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Assessment of right ventricular volume and functions is needed during the 
decision-making process in a number of cardiological disease states. We aimed 
to study these variables with conventional transthoracic two-dimensional 
echocardiography in 213 healthy cases, aged 15 days-15 years. Left ventricular 
systolic and diastolic volumes were measured from the apical five-chamber view 
and the right ventricular systolic and diastolic diameters, areas and volumes 
were measured from the subcostal coronal view, using the Simpson equation. 
Results were analyzed statistically to derive their relationship with age, height, 
body weight and body surface area. We conclude that right ventricular volumes 
measured with two-dimensional echocardiography in the subcostal coronal view 
using the Simpson equation are in accordance with data derived with other 
more complex methods reported in the literature; average values derived with 
this method in larger patient groups can be used as nomograms.
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Assessment of right ventricular volume and 
functions is needed during the decision-making 
process for repair of pathologies like tetralogy 
of Fallot, corrected transposition of the great 
arteries, and atrial switch procedures or for 
demonstration of volume load in cardiac defects 
with left-to-right shunting.

Measurement of the volume of the right ventricle 
is difficult due to its complex, half-moon shaped 
geometry, irregular trabeculation and infundibulum 
and a structure changing with the right ventricular 
afterload. As it is possible to view a broader 
aspect and also the contraction pattern of the right 
ventricle with two-dimensional echocardiography, 
volume and functions can be measured with 
this technique. However, normative data with 
correction of these measurements for age and 
body weight, height and surface area have not 
been published before.

In our study, we assessed right ventricular 
area, volume and functions in healthy children 
using two-dimensional echocardiographic views 
in the subcostal coronal plane, where it is 

also possible to visualize the right ventricular 
outflow tract. We aimed to derive normal right 
ventricular values corrected for age, height, 
body weight and surface area.

Material and Methods

The study was performed on 213 children, 
114 males (53.5%) and 99 females (46.5%), 
aged 15 days to 15 years, with body weights 
averaging 24.5±15.0 kg (range 3.9-76), height 
115.2±35.7 cm (range 52-178) and body 
surface area 0.87±0.4 m2 (range 0.23-1.85), 
who were referred to the pediatric cardiology 
outpatient clinic for evaluation of a murmur 
and proven to be healthy with physical and 
echocardiographic examinations. Children with 
structural or functional cardiac disease states, fever, 
tachycardia, and body weight and height below 3rd 
centile or above 97th centile were excluded.

All cases underwent echocardiographic 
examination after the age, body weight, height 
and surface area values and physical examination 
findings were recorded on a standard form. 



Echocardiography was performed with an 
Acuson Sequioa C256 system using 3V2c, 
5V2c and 7V3c MHz sector transducers. The 
left ventricular end-systolic and end-diastolic 
diameters, aortic and left atrial dimensions and 
left ventricular ejection fraction and fractional 
shortening were measured with M-mode 
echocardiography using the parasternal long-
axis view. Then, using the Simpson equation, 
left ventricular end-systolic and end-diastolic 
volumes were calculated in the apical five-
chamber view, and right ventricular end-systolic 
and end-diastolic volumes were calculated in 
the subcostal coronal plane (Figs. 1, 2). The 
calculations were performed with analysis 
of the area and volume, using the Simpson 
equation already included in the software, 
of the area traced on the two-dimensional 
echocardiographic picture. The tracings were 
made on the line of color transition between 
the ventricular line and the blood pool. 
The diastolic volume was calculated from a 
tracing where the aortic, pulmonic, mitral 
and tricuspid valves could best be visualized, 
the ventricular diameter was maximal and 
the mitral and tricuspid valves were closed; 
and the systolic volume where the ventricular 
diameter was minimal and the pulmonic and 
aortic valves were closed. Papillary muscles 
and smaller trabeculations were not taken 
into consideration. ECG correlation was also 
sought in the determination of end-systole and 
end-diastole, which was strictly correlated with 
data derived from valve motions and changes 
in ventricular dimensions.

