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Cross sectional echocardiographic assessment of
great artery diameters in infants and children
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SUMMARY The pulmonary trunk and aortic root were measured on cross sectional echo-
cardiograms in 173 normal subjects aged from one day to 15 years. Fifteen neonates were re-
examined 3-6 days later. The great vessels were visualised in the parasternal long axis and short
axis views. All measurements were made in end diastole and end systole by the leading edge
method. The internal diameter (inner surface to inner surface) of the pulmonary trunk was also
measured. The diameters of the great vessels correlated best with the square root of body surface
area. Individual variability in cardiac growth gave a wide scatter of normal values. This was
controlled for by calculating the ratio of the pulmonary trunk to aortic root for each subject. This
ratio showed little individual variability and, except for the neonatal period, was remarkably
constant throughout infancy and childhood (1 06 (0 06)). In the first 24 hours of life the ratio of
the pulmonary trunk to the aortic root was significantly larger (1 29 (0 12)) but within one week
it decreased to the "normal" ratio found in the older age groups.
These normal data should be useful in assessing patients with congenital heart disease, partic-

ularly those in whom pulmonary blood flow is abnormal.

Congenital heart disease is often associated with
increased or decreased pulmonary artery blood flow
or blood pressure. The relation between pulmonary
artery diameter and pulmonary flow or pressure
has been evaluated in pathological,'2 angio-
cardiographic"4 and, more recently, echo-
cardiographic studies.56 In children with a left to
right shunt excellent correlations have been found
between shunt size and pulmonary artery diameter
on cross sectional echocardiograms, particularly
when pulmonary artery size was related to the
diameter of the aortic root.5" In patients with
decreased pulmonary flow, as in tetralogy of Fallot,
the diameter of the pulmonary artery has been used
as an important criterion for selecting patients for
total correction.8
Few cross sectional echocardiographic data are

available on the normal values of pulmonary trunk
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and aortic root size in children.5 `' Some results are
controversial because of the echocardiographic view
and measuring techniques that were chosen. To pro-
vide normal values through a wide range of ages and
body surface areas, we measured the diameter of the
great vessels in a large group of neonates, infants,
and children and we analysed some variables which
might influence these measurements. We also did
repeat studies on a subgroup of 15 neonates to deter-
mine the changes that occurred in the first week of
life.

Patients and methods

We studied 173 children (97 boys and 76 girls) in
whom good quality cross sectional echocardiograms
were obtained. Physical examination, an electro-
cardiogram, and the echocardiogram itself helped to
exclude cardiac disease. Patients with respiratory
disorders, severe anaemia, a febrile illness, or a dis-
ease known to alter cardiac function were excluded.
Two groups of subjects were evaluated.

Group 1 consisted of 20 normal neonates from the
Maternity Hospital. Mean (1 SD) gestational age
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was 39 5 (0 9) weeks and mean weight was
3-41 (030) kg. This group was further subdivided
according to age. Subgroup 1A was 10 neonates
examined within 12 hours of birth and subgroup 1B
10 neonates examined between 12 and 24 hours of
life. Fifteen of these 20 infants were restudied 3-6
days after the initial examination.
Group 2 consisted of 153 infants and children,

aged one week to 15 years (mean 4-4 years). They
were taken at random from the outpatient or
inpatient services of the hospital or were the chil-
dren of employees of the hospital or medical school.
In selecting subjects we tried to obtain a more or less
equal distribution across the age groups and range of
body surface area. Weight and height were reported
at the time of echocardiography. The body surface
area was calculated by the Boothby and Sandiford
modification of the Dubois nomogram.9

