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Abstract

Background: This study aimed to define the normal ranges of echocardiographic parameters that are used to evaluate right
ventricular systolic functions.
Methods: A total of 607 children within the age range of 0 - 18 years without any cardiac pathology or chronic disorders
were included in the study. The study population was categorized into different age groups and underwent transthoracic
echocardiography. In this study, tricuspid annular plane systolic excursion (TAPSE), tricuspid annular peak systolic velocity (TAPSV),
and right ventricular myocardial performance index (RVMPI) values were measured.
Results: There was no statistically significant difference between the mean TAPSE and TAPSV values of male and female subjects.
The mean RVMPI was higher in females than in males. The study population was categorized into nine groups according to their
age. The TAPSE, TAPSV, and RVMPI values were calculated for each group. Additionally, the 5th, 10th, 25th, 50th, 75th, 90th, and 95th
percentiles, and± 2 standard deviation (SD) and± 3 SD values of TAPSE measurements were calculated for each age group. The study
population was divided into eight groups according to their body surface area (BSA). Moreover, the 5th, 10th, 25th, 50th, 75th, 90th,
and 95th percentiles of TAPSE measurements were calculated. There was a strong positive correlation between TAPSE and BSA. The
TAPSE was also positively correlated with TAPSV but not with RVMPI.
Conclusions: This study determined the normal values for TAPSV and RVMPI. It is important to have knowledge of the normal ranges
of these parameters to recognize right ventricular dysfunction early in various cardiac disorders.
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1. Background

Right ventricular impairment is an independent
predictor of prognosis and adversely affects left
ventricular functions due to inter-ventricular interactions.
Therefore, it is imperative to evaluate right ventricular
functions (1, 2). However, there are fewer studies on right
ventricular structure and function than those on the left
ventricle in the literature. Currently, it is recommended
to evaluate right ventricular systolic functions as a part of
routine echocardiographic examination (3-5).

Conventional techniques used for the evaluation
of right ventricular functions, such as right
ventriculography-right heart catheterization, gated
nuclear imaging, and magnetic resonance imaging
(MRI), have limited usage in practice since they are

time-consuming, invasive, expensive, not easily accessible,
and not suitable for bedside application. The evaluation
of the right ventricle from different echocardiographic
windows is necessary due to its complicated anatomical
structure, location just behind the sternum surrounding
the left ventricle, and intricate shape. The thin free wall (3
- 5 mm) of the right ventricle and distinctive alignment
of myofibrils in different anatomic regions constitute
other limitations of the standard two-dimensional (2D)
echocardiographic assessment (3-7). In addition, right
ventricular geometry is more complex in congenital
heart diseases, and interventional procedures might lead
to further complexity (8). Therefore, tricuspid annular
plane systolic excursion (TAPSE), tricuspid annular peak
systolic velocity (TAPSV), and right ventricular myocardial
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performance index (RVMPI) have recently been used for
the evaluation of the right ventricular systolic function
(1-6).

The TAPSE defines the amount of vertical motion of
the lateral tricuspid annulus during the cardiac cycle in
an apical 4-chamber view in M-mode echocardiography.
The TAPSE measurement provides a simple, reproducible
method to evaluate right ventricular systolic function.
Recent studies have shown a strong correlation with
gold-standard methods, such as cardiac MRI (7, 8).

The myocardial performance index (MPI), also known
as the Tei index, was discovered by Chuwa Tei in 1995 as a
Doppler index that can simultaneously assess ventricular
systolic and diastolic functions in patients with systolic
myocardial dysfunction (9). It has been shown that RVMPI
can be used to evaluate right ventricular functions in
children with congenital heart diseases (10, 11).

The measurement of myocardial wall velocities
with tissue Doppler is another promising approach in
the quantitative assessment of longitudinal systolic
ventricular performance. It is possible to calculate TAPSV
with pulsed-wave tissue Doppler images (12). Right
ventricular dysfunction was correlated with TAPSV in
adult patients (13, 14).

2. Objectives

This study aimed to determine the normal values of
TAPSE, RVMPI, and TAPSV in healthy children within 1 day
to 18 years of age to determine the z scores and percentiles
and explore the relationship with gender, body surface
area (BSA), and other echocardiographic parameters.

3. Methods

3.1. Study Population

This study was performed within October 2012 and
March 2013 on children who were referred to Celal
Bayar University Faculty of Medicine Hospital, pediatric
cardiology outpatient clinic (Manisa, Turkey) due to
cardiac murmur and/or chest pain and had no structural
cardiac pathology on transthoracic echocardiography. A
total of 607 children aged 0 - 18 years without any cardiac
pathology or other chronic disorders were included in the
study consecutively.

3.2. Exclusion Criteria

The exclusion criteria were children with any
structural cardiac pathology on echocardiographic
examination, any congenital or acquired heart disease
history, any chronic disorder, any chromosomal anomaly

or genetic disorder, and those whose parents refused to
give consent.

3.3. Study Design

In this cross-sectional study, subjects’ medical history
and family history were taken. The study subjects
went through a detailed physical examination. Their
weight, height, and blood pressure measurements were
recorded together with demographic data, laboratory
findings, and other anthropometric measurements.
All participants underwent standard transthoracic
echocardiographic examination and tissue Doppler
imaging (TDI), recorded on standard forms. All subjects’
blood pressure measurements, electrocardiography,
standard echocardiography, and TDI evaluations
were performed and evaluated by the same pediatric
cardiologist. All measurements were carried out three
times, and the averages were used. For inter-observer
variability, the first 50 data were measured by two
observers (i.e., M. Y. and S. C.) who were blinded to one
another’s results.

