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Background:Accurate assessment of the right ventricle is increasingly important. Measures of right ventricular
(RV) systolic function, including fractional area change, tissue Doppler (s0 velocity), and tricuspid annular plane
systolic excursion, show significant variation, and the impacts of age and gender are unclear. The aim of this
study was to determine the effects of gender and age on global and segmental RV systolic and diastolic func-
tion using both traditional echocardiographic and two-dimensional strain parameters.

Methods: Detailed transthoracic echocardiographic studies were performed on 142 healthy adult volunteers,
with particular emphasis on the right ventricle to determine RV dimensions and function, including fractional
area change, tricuspid annular plane systolic excursion, s0 velocity, global and segmental systolic strain, and
systolic, early diastolic, and late diastolic strain rates.

Results: Tricuspid annular plane systolic excursion (r = �0.4, P < .001) and RV s0 velocity (r = �0.5, P < .001)
as well as diastolic functional parameters, including transtricuspid peak E velocity and RV free wall e0 velocity
(r =�0.4, P < .001), decreased with age. Global systolic strain was also reduced, with differential reductions in
basal and mid segmental strain with age. Early diastolic strain rate decreased, with a corresponding increase
in late diastolic strain rate. RV function parameters, including fractional area change, e0 velocity, strain, and
strain rate, were significantly lower in men.

Conclusions: RV functional analysis by two-dimensional strain demonstrates a small yet significant change in
global and segmental RV function with age and gender, and therefore adjustment for these measures is
required in the evaluation of RV function. (J Am Soc Echocardiogr 2014;27:1079-86.)
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Right ventricular (RV) dysfunction has prognostic significance indepen-
dent of left ventricular (LV) function inmany conditions, including heart
failure, RVmyocardial infarction, pulmonary embolism, and pulmonary
hypertension.1-3 However, accurate echocardiographic assessment of
the right ventricle is difficult because of its complex geometry, and its
retrosternal position limits echocardiographic imaging.

Current guidelines for the quantification of RV systolic function
include fractional area change (FAC),4 tricuspid annular plane systolic
excursion (TAPSE), and RV lateral annular tissue Doppler systolic ve-
locity (RV s0). FAC is limited by endocardial border definition and a
large range of normality.5 The latter twomeasures generalize RV func-

tion along a single geometric axis and may represent basal RV
segmental function, particularly in instances in which segmental RV
dysfunction is present.6

Two-dimensional (2D) speckle-tracking strain detects early or sub-
clinical dysfunction in the left ventricle.7 Strain measures myocardial
deformation, and strain rate is the rate at which this deformation oc-
curs. Strain has also been used for RV assessment, and it is relatively
load independent,8 but there is paucity of data on normal reference
values, and strain evaluation is limited by the lack of cross-platform
standardization.4,9

Our aim was to determine the effects of healthy aging and of
gender on global and segmental RV systolic and diastolic function us-
ing both traditional and newer echocardiographic techniques of 2D
strain. We hypothesized that strain parameters would demonstrate
changes in RV function with age and gender.

METHODS

The study proposal was approved by the Research Ethics Committee
of the University of New South Wales and the Sydney South West
Area Health Service. Written consent was obtained from all partici-
pants.
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We prospectively recruited
healthy adult volunteers from
the local community. No subject
included had been referred to
the echocardiography labora-
tory. A detailed history was ob-
tained by a physician, and
subjects were excluded if they
were currently or previously on
any cardioactive medications or
had any cardiovascular risk fac-
tors (smoking, hypertension,
hypercholesterolemia, and dia-
betes mellitus) or if they had a
history of ischemic or valvular
heart disease, cerebrovascular or
peripheral vascular disease, pre-
vious arrhythmias, or chronic
lung disease (chronic obstructive
pulmonary disease, asthma, or
sleep apnea). Blood tests
(including blood count, electro-
lytes, estimated glomerular filtra-
tion rate, thyroid and liver
function, and lipids) performed
by local doctors were reviewed.

Participants were examined by a physician to exclude significant
valvular disease and left or right heart failure; pulse rate andbloodpres-
surewere recorded as the average of two recordings. An electrocardio-
gram showing sinus rhythm, combined with a detailed history of lack
of palpitations, was deemed sufficient to rule out significant arrhyth-
mias. No recruited subject had any degree of valvular stenosis or
greater thanmild grade of regurgitation on echocardiography. All sub-
jects underwent stress testing to rule out latent ischemia. Peak expira-
tory flow rate analysis was performed as a simple screening tool for
significant alteration in pulmonary function.