ECHOCARDIOGRAPHIC STUDIES
Cross sectional echocardiographic examinations
were performed with an ATL/ADR mechanical sec-
tor scanner with 3 5 or 5 MHz focused transducers.
The instrument had built-in movable electronic cal-
lipers which automatically calculated the distance
between two points. All diameters were directly
measured on the video screen of the scanner. The
subjects were examined in the supine or left lateral
decubitus position. The pulmonary artery was
imaged in the parasternal right ventricular long axis
view. This section allows good visualisation of the
entire right ventricular outflow region, the pul-
monary valve, and the pulmonary trunk. The
diameter of the pulmonary trunk was measured at
the pulmonary valve level (fig la). The aortic root
diameter was imaged in the parasternal left ventricu-
lar long axis view and its diameter was measured
distal to the sinuses of Valsalva (fig lb). In addition,
both great arteries were imaged simultaneously in
the parasternal short axis view. In this instance the
diameters of the pulmonary trunk and aortic root
were measured at valve level.
Measurements were made by the leading edge

method. This technique could not always be applied
reliably to the pulmonary artery imaged in the para-
sternal short axis view. For comparison we used
both methods (leading edge and inner to inner sur-
face) to measure the pulmonary trunk in the para-
sternal long axis view. All measurements were
obtained in both end diastole (at the onset of QRS)
and end systole (at the onset of the T wave). We took
the mean value of three measurements. We also cal-
culated the ratio of the pulmonary trunk to the aortic
root in end systole and end diastole.

STATISTICAL ANALYSIS
We used a regression mode to express each echo
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measurement as a function of body surface area. In a
preliminary evaluation the echo measurements were
analysed as linear, logarithmic, square root, and
cube root functions of body surface area. The func-
tion that had the smallest residual sum of squares
and the highest correlation coefficient was used in
the final regression equation. The pulmonary trunk
to aortic root ratio was determined from the para-
sternal long axis and short axis views and analysed as
a linear function of the body surface area (table 1).

Fig 1 Echocardiographic views usedfor measuring the
diameters of the great arteries. (a) The pulmonary trunk was
visualised in the parasternal long axis view of the right
ventricular outflow tract. Measurements were made at the
pulmonary valve level in end systole. One of the opened
pulmonary valve leaflets is visible (arrow head). (b) The
aortic root was visualised in the parasternal left ventricular
long axis view. Its diameter was measured distal to the sinuses
of Valsalva, where the aorta assumes a more cylindrical
shape. A minimum gain was used to obtain clear and thin
echo lines. AO, aortic root; PA, pulmonary trunk; LA, left
atrium; LV, left ventricle.
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Table 1 Regression equations relating echocardiographic diameters of the great arteries to body surface area in 153 infants
and children (group 2)

View Variable Regression equation r RSS SEE

LAX PA 0-031 + 2 258 (BSA) /% 0-96 3-38 0*05
Ao 0-084 + 1 944 (BSA) /2 0-96 2-76 0-04
PA:Ao 1-062 + 0-025 (BSA) 007 1-02 0-02

SAX PA 0-108 + 1.969 (BSA)'/2 0-96 2-97 0-04
Ao 0-153 + 1.958 (BSA) /2 095 3-31 005
PA:Ao 0-967 + 0-013 (BSA) 004 0-88 0-02

PA, pulmonary artery trunk; Ao, aortic root; LAX, parasternal long axis; SAX, parastemal short axis; r, correlation coefficient; RSS,
residual sum of squares; BSA, body surface area; SEE, standard error of the estimate. All measurements were made in end systole by the
leading edge method.

The 95% confidence interval was dctermnined
according to the following equation`0 1:

Y, ± [2F(0.95,2N-2)]1/2s(y){1 + I/N + ]

In this equation the variables are y, = calculated
values corresponding to each xp; x = mean value; xi
= x coordinates; N = number of points; F value:
first number = level of confidence desired, second
= the number of variables estimated, third = the
number of degrees of freedom for error; s(y) =

square root of the residual mean squares.

Results

All echocardiographic measurements were

expressed as four functions of body surface area. In
infants and children (group 2) the great vessel
diameters were best fitted to the square root function
ofbody surface area. Figure 2 shows the mean values
and 95% prediction intervals. Table 1 lists the
regression functions for these measurements and
body surface area. The correlation coefficients were
very high (r > 095) and they were similar for mea-
surements in the long axis and short axis parasternal
views.