The study population was categorized into nine groups
according to their age to calculate echocardiographic
values, including 0 - 30 days, 1 - 2 months, 3 - 5 months, 6
- 11 months, 1 - 2 years, 3 - 5 years, 6 - 8 years, 9 - 12 years, and
13 - 18 years. In order to compare the echocardiographic
parameters, the study population was further divided into
four groups according to age, including 0 - 11 months, 1 - 5
years, 6 - 12 years, and 13 - 18 years. The study population
was divided into eight groups according to their BSA, for
percentiles of TAPSE measurement, including ≤ 0.25 m2,
0.26 - 0.50 m2, 0.51 - 0.75 m2, 0.76 - 1.00 m2, 1.01 - 1.25 m2,
1.26 - 1.50 m2, 1.51 - 1.75 m2, and ≥ 1.76 m2.

3.4. Anthropometric Measurements

Weight was measured with a scale with 100-gram
precision (Soehnle, CMS Weighing Equipment Ltd.,
Germany) and expressed in kilograms. Height was
measured with a stadiometer with 1-mm precision
(Harpenden, Holtain, the United Kingdom) and expressed
in meters. The BSA was calculated by the Du Bois formula.

3.5. Standard Echocardiographic Examination

Echocardiographic studies were performed using
the GE Vingmed Vivid S 6 (GE Vingmed Ultrasound,
Horten, Norway) equipped with 2.5 - 3.5 and 3.5 - 8 MHz
probes. The patients were lying without sedation on
their back or left lateral decubitus position during the
examination. Each examination took approximately
20 minutes, during which the patient waited to calm
down in the first 5 minutes. All participants underwent
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standard echocardiographic evaluation, which consisted
of 2D, pulsed Doppler, color flow Doppler, and M-mode
echocardiography. Echocardiograms were obtained from
the standard precordial windows (14). The neonates were
allowed to bottle feed during the examination.

3.6. Tricuspid Annular Plane Systolic Excursion Measurement

The TAPSE was measured by placing the cursor
on the tricuspid annulus free lateral wall using the
M-mode records on the apical 4-chamber view under
2D echocardiography guidance. Maximal TAPSE was
determined by the total displacement of the tricuspid
annulus. The distance from the highest position to the
lowest position during ventricular systole was measured
after the atrial elevation of the annulus.

3.7. Tissue Doppler Echocardiography Study

After the standard echocardiographic study, tissue
Doppler measurements were performed in the apical
4-chamber view. The cursor was placed on three
myocardial segments of the anterior wall of the right
ventricle. Myocardial tissue velocities were recorded by
placing pulsed-wave tissue Doppler at the basal segment
level. Doppler waves were aligned as parallel as possible to
each myocardial wall motion axis.

The deflection of myocardial motion was positive
when approaching the receiver and negative when moving
away from the receiver. A positive wave was recorded
during systole, and two negative waves were recorded
during the diastole. The highest myocardial velocities
during systole, early diastole, and late diastole were
recorded as S’ wave, E’ wave, and A’ wave, respectively.

Isovolumic contraction time (ICT), isovolumic
relaxation time (IRT), and ejection time (ET) measurements
were performed on pulsed-wave tissue Doppler
echocardiography. The MPI was calculated using these
measurements as follows:

MPI = (ICT + IRT) / ET

3.8. Tricuspid Annular Peak Systolic Velocity Measurement

Tissue Doppler measurements were performed in the
apical 4-chamber view. The cursor was placed on the
myocardial segments of the anterior wall of the right
ventricle. The highest myocardial velocity during systole
(S’ wave) was recorded as TAPSV.

All participants and their parents were informed about
the procedures before giving their consent. The study
protocol conformed to the ethical guidelines of the 1975
Declaration of Helsinki, as reflected in prior approval
by Celal Bayar University Faculty of Medicine Human
Research Committee.

3.9. Statistical Analysis

The data were analyzed with SPSS software version
15.0 for Windows (SPSS Inc., Chicago, IL) using mean,
standard deviation (SD), and percentiles for descriptive
statistics. Pearson correlation analysis and one-way
analysis of variance were used when comparing the
means of continuous variables for two or more groups.
The Bonferroni correction test was used for post-hoc
evaluation in variance analysis. Intra-observer variability
and inter-observer variability of 50 participants were
evaluated for all three parameters (15). P-values less
than 0.05 were considered statistically significant for all
analyses.

4. Results

A total of 607 children within the age range of 0-18
years were included, 56% (n = 339) and 44% (n = 268) of
whom were male and female, respectively. The mean age of
the study population was 6.3 ± 5.3 years (range: 0-18 years).
The children’s body weight ranged from 2 to 97 kg, and
their height ranged from 46 to 190 cm; however, the BSA
ranged from 0.16 to 2.14 m2 (Table 1).

Table 1. Age, Weight, Height, and Body Surface Area of Study Subjects

Variables Mean ± SD (min-max), n = 607

Age, y 6.3 ± 5.3 (0 - 17)

Height, cm 112 ± 38 (46 - 190)

Weight, kg 25.6 ± 18.9 (2 - 97)

Body surface area, m2 0.86 ± 0.48 (0.16 - 2.14)

Observer variability was low for all three parameters.
Inter-observer and intra-observer variability values were
2% and 2.7% for TAPSE, 3.2% and 4% for RVMPI, and 2.5%
and 2.9%, respectively. There was no statistically significant
difference in mean TAPSE and TAPSV values between males
and females. The mean RVMPI was higher in females (0.30
± 0.02) than in males (0.29 ± 0.02) (P = 0.011) (Table 2).

