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The aim of the present study was to describe regional and global right ventricular (RV) function in
a wide age range of healthy subjects of both sexes. We studied 255 (125 females) healthy individuals
randomly selected from the Umeå General Population Register, age 58 ± 19 (range 22–89) years. RV
function was studied using myocardial tissue Doppler imaging of the RV free wall. Isovolumic con-
traction (IVCv), systolic (Sv), early (Ev), and late (Av) diastolic velocities were measured. Furthermore,
isovolumic periods and ejection time intervals were also measured. Conventional Doppler was used to
study RV global filling properties. While systolic myocardial velocities were conserved over age, there
was a decrease in myocardial E/A ratio with increasing age (r = −0.67, P < 0.001, for base) taken
from the RV free wall. A similar age relation was found in RV global filling velocities with a reduced
tricuspid E/A ratio (r = −0.57, P < 0.001). Furthermore, a significant correlation was found between
global and regional E/A ratios at the basal (r = 0.58, P ≤ 0.001) and mid-segmental levels (r =
0.46, P ≤ 0.001). Systolic myocardial velocities behaved independent of age whereas regional as well
as global E/A ratio were age-related. No relationship was found between regional isovolumic time
intervals and age. Knowledge of these age-dependent relationships is fundamental when evaluating
RV function in patients. (ECHOCARDIOGRAPHY, Volume 22, April 2005)
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It is estimated that by the year 2025 nearly
one-third of the population in western countries
will be 60 years of age and above.1 As heart fail-
ure is more common with increasing age, it is
important to distinguish physiological changes
due to normal aging from those caused by car-
diac disease.2,3

Knowledge of the changes in cardiac func-
tion due to aging is incomplete and needs to be
further investigated, particularly in ages over
70 years.4 Although left ventricular dysfunc-
tion (LV) is the most common reason for symp-
tomatic heart failure, right ventricular (RV)
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systolic dysfunction has been shown to correlate
with exercise tolerance in patients with heart
failure.5 RV dysfunction is also considered to
be of major prognostic importance in heart fail-
ure.6 Little is known about the contribution of
RV dysfunction to the symptoms of heart fail-
ure. This highlights the need for accurate evalu-
ation of RV function in clinical practice. Lack of
studies of RV function in patients with clinical
signs of heart failure is probably mainly related
to the complexity of RV structure and function.7

Doppler tissue imaging (DTI) is a relatively
new development in ultrasound technology,
which allows characterization of myocardial
motion velocities throughout the cardiac cycle.

Since McDicken and Sutherland8 described
myocardial velocities by using DTI, this tech-
nique has been widely used in both clinical
and experimental settings to assess myocardial
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function in various pathological conditions in-
cluding heart failure, ischemic heart disease,
and hypertrophic cardiomyopathy.9,10 However,
as it is of importance to identify accurate
echocardiographic measurements of RV func-
tion in clinical situations, DTI might be useful
in providing such knowledge.

Therefore, the aim of the present study was
to investigate the effect of normal aging on RV
myocardial segmental and global function us-
ing conventionally available echocardiographic
techniques, including pulsed DTI.