The pulmonary trunk to aortic root ratios, deter-
mined in the long axis and short axis views, were

independent of body surface area (table 1) and the
regression equation demonstrated a nearly straight
horizontal line (fig 2c).
Neonates (group 1) differed from the main study

population (group 2) in several respects (table 2).
The pulmonary trunk was relatively large in the first
12 hours of life. Slightly but significantly smaller
diameters were found in the groups that were 12-24
hours, 3-6 days, and 1-3 weeks old. In the 3-6
month age group the dimension of the pulmonary

trunk was again equal to that at birth and from three
months onwards there was a steady increase in pul-
monary trunk size, related to age and body surface
area (fig 3). In contrast, the aortic root dimension
increased gradually with age from birth onwards.
This difference in growth pattern was also expressed
by the pulmonary trunk to aortic root ratio. In group
1A (age A 12 hours) the pulmonary trunk to aortic
root ratio was 1.29 (012). This value was

significantly larger (p < 0005) than in neonates
aged 12-24 hours, in whom the ratio of the pul-
monary trunk to the aortic root was 1.12 (010). In
neonates aged 1-3 weeks the pulmonary trunk to
aortic root ratio was 1.08 (005), which was not
significantly different from the mean value in older

able 2 Echocardiographic measurements (mean (SD)) of the diameter (cm) of the great arteries in neonates, infants, and children

Clinical data
,e <12h 12-24h 3-6day 1-4wk 1-3mnth 3-6mnth 6-12mnth lwk-15yr 4h-15yr

10 10 15* 8 21 17 12 153 173
eight ikg) 3.40(0.27) 3-42(0.33) 3.40(0.29) 3-32 (040) 4-92 (066) 5-62(1-08) 7-67(0.79)
iA (mi) 021 (0.01) 0-21(0-01) 0-21(0-01) 0-21 (001) 0.26(0.02) 0.29 (004) 0 37(0.03)

Parasternal lmg axis
1-15(0-09) 1-02(0-05) 101(009) 1-05(0-05) 1-09(0-11) 1 19(011) 1-41(0-14)
0 89(0.09) 0.92(0.09) 0.93(0.07) 0 98(0.07) 1-04(0-12) 1-12(0-13) 1-34(0-13)

L:Ao 1-29(0-12) 1-12(0-10) 1-09(0-08) 1-08(0-05) 1-06(0-09) 1-07(0-08) 1-05(0-06) 1-05(0-06) 109(0 09)

Parasternal short axis
1*05(008) 0-98(007) 0-96(007) 1.03(008) 1-08(0.10) 1*15(0-12) 1*33(0.11)
0-94(0-12) 0.96(0.07) 0-98(0-10) 0 99(0.08) 1-12(0-11) 1-2(0-1) 1-39(0-13)

k:Ao 1-13(0-13) 1-02(0-10) 0 99(0 11) 1-04(0-10). 0.97(0.09) 0.96(0.09) 0 96(0.06) 0.96(0.06) 0 99(0 09)

:hese 15 subjects belong to the group of 20 neonates who were examined within 24 hours after birth. They were restudied 3-6 days after the initial
amination.
e footnote to table 1 for abbreviations.

Echocardiographic dimensions of the great arteries 629
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infants and in group 2 as a whole (1 05 (0 06)).
Eight of the 10 neonates in whom the echo-

cardiographic diameters were obtained in the first 12
hours were restudied during the first week of life.
The pulmonary trunk to aortic root ratio decreased
considerably within one week after birth in all eight
cases (fig 4).

Table 3 shows the differences between mea-

surements of the great arteries obtained by different
methods: in systole versus diastole, from the para-
stemal short axis view versus the long axis view, and
the intemal diameter of the pulmonary trunk versus

the diameter obtained by the leading edge method.

The diameter of the pulmonary trunk and aortic root
was slightly larger in systole than in diastole (p <
01001). The mean value of the pulmonary trunk
increased by 4 3%, the mean value of the aortic root
by 3A4%, while the pulmonary trunk:aortic root
ratio remained unchanged. The pulmonary trunk in
the parasternal short axis view was slightly smaller
than in the long axis view (p < 0-001), whereas the
aortic root in the parasternal short axis view was

larger than in the long axis view (p < 01001). Con-
sequently, the pulmonary trunk to aortic root ratio
in the parasternal short axis view (0 99) was smaller
(p < 0 001) than in the long axis view (1-09). The
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Echocardiographic dimensions of the great arteries
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Fig3 Pulmonary trunk to aortic root ratio (mean (SD)) in different agegroups during thefirstyear of life compared
with the mean valuefor all 153 subjects in group 2 (aged one week to 15 years).
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internal diameter equally scant. Sahn et al obtained normal values for
re slightly but cardiac and great vessel dimensions in the fetus and
kan those obtained immediately after birth.'8 Aortic root and pul-
1-62 cm for pul- monary trunk dimensions were reported by Snider