Table 2. Mean ± Standard Deviation Values of Tricuspid Annular Plane Systolic
Excursion, Right Ventricular Myocardial Performance Index, and Tricuspid Annular
Peak Systolic Velocity in Both Genders

Male (n = 339) Female (n = 268) P-Value a

TAPSE, cm 1.87 ± 0.52 1.91 ± 0.48 0.384

RVMPI 0.29 ± 0.02 0.30 ± 0.02 0.011

TAPSV, cm/s 11.10 ± 1.58 10.88 ± 1.57 0.099

Abbreviations: TAPSE, tricuspid annular plane systolic excursion; RVMPI, right
ventricular myocardial performance index; TAPSV, tricuspid annular peak
systolic velocity.
a Student t-test
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Table 3. Tricuspid Annular Plane Systolic Excursion, Right Ventricular Myocardial Performance Index, and Tricuspid Annular Peak Systolic Velocity Values of Age Groups a

No. TAPSV, cm/s RVMPI TAPSE (min-max), cm

0 - 30 d 23 8.08 ± 1.37 0.30 ± 0.02 0.96 ± 0.08 (0.80 - 1.14)

1 - 2 mo 42 9.56 ± 1.37 0.30 ± 0.02 1.15 ± 0.11 (0.86 - 1.4)

3 - 5 mo 52 10.31 ± 1.44 0.29 ± 0.02 1.29 ± 0.12 (1.00 - 1.71)

6 - 11 mo 43 10.64 ± 1.12 0.29 ± 0.02 1.45 ± 0.13 (1.14 - 1.80)

1 - 2 y 73 10.87 ± 1.30 0.29 ± 0.03 1.64 ± 0.17 (1.26 - 2.04)

3 - 5 y 75 11.27 ± 1.32 0.30 ± 0.02 1.89 ± 0.16 (1.50 - 2.33)

6 - 8 y 119 11.35 ± 1.37 0.29 ± 0.02 2.10 ± 0.20 (1.66 - 2.76)

9 - 12 y 102 11.60 ± 1.46 0.30 ± 0.02 2.38 ± 0.24 (1.70 - 3.10)

13 - 18 y 78 11.84 ± 1.22 0.29 ± 0.03 2.49 ± 0.29 (1.77 - 3.16)

Total 607 11.00 ± 1.58 0.29 ± 0.02 1.89 ± 0.50 (0.80 - 3.16)

Abbreviations: TAPSE, tricuspid annular plane systolic excursion; RVMPI, right ventricular myocardial performance index; TAPSV, tricuspid annular peak systolic velocity.
a Values are expressed as mean ± SD.

Table 4. Mean Tricuspid Annular Plane Systolic Excursion, Right Ventricular Myocardial Performance Index, and Tricuspid Annular Peak Systolic Velocity Values of Age
Categories a

No. TAPSE, cm TAPSV (cm/s) RVMPI

0 - 11 mo 160 1.25 ± 0.20 9.89 ± 1.67 * 0.30 ± 0.03

1 - 5 y 148 1.77 ± 0.21 11.08 ± 1.33 # 0.30 ± 0.03

6 - 12 y 221 2.23 ± 0.26 11.48 ± 1.42 # 0.30 ± 0.03

13 - 17 y 78 2.49 ± 0.30 11.84 ± 1.26 0.30 ± 0.03

P-value < 0.001 < 0.001 0.580

Abbreviations: TAPSE, tricuspid annular plane systolic excursion; RVMPI, right ventricular myocardial performance index; TAPSV, tricuspid annular peak systolic velocity.
a Values are expressed as mean ± SD. * P = 0.000 (between 1st & 2nd groups); # P = Nonsignificant (between 2nd & 3rd and 3rd & 4th groups)

The study population was categorized into nine groups
according to their age. The TAPSE, TAPSV, and RVMPI
values were calculated for each group (Table 3). The study
population was divided into four groups based on age,
including 0 - 11 months, 1 - 5 years, 6 - 12 years, and
13 - 18 years, for the comparison of echocardiographic
parameters. There was a significant difference between the
mean TAPSE values of the groups; nevertheless, the mean
RVMPI values of the groups were comparable. There was a
significant difference between the groups in mean TAPSV
values (Table 4).

There was a strong positive correlation between TAPSE
age and BSA. The multiple regression analysis revealed that
80.6% of the variance in TAPSE could be explained by BSA
alone. The TAPSE value was calculated using the regression
method as TAPSE = 1.068 + 0.686 × BSA (m2). With the
addition of age, the prediction of TAPSE variance increased
from 80.6% to 81.1%. The TAPSE value was calculated using
the regression method related to age and BSA as TAPSE =
1,143 + 0,025 × age (year) + 0,686 × BSA (m2). The TAPSE
was also positively correlated with TAPSV; however, there
was no significant correlation between TAPSE and RVMPI

(Table 5).

Table 5. Correlation of Tricuspid Annular Plane Systolic Excursion with Age, Body
Surface Area, and Other Echocardiography Parameters

TAPSE r P-Value a

Age, y 0.882 < 0.001

Body surface area, m2 0.898 < 0.001

TAPSV, cm/s 0.533 < 0.001

RVMPI 0.008 0.847

Abbreviations: TAPSE, tricuspid annular plane systolic excursion; RVMPI, right
ventricular myocardial performance index; TAPSV, tricuspid annular peak
systolic velocity.
a Pearson correlation analysis

The study population was divided into eight groups
according to their BSA. The 5th, 10th, 25th, 50th, 75th,
90th, and 95th percentiles of TAPSE measurements were
calculated (Table 6). The study population was divided
into nine groups according to their age. The 5th, 10th,
25th, 50th, 75th, 90th, and 95th percentiles of TAPSE
measurements were calculated for each group (Table 7). In
each age group, ± 2 SD and± 3 SD values for TAPSE were also
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Table 6. Percentile Distribution of Mean Tricuspid Annular Plane Systolic Excursion Values according to Body Surface Area

Body Surface Area No. 5th 10th 25th 50th 75th 90th 95th

≤ 0.25 m2 47 0.82 0.86 0.94 1.07 1.13 1.22 1.28

0.26 - 0.50 m2 130 1.10 1.18 1.24 1.34 1.45 1.56 1.65

0.51 - 0.75 m2 94 1.46 1.54 1.67 1.75 1.83 1.95 2.05

0.76 - 1.00 m2 112 1.70 1.76 1.90 2.00 2.16 2.30 2.37

1.01 - 1.25 m2 84 1.85 1.95 2.07 2.23 2.37 2.47 2.66

1.26 - 1.50 m2 65 2.06 2.11 2.23 2.44 2.55 2.70 2.86

1.51 - 1.75 m2 52 2.10 2.13 2.30 2.52 2.69 2.97 3.02

≥ 1.76 m2 23 1.83 2.13 2.30 2.53 2.77 2.86 3.07

Table 7. Percentile Distribution of Mean Tricuspid Annular Plane Systolic Excursion (cm) Values in Each Age Group