Materials and Methods

Study Population

Every resident in Sweden has a national reg-
istration number that includes date of birth.
The numbers are registered and controlled by
the Swedish Tax Authority in a population reg-
ister, which includes vital statistics, and which
by law must be kept up to date. The regis-
tration number consists of the date of birth
plus four digits where the third digit indicat-
ing female (even) or a male (odd). On this ba-
sis, 1,000 (500 were females) subjects born at
5-year intervals (e.g., 1905, 1910, 1915 up to
1975, a total of 15 age groups) were drawn from
the register. Information about the nature of
the project and invitation to participate in the
project were sent to those subjects. Inclusion
criteria were absence of any cardiovascular or
other systemic disease and none was on any
medication, which may influence cardiac func-
tion. This was further checked by a telephone
interview. Furthermore, a specially designed
questionnaire was sent to all the subjects be-
fore enrolment. Subjects with diabetes, hyper-
tension, hyperlipidemia, history of rheumatic
fever, transit ischemic attack, stroke, and inter-
mittent claudication were excluded. Selection,
telephone interview, inclusion, and exclusion of
the study population were done by an experi-
enced investigator (EK). Three hundred sub-
jects (10 from each group with equal sex distri-
bution) were included. Despite this precaution,
45 subjects had to be excluded after the exami-
nations; 23 had blood pressure >160/90 mmHg,
3 had moderate aortic stenosis, 13 had abnor-
mal ECG (3 LBBB, 4 RBBB, 6 LAH), and 6 were
on anti-hypertensive therapy.

The upper limit for blood pressure in our
study population was 160/90 chosen because of
the very wide age span.11,12 The remaining 255
subjects (mean age ± SD, 58 ± 19 years; range
22–89; 125 females) constituted the study pop-

ulation. All subjects were coded and the inves-
tigations and analysis were blindly made. All
subjects gave informed consent for this study,
which was approved by the ethics committee of
Umeå University.

Echocardiography

The echocardiographic examination was per-
formed with the subject in the left lateral decu-
bitus position and recordings were taken dur-
ing quiet expiration. A commercially available
ultrasound system (Acuson Sequoia, Mountain
View, CA) equipped with a multiple frequency
phased array transducer and pulsed DTI
technique was used. Parasternal and apical pro-
jections were obtained according to the recom-
mendations of the American Society of Echocar-
diography.13 All recordings were done with a
simultaneous superimposed ECG. A phonocar-
diogram was acquired to display the pulmonary
component of the second heart sound (S2) to de-
fine the end-systole.14 Recordings were made at
a sweep speed of 50 and 100 mm/sec and stored
on magneto optical discs. Values are presented
as means of three consecutive beats.

Myocardial Pulsed Doppler Tissue Imaging

Myocardial systolic and diastolic velocities
and the time intervals were recorded by us-
ing pulsed DTI technique. The acoustic power
and filter frequencies were adjusted for detect-
ing myocardial velocities. Measurements were
made at three levels of the RV free wall: basal,
mid, and the apical segmental levels (Fig. 1).

Conventional Doppler Echocardiography

Pulsed wave Doppler velocities were regis-
tered from the apical four-chamber view with
the sample volume positioned at the tips of the
tricuspid leaflets. The presence of valve regurgi-
tation was determined by color and continuous
wave Doppler.

Measurements

From the M-mode echocardiographic record-
ings, the following measurements were made:
LV internal diameter, interventricular septal
thickness, and posterior wall thickness were
measured at end-diastole (onset of the Q wave
of the ECG). LV internal diameter was also
measured at end-systole (the shortest distance
between the septum and the posterior wall).
LV fractional shortening was calculated from
the internal dimensions.15 Ejection fraction
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Figure 1. Segmental pulsed Doppler tissue imaging of the right ventricle. 1 = base; 2 = mid-segment; 3 =
apical segment.

was derived from Simpson’s modified biplane
method.13

From DTI of the RV free wall the follow-
ing measurements were made at the basal,
mid-cavity, and apical level.16,17 The peak pos-
itive isovolumic contraction (IVCv), peak sys-
tolic (Sv), peak early diastolic (Ev), and peak
late diastolic (atrial) (Av) velocities were all
measured. Furthermore, three time intervals
were measured, ejection time (EJt), isovolumic
contraction, and relaxation times (Fig. 2). Ejec-
tion time was measured from the onset of ejec-
tion to its end (time-interval between arrows 2
and 3). Isovolumic contraction time (IVCt) was
measured from the end of the Av to the onset of
the Sv after the first heart sound (time interval
between arrows 1 and 2). Isovolumic relaxation
time (IVRt) was measured from the pulmonary
component of S2 to the onset of Ev (time interval
between arrows 3 and 4).