Comprehensive transthoracic echocardiographywas performedby
three dedicated sonographers using the Vivid 7 system (GE
Healthcare, Milwaukee, WI) and a 3.0-MHz variable frequency trans-
ducer,with thepatient in the left lateral position. Imageswere obtained
from the standard views (parasternal, apical, and subcostal views). A
RV focused view as recommended by the American Society of
Echocardiography4 was obtained from a more lateral window at a
lower intercostal space than the usual apical view (Figure 1). Five car-
diac cycles at end-expirationwere stored digitally and analyzed offline.

Echocardiographic Measurements

LVend-diastolic and end-systolic volumeswere obtained from the api-
cal four- and two-chamber views using Simpson’s method of disks,
and biplane LVejection fraction was calculated. LV s0 velocity was ob-
tained from the septal mitral annulus using Doppler tissue imaging
(DTI). Transmitral peak E and Avelocities, E/A ratio, and deceleration
time were measured. The DTI e0 velocity was obtained and the E/e0

ratio calculated. Biplane maximal left atrial volumes were obtained.
Basal and mid RV diameters and longitudinal dimension were ob-

tained at end-diastole4 and right atrial (RA) area was obtained at end-
systole from the RV focused view. RV end-systolic and end-diastolic
areas were measured, and RV FAC was calculated. TAPSE was deter-
mined by placing an M-mode cursor through the tricuspid annulus
and measuring the peak systolic longitudinal annular motion.4 RV s0

was measured as the peak systolic velocity using pulsed-wave DTI
with the sample placed at the basal lateral RV annulus.4 The RV
myocardial performance (Tei) index was measured as previously
described.10 Transtricuspid peak E and A velocity, E/A ratio, RVe0 ve-
locity (lateral RV annulus), and RV E/e0 ratio were obtained.
Pulmonary pressure was estimated from the tricuspid regurgitant ve-
locity by using the modified Bernoulli equation with the addition of
maximum RA pressure estimated from the inferior vena cava diam-
eter and collapsibility.4 Pulmonary vascular resistance (PVR) was esti-
mated using the ratio of tricuspid regurgitant velocity to the RV
outflow tract velocity-time integral.11

Systolic and diastolic 2D strain parameters were obtained from RV
focused images (>60 frames/sec). The right ventricle was divided into
six segments (septal and RV free wall basal, mid, and apical segments).
Offline analysis was performed with specialized software (EchoPAC;
GE Healthcare) developed for measuring LV strain. A region of inter-
est was manually traced along the endocardium in end-systole
(Figure 1), with its width adjusted to match the RV wall thickness,
excluding pericardium and LV endocardium. Strain and strain rate
were measured by an experienced observer (Figure 2). If any of the
three RV free wall segments were not approved because of inappro-
priate tracking or dropout, the patient was excluded (n = 6). Global
RV strain was the average of the RV lateral basal, mid, and apical seg-
ments, with the exclusion of the septal segments as previously
described. A six-segment model including the RV septal segments
was also measured.9 Subjects were divided by decade for analysis;
additionally, analysis was performed with division into three two-
decade groups as follows: group 1, 20 to 39 years; group 2, 40 to
59 years; and group 3, $60 years (Supplemental Table 1; available
at www.onlinejase.com). All measurements are averages of three
consecutive cardiac cycles.

In a subset of 40 subjects, inter- and intraobserver variability was as-
sessed. One observer measured strain twice 1month apart, blinded to
the results of the first measurements. Measurements were performed
on the same subjects by a secondobserver, blinded to the initial results.
A further subset of 10 patients underwent repeat apical four-chamber
imaging$1 hour after the initial scan for test-retest variability.

Figure 1 Semiautomated trace of the endocardial border and
region of interest (ROI) of an RV focused view. Six segments
are color coded: red, RV basal; dark blue, RV mid; purple, RV
apex; green, septal apical; light blue, septal mid; yellow, septal
basal. The width of the ROI can be adjusted to include the
myocardial area of interest.
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A-Sr = Late diastolic strain
rate

BSA = Body surface area
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DTI = Doppler tissue imaging
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LV = Left ventricular

PVR = Pulmonary vascular
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RA = Right atrial

RV = Right ventricular
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2D = Two-dimensional
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