Age No. 5 p 10 p 25 p 50 p 75 p 90 p 95 p

0 - 30 d 23 0.80 0.82 0.90 0.96 1.00 1.09 1.13

1 - 2 mo 42 0.88 1.02 1.09 1.16 1.23 1.29 1.36

3 - 5 mo 52 1.09 1.17 1.23 1.27 1.37 1.45 1.51

6 - 11 mo 43 1.22 1.27 1.35 1.45 1.53 1.65 1.67

1 - 2 y 73 1.33 1.38 1.51 1.67 1.73 1.87 1.95

3 - 5 y 75 1.61 1.68 1.78 1.90 2.00 2.14 2.20

6 - 8 y 119 1.74 1.81 1.96 2.13 2.25 2.36 2.40

9 - 12 y 102 1.96 2.06 2.22 2.40 2.53 2.70 2.77

13 - 18 y 78 2.04 2.12 2.28 2.50 2.70 2.90 3.00

calculated (Table 8).

5. Discussion

The present study determined the TAPSE, TAPSV, and
RVMPI reference values that will guide the diagnosis
and treatment in children from newborns to 18-year
participants. Despite various difficulties in their use,
echocardiographic methods are frequently used in
the evaluation of cardiac functions because they are
inexpensive, easy to apply, and easy to find and provide
rapid results. In parallel with the developments in
echocardiography, various echocardiographic methods
are used to evaluate right ventricular systolic function
(16). The current study’s results could help use all three
parameters together to evaluate right ventricular systolic
function.

The TAPSE measurement is based on the idea that most
of the right ventricular motion is due to subendocardial
myocardial fibers longitudinally located in the thin right
ventricular wall and that the tricuspid annulus movement
along the long axis between the annular plane and
apex provides information about global right ventricular

functions (17). The TAPSE has been shown to correlate well
with the right ventricular ejection fraction (18, 19).

The TAPSE can easily be measured in all patients
regardless of heart rate (20). It has been reported that
TAPSV and TAPSE can be used to distinguish volume and
pressure loading conditions and have high sensitivity
and specificity for determining right ventricular systolic
dysfunction (21). In a study by Ahmad et al., intra-
and inter-observer variability values were less than 10%
for TAPSE measurement in adults (22). Koestenberger
et al. found this variability of about 3% in a study on
children (6). Similarly, in the present study, inter-observer
and intra-observer variability values were 2% and 2.7%,
respectively.

A study evaluating children and adults together
showed that TAPSE was low in absolute value in the
pediatric group, increased in adulthood, and then
gradually decreased in old age. In this study, TAPSE was
positively associated with body mass index in the pediatric
group. In addition, TAPSE was lower in female subjects (23).
Consistent with the previous studies, the current study
observed positive correlations of TAPSE measurements
with the age and BSA of the participants (6, 7, 24, 25). In
addition, this study noticed no difference between the
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Table 8. ± 2 and ± 3 Standard Deviation Values of Tricuspid Annular Plane Systolic Excursion (cm) for Each Age Group

Age No. -2 SD +2 SD -3 SD +3 SD

0 - 30 d 23 0.80 1.14 0.80 1.14

1 - 2 mo 42 0.86 1.39 0.86 1.40

3 - 5 mo 52 1.01 1.64 1.00 1.71

6 - 11 mo 43 1.14 1.78 1.14 1.80

1 - 2 y 73 1.29 2.00 1.26 2.04

3 - 5 y 75 1.56 2.21 1.50 2.33

6 - 8 y 119 1.72 2.47 1.66 2.76

9 - 12 y 102 1.87 2.93 1.70 3.10

13 - 18 y 78 1.80 3.12 1.77 3.16

two genders’ TAPSE values. However, Koestenberger et al.
observed a statistically significant difference between the
15-year-old and 16-year-old age groups (6).

In order to simplify the use of TAPSE in clinical practice,
the children were also categorized according to their BSA
into eight groups to calculate the 5th, 10th, 25th, 50th,
75th, 90th, and 95th percentiles of TAPSE values. The
normal ranges of TAPSE values in childhood have been
well-defined in the literature (6, 7, 24, 25). The difference in
the present study is that normal values were also revealed
for TAPSV and RVMPI parameters in the same population.

Despite the simplicity of measurement, there are
some limitations to TAPSE. Since it does not involve
the movement of the interventricular septum and right
ventricular outflow tract, TAPSE is limited to assessing
the systolic function of the right ventricular free wall
on the longitudinal axis only (26). On the other hand,
the functional status of the left ventricle might influence
TAPSE measurement (27).

The MPI has been shown to be superior to the
conventional parameters of systolic function in predicting
prognosis and survival (28). The MPI calculated from
conventional pulsed tissue Doppler is quite valuable
in the assessment of systolic and diastolic ventricular
functions. However, there are some restrictions in MPI
calculation with this method. Systolic and diastolic
tricuspid annular velocities cannot be calculated from the
same view. Therefore, they were calculated sequentially,
not in the same cardiac cycle. As a result, the accuracy
of results might be affected by fluctuations in heart rate
because the results are less reliable when the heart rate is
variable, although sinus rhythm is normal. The systolic
and diastolic tricuspid annular velocities can be recorded
simultaneously with pulsed-wave tissue Doppler, and
MPI can be calculated at a single cardiac cycle (29, 30).
Therefore, pulsed-wave tissue Doppler was used in the
current study.