From the pulsed wave Doppler recordings of
the tricuspid flow velocities, peak early (E) and
late atrial (A) diastolic velocities were mea-
sured and E/A ratio was calculated.18 E-wave
deceleration time (E-DT) was measured from

the peak to the end of the E-wave. Isovolumic
relaxation time was measured as the time in-
terval between the pulmonary component of S2
to the onset of E-wave (IVRt). Trans-tricuspid
peak retrograde velocities were registered us-
ing the continuous wave Doppler technique and
the modified Bernoulli equation was used to
estimate the RV–RA peak pressure gradient
as an indirect estimate of pulmonary artery
pressure.18

Statistical Analysis

A commercially available statistical program
(SPSS 10.1 and 11.1, SPSS Inc. Chicago, IL)
was used. All data are presented as mean ±
SD. Pearson’s correlation and linear regres-
sion analyses were performed to display rela-
tions between age and RV function. Student’s
paired t-test was used to compare values
within groups. Unpaired Student’s t-test was
used to compare groups and Mann–Whitney
nonparametric test was used when appropri-
ate. Multiple regression analysis was used to
evaluate the association of basic characteristics
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Figure 2. Analyzed parameters from pulsed Doppler tissue imaging.

to regional and global diastolic function. A
P-value <0.05 was considered significant. Re-
producibility from DTI recording of basal and
mid-segmental level of the RV and trans-
tricuspid recordings was analyzed by repeating
measurements from 10 consecutive tracings.
Peak velocities and time-intervals measure-
ment were analyzed. Variability is expressed as
the coefficient of variation (standard deviation
of the difference divided by mean value of the
two measurements).

Results

General Characteristics

The general characteristics and hemody-
namic data of the subjects are shown in Table I.

Left Ventricular Function

Left ventricular end-diastolic and end-
systolic dimensions were 49.5 ± 5.3 and 29.3 ±
4.5 mm, respectively. Fractional shortening was
40.6 ± 7.0% and ejection fraction was 63.8 ±

6.8%. Septal and posterior wall thicknesses
were 9.7 ± 1.6 and 8.6 ± 1.4 mm, respectively.

Right Ventricular Regional Myocardial
Function and Age

Adequate recordings of the RV free wall func-
tion were obtained in 98% of the subjects from

TABLE I

General Characteristic Data

Mean ± SD Range

Age (yrs) 53 ± 19 22–89
Heart rate (beats/min) 66 ± 10 43–97
SBP (mmHg) 128 ± 15 95–160
DBP (mmHg) 76 ± 7 55–90
Height (cm) 171 ± 9 146–196
Weight (kg) 73 ± 13 44–110
BSA (m2) 1.85 ± 0.90 1.40–2.33

SBP = systolic blood pressure; DBP = diastolic blood
pressure; BSA = body surface area.
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TABLE II

Regional Myocardial Velocities and Time Intervals

Basal Mid Apical
Mean ± SD Mean ± SD Mean ± SD

IVCv (cm/sec) 15.1 ± 6.1 15.5 ± 6.0 11.0 ± 4.4∗
Sv (cm/sec) 15.2 ± 2.8 14.5 ± 2.6 9.3 ± 2.6∗
Ev (cm/sec) 14.5 ± 3.5 14.1 ± 3.7 10.8 ± 2.8∗
Av (cm/sec) 16.2 ± 3.1 16.6 ± 5.5 10.9 ± 2.9∗
E/A 0.97 ± 0.37 0.94 ± 0.39 1.27 ± 0.93†

IVRt (ms) 53 ± 28 58 ± 38‡ 99 ± 47∗
IVCt (ms) 91 ± 26 100 ± 30∗ 114 ± 36∗
EJt (ms) 263 ± 35 259 ± 38 220 ± 51∗

IVCv = isovolumic contraction velocity; Sv = systolic
velocity; Ev = early diastolic velocity; Av = atrial velocity;
E/A = peak early diastolic velocity/late atrial diastolic
velocity ratio; IVRt = isovolumic relaxation time; IVCt =
isovolumic contraction time; EJt = ejection time.
∗P < 0.001; †P <0.01; ‡P < 0.05, all compared to the base.

the basal level and in 79% at the mid-cavity and
in 44% at the apical level.

