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Measurement of right ventricular volume in healthy term
and preterm neonates
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Background: Pulmonary hypertension is associated with worse perinatal outcomes in infants with res-
piratory disorders. In such infants right ventricular dysfunction may result in poor pulmonary blood flow.
Objective: To evaluate the practicability and repeatability of echocardiographic measurements of
right ventricular volume in healthy term and preterm neonates, and to follow changes in right ventricu-
lar volume over the first 2 days of life.
Methods: Serial echocardiographic examinations were performed on day 0, 1, and 2 on healthy term
and preterm neonates. Two methods of estimating right ventricular volume were assessed: the ellipsoid
approximation and Simpson’s stacked discs methods. Systolic and diastolic volumes on days 1 and 2
were compared with baseline values on day 0. Term and preterm volumes were compared at the same
time points.
Results: Thirty five infants were recruited, 18 term and 17 preterm. Right ventricular volumes were sig-
nificantly lower on day 1 and day 2 than baseline in both term and preterm infants. Median (interquar-
tile range) end systolic and diastolic volumes for term infants on days 0, 1, and 2 were 1.04 (0.88–
1.44), 0.82 (0.70–1.03), 0.92 (0.72–0.97) ml/kg and 2.21 (2.10–2.75), 2.05 (1.81–2.38), 1.91
(1.81–2.13) ml/kg respectively. In preterm infants the values were 1.09 (0.91–1.16), 0.72
(0.54–0.91), 0.61 (0.54–0.76) ml/kg and 2.09 (1.71–2.25), 1.47 (1.23–1.98), 1.43 (1.22–1.78)
ml/kg respectively.
Conclusion: Right ventricular volume decreases over the first 2 days of life in healthy term and preterm
infants.

The right ventricle is the dominant ventricle in utero.1–3 It

has a larger cardiac output, receives more of the venous

return, and has a larger volume than the left ventricle.1–4

After birth, the left ventricle enlarges,5 and left ventricular

output exceeds right ventricular output6 7 until closure of the

ductus arteriosus.7 Corresponding changes in right ventricular

dimensions and function during the transitional circulation

remain uncertain.

Pulmonary hypertension is associated with increased mor-

bidity and mortality in cardiorespiratory disorders such as

persistent pulmonary hypertension of the newborn and res-

piratory distress syndrome.8 Right ventricular pathophysiol-

ogy is potentially important in these conditions. The ability of

the right ventricle to maintain adequate pulmonary blood

flow despite increased pulmonary vascular resistance may be

critical for optimal oxygenation. However, there are few pub-

lished data on right ventricular volumes or function in

healthy term newborn infants and none in preterm healthy

infants.

Two dimensional echocardiography has been widely used to

determine ventricular dimensions and function in infants and

children with and without structural heart disease.9 Measure-

ments of right ventricular volume have been successfully vali-

dated using echocardiography with magnetic resonance

imaging, which is generally accepted as the “gold

standard”.10 11

Our aims in this study were twofold: firstly, to evaluate the

practicability and repeatability of two different echocardio-

graphic methods for calculating right ventricular volumes in

newborn infants; secondly, to follow changes in right

ventricular volume during the first 48 hours of life in healthy

term and preterm infants using two dimensional echocardio-

graphy.

METHODS
Patients
Healthy term infants were recruited from the postnatal wards.

Premature infants were recruited from the neonatal unit if

they had no cardiorespiratory distress. Three echocardio-

graphic examinations were performed on each infant by a

single trained observer (SJC). Median (interquartile range)

age in hours at each examination was 5 (4–6) , 26 (24–29) and

49 (47–51) on days 0, 1, and 2 respectively. All infants were

examined during quiet respiration or while asleep. Birth

weight, gestational age, mode of delivery, Apgar scores, and

cord acid base status were recorded from maternal and infant

case notes. The local research ethics committee approved the

study, and prospective written parental consent was obtained.

Echocardiographic imaging
The GE Ultrasound CFM 800 (GE Ultrasound, Bedford, UK)

was used for all examinations. This incorporated a 5–10 MHz

multifrequency imaging transducer, colour flow mapping, and

pulsed wave and continuous wave Doppler. The images

obtained during the examination were stored in an integrated

digital archiving system (Echopac, version 5.3; GE Ultra-

sound). A complete two dimensional and Doppler examina-

tion was performed to exclude structural heart disease, and to

assess the patency and flow characteristics through the ductus

arteriosus.12 13 The right ventricle was imaged using an apical

four chamber view with the septum as vertical as possible, the

tricuspid valve as horizontal as possible, and the apex in view

(fig 1).10 A simultaneous electrocardiogram was also recorded.