Informed consent was obtained from the parents of 
study subjects. The statistical analyses were done 
using the SPSS and Excel for Windows software 
package programs. The one-way ANOVA test was 
utilized to analyze the differences between age 
groups, the t test for effects of gender difference 
and the Pearson test for correlations between 
all parameters. A p value of less than 0.05 was 
considered statistically significant.

Results

When the study group was evaluated as a 
whole, right ventricular systolic and diastolic 
volumes showed a statistically significant positive 
correlation with age (Fig. 3). The right and left 
ventricular measurements showed no difference 
according to gender in the same age group.

There was a significant relationship between 
right ventricular volumes and body weight 
and height (Figs. 4-6). The average normal 
values of right ventricular volumes, upper and 
lower values and 95% confidence intervals 
are depicted in Table I. The right ventricular 
volumes also correlated with body surface areas 
in all age groups (Fig. 7).

In all age groups, as was observed with right 
ventricular measurements, left ventricular end-
systolic and end-diastolic diameters and volumes 
increased in positive correlation with age.

Discussion

Two-dimensional echocardiography has limited 
value in determination of right ventricular 
volume for a number of reasons. Improper 

Fig. 1. The subcostal coronal axis view and the tracing 
made for measurement of right ventricular end-diastolic 

volume. RVd: right ventricular cavity in diastole.
TK: Tricuspid valve. PK: Pulmonic valve.

Fig. 2. The subcostal coronal axis view and the tracing 
made for measurement of right ventricular end-systolic 

volume. RVs: Right ventricular cavity in systole.
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Fig. 3. The ages and right ventricular diastolic and systolic volumes of cases are depicted with 95% confidence 
intervals. RVDV: Right ventricular end-diastolic volume.

RVSV: Right ventricular end-systolic volume.

Fig. 4. The relationship between right ventricular systolic volume and body weight is
shown with 95% confidence interval.
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Fig. 5. The relationship between right ventricular diastolic volume and body weight is shown with
95% confidence interval.
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Fig. 6. The relationship between right ventricular systolic volume and height is shown with 95% confidence interval.
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Fig. 7. The relationship between right ventricular volumes and body surface area is shown with
95% confidence interval.
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visualization due to its half-moon shape, 
poor definition of the interface between the 
ventricular wall and blood pool, position in 
the thoracic cage and structural irregularity 
are some of the factors limiting determination 
of the right ventricular volume with two-
dimensional echocardiography1.

Watanabe2 calculated right ventricular volume 
from pictures obtained by 90° angulation in 
the apical four-chamber view in the supine 
position, using modified Simpson rules. The 
resulting values were comparable to only half 
the values obtained with angiocardiography. 
The discrepancy was thought to result from 
not including the right ventricular outflow 
tract in the calculation process.

Hiraishi et al.3 examined the right ventricular 
volume with regression equation using the 
apical four-chamber and parasternal long-axis 
views and reported that their results were 
correlated with angiocardiographic values.

Starling4, on the other hand, measured right 
ventricular volume in the subcostal four-
chamber and subcostal sagittal axis, and his 
results showed significant correlation with 
radionuclide angiocardiography (r: 0.76 for 
end-diastolic volume; r: 0.82 for end-systolic 

volume). In the same study, measurements 
were repeated using subcostal sagittal views 
including the right ventricular outflow tract, 
and results were similarly correlated with 
angiocardiography; however, it was not possible 
to obtain this view in every patient.

The results of Silverman and Hudson5, 
obtained in the parasternal short-axis and 
apical four-chamber views using single-plane 
area-length equation, showed high correlation 
with angiocardiographic results (r: 0.81 
for end-diastolic volume; r: 0.85 for end-
systolic volume).

Levine and colleagues6 studied right ventricular 
volume in the apical four-chamber and 
parasternal short-axis views using the ellipsoid 
model and reported results that were highly 
correlated with angiocardiographic calculations 
(r: 0.94 for end-diastolic volume; r: 0.91).