Comparing the RVMPI obtained with pulse wave
Doppler and pulse wave tissue Doppler in children,
Harada et al. showed that RVMPI in 40 children had well
correlation with the two techniques (29). On the other
hand, Robeson and Cui observed a small but statistically
significant difference between pulse wave Doppler and
RVMPI obtained with tissue Doppler in their study on 308
children aged 1 - 18 years. In the aforementioned study, it
was reported that age had a small but significant positive
effect on RVMPI obtained with pulse wave tissue Doppler
(30). In another study examining 593 children aged 1 day
to 18 years, the mean RVMPI was noticed to be 0.33 ± 0.11
(0.04 - 0.33) and correlated with age. However, the authors
reported that although this relationship was statistically
significant, it was too small to have clinical significance
(31). No age-related change in the RVMPI values of healthy
children was observed between the 4-age categories in the
current study.

The mean RVMPI values in the present study were
0.29 ± 0.02 and 0.30 ± 0.02 for females and males,
respectively, with a statistically significant difference. In a
study involving 26 male and 24 female newborns, the mean
RVMPI values were 0.27 ± 0.15 and 0.21 ± 0.12, respectively;
however, the difference was not statistically significant
(32). No studies in the literature have been found to
report a difference in the RVMPI values between males and
females. This difference might arise from a relatively high
number of children who participated in the current study.

The TAPSV, measured using pulsed-wave tissue
Doppler, has been suggested as a good parameter
for the quantitative assessment of right ventricular
systolic function in adults (14, 33). The results of a few
studies regarding normal TAPSV values in children are
contradictory. In a study by Mori et al., including 235
healthy newborns and 131 healthy children aged from 2
months to 18 years, unlike the present study, TAPSV values
were observed to be 6.6 and 13.7 cm/s in 0-7-day newborns
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and elder children, respectively (34). Frommelt et al.
reported the mean TAPSV of neonates and older children
as 6 ± 1 and 10 ± 5 cm/s, respectively (35). Koestenberger
et al. showed the mean TAPSV value of healthy newborns
as 7.2 cm/s, which is consistent with the current study’s
results. They found the mean TAPSV value of 18-year-old
children as 14.3 cm/s, which is different from the present
study’s results. It was reported that the TAPSV shows a
non-linear increase with age and BSA after the first year of
life (12).

In the current study, the mean TAPSV showed a
significant increase between the first three age groups;
however, the increase between the age groups of 5 - 12
and 13 - 18 years was not statistically significant. The
relationship of TAPSV with age in neonates, but not older
children, has been reported in the literature (36). Studies
reporting no correlation between age and TAPSV are also
present in the literature (37, 38). The contradictory results
might be due to the fact that different studies include
different age groups. In the present study, similar to
the results of Koestenberger et al.’s study (12), there was
no correlation between TAPSV and gender; nevertheless,
a positive correlation was observed between TAPSV and
TAPSE.

The main limitation of this study was that the children
included in the study were children who were referred to
only one pediatric cardiology outpatient clinic. Therefore,
they were not randomly selected, and not all groups had
an equal number of subjects of both genders. In addition,
the right ventricular fractional area of change was not
investigated in this study.

5.1. Conclusions

In conclusion, TAPSE, TAPSV, and RVMPI are easy-to-use,
reproducible echocardiographic parameters used to
evaluate right ventricular systolic functions. This study
determined the normal values for TAPSV and RVMPI,
which are used in evaluating right ventricular systolic
function together with TAPSE in children from newborns
to 18-year subjects. It is important to have knowledge of
the normal ranges of these parameters to recognize right
ventricular dysfunction early in various cardiac disorders.
The obtained results of this study showing the 5th, 10th,
25th, 50th, 75th, 90th, and 95th percentiles and ± 2 SD
and ± 3 SD of these parameters for different age and BSA
groups will simplify their use in clinical practice.
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analyses. Ş. C. re-analyzed the clinical and statistical data
and revised the manuscript. All the authors read and
approved the final manuscript.

Conflict of Interests: The authors declared no conflict of
interest.

Data Reproducibility: The data presented in this study
are uploaded during submission as a supplementary file
and are openly available for readers upon request.

Ethical Approval: Celal Bayar University Faculty of
Medicine Human Research Committee ethical approval
code 26.09.2012/248.

Funding/Support: The study was not supported by any
institution.

Informed Consent: Informed consent was obtained from
the patients.

References

1. Davlouros PA, Niwa K, Webb G, Gatzoulis MA. The right ventricle in
congenital heart disease. Heart. 2006;92 Suppl 1(Suppl 1):i27–38.
[PubMed ID: 16543599]. [PubMed Central ID: PMC1860730].
https://doi.org/10.1136/hrt.2005.077438.

2. Lammers AE, Apitz C, Michel-Behnke I, Koestenberger M. A guide
to echocardiographic assessment in children and adolescents with
pulmonary hypertension. Cardiovasc Diagn Ther. 2021;11(4):1160–77.
[PubMed ID: 34527541]. [PubMed Central ID: PMC8410502].
https://doi.org/10.21037/cdt-21-119.

3. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A, Ernande
L, et al. Recommendations for cardiac chamber quantification by
echocardiography in adults: an update from the American Society of
Echocardiography and the European Association of Cardiovascular
Imaging. Eur Heart J Cardiovasc Imaging. 2015;16(3):233–70. [PubMed
ID: 25712077]. https://doi.org/10.1093/ehjci/jev014.

4. Rudski LG, Lai WW, Afilalo J, Hua L, Handschumacher MD,
Chandrasekaran K, et al. Guidelines for the echocardiographic
assessment of the right heart in adults: a report from the American
Society of Echocardiography endorsed by the European Association
of Echocardiography, a registered branch of the European Society of
Cardiology, and the Canadian Society of Echocardiography. J Am Soc
Echocardiogr. 2010;23(7):685–713. quiz 786-8. [PubMed ID: 20620859].
https://doi.org/10.1016/j.echo.2010.05.010.