Image analysis
Stored images were analysed by the same observer (SJC). The

digital images were scrolled through to identify end systolic

and end diastolic frames, using the electrocardiograph to help

See end of article for
authors’ affiliations
. . . . . . . . . . . . . . . . . . . . . . .

Correspondence to:
Dr Clark, Neonatal Unit,
Liverpool Women’s
Hospital, Crown Street,
Liverpool L8 7SS, UK;
rvecho@yahoo.com

Accepted 4 July 2001
. . . . . . . . . . . . . . . . . . . . . . .

F89

www.archdischild.com

 on M
ay 18, 2023 by guest. P

rotected by copyright.
http://fn.bm

j.com
/

A
rch D

is C
hild F

etal N
eonatal E

d: first published as 10.1136/fn.87.2.F
89 on 1 S

eptem
ber 2002. D

ow
nloaded from

 

http://fn.bmj.com/


guide timing of end systole (T wave) and end diastole (start of

the QRS complex). The boundaries of the right ventricle were

traced using the integrated trackball over a minimum of five

consecutive cardiac cycles, to allow for respiratory variation in

ventricular filling (fig 1).14 Computer algorithms allowed

calculation of the mean end systolic and end diastolic

volumes. Two mathematical models were used to estimate

right ventricular volumes (see equations 1 & 2):

The measured volumes were used to calculate the stroke vol-

ume (diastolic volume−systolic volume).9 The right ventricular

stroke volume was used to calculate the right ventricular out-

put (stroke volume × heart rate)9 and the ejection fraction

(stroke volume/diastolic volume). In addition, in a subgroup

of infants the right ventricular output was also estimated

using Doppler ultrasound examination of the flow character-

istics in the pulmonary artery15 in order to compare values

with right ventricular output derived from measurements of

right ventricular volume.

Repeatability studies
In another subgroup of babies, separate repeat images of the

right ventricle were obtained. These images were recorded

during the same examination after an interval of about five

minutes. They were analysed by the same single observer to

assess intraobserver repeatability.

Statistical analysis
Right ventricular volumes were standardised for variations in

birth weight and are expressed as ml/kg. Numerical data are

Figure 1 An echocardiographic image of the right ventricle from the apical four chamber view, taken at end systole with the tricuspid valve
closed. For the ellipsoid approximation method, the internal margin is traced using planimetry and the length of the ventricle is measured. For
the Simpson’s method the ventricle is sliced into 20 equal discs of known height and diameter.
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presented as median (interquartile ranges). Intraobserver

repeatability was assessed using the coefficient of repeatability

as described by Bland and Altman.16 The mean of the paired

measurements was compared with the difference between the

paired measurements, and is expressed as a percentage. The

most repeatable method was chosen for subsequent analysis

of right ventricular volumes. Serial measurements over time in

individual infants were compared using Friedman’s two way

analysis of variance.17 Comparison between the two methods

of determining right ventricular output was performed by cal-

culating the limits of agreement16 and Spearman’s rank corre-

lation coefficient. Comparison between groups at a given time

point used the Mann-Whitney U test. A p value of less than

0.05 was taken as being significant.

We estimated that a sample size of 16 infants in each group

at each time point would allow the detection of a change in

volume of one standard deviation from the baseline value

(80% power at a 5% significance level).

RESULTS
Patients
Twenty three healthy term infants were recruited, five of

whom were discharged before the final examination, leaving

18 infants who had a complete set of examinations. Seventeen

healthy premature infants were recruited, all of whom

completed the study. All of the 105 completed examinations

produced images of sufficient quality for analysis. In none of

the infants was a congenital heart defect identified. Table 1

shows details of the infants studied. Although there was no

significant difference in the heart rates between examinations

in each group, premature infants had a significantly faster

heart rate at each examination than the term infants (table 2).

There was no correlation between gestation and volumes cor-

rected for birth weight. All infants had a reducing arterial duct

diameter over the three examinations (table 2). Twelve

infants, five of whom were preterm, had an open duct with

pure left to right flow on day 1. Three infants from each group

had residual left to right flow detectable on colour flow map-

ping on day 2, with a median diameter of 0.21 cm (range

0.06–0.27) in these six infants.

Repeatability studies
Fifteen term and preterm babies had paired examinations in

which both systole and diastole were recorded and used for

the repeatability analysis. The mean difference between meas-

urements for Simpson’s method was 2%, with a coefficient of

repeatability of 53%. The mean difference for the ellipsoid

method was also 2%, with a coefficient of repeatability of 27%.