Isovolumic contraction velocities were 27%
higher at the base compared to the apical level,
and systolic velocities were 38% higher at the
basal level than at the apical level. The same
pattern was found in diastole, but the fall in
diastolic velocities between the basal level and
the apical level was 25% for early diastolic and
38% for late diastolic velocities. The RV systolic
and diastolic velocities were not different be-
tween the basal and mid-cavity levels but the
apical E/A ratio was significantly higher than
the basal one (P < 0.01; Table II).

The isovolumic contraction and relaxation
time intervals were significantly longer at the
mid-cavity level compared to the basal level
(P < 0.05 and <0.001, respectively) and the api-
cal level (P < 0.001 for both). Inversely, EJt was
decreased from the basal to the apical level (P <
0.001; Table II). RV peak systolic velocity, isovo-
lumic contraction time, and ejection time were
not related to age at any segment. However, age
correlated with diastolic myocardial velocities,
inversely with Ev and directly with Av at all
three levels (r = −0.39, P < 0.001 and r = 0.49,
P < 0.001 for base). E/A ratio was negatively
correlated with age at all levels, again with the
strongest relationship at the basal and mid-
cavity levels (r = −0.67, P < 0.001, r = −0.62, P
< 0.001). Regional IVRt did not correlate with
age in any of the segments of the RV. The IVCv
at the basal and mid segments were weakly cor-
related with age (r = 0.34, r = 0.34, respectively,
P < 0.01; Table III). Regional myocardial veloc-
ities and time intervals in different age decades
are shown in Table IV.

TABLE III

Regional Myocardial Function and Age

Basal Mid Apical

r P-Value r P-Value r P-Value

Ev −0.39 <0.001 −0.29 <0.001 −0.37 <0.001
(cm/sec)

Av 0.49 <0.001 0.52 <0.001 0.41 <0.001
(cm/sec)

Ev/Av −0.67 <0.001 −0.62 <0.001 −0.28 <0.01
ratio

IVCv 0.34 <0.01 0.30 <0.01 0.04 0.761
(cm/sec)

Ev = early diastolic velocity; Av = atrial velocity; IVCv =
isovolumic contraction velocity.

Right Ventricular Global Function and Age

Tricuspid peak early diastolic velocities fell
(r = −0.39, P < 0.001), whereas peak atrial ve-
locities (r = 0.35, P < 0.001), early diastolic de-
celeration time (r = 0.35, P < 0.001), and isovo-
lumic relaxation time (r = 0.38, P < 0.001) all
increased with age. The E/A ratio was reduced
(r = −0.57, P < 0.001), and RV–RA peak pres-
sure gradient slightly increased with age (r =
0.29, P < 0.001; Table V).

Multiple Regression Analysis

Stepwise multiple regression analysis was
performed to assess the influence of age, sys-
tolic and diastolic blood pressure, body surface
area, and heart rate on RV diastolic function.
Age was the strongest independent factor for
the change in global and regional RV diastolic
function.