5. Zaidi A, Knight DS, Augustine DX, Harkness A, Oxborough D, Pearce
K, et al. Echocardiographic assessment of the right heart in adults:
a practical guideline from the British Society of Echocardiography.
Echo Res Pract. 2020;7(1):G19–41. [PubMed ID: 32105053]. [PubMed
Central ID: PMC7077526]. https://doi.org/10.1530/ERP-19-0051.

6. Koestenberger M, Ravekes W, Everett AD, Stueger HP, Heinzl B,
Gamillscheg A, et al. Right ventricular function in infants, children
and adolescents: reference values of the tricuspid annular plane
systolic excursion (TAPSE) in 640 healthy patients and calculation of
z score values. J Am Soc Echocardiogr. 2009;22(6):715–9. [PubMed ID:
19423286]. https://doi.org/10.1016/j.echo.2009.03.026.

7. Kjaergaard J, Iversen KK, Akkan D, Moller JE, Kober LV, Torp-Pedersen
C, et al. Predictors of right ventricular function as measured by

Iran J Pediatr. 2023; 33(2):e134196. 7

http://www.ncbi.nlm.nih.gov/pubmed/16543599
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1860730
https://doi.org/10.1136/hrt.2005.077438
http://www.ncbi.nlm.nih.gov/pubmed/34527541
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8410502
https://doi.org/10.21037/cdt-21-119
http://www.ncbi.nlm.nih.gov/pubmed/25712077
https://doi.org/10.1093/ehjci/jev014
http://www.ncbi.nlm.nih.gov/pubmed/20620859
https://doi.org/10.1016/j.echo.2010.05.010
http://www.ncbi.nlm.nih.gov/pubmed/32105053
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7077526
https://doi.org/10.1530/ERP-19-0051
http://www.ncbi.nlm.nih.gov/pubmed/19423286
https://doi.org/10.1016/j.echo.2009.03.026


Yılmaz M et al.

tricuspid annular plane systolic excursion in heart failure. Cardiovasc
Ultrasound. 2009;7:51. [PubMed ID: 19889228]. [PubMed Central ID:
PMC2776003]. https://doi.org/10.1186/1476-7120-7-51.

8. Nunez-Gil IJ, Rubio MD, Carton AJ, Lopez-Romero P, Deiros L,
Garcia-Guereta L, et al. Determination of normalized values of the
tricuspid annular plane systolic excursion (TAPSE) in 405 Spanish
children and adolescents. Rev Esp Cardiol. 2011;64(8):674–80. [PubMed
ID: 21684663]. https://doi.org/10.1016/j.recesp.2011.04.006.

9. Tei C. New non-invasive index for combined systolic and diastolic
ventricular function. J Cardiol. 1995;26(2):135–6. [PubMed ID: 7674144].

10. Eidem BW, O’Leary PW, Tei C, Seward JB. Usefulness of the myocardial
performance index for assessing right ventricular function in
congenital heart disease. Am J Cardiol. 2000;86(6):654–8. [PubMed ID:
10980218]. https://doi.org/10.1016/s0002-9149(00)01047-x.

11. Marquez-Gonzalez H, Vargas MH, Yanez-Gutierrez L,
Almeida-Gutierrez E, Garduno-Espinosa J. Tei Index Is the Best
Echocardiographic Parameter for Assessing Right Ventricle
Function in Patients With Unrepaired Congenital Heart Diseases
With Outflow Tract Obstruction. Front Pediatr. 2018;6:181.
[PubMed ID: 29998090]. [PubMed Central ID: PMC6028761].
https://doi.org/10.3389/fped.2018.00181.

12. Koestenberger M, Nagel B, Ravekes W, Avian A, Heinzl B, Cvirn G, et al.
Reference values of tricuspid annular peak systolic velocity in healthy
pediatric patients, calculation of z score, and comparison to tricuspid
annular plane systolic excursion. Am J Cardiol. 2012;109(1):116–21.
[PubMed ID: 21944674]. https://doi.org/10.1016/j.amjcard.2011.08.013.

13. Koestenberger M, Nagel B, Ravekes W, Avian A, Heinzl B,
Fandl A, et al. Tricuspid annular peak systolic velocity (S’) in
children and young adults with pulmonary artery hypertension
secondary to congenital heart diseases, and in those with
repaired tetralogy of Fallot: echocardiography and MRI data. J
Am Soc Echocardiogr. 2012;25(10):1041–9. [PubMed ID: 22763086].
https://doi.org/10.1016/j.echo.2012.06.004.

14. Saxena N, Rajagopalan N, Edelman K, Lopez-Candales A. Tricuspid
annular systolic velocity: a useful measurement in determining
right ventricular systolic function regardless of pulmonary
artery pressures. Echocardiography. 2006;23(9):750–5. [PubMed
ID: 16999693]. https://doi.org/10.1111/j.1540-8175.2006.00305.x.

15. Popovic ZB, Thomas JD. Assessing observer variability:
a user’s guide. Cardiovasc Diagn Ther. 2017;7(3):317–24.
[PubMed ID: 28567357]. [PubMed Central ID: PMC5440257].
https://doi.org/10.21037/cdt.2017.03.12.

16. Burgess MI, Bright-Thomas RJ, Ray SG. Echocardiographic evaluation
of right ventricular function. Eur J Echocardiogr. 2002;3(4):252–62.
[PubMed ID: 12413440].

17. Rushmer RF, Crystal DK, Wagner C. The functional anatomy of
ventricular contraction. Circ Res. 1953;1(2):162–70. [PubMed ID:
13042943]. https://doi.org/10.1161/01.res.1.2.162.

18. Miller D, Farah MG, Liner A, Fox K, Schluchter M, Hoit BD. The
relation between quantitative right ventricular ejection fraction and
indices of tricuspid annular motion and myocardial performance.
J Am Soc Echocardiogr. 2004;17(5):443–7. [PubMed ID: 15122184].
https://doi.org/10.1016/j.echo.2004.01.010.