The ellipsoid approximation gave more repeatable results and

was therefore the preferred method for analysis of ventricular

volumes.

Right ventricular output
Right ventricular output was estimated in 17 term and

preterm infants by both volume calculation and the pulmo-

nary artery Doppler method. Median (interquartile range)

values were 135 (102 to 162) and 230 (168–322) ml/kg/min

respectively. There was significant correlation between the two

methods (r = 0.75, p < 0.001). The mean difference (standard

deviation) between the two measurements was 119 (65)

ml/kg/min.

Right ventricular volumes
In both groups of infants, there were significant decreases in

end diastolic and end systolic volumes by day 1 and these

remained significantly lower on day 2 (fig 2). Table 2 shows

right ventricular data. There were no significant differences in

right ventricular systolic and diastolic volumes between term

and preterm infants on day 0. On day 1 preterm infants had a

significantly smaller diastolic volume, and on day 2 both

diastolic and systolic volumes were significantly smaller. Right

ventricular stroke volume did not significantly alter over the

study period in either term or preterm groups. However, right

ventricular stroke volume was significantly smaller on day 1

and 2 in the preterm infants than the term infants. Right ven-

tricular ejection fraction increased significantly by day 1 in the

term infants. Right ventricular ejection fraction also tended to

increase in the preterm group, although this was not

significant. Right ventricular output did not significantly alter

over the study period in either term or preterm groups. Right

ventricular ejection fraction and output was not significantly

different between the two groups.

DISCUSSION
In these healthy term and preterm infants, both end diastolic

and end systolic right ventricular volumes decreased over the

first 2 days of extrauterine life. There was no evidence of a sig-

nificant change in the stroke volume or cardiac output of the

right ventricle over time in each group. Stroke volume was

Table 1 Characteristics of infants studied

Term Preterm

Total infants 18 17
Males 7 (39%) 10 (59%)
Gestation (completed weeks) 39 (38–41) 33 (31–34)
Birth weight (kg) 3.35 (3.00–3.45) 1.74 (1.44–2.00)
Caesarean section 9 (50%) 15 (88%)
Apgar at 5 minutes 10 (10–10) 9 (9–10)
Cord pH 7.33 (7.28–7.35) 7.36 (7.32–7.38)
Cord base excess −3.8 (−1.6 to −5.1) −1.4 (−0.5 to −2.6)

Values are expressed as number (%) or median (interquartile range).
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Figure 2 Change in right ventricular volumes over the first 2 days of
life, showing medians and interquartile ranges, for (A) systole and
(B) diastole.
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significantly smaller in the preterm infants than the term

infants on days 1 and 2, although right ventricular outputs

were similar. This probably reflected the higher heart rate in

the preterm group. There was a trend toward an increase in

right ventricular ejection fraction with time, although this was

only significant in the term infants.

Perinatal changes
Previous studies in human and animal fetuses have shown that

the right ventricle is the dominant ventricle in utero, both in

terms of stroke volume and cardiac output.1 2 At early gestations

the right ventricle has thicker free muscular wall, with similar

mass to the left ventricle18 and is stiffer than the term right

ventricle.19 At term, the right ventricle remains less compliant

than the left ventricle.14 After birth left ventricular stroke

volume and output increase dramatically.1 5 This increase in left

ventricular stroke volume is achieved predominantly through

an increase in left ventricular end diastolic volume secondary to

an increased pulmonary venous return.20 Pressure volume char-

acteristics of the two ventricles are related through ventricular

interaction in such a way that the volume of one ventricle is

inversely related to the pressure in the other ventricle, because

of the restraining effects of the pericardium.21 Therefore the

likely result of an increase in left ventricular dimensions and

pressure will be a reduction in right ventricular volumes.

Although left ventricular volumes were not specifically

measured in this study, our findings of a decrease in right ven-

tricular end systolic and diastolic volume over the first two days

of life are consistent with this hypothesis.

Changes in right ventricular volumes
In our study there was no significant change in right

ventricular output or stroke volume despite a reduction in

right ventricular end diastolic volume over the first 2 days of

life. The right ventricular stroke volume and output may

remain unchanged because there is a concomitant decrease in

right ventricular end systolic volume, probably mediated by

the fall in afterload following birth.22 There were no significant

differences in right ventricular volume between the preterm

and term infants on day 0. Over the next two examinations,

the preterm right ventricle was significantly smaller in both

systole and diastole compared with the term infants. It may be

that the morphology of the preterm heart, with a thinner

walled left ventricle and a functionally hypertrophied thicker

walled right ventricle,18 accentuates the changes seen after

delivery in the term infants. In addition, the right ventricle is

less compliant than the left ventricle14 in neonates, and this is

more pronounced at earlier gestations perhaps contributing to

the more rapid involution of the right ventricle seen in these

premature infants.

