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ABSTRACT

Print ISSN 1738-5520 / On-line ISSN 1738-5555

Background and Objectives: At birth, the fetal circulation must immediately adapt to extrauterine life. Our goal
was to evaluate perinatal changes in the size of the aorta (Ao) and pulmonary artery (PA), and to investigate fac-
tors influencing these changes. Subjects and Methods: Aortic and PA diameters were measured by echocardio-
graphy in 50 healthy term babies one day before and 4 to 5 days after birth. Results: Compared with prenatal
measurements, the Ao increased (from 7.4 0.6 mm to 8.4 0.6 mm, p<0.01) and the PA decreased (from 9.5
+0.8 mm to 8.7£0.8 mm, p<0.01) in size after birth. The Ao/PA ratio increased from 0.78 £0.07 before birth
to 0.97£0.08 after birth (p<0.01), but there was no significant difference in the sum of the diameters of the
great arteries between pre- and postnatal measurements. Postnatal increases in aortic size correlated negatively with
prenatal aortic diameter (r=-0.37, p<0.05), but was not related to body weight. According to multiple regression
analysis, significant variables for predicting perinatal changes in size of the Ao and PA were the prenatal Ao/PA
ratio and the prenatal PA diameter, respectively. Conclusion: Despite a difference existing in prenatal diameters
between Ao and PA, circulatory changes at birth make the great artery sizes equal, and do so regardless of body

weight. (Korean Circ J 2009;39:414-417)
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Introduction

Fetal circulation is unique in that the two ventricles
function in parallel. At the moment of birth, fetal

circulation must immediately adapt to extrauterine life.

Physiologic changes in the circulation at birth affect
ventricular size and the pulmonary circulation is sepa-
rated from the systemic circulation with a dramatic in-
crease in blood flow."

Previous studies on human fetal cardiac measure-
ments by ultrasound techniques have provided quanti-
tative data for assessing fetal cardiac growth.?” Sahn et
al.” also reported their results for measurements of fe-
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tal ventricles and great vessels plotting their measure-
ments against fetal weight; however, their study had li-
mited resolution with the use of lower frequency trans-
ducers, and serial measurements were not obtained for
some of the study population.

In clinical practice, we have often experienced that a
small aorta diagnosed prenatally by fetal echocardio-
graphy in a term baby becomes a nearly normal-sized
aorta after birth. Thus, we undertook this study 1) to
evaluate circulatory changes during the perinatal pe-
riod by measuring the size of the aortic and pulmonary
arteries before and after birth, and 2) to investigate
factors influencing such perinatal changes.

Subjects and Methods

Fifty term (37 to 40 weeks of gestation) pregnant
women who planned to undergo Caesarean Section (C/
S) delivery were prospectively enrolled. All mothers
were healthy and none had a medical problem. None
of them had any indications for fetal echocardiography
but agreed to participate in this study and informed
written consents were obtained. Using an Acuson 128XP
(Mountain View, CA, USA) ultrasound system with a



5 MHz transducer, echocardiography was done for 50
normal babies one day before birth and again 4 to 5
days postnatally (all by a single examiner, HSK). No
newborns had any structural anomalies including con-
genital heart disease. With the use of cine loop and
zoom techniques, the internal diameters of the Ao and
PA were measured during diastole when the semilunar
valves were closed. The aortic diameter was measured
at the annulus level in the long-axis view; the PA dia-
meter was measured 1 mm above the sinotubular junc-
tion of the PA in the short axis view. Measurements
were taken only when the image quality allowed clear
definition of each structure with an insonation angle
around 90° . The ratio of the aortic diameter to the PA
diameter (Ao/PA), and the difference between prena-
tal and postnatal diameters, were calculated. After birth,
physical parameters including body weight, head cir-
cumference and chest circumference were also recorded.
To determine intraobserver variability, the diameters of
the Ao and PA in 10 randomly selected newborns were
measured by one observer (HSK) on two different occa-
sions. For interobserver variability, they were examined
by two observers (HSK, SS) who were unaware of the
other’s results.

Statistical analysis was performed with Statistical Pa-
ckage for Social Science (SPSS) 11.5 (SPSS Inc, Chicago,
IL, USA). Differences in prenatal and postnatal meas-
urements were compared using the paired t-test. Linear
regression analysis was used to determine the relation-
ship between great artery size and physical parameters.
Factors influencing perinatal changes in size of the great
arteries were investigated by multiple regression analysis.
Variability was calculated as the difference from the mean
of the two measurements and expressed as the percent-
age of the mean. A p<0.05 was considered significant.

Results

Prenatally, the diameters of the Ao and PA were 7.4
0.6 mm and 9.5+0.8 mm, respectively. Postnatally,
the aortic diameter increased to 8.4 0.6 mm and the
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PA diameter decreased to 8.7 0.8 mm (p<0.01) (Fig.
1). The Ao/PA ratio increased from 0.78 2=0.07 before
birth to 0.97 £0.08 after birth (p<0.01) (Fig. 2). How-
ever, there was no significant difference in the sum of
the Ao and PA diameters before and after birth (16.9
1.2 mmvs. 171+ 1.3 mm, p=0.36) (Fig. 2).