Relationship between Regional and Global
Right Ventricular Diastolic Function

Early diastolic RV myocardial velocities at
the basal and mid-ventricular level correlated
weakly with tricuspid E-wave velocity. Late
atrial myocardial velocity at the base (r = 0.32,
P < 0.001), the mid (r = 0.25, P < 0.001), and the
apical level (r = 0.20, P < 0.05), all correlated
with its corresponding tricuspid flow A-velocity.
Myocardial E/A ratio and IVRt at the basal
(r = 0.58, P < 0.001 and r = 0.25, P < 0.05,
respectively) and mid-cavity level (r = 0.46 and
r = 0.23, P < 0.001 for both), correlated with
the corresponding tricuspid flow measurements
(Table VI).
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TABLE IV

Regional Myocardial Velocities and Time Intervals in Different Age Groups

Young (20–39, Middle Aged Elderly Old
n = 80) (40–59, n = 80) (60–79, n = 75) (>80, n = 20)

Mean ± SD Mean ± SD Mean ± SD Mean ± SD

Basal
IVCv (cm/sec) 12.3 ± 4.0 15.1 ± 4.8‡ 17.7 ± 7.9† 15.2 ± 4.6
Sv (cm/sec) 15.5 ± 2.6 14.9 ± 2.7 15.4 ± 3.2 14.9 ± 2.0
Ev (cm/sec) 16.1 ± 3.1 14.6 ± 3.2† 13.0 ± 3.5∗ 12.1 ± 2.9∗
Av (cm/sec) 13.4 ± 3.9 15.8 ± 3.9† 18.9 ± 5.6∗ 20.0 ± 4.7∗
E/A 1.3 ± 0.4 1.0 ± 0.2∗ 0.7 ± 0.2∗ 0.6 ± 0.1∗
IVRt (ms) 53 ± 26 51 ± 28 55 ± 29‡ 54 ± 25
IVCt (ms) 90 ± 22 88 ± 21 91 ± 28 112 ± 39‡

EJt (ms) 260 ± 31 262 ± 34 269 ± 38 267 ± 38
Mid

IVCv (cm/sec) 12.7 ± 4.2 16.7 ± 6.2‡ 17.4 ± 7.0† 14.7 ± 2.4
Sv (cm/sec) 13.6 ± 2.6 12.2 ± 2.6† 13.4 ± 3.3 13.2 ± 3.2
Ev (cm/sec) 15.8 ± 3.2 14.0 ± 3.9† 13.0 ± 3.4∗ 11.9 ± 2.2∗
Av (cm/sec) 13.2 ± 3.4 16.9 ± 5.1∗ 19.2 ± 6.2∗ 21.4 ± 3.5∗
E/A 1.3 ± 0.4 0.9 ± 0.3∗ 0.7 ± 0.2∗ 0.6 ± 0.1∗
IVRt (ms) 52 ± 37 53 ± 34 69 ± 42 62 ± 33
IVCt (ms) 98 ± 25 101 ± 29 98 ± 29 125 ± 54
EJt (ms) 263 ± 29 254 ± 44 258 ± 42 269 ± 31

Apical
IVCv (cm/sec) 10.6 ± 5.2 12.4 ± 3.4 11.9 ± 3.9 11.0 ± 09
Sv (cm/sec) 9.7 ± 2.6 8.7 ± 1.8 9.0 ± 2.5 9.8 ± 4.0
Ev (cm/sec) 12.0 ± 2.9 10.7 ± 2.3 9.8 ± 2.5† 9.8 ± 2.8
Av (cm/sec) 8.8 ± 2.7 10.0 ± 3.7 11.9 ± 3.7∗ 11.4 ± 2.3‡

E/A 1.4 ± 0.4 1.6 ± 1.8 0.90 ± 0.4∗ 0.9 ± 0.6‡

IVRt (ms) 94 ± 44 97 ± 51 107 ± 48 97 ± 50
IVCt (ms) 120 ± 33 121 ± 33 102 ± 36 106 ± 52
EJt (ms) 217 ± 49 231 ± 31 215 ± 56 245 ± 69

IVCv = isovolumic contraction velocity; Sv = systolic velocity; Ev = early diastolic velocity; Av
= atrial velocity; E/A = peak early diastolic velocity/late atrial diastolic velocity ratio; IVRt =
isovolumic relaxation time; IVCt = isovolumic contraction time; EJt = ejection time.
∗P <0.001; †P <0.01; ‡P < 0.05, all compared against the young group.