9 for pulmonary et al in 110 normal subjects from the neonatal period
to adulthood.6 The usefulness of their data is limited
by the choice of the echocardiographic sections: for
simultaneous visualisation of both great arteries the
investigators selected the parasternal short axis view

ofM mode echo- which, according to their own experience, causes

oot dimension in considerable underestimation of the pulmonary
ly a few reports of artery size. This was confirmed in our study. We
ultaneous visual- found it more difficult and time consuming to obtain
walls on M mode a satisfactory image of the wall of the pulmonary
measurements of trunk in the parasternal short axis view than in the

e' or gave widely parasternal long axis view and we also tended to
underestimate the pulmonary trunk size in the short
axis view, although the difference was less pro-
nounced than that observed by Snider et al.6
Our results indicate that, with the exception of the

first weeks of life, the dimensions of both great arte-
ries show a linear correlation with the square root of
the body surface area. This function also gave the
best fit in an earlier cross sectional echo-
cardiographic study.6 In M mode studies the size of
the aortic root varied linearly with body surface
area'3 15 16 or in relation to the cubic root of the
body surface area.'4 The graphic representation

(fig 2) of the dimensions of great artery over a large
range of body surface area should be useful in identi-

r fying abnormalities, particularly defects causing a
6 left to right shunt,5 7 tetralogy of Fallot,8 or

coarctation of the aorta.'9
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Table 3 Influence of method of measurement on dimensions ofgreat arteries in infants and children (n = 173)

Variable Dimension Mean value of measurement (cm) Difference of the means p value

Diastole versus systole
Phase of cardiac cycle PALAX) 1-62 1-69 0 07 <0 001

Ao(LAX) 1-49 1 54 0 05 <0 001
PA:Ao(LAX) 109 1 10 001 NS

Short axis versus long axis
Echocardiographic plane PA 154 1-62 0-08 <0 001

Ao 1 56 1-49 0 07 <0 001
PA:Ao 0 99 1.09 0 10 <0 001

Internal diameter versus leading edge
Measuring technique PA(LAX) 1-55 1-62 0-06 <0 001

See foomote to table 1 for abbreviations.

aged more than one month and throughout child-
hood; this gave a nearly straight horizontal
regression line and a narrow confidence interval for
the relation between pulmonary trunk to aortic root
ratio and body surface area (fig 2). The finding that
the pulmonary trunk is slightly larger than the aortic
root confirms the results of previous studies on
smaller numbers of normal children, in which the
same echocardiographic view (parasternal long axis)
and measuring sites were selected.' 7 Our results do
not accord with those of Snider et al who found a
wide scatter of pulmonary trunk to aortic root ratios
and a pulmonary trunk dimension smaller than the
aortic root dimension in most children.6 This
difference may be partly explained by their use of
the parasternal short axis view which, as shown in
our study, leads to underestimation of the pul-
monary trunk dimension and overestimation of the
aortic root dinmension.
We did not attempt to validate our results against

invasive techniques or postmortem measurements.
Our data, however, generally accord with such stud-
ies. Sievers et al reported on the angiocardiographic
dimensions of the great arteries in 24 normal chil-
dren.4 The mean values of pulmonary trunk dimen-
sion (at the pulmonary valve level) and aortic root
dimension (just distal to the sinuses of Valsalva) give
a pulmonary trunk to aortic root ratio of 1-06 in sys-
tole and 1-07 in diastole. In a pathological study De
la Cruz et al reported that the ratio of the square of
the orifice of the pulmonary artery to the aortic root
was 1 16,1 which is slightly larger than the ratio of
the great vessel diameters that we obtained. The
considerable change in the dimensions of the great
arteries that we found in the first days of life have not
been reported before. Sahn et al reported normal
data on great vessel diameters"8 but this study was
limited to the cardiac anatomy of the fetus in the
second half of pregnancy and the neonate in the first
36 hours after birth. In their study, which included
neonates, Snider et al related great vessel diameters