19. Zhao H, Kang Y, Pickle J, Wang J, Han Y. Tricuspid annular plane
systolic excursion is dependent on right ventricular volume in
addition to function. Echocardiography. 2019;36(8):1459–66. [PubMed
ID: 31389082]. https://doi.org/10.1111/echo.14439.

20. Arce OX, Knudson OA, Ellison MC, Baselga P, Ivy DD, Degroff
C, et al. Longitudinal motion of the atrioventricular annuli
in children: reference values, growth related changes, and
effects of right ventricular volume and pressure overload. J
Am Soc Echocardiogr. 2002;15(9):906–16. [PubMed ID: 12221407].
https://doi.org/10.1067/mje.2002.121436.

21. Hsiao SH, Wang WC, Yang SH, Lee CY, Chang SM, Lin SK, et al.
Myocardial tissue Doppler-based indexes to distinguish right
ventricular volume overload from right ventricular pressure

overload. Am J Cardiol. 2008;101(4):536–41. [PubMed ID: 18312773].
https://doi.org/10.1016/j.amjcard.2007.08.058.

22. Ahmad H, Mor-Avi V, Lang RM, Nesser HJ, Weinert L, Tsang W, et al.
Assessment of right ventricular function using echocardiographic
speckle tracking of the tricuspid annular motion: comparison
with cardiac magnetic resonance. Echocardiography. 2012;29(1):19–24.
[PubMed ID: 21967480]. https://doi.org/10.1111/j.1540-8175.2011.01519.x.

23. Vriz O, Veldman G, Gargani L, Ferrara F, Frumento P, D’Alto
M, et al. Age-changes in right ventricular function-pulmonary
circulation coupling: from pediatric to adult stage in 1899 healthy
subjects. The RIGHT Heart International NETwork (RIGHT-NET). Int
J Cardiovasc Imaging. 2021;37(12):3399–411. [PubMed ID: 34227030].
https://doi.org/10.1007/s10554-021-02330-z.

24. Keskin M, Kaya O, Yoldas T, Karademir S, Orun UA, Ozgur S, et al.
Tricuspid annular plane systolic excursion and mitral annular plane
systolic excursion cardiac reference values in 1300 healthy children:
Single-center results. Echocardiography. 2020;37(8):1251–7. [PubMed
ID: 32686862]. https://doi.org/10.1111/echo.14793.

25. Uysal F, Bostan OM, Cil E. Determination of reference
values for tricuspid annular plane systolic excursion in
healthy Turkish children. Anatol J Cardiol. 2016;16(5):354–9.
[PubMed ID: 26488383]. [PubMed Central ID: PMC5336786].
https://doi.org/10.5152/akd.2015.6227.

26. Jurcut R, Giusca S, La Gerche A, Vasile S, Ginghina C, Voigt JU. The
echocardiographic assessment of the right ventricle: what to do
in 2010? Eur J Echocardiogr. 2010;11(2):81–96. [PubMed ID: 20124362].
https://doi.org/10.1093/ejechocard/jep234.

27. Zornoff LA, Skali H, Pfeffer MA, St John Sutton M, Rouleau
JL, Lamas GA, et al. Right ventricular dysfunction and risk
of heart failure and mortality after myocardial infarction.
J Am Coll Cardiol. 2002;39(9):1450–5. [PubMed ID: 11985906].
https://doi.org/10.1016/s0735-1097(02)01804-1.

28. Tei C, Dujardin KS, Hodge DO, Bailey KR, McGoon MD, Tajik AJ, et
al. Doppler echocardiographic index for assessment of global right
ventricular function. J Am Soc Echocardiogr. 1996;9(6):838–47. [PubMed
ID: 8943444]. https://doi.org/10.1016/s0894-7317(96)90476-9.

29. Harada K, Tamura M, Toyono M, Yasuoka K. Comparison of
the right ventricular Tei index by tissue Doppler imaging to
that obtained by pulsed Doppler in children without heart
disease. Am J Cardiol. 2002;90(5):566–9. [PubMed ID: 12208429].
https://doi.org/10.1016/s0002-9149(02)02541-9.

30. Roberson DA, Cui W. Right ventricular Tei index in children:
effect of method, age, body surface area, and heart rate. J Am
Soc Echocardiogr. 2007;20(6):764–70. [PubMed ID: 17543749].
https://doi.org/10.1016/j.echo.2006.11.002.

31. Cui W, Roberson DA, Chen Z, Madronero LF, Cuneo BF. Systolic and
diastolic time intervals measured from Doppler tissue imaging:
normal values and Z-score tables, and effects of age, heart rate, and
body surface area. J Am Soc Echocardiogr. 2008;21(4):361–70. [PubMed
ID: 17628402]. https://doi.org/10.1016/j.echo.2007.05.034.

32. Malakan RE, Momtazmanesh N. Doppler-derived right ventricular
myocardial performance index in neonates: Normal values. Acta Med
Iran. 2002;40(4):226–229.

33. Meluzin J, Spinarova L, Bakala J, Toman J, Krejci J, Hude P, et al. Pulsed
Doppler tissue imaging of the velocity of tricuspid annular systolic
motion; a new, rapid, and non-invasive method of evaluating right
ventricular systolic function. Eur Heart J. 2001;22(4):340–8. [PubMed
ID: 11161953]. https://doi.org/10.1053/euhj.2000.2296.

34. Mori K, Nakagawa R, Nii M, Edagawa T, Takehara Y, Inoue M, et al.
Pulsed wave Doppler tissue echocardiography assessment of the long
axis function of the right and left ventricles during the early neonatal
period. Heart. 2004;90(2):175–80. [PubMed ID: 14729790]. [PubMed
Central ID: PMC1768064]. https://doi.org/10.1136/hrt.2002.008110.