TABLE V

Global Diastolic Right Ventricular Function and Age

Mean ± SD Range r P-Value

E (cm/sec) 43 ± 11 21–93 −0.39 <0.001
A (cm/sec) 31 ± 10 8–71 0.35 <0.001
E/A ratio 1.53 ± 0.80 0.62–4.29 −0.57 <0.001
E-DT (ms) 187 ± 58 72–380 0.38 <0.001
RV–RA �P 22 ± 6 7–44 0.29 <0.001

(mmHg)
IVRt (ms) 31 ± 16 5–90 0.29 <0.001

E = early diastolic velocity; A = atrial velocity; E-DT
= early diastolic deceleration time; IVRt = isovolumic
relaxation time; RV = right ventricle; RA = right atrial;
�P = pressure gradient.

Regional Myocardial Systolic
and Diastolic Relations

The IVCv was significantly correlated with its
corresponding Av at all three levels of RV free
wall: basal (r = 0.74, P < 0.001), mid (r = 0.58,
P < 0.001), and apical level (r = 0.47, P < 0.001;
Fig. 3).

Reproducibility of the Echocardiographic
Measurements

The interobserver variability, expressed as
coefficient of variation, was within the range 7–
17% for tricuspid flow recordings and 7–21% for
DTI. The intra-observer variability was within
the 6–10% limit for tricuspid flow and 7–19%
limit for DTI (Table VII).
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TABLE VI

Regional and Global Diastolic Right Ventricular Function

E A E/A IVRt

Basal
Ev 0.29∗
Av 0.32∗
Ev/Av ratio 0.58∗
IVRt 0.25∗

Mid
Ev 0.17‡

Av 0.25∗
Ev/Av ratio 0.46∗
IVRt

Apical 0.23∗
Ev – –
Av 0.20‡

Ev/Av ratio –
IVRt –

Abbreviations as in Tables II and V.
∗P <0.001; †P <0.01; ‡P <0.05.

Discussion

Selection of the Study Population

Studies of healthy individuals frequently re-
cruit subjects on ad hoc basis for reasons of
organizational simplicity. The disadvantage of
such recruitment policy is that the age distri-
bution will not be even across the age spec-
trum studied, but instead typically sparse at
both extremes. This has two interrelated ad-
verse consequences. First, the degree of pre-
cision with which the normal ranges can be
quoted at the extremes of age is poor. Sec-
ond, age-dependencies of pathological measure-

Basal

Av, cm/s

403020100
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Figure 3. Relation between isovolumic contraction velocity
and atrial contraction velocity from pulsed Doppler tissue
imaging at the basal level.

TABLE VII

Inter- and Intra-observer Variability

Interobserver Intra-observer
Variability (%) Variability (%)

Tricuspid flow
E (cm/sec) 8.2 7.3
A (cm/sec) 7.3 6.3
IVRt (ms) 11.7 9.7

DTI basal segment
Ev (cm/sec) 8.9 11.0
Av (cm/sec) 8.1 8.1
Sv (cm/sec) 7.2 7.2
IVCv (cm/sec) 6.9 6.9
IVCt (ms) 7.4 7.4
IVRt (ms) 12.3 12.2
EJt (ms) 7.6 7.6

DTI mid-segment
Ev (cm/sec) 7.7 13.9
Av (cm/sec) 9.3 4.9
Sv (cm/sec) 3.8 19.4
IVCv (cm/sec) 6.9 10.8
IVCt (ms) 14.0 14.2
IVRt (ms) 20.6 14.9
EJt (ms) 3.5 3.4

Abbreviations as in Tables II and V.

ments can easily be missed because relatively
few data points are available at the extremes
assuming that age dependence is linear. In the
present study, a great care was taken to en-
sure an objective selection and inclusion of the
study population. All subjects were randomly
selected, their ages ranged widely, and were
evenly distributed. They were blindly analyzed
by one investigator (PL) after coding and mix-
ing of the recordings. Forty-five subjects were
excluded after the ECG, echocardiographic and
clinical examination. Although, none of them
complained of any cardiac problem and they
were not in any medication and even never
seeked medical advice. Therefore, the risk of
bias was minimized and the results should be
possible to generalize.