solely to body surface area and not to age,6 which
makes it impossible to detect very early age-related
changes. As expected the pulmonary trunk diameter
was found to be relatively large at birth. Sur-
prisingly, however, this dimension decreased rap-
idly. The largest diameters were noted in neonates
who were < 12 hours old. Significantly smaller
diameters were found in those aged 12-24 hours and
3 days-3 weeks. In the 3-6 month age group the
mean pulmonary trunk diameter was again equal to
the measurement at birth and from three months on
there was a steady increase in pulmonary trunk size
that was related to body surface area and age. By
contrast, the aortic root dimension increased gradu-
ally from birth onwards. Consequently the pul-
monary trunk to aortic root ratio was greatest during
the first hours of life but by one week had decreased
rapidly to reach the "normal" value obtained in
older infants and children. This change was dis-
tinctly shown in a subgroup of eight neonates in
whom echocardiographic examinations were per-
formed within 12 hours after birth and repeated in
the course of the first week of life. Obviously, post-
natal physiological changes of the circulation pro-
foundly affect the size of the great arteries. The
rapid decrease in the size of the pulmonary trunk
coincides with the dramatic decrease in pulmonary
vascular resistance and pressure and the redis-
tribution of blood flow after birth, as extensively
shown in fetal lambs.20.
The dimensions of the great arteries varied

depending on the measuring technique. We system-
atically used the leading edge method which has
been shown to be the most accurate.2' In some chil
dren, however, this method was found to be
unreliable when used to measure the pulmonary
trunk diameter from the parasternal short axis view.
In this view the anterior edge of the pulmonary
artery tends to be blurred. In these subjects only the
inner diameter could be assessed. In an attempt to
evaluate the effect of the measuring technique on

632
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Echocardiographic dimensions of the great arteries 633
vessel diameter we used both methods (leading edge
to leading edge and inner to inner surface) to mea-
sure the pulmonary trunk in the parasternal long
axis view. The internal diameter measurement gave
slightly smaller values than the leading edge
method. The fact that the difference was very small
(mean 0-06 cm) and negligible for clinical purposes
may be because of our echocardiographic technique.
We used a high resolution system and a minimum
gain to obtain clear and thin echo lines and this
somewhat reduced the wall thickness of the vessel.
When it is imaged in the parasternal plane, and

particularly from the short axis view, the pulmonary
trunk appears to change size with the cardiac cycle.
We therefore measured the diameters of the great
arteries in systole and diastole. Previous studies have
shown that the cross sectional area of the aorta
increases 5%-10% during systole while that of the
pulmonary artery increases 2% to 18%.22 23 Similar
changes in diameter were seen in our study when the
great artery dimensions were measured in the para-
stemal long axis view. The mean end systolic aortic
root diameter was 3-4% larger than the end diastolic
diameter, while the pulmonary trunk diameter
increased by 4-3%. As these changes occurred
simultaneously the pulmonary trunk to aortic root
ratio was not influenced by the cardiac cycle. In the
parasternal short axis view no consistent pattern in
the systolic-diastolic changes was found. In most
patients the diameter of the pulmonary trunk
increased in systole, but in some it decreased. This
decrease has also been reported by others when they
measured the pulmonary trunk in the parasternal
short axis view and has been attributed to a systolic
movement of the pulmonary artery in such a way
that the examining plane no longer passes through
the centre of the vessel.24 Our results indicate that
this factor has no major influence in the parasternal
long axis view in which we found a small but consis-
tent systolic increase in the size of the pulmonary
trunk.
Our study provides-normal values for cross sec-

tional echocardiographic measurements of the pul-
monary trunk and aortic root in neonates, infants,
and children. We found that the parasternal long
axis view was more reliable than the short axis view
for measuring the pulmonary trunk. In contrast with
the fairly wide 95% confidence intervals for pul-
monary trunk and aortic root size, the pulmonary
trunk to aortic root ratio showed little individual
variability and was remarkably constant throughout
infancy and childhood. The graphs relating these
measurements to age (in neonates) or body surface
area (in children older than one week) should be use-
ful in assessing patients with congenital heart dis-
ease, particularly th-ose with a decrease or increase in
pulmonary blood flow.
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