The prenatal aortic diameter correlated positively
with body weight (r=0.39, p<0.05), head circumfer-
ence (r=0.28, p<0.05) and chest circumference (r=
0.43, p<0.05), but the prenatal PA diameter did not
correlate with these variables (not shown). Postnatal
increases in aortic size correlated negatively with pre-
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Fig. 1. Postnatally, the diameter of the aorta (Ao) increases and
that of the pulmonary artery (PA) decreases compared with meas-
urements before birth.
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Fig. 2. The Ao/PA diameter ratio increases from 0.78+0.07 be-
fore birth to 0.97 =0.08 after birth (p<0.01), but there is no sig-
nificant difference in the sum of the Ao and PA diameters before
and after birth. Ao: aorta, PA: pulmonary artery.
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Fig. 3. The postnatal increase in the diameter of the aorta (Ao) is related to the prenatal aortic diameter (A) and is not related to body

weight (B).
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Fig. 4. Postnatal decreases in pulmonary artery (PA) diameter correlate positively with prenatal PA diameter (A) and negatively with

body weight (B).
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Fig. 5. Postnatal diameter of the aorta (Ao) correlates with the
sum of prenatal Ao and pulmonary artery (PA) diameters.

natal aortic diameter (r=-0.37, p<0.05) (Fig. 3A), but
this change did not correlated with body weight (Fig.
3B). In contrast, postnatal decreases in PA size corre-
lated with prenatal PA diameter (r=0.40, p<0.05) (Fig.
4A) and body weight (r=-0.42, p<0.05) (Fig. 4B). Mul-
tiple regression analysis indicated that significant pre-
dictors of perinatal changes in great artery size were
the prenatal Ao/PA ratio (p=0.002) for an increase in
aortic size, and prenatal PA diameter (p=0.01) for a
decrease in the PA size.

Postnatal aortic diameter correlated with prenatal PA
diameter (r=0.56, p<0.05), prenatal aortic diameter
(r=0.67, p<0.05), and the sum of the prenatal Ao and
prenatal PA diameters (r=0.71, p<0.05) (Fig. 5).

Intra-observer variability and inter-observer variabi-
lity for the Ao were 2.7£2.1% and 2.9 £2.1%, respec-
tively; for the PA they were 3.1£2.2% and 5.3+ 2.6%,
respectively. Intra-observer variability was smaller than
inter-observer variability.

Discussion

Several studies on fetal development of the great ar-
teries have been reported,”” but there are few studies
regarding perinatal changes in size of the fetal great ar-
teries. To document perinatal changes, Sahn et al.” ex-

amined 19 fetuses longitudinally beyond 20 weeks of
gestation. In contrast, we examined term babies at 37
to 40 weeks of gestation and prenatal measurements
were done one day before planned delivery (by C-sec-
tion). Thus, our data may provide more accurate obser-
vations on circulatory changes that usually take place
at birth.

In the fetus, the size of the great arteries increases
with gestational age or fetal weight and the Ao is sli-
ghtly smaller than the PA.>” In the studies of Shapiro
et al.¥ and Sharland and Allan,” the Ao/PA ratio at 14
to 40 weeks of gestation was about 0.9 with a slight
decrease during pregnancy, while in our study this ratio
at 37 to 40 weeks of gestation was 0.78 and increased
to 0.97 after birth. Our data suggest that the sum of the
diameters of the great arteries remains constant (Fig. 2),
although the Ao becomes larger and the PA becomes
smaller. This results in an equalization of Ao and PA
size after birth similar to postnatal changes in ventri-
cular size.*® These findings support the idea that these
two circulatory systems become separated at birth and
handle the same amount of blood after birth.

It was interesting that only prenatal aortic diameter
and not PA diameter was related to physical parame-
ters. Therefore, one should consider not only gestational
age but also body weight or other body parameters when
the aorta is diagnosed as “small” by fetal echocardio-
graphy. In addition, postnatal increases in aortic size
were significantly dependent on the prenatal Ao/PA
ratio and was not related to body weight (Fig. 3B), sug-
gesting that although there is a more significant differ-
ence in prenatal size between the Ao and PA in a sm-
aller baby, a smaller Ao may become more enlarged in
size after birth compared with the prenatal aortic size,
even in a low-birth-weight infant as shown in Fig. 3A.
In contrast, postnatal decreases in PA size were nega-
tively related to body weight (Fig. 4B). Our data shows
that the sum of the diameters of the great arteries stays
constant. As such, the negative correlation between
decreases in PA size and body weight may suggest that
a smaller baby has a greater reduction in PA size than



does larger babies, when they have a greater postnatal
increase in aortic size, as mentioned above. To confirm
these findings, there is a need for further clinical studies
examining differences in postnatal changes of the great
arteries according to body weight.

Postnatal aortic diameter had a robust positive cor-
relation with prenatal Ao and PA diameters, and a st-
ronger association with the sum of prenatal Ao and PA
diameters (Fig. 5).

It is important to establish intra-observer variability
and inter-observer to determine whether the changes
in size of the great artery at birth are due merely to
variability in measurements or to true changes. Mean
intra- and inter-observer variability for aortic diame-
ters ranged from 2 to 5%, which are acceptable levels.
Practically, we determined only the variability in post-
natal diameter of the Ao and PA and did not deter-
mine variability for prenatal Ao and PA diameters.

There are some limitations to our study. First, be-
cause of the narrow range of gestational ages and body
sizes in the study population, our study showed small
correlation coefficients between each variable. Second,
considerable variation may exist in measuring techni-
ques between the studies. We measured internal dia-
meter of great arteries with exclusion of the thickness
of the echo lines. Finally, the influence of the C-sec-
tion itself can not be excluded as a contributor to phy-
siologic changes at birth.

Despite these limitations, we conclude that fetal body
weight should be considered in prenatally assessing aor-
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tic size. Although a greater difference exists prenatally
between Ao and PA in lower-body-weight babies, cir-
culatory changes at birth make the size of both arteries
equal regardless of body weight.
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