The Importance of Assessing Right
Ventricular Function

Right ventricular function has recently at-
tracted increasing interest, since it has been
shown to determine exercise tolerance and clin-
ical outcome in patients with heart failure.6,19,20

However, assessment of RV function is not al-
ways easy due to its complex anatomy and
function.21

Doppler tissue imaging has been used in dif-
ferent cardiac diseases to assess both RV and
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LV function, it is considered to be less preload
dependent compared to conventional Doppler
technique. The initial evaluation of DTI in-
dicated that it might represent a significant
step forward in noninvasive assessment of re-
gional myocardial function. However, regional
myocardial tissue velocities in one myocardial
segment are determined by function of other
segments as well, which is due to tethering be-
tween segments and cardiac translational mo-
tion.22 Recently, reports about using strain or
strain rate to measure myocardial deformation,
it was found that this technique is less influ-
enced by cardiac translation and motion due to
tethering of other regions. Therefore, it might
be more preferable. At the present time, al-
though strain can be measured using echocar-
diography, however, the method is not widely
used in the routine daily clinical practice.

Our findings show that pulsed DTI is useful
in this respect and that normal aging influences
RV diastolic. Thus, RV systolic function can be
considered relatively independent of age if E/A
ratio is ignored. The relevance of global E/A ra-
tio has been questioned lately, due to its load
and heart rate dependence as well as its vari-
ation with respiration.23,24 Regional IVRt can
be used in the evaluation of RV function irre-
spective of age, whereas the E/A ratio changes
with age. Whether these two parameters reflect
different functional components and must be
used together in functional analysis of the RV
remains to be studied in disease state.

Right Ventricular Anatomy

The thin-walled RV is separated into two
different anatomical and functional compo-
nents, inflow tract and outflow tract. These two
units have different contributions to local work,
stroke volume, and extent of fiber-shortening
and mechanical activation.25 The myocardial
fibers of the inflow tract run predominantly
longitudinally in the subendocardium, apex to
base. Spiral or circumferential fibers are located
in the subepicardium and run perpendicularly
to the longitudinal fibers in the inflow tract.
Fibers in the outflow tract are mainly longitudi-
nal and run parallel to the circumferential ones
of the inflow tract.26

Right Ventricular Systolic Function

This study could not confirm a significant ef-
fect of age on RV regional longitudinal peak sys-

tolic myocardial velocity or the ejection time.27

Our results are in accordance with others.28,29

The differences in the results from studies may
at least in part be explained by the technique
used, pulsed or color DTI. The studied popula-
tion may be another reason. The absence of age-
related changes in RV systolic function is a ma-
jor advantage in the evaluation, as in the case
with the LV.30 Systolic function is maintained
despite the modest but progressive increase in
pulmonary artery pressure with age.31 These
findings are consistent with previous studies
that used invasive techniques and MRI.32,33