Other studies
Our study is similar in design to that of Tamura et al,23 but has

produced conflicting results. In term infants, they showed an

increase in right ventricular end diastolic volume, with no

change in end systolic volume, leading to an increase in right

ventricular stroke volume. However, the volumes reported

were 3–4-fold smaller than those previously described.4 Using

a different mathematical model, we found right ventricular

volumes much closer to estimates in near term human

fetuses.4 Furthermore, previous studies of human fetuses and

newborns using M mode echocardiography have shown a

decrease in the right ventricular dimensions after birth.5 24 25

Echocardiographic assessment of right ventricular
volumes
Several studies have validated ultrasound assessment of cardiac

volumes against invasive angiography, magnetic resonance

imaging, and ventricular cast formation in both infant humans

and animals.10 11 26–28 Ultrasound does tend to produce consist-

ently lower volume estimates than magnetic resonance

imaging.10 However, studies have shown this to be a systematic

difference and therefore applicable for the assessment of

trends.10 11 We also observed a significant correlation between the

two measures of right ventricular output, although in most cases

the Doppler derived ventricular output was larger than that esti-

mated from volume calculations. This reinforces the finding

from validation studies that calculations of right ventricular vol-

ume systematically underestimate the true value.10

Assessment of changes in ventricular volume is likely to be

preferable to measurements of changes in a single dimension,

such as transverse diameter, because of the complex geometry

Table 2 Right ventricular volume measurements

Day 0 Day 1 Day 2

End systolic volume (ml/kg)
Term 1.04 (0.88–1.44) 0.82 (0.70–1.03) 0.92 (0.72–0.97)
Preterm 1.09 (0.91–1.16) 0.72 (0.54–0.91) 0.61 (0.54–0.76)*

End diastolic volume (ml/kg)
Term 2.21 (2.10–2.75) 2.05 (1.81–2.38) 1.91 (1.81–2.13)
Preterm 2.09 (1.71–2.25) 1.47 (1.23–1.98)* 1.43 (1.22–1.78)*

Stroke volume (ml/kg)
Term 1.15 (0.99–1.36) 1.11 (0.98–1.35) 1.08 (0.92–1.30)
Preterm 1.04 (0.79–1.21) 0.84 (0.72–0.98)* 0.82 (0.67–0.92)†

Ejection fraction
Term 0.51 (0.48–0.55) 0.59 (0.53–0.65)‡ 0.57 (0.49–0.59)
Preterm 0.49 (0.41–0.56) 0.53 (0.49–0.59) 0.57 (0.51–0.61)§

Heart rate (beats/min)
Term 112 (107–120) 119 (111–125) 115 (104–122)
Preterm 141 (133–149)* 140 (132–143)* 128 (122–141)*

Right ventricular output (ml/kg/min)
Term 138 (103–165) 134 (117–175) 115 (100–138)
Preterm 154 (115–171) 112 (95–145) 107 (85–147)

Colour flow map ductal diameter (cm)
Term 0.39 (0.27–0.42) 0 (0–0.25) 0 (0–0)
Preterm 0.36 (0.26–0.41) 0 (0–0.09) 0 (0–0)

Duct detected on colour flow map
Term 16/18 (89%) 7/18 (39%) 3/18 (17%)
Preterm 17/17 (100%) 5/17 (29%) 3/17 (18%)

Values are expressed as median (interquartile range) unless indicated otherwise.
*p<0.001, †p=0.035 compared with term infants at the same time point.
‡p=0.01, §p=0.06 compared with measurement on day 0.
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of the right ventricle.24 In addition, we avoided reporting

changes in the right ventricular area measured by planimetry

because, unlike volume estimation, these measurements have

not been validated. We compared two ultrasound methods of

volume estimation to find the most practicable and repeatable.

Although time consuming, both methods were relatively simple

to perform and produced images of suitable quality for

measurement and subsequent analysis. The coefficient of

repeatability for the ellipsoid method was lower than that of the

Simpson’s method, making the ellipsoid method favourite for

estimating right ventricular volume. A coefficient of repeatabil-

ity of 27% is similar to the reported intraobserver repeatability

for other research methods in cardiorespiratory physiology.29 30

Clinical relevance
Failure of normal cardiovascular adaptation, with persistently

elevated pulmonary vascular resistance and pulmonary

hypertension, is important in the pathophysiology of persist-

ent pulmonary hypertension of the newborn and respiratory

distress syndrome.8 31 Right ventricular dysfunction in the face

of increased afterload may compromise pulmonary blood flow.