An alternative approach for measurement of right 
ventricular volume is the single-plane area-length 
method using the parasternal short-axis and apical 
four-chamber views and segmental analysis7. In 
that study, measurements were made in the same 
subcostal position as the lateral angiocardiographic 
view, and the results showed high correlation with 
measurements obtained by angiocardiography.
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In our study, we tried to measure the right 
ventricular volume in the subcostal coronal 
view, because it is possible in this position 
to visualize the right ventricular outflow tract, 
simulate the lateral angiocardiographic view 
and delineate the interface between right 
ventricular wall and the blood pool.

We analyzed the relationship of our data of 
right ventricular diastolic and systolic volumes 
and areas with age and body weight, height 
and surface area. We found positive correlation 
between age and volume data (p<0.001, r=0.95 
for end-diastolic volume; p<0.001, r=0.93 
for end-systolic volume). We noted that the 
relationship between age and right ventricular 
volume is no longer linear after the age of 
eight years. The reasons for this could be the 
relatively small number of cases in our study 
or unequal distribution of body measurements 
in the various age groups.

To the best of our knowledge, there are no 
studies in the literature reporting normal values 
of right ventricular volume in children derived 
with two-dimensional echocardiography. 
However, results of studies done on adult age 
groups with two-dimensional echocardiography2 
reported results similar to ours in cases over 12 
years of age. The results obtained in children 
with magnetic resonance imaging8, computed 
tomography, radionuclide angiocardiography 
and three-dimensional echocardiography11 are 
compatible with results of our study8-12.

Failure to determine the normal values for 
cardiac structures in children continues to 
be an important problem. Many authors 
have argued that cardiac structures can be 
evaluated through standardization with a 
number of other body measurements. One 
of the simplest approaches is indexing the 
measured variable to the body surface area. 
While some measurements, such as cardiac 
output, can be made in this manner, many 
variables do not bear linear relationship with 
body surface area, and hence cannot be studied 
with this approach. The method of calculation 
of body surface area, as well, influences this 
relationship13,14. Gutgesell and Rembold15 have 
pooled the relationships between body surface 
area and a number of cardiac structures and 
reported that there is a linear relationship 
between some parameters, such as the left 
ventricular end-diastolic diameter. In our study, 
too, there was a statistically significant positive 

relationship between body surface area and 
right ventricular end-diastolic and end-systolic 
volumes (p≤0.001, r=0.94; p≤0.001, r=0.928, 
respectively). The relationships observed in our 
study are in accordance with those in similar 
groups in other studies in the literature12,15,16.

In our study, there was a statistically significant 
positive relationship between body weight 
and height and right ventricular end-diastolic 
and end-systolic volumes. Our results are in 
accordance with those of other similar studies 
in the literature, although study groups were 
not the same9,10,17.

The left ventricular end-diastolic and end-
systolic volumes in our study are comparable 
to those reported in the literature18.

In conclusion, it is possible to obtain normative 
data of right ventricular end-diastolic and 
end-systolic volumes in children with 
conventional transthoracic two-dimensional 
echocardiography (Table I). Our results should 
be supported with further studies done on 
larger groups to derive nomograms for age, 
body weight, height and body surface area.

Assessment of right ventricular volume and 
functions is needed during the decision-making 
process in a number of cardiological disease 
states. Right ventricular volumes measured with 
conventional two-dimensional transthoracic 
echocardiography are in accordance with data 
derived with other more complex methods. 
Further studies are needed to obtain data 
with this method in larger patient groups to 
be used as nomograms.

As the purpose of this study was to determine 
the relationship of right ventricular volumes 
derived by transthoracic two-dimensional 
echocardiography with age, gender, weight, height 
and body surface area, correlation with other 
methods such as radionuclide angiography or 
magnetic resonance imaging was not attempted. 
This could be the subject of other studies.
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