65 o0.001

Estimated PCWP −0.09 0.40

LA stiffness 0.43 o0.001

Female
LV mass index 0.28 0.004

LV ejection fraction 0.002 0.98

E/e’ 0.51 o0.001

E/A −0.86 o0.001

Maximum LAVI 0.26 0.009

Minimum LAVI 0.46 o0.001

Pre-ac LAVI 0.55 o0.001

Total LA EF 0.56 o0.001

Passive LA EF 0.71 o0.001

Active LA EF 0.32 0.001

Estimated PCWP 0.13 0.21

LA stiffness 0.43 o0.001

Abbreviations: E/A, ratio of the early to late diastolic filling velocity; E/e’, ratio of early diastolic
transmitral inflow velocity to annular tissue velocity; LA, left atrial; LA EF, left atrial emptying
function; LAVI, left atrial volume index; LV, left ventricular; PCWP, pulmonary capillary wedge
pressure; Pre-ac, pre-atrial contraction.
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evaluate the leg lifts on ePCWP to determine whether these changes
may have value in HF risk stratification.

Study limitations
There are several limitations of the present study. First, we evaluated
only a small number of subjects in each age group, whereas the
number of total healthy subjects was large. In addition, the present

study was based on a two-dimensional measurement. Three-
dimensional STE is the most recent technique and is now available
to assess LA structure and function, including LA volume and strain
rate, without any assumptions of LA geometry.2 Reassessment of the
values in the present study using three-dimensional STE will be
required in the future.27,28 Second, variation of intravascular fluid
volume and pressure status due to dehydration may be inevitable even
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in healthy subjects. In addition, there was a possibility that we
overlooked subjectso40 years old with cardiovascular disease because
we performed only an exercise stress ECG in our subjects. Third, the
95% limits of agreement in the Bland–Altman plot between PCWP
that was measured by right-heart catheterization and KT index was
± 4.05 mmHg (±1.96 s.d.) in patients with normal PCWP
(p12 mmHg) in our previous study.3 These limits of agreement
were relatively wide. However, when the variation of the values above
the regression line is the same as that below the regression line, the
average of the values becomes closer to the true value because of
‘regression toward the mean.’ In addition, comparison of the PCWP
measured by right-heart catheterization and the KT index was not
performed in healthy subjects because right-heart catheterization
could not be performed owing to ethical reasons. This limitation
hindered the rigorous validation of the impact of gender and healthy
aging on PCWP.

CONCLUSIONS

The echocardiographic parameters that indicated LV DD deteriorated
with advancing age in healthy subjects. PCWP may be maintained
because of compensation by an increase in active LA EF in both males
and females. This compensation tended to be more gradual in
females than males, and the compensation in female septuagenarians
and octogenarians was weaker than in male septuagenarians and
octogenarians.
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