35. Frommelt PC, Ballweg JA, Whitstone BN, Frommelt MA. Usefulness
of Doppler tissue imaging analysis of tricuspid annular motion

8 Iran J Pediatr. 2023; 33(2):e134196.

http://www.ncbi.nlm.nih.gov/pubmed/19889228
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2776003
https://doi.org/10.1186/1476-7120-7-51
http://www.ncbi.nlm.nih.gov/pubmed/21684663
https://doi.org/10.1016/j.recesp.2011.04.006
http://www.ncbi.nlm.nih.gov/pubmed/7674144
http://www.ncbi.nlm.nih.gov/pubmed/10980218
https://doi.org/10.1016/s0002-9149(00)01047-x
http://www.ncbi.nlm.nih.gov/pubmed/29998090
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6028761
https://doi.org/10.3389/fped.2018.00181
http://www.ncbi.nlm.nih.gov/pubmed/21944674
https://doi.org/10.1016/j.amjcard.2011.08.013
http://www.ncbi.nlm.nih.gov/pubmed/22763086
https://doi.org/10.1016/j.echo.2012.06.004
http://www.ncbi.nlm.nih.gov/pubmed/16999693
https://doi.org/10.1111/j.1540-8175.2006.00305.x
http://www.ncbi.nlm.nih.gov/pubmed/28567357
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5440257
https://doi.org/10.21037/cdt.2017.03.12
http://www.ncbi.nlm.nih.gov/pubmed/12413440
http://www.ncbi.nlm.nih.gov/pubmed/13042943
https://doi.org/10.1161/01.res.1.2.162
http://www.ncbi.nlm.nih.gov/pubmed/15122184
https://doi.org/10.1016/j.echo.2004.01.010
http://www.ncbi.nlm.nih.gov/pubmed/31389082
https://doi.org/10.1111/echo.14439
http://www.ncbi.nlm.nih.gov/pubmed/12221407
https://doi.org/10.1067/mje.2002.121436
http://www.ncbi.nlm.nih.gov/pubmed/18312773
https://doi.org/10.1016/j.amjcard.2007.08.058
http://www.ncbi.nlm.nih.gov/pubmed/21967480
https://doi.org/10.1111/j.1540-8175.2011.01519.x
http://www.ncbi.nlm.nih.gov/pubmed/34227030
https://doi.org/10.1007/s10554-021-02330-z
http://www.ncbi.nlm.nih.gov/pubmed/32686862
https://doi.org/10.1111/echo.14793
http://www.ncbi.nlm.nih.gov/pubmed/26488383
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5336786
https://doi.org/10.5152/akd.2015.6227
http://www.ncbi.nlm.nih.gov/pubmed/20124362
https://doi.org/10.1093/ejechocard/jep234
http://www.ncbi.nlm.nih.gov/pubmed/11985906
https://doi.org/10.1016/s0735-1097(02)01804-1
http://www.ncbi.nlm.nih.gov/pubmed/8943444
https://doi.org/10.1016/s0894-7317(96)90476-9
http://www.ncbi.nlm.nih.gov/pubmed/12208429
https://doi.org/10.1016/s0002-9149(02)02541-9
http://www.ncbi.nlm.nih.gov/pubmed/17543749
https://doi.org/10.1016/j.echo.2006.11.002
http://www.ncbi.nlm.nih.gov/pubmed/17628402
https://doi.org/10.1016/j.echo.2007.05.034
http://www.ncbi.nlm.nih.gov/pubmed/11161953
https://doi.org/10.1053/euhj.2000.2296
http://www.ncbi.nlm.nih.gov/pubmed/14729790
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC1768064
https://doi.org/10.1136/hrt.2002.008110


Yılmaz M et al.

for determination of right ventricular function in normal infants
and children. Am J Cardiol. 2002;89(5):610–3. [PubMed ID: 11867053].
https://doi.org/10.1016/s0002-9149(01)02308-6.

36. Rafeiyian S, Looti-Shahrokh B, Motamedi MR, Karkhaneh-Yousefi
Z, Mojtahedzadeh S, Kouhi A. Pulse tissue Doppler analysis
of tricuspid annular motion in Iranian children. Int J
Cardiovasc Imaging. 2006;22(3-4):363–7. [PubMed ID: 16518664].
https://doi.org/10.1007/s10554-005-9061-8.

37. Kapusta L, Thijssen JM, Cuypers MH, Peer PG, Daniels O. Assessment

of myocardial velocities in healthy children using tissue Doppler
imaging. Ultrasound Med Biol. 2000;26(2):229–37. [PubMed ID:
10722912]. https://doi.org/10.1016/s0301-5629(99)00102-7.

38. Swaminathan S, Ferrer PL, Wolff GS, Gomez-Marin O, Rusconi
PG. Usefulness of tissue Doppler echocardiography for
evaluating ventricular function in children without heart
disease. Am J Cardiol. 2003;91(5):570–4. [PubMed ID: 12615262].
https://doi.org/10.1016/s0002-9149(02)03308-8.

Iran J Pediatr. 2023; 33(2):e134196. 9

http://www.ncbi.nlm.nih.gov/pubmed/11867053
https://doi.org/10.1016/s0002-9149(01)02308-6
http://www.ncbi.nlm.nih.gov/pubmed/16518664
https://doi.org/10.1007/s10554-005-9061-8
http://www.ncbi.nlm.nih.gov/pubmed/10722912
https://doi.org/10.1016/s0301-5629(99)00102-7
http://www.ncbi.nlm.nih.gov/pubmed/12615262
https://doi.org/10.1016/s0002-9149(02)03308-8

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Study Population
	3.2. Exclusion Criteria
	3.3. Study Design
	3.4. Anthropometric Measurements
	3.5. Standard Echocardiographic Examination
	3.6. Tricuspid Annular Plane Systolic Excursion Measurement
	3.7. Tissue Doppler Echocardiography Study
	3.8. Tricuspid Annular Peak Systolic Velocity Measurement
	3.9. Statistical Analysis

	4. Results
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Table 6
	Table 7
	Table 8

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