The only relationship between age and sys-
tolic function measurements was found to be
increased myocardial velocities during isovolu-
mic contraction period at the basal segment.
This motion has been suggested to reflect the
RV state of contractility.34 The increase in IVCv
with age might therefore represent a change
in ventricular inotropic properties, all in pur-
pose to secure adequate cardiac output. Fur-
thermore, we found a relatively well-preserved
motion during IVC at the mid-cavity and api-
cal level. This could possibly be related to a
predominant rotational motion with less lon-
gitudinal motion during ejection at the apical
part of RV. MRI studies have shown that the
motion during IVC is mainly due to transverse
motion and rotation.35,36 This implies that cir-
cumferential cardiac motion increases with age.
Another interesting finding is the close rela-
tionship between IVCv and the respective Av
at all three segments. This may represent a
significant shape change in early systole fol-
lowing the age-related accentuated ventricu-
lar lengthening during atrial systole, likely as
a result from dissipated energy stored in the
atrium and released in early systole, as a re-
coil effect. So far it can be concluded that RV
systolic function measurements are well pre-
served across age groups despite the known
modest increase in pulmonary artery pressure.
Therefore, in patients with increased vascu-
lar resistance, RV systolic function may sus-
tain modest increases in pressures and remain
well preserved for sometime.37 These findings
are similar to those previously reported by us
in healthy subjects (Umeå General Population
Heart Study), where we found that systolic my-
ocardial velocities were preserved over age.30

We also found regional differences in the isovo-
lumic periods. These findings might be of impor-
tance when optimizing pacemaker treatment is
required.
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Right Ventricular Diastolic Function

The significant relationship between age and
E/A ratio for both the RV free wall and global
ventricular filling was not surprising since the
same pattern of change in diastolic function
with age has previously been shown in the LV.30

This suggests an age-related limitation in early
diastolic myocardial relaxation that requires an
increase in atrial contraction force in order to
maintain adequate ventricular filling.

We could not find a significant effect of age
on regional IVRt, previously demonstrated in
the LV.38 The lack of relation between RV IVRt
and age is an important finding as increased
IVRt is proposed to be a sensitive marker of
myocardial dysfunction, e.g., in pulmonary hy-
pertension.39 Thus, this observation indicates
relatively well-preserved RV myocardial func-
tion over age. Furthermore, myocardial DTI is
proposed to be less load dependent,23 which may
explain the weak relation between regional and
global IVRt.

Although, pulmonary artery systolic pressure
is known to increase gradually with age,31,32 it
cannot explain the gradual fall in E/A ratio be-
cause there is no direct relationship between
the RV and pulmonary circulation in diastole.
The change in E/A ratio may rather be related
to intrinsic myocardial changes during diastole
(remodeling) as is the case in normal aging of
the LV. We have recently reported the marked
dependency of right ventricular diastolic veloc-
ities to increase to heart rate in patients with
coronary artery disease and increased RV af-
terload. These findings30 highlight the sensitiv-
ity that measures not only age but also disease
conditions.

Limitations

In the present study, apical recordings were
not useful for segmental analysis in more than
44% of the studied population. This is in agree-
ment with previous studies which suggested
that the apical part is a relatively fixed and im-
mobile part of the heart where longitudinal ve-
locities are low and the reproducibility of mea-
surements is poor.40,41 As our experience is sim-
ilar to these studies, we therefore decided not
to evaluate the reproducibility of apical veloc-
ities and timings and thus propose that apical
recordings are not highly accurate to analyze
using pulsed DTI.

Ideally, normal subjects should have been
prospectively followed and evaluated over time.
A prospective study of 20 years old subjects for
70 years is difficult to perform. Some of the stud-

ied volunteers might have subclinical diseases,
which could not be detected by echocardiogra-
phy. We relied, however, entirely on clinical and
noninvasive assessment of our subjects. Even if
the RV outflow tract contribution to the stroke
volume is considered less important compared
to the inflow tract, this has been disputed. Due
to technical reasons regional function of RV
outflow tract was not possible to assess using
pulsed DTI in the present study.

Clinical Implications and Conclusion

Age does not affect systolic RV function. The
changes in RV function due to age are related
to the diastolic filling velocities, which mirror
those of the LV. Basal and mid-segmental RV
systolic and diastolic function are the main de-
terminants for the longitudinal behavior of the
inflow tract, again in parallel with the respec-
tive segments of the LV. Knowledge of these
changes in ventricular function with increasing
age is mandatory when assessing patients.
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