Information about changes in right ventricular volumes at

birth and in the early neonatal period may give valuable

insights into the pathophysiological mechanism of hypoxae-

mic respiratory failure in these conditions. Although a number

of studies have investigated left ventricular function in

newborn infants with respiratory failure,32 33 there is little

published work on right ventricular performance. Low right

ventricular output (as a component of a biventricular low out-

put state) is associated with severe respiratory distress

syndrome and is almost universal in infants who subsequently

die.15 The relative importance and contribution of right

ventricular dysfunction in determining low right ventricular

output in such infants remains unknown.

In summary, our study provides reference values for right

ventricular volumes in healthy term and preterm infants. We

believe that these are essential before assessing right

ventricular function in neonates with cardiorespiratory disor-

ders. We have also shown that the right ventricular systolic

and diastolic volumes decrease within the first 48 hours of

birth, but that right ventricular output remains unchanged.

We speculate that involution of the right ventricle may be sec-

ondary to the increase in left ventricular size, through the

effects of ventricular interaction.
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The importance of the right ventricle is consistently under-

estimated. In conventional thinking about the cardiovascular

system, the focus is invariably the function of the left ventri-

cle. It is to be applauded that this study of Clark et al recognises

the importance of the right ventricle and attempts to quantify

measures of function in healthy term and preterm babies.

One reason for the absence of data about the function of the

right ventricle is the lack of consistent landmarks that allow
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standardisation of function measures. Even in the left ventri-

cle, interpretation of myocardial function measures is fraught

with problems. In preterm babies, the traditional M mode

measures, such as fractional shortening, are of limited use

because of the reduced movement of the ventricular septum.1

An often ignored basic truth about the cardiovascular system

is that a measurement at any one point in that system can be

affected by events not only at the site of measurement but also

occurring upstream and downstream of that site. For myocar-

dial function, it is the preload and afterload conditions that

most affect the interpretation of the findings. Sometimes

myocardial function measures reflect the health of the

myocardium, but in the transitional circulation they are more

likely to reflect the load conditions.2 For example, a significant

ductal shunt will improve measures of left ventricle contractil-

ity such as ejection fraction and fractional shortening, because

the shunt will both increase the left ventricle preload and

reduce the afterload.2 Left ventricular dysfunction has been

measured in babies with severe respiratory distress/

pulmonary hypertension and interpreted as being a primary

problem.3 However, this overlooks the fact that the preload of

the left ventricle depends on blood getting through the lungs.

If the resistance to pulmonary blood flow is very high (high

right ventricular afterload), the right ventricular function will

appear poor, and, because it will not be able to pump blood

through the lungs, the preload on the left ventricle will be low

and left ventricular contractility will also appear poor. In our

own (unpublished) studies, nitric oxide can produce dramatic

improvements in the function and outputs of both ventricles

in some babies.

Clarke et al have shown that right ventricle end systolic and

diastolic dimensions fall over the first 24 hours of life to a

similar degree in a term and preterm cohort. The preterm

babies were healthy and ranged from 31 to 34 weeks gestation;

cardiorespiratory adaptation would be expected to occur rela-

tively normally in such babies.4 Therefore these results may

not be applicable to very preterm babies (< 30 weeks

gestation) in whom most preterm haemodynamic pathology

is concentrated.5 The authors speculate that the decrease in

dimensions of the right ventricle may reflect increase in size of

the left ventricle and also the postnatal fall in pulmonary vas-

cular resistance (afterload). The latter is not measured, but has

been previously documented as falling gradually over the first

24 hours. The other factor not considered is the effect of

incompetence of the foramen ovale on increasing right
ventricular preload. Such incompetence is common in the
early postnatal period particularly while there is still a ductal
shunt.6

In our studies to date, we have derived little useful
understanding from traditional measures of left ventricular
contractility in newborns. Our focus has been more on flow
measures, which we would argue is the important physiologi-
cal outcome of myocardial function. Low systemic blood flow
is common in the very preterm and is strongly associated with
morbidity in these babies.5 Immaturity of myocardial function
is likely to be a factor. We are currently analysing data on the
relation between this low flow and the load independent
measures of velocity of left ventricle circumferential shorten-
ing and wall stress.7 However, we do not have data on right
ventricular function, which is just as important. The data of
Clarke et al may provide an important framework on which to
extend understanding of cardiac pathophysiology in the very
preterm infant. However, these data also highlight that to
interpret any measure in the cardiovascular system, it is
important to know the limitations of that measurement and
also what is happening upstream and downstream of the site
where the measurement is taken.
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