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OBSERVATIONAL STUDY

Dynamic Changes of Pulmonary Arterial Pressure and
Ductus Arteriosus in Human Newborns From Birth to
72 Hours of Age

Chunmiao Kang, MD, Enfa Zhao, MD, Yinghua Zhou, MD, Huayun Zhao, MD,
Yunyao Liu, BS, Ningning Gao, BS, Xiaoxin Huang, MD, and Baomin Liu, MD

Abstract: Normal pulmonary artery pressure and pulmonary hyper-
tension assessment of newborns is rarely reported. The aim of the study
is to explore dynamic changes of pulmonary arterial pressure and ductus
arteriosus in human newborns from birth to 72 h of age with echocar-
diography.

A total of 76 cases of normal newborns were prospectively detected
by echocardiography after birth of 2h, 6h, 12h, 24h, 48h, and 72 h,
respectively. Ductus arteriosus diameter, blood shunt direction, blood
flow velocity, and pressure gradient were recorded. The brachial artery
blood pressure were measured to estimate the pulmonary artery systolic
pressure (PASP) and pulmonary artery diastolic pressure (PADP)
using patent ductus arteriosus pressure gradient method. The mean
pulmonary artery pressure (PAMP) were calculated by equation of
PAMP =PADP + 1/3(PASP-PADP).

(1) There were 76 cases of normal newborns. Among them, 29 cases
(38%) ductus arteriosus closed within 24 h, 59 cases (78%) closed
within 48 h, 72 cases (95%) closed within 72 h, and 4 cases (5%) ductus
arteriosus not closed within 72 h. (2) The ductus arteriosus diameter of
2h, 6h, 12h, 24h, 48h, and 72h after birth was 4.60 & 0.59 mm,
3.37+£0.59mm, 247 +£049mm, 1.89+0.41 mm, 1.61 £0.35mm,
and 1.20 +0.24 mm, respectively. Compared all of the ductus arter-
iosus diameter of the above time periods, there were statistically
differences with P < 0.05, respectively. (3) The mean PASP in 2h,
6h, 12h, 24h, 48h, 72h after birth were 76.58 +7.28 mm Hg,
65.53 +£9.25mm Hg, 52.51 +9.07 mm Hg, 43.83 £7.90 mm Hg,
38.07 +8.26 mm Hg, and 36 + 6.48 mm Hg, respectively. The PADP
of the above time period were 37.88 +5.56 mm Hg, 29.93 £7.91 mm
Hg, 23.43 £7.37 mm Hg, 19.70 £ 8.51 mm Hg, 13.85 £5.58 mm Hg,
13.25 4+ 6.18 mm Hg, respectively. The PAMP of the above time period
were 63.41 £7.03 mm Hg, 51.78 +9.82 mm Hg, 40.94 £9.32 mm Hg,
3439+9.89 mm Hg, 26.23 £7.49 mm Hg, 25.25+8.29 mm Hg,
respectively. There were statistically differences with P <0.05
between each time periods of PASP, PADP, and PAMP. (4) The upper
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95% limit reference range of PASP of normal newborns of 72 h after
birth were 39.97 mm Hg.

(1) Normal newborns ductus arteriosus diameter gradually
decreased after birth, and 95% of them spontaneous closed within
24 to 72h. (2) Normal newborns pulmonary artery pressure
showed a gradually decline after birth, the upper 95% limit
reference range for PASP measured in normal newborns <72h
of age was 39.97 mm Hg. Therefore, the diagnostic criteria of
newborns pulmonary hypertension may be >40.00 mm Hg accord-
ing to our limited study.

(Medicine 95(3):€2599)

Abbreviations: PADP = pulmonary artery diastolic pressure,
PAMP = mean pulmonary artery pressure, PASP = pulmonary
artery systolic pressure.

INTRODUCTION

n the fetus, pulmonary circulation was filled with amniotic

liquid and compressed. The pulmonary circulation was a high
resistance circuit whereas the systemic circulation included a
low resistance, placenta, and high flow component. Most of the
right ventricular output entered the descending aorta across the
ductus arteriosus and only 10% entered the pulmonary circula-
tion.! After birth, lung aeration open, lung fluid elimination,
pulmonary flow and oxygen partial pressure increased, and
alveolar surface active substance secretion increased made PVR
declined continuously. If due to various reasons after birth, the
newborns cannot adapt to the outside environment commend-
ably, circulation conversion failure, PVR failure to decline
continuously, so all these negative factors can lead to pulmon-
ary hypertension of the newborn (PHN). Pulmonary artery
pressure from fetal, newborn to infant period is constantly
changed, especially in the neonatal period, pulmonary artery
pressure is decreased sharply in 72 h after birth, whereas it is
still higher than that of normal adults. However, So far, new-
borns pulmonary hypertension diagnosis standard is still not
clearly established, and it is still use adult pulmonary artery
systolic pressure (PASP) >30 mm Hg as a reference.” Even
previous study reported that newborns pulmonary artery pres-
sure within 2 weeks was higher than the above value,' new-
borns pulmonary artery pressure assessment, especially early
pulmonary artery pressure, is rarely reported. As we all known
that the gold standard of determination the pulmonary artery
pressure is right heart floating catheter method, however, owing
to the invasiveness and poor tolerance, it cannot be performed in
the newborns. Echocardiography is the first choice for non-
invasive quantitative estimates of newborns pulmonary artery.
And the most commonly used is the tricuspid regurgitation (TR)
method and open artery catheter (Patent ductus arteriosus, PDA)
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method. Echocardiographic measurements of tricuspid regur-
gitant jet velocity and the Doppler flow velocity across the PDA
to assess PASP had been proved to yield a favorable
accuracy.*> With the development of echocardiography and
Doppler ultrasound technology, it has been proved that echo-
cardiography estimation of pulmonary artery pressure had a
good correlation with right cardiac catheterization method.®’
So, the aim of this study was to determine pulmonary artery
systolic pressure of normal newborns after birth of
2h,6h,12h,48h, and 72h, respectively, and to explore the
spontaneous closure rate of ductus arteriosus in normal new-
borns within 72 h with echocardiography.

PARTICIPANTS AND METHODS

Study Population

We prospective studied 76 cases of normal newborns born
in Second Affiliated Hospital of Xi’an Jiao Tong University in 3
months from January 2014 and March 2014. Inclusion criteria
included the following: (1) 37 weeks<gestational age <42
weeks; (2) 2500 g<birth weight <4000g; (3) no perinatal
asphyxia or hypoxia (I min Apgar scoring >7 points); (4)
echocardiography excluded cardiac structural abnormalities
except patent foramen oale and patent ductus arteriosus; (5)
pregnant women in good health during pregnancy and without
pregnancy hypertension, pregnancy diabetes, hyperthyroidism,
hypothyroidism, and autoimmune disease. The study protocol
was approved by the ethics committee of the Second Affiliated
hospital of Xi’an Jiao Tong University and written informed
consent was obtained from each parents.

METHODS

Mindray M7series portable color Doper ultrasound system
fitted with P7-3 s transducer were used to conduct echocardio-
graphy. The procedure was performed under the written consent
of each case and the newborns should kept supine or in the left
lateral position and kept in a quiet and relatively steady state
throughout the procedure. Echocardiography was first routinely
performed to rule out cardiac structural abnormalities. Para-
sternal short axis views of great vessels were obtained to display
pulmonary artery, we rotated probe counterclockwise to display
ductus arteriosus, a channel between pulmonary artery and the

descending aorta. Ductus arteriosus diameter was measured
using 2-dimensional ultrasound. Color Doppler was used to
observe the presence or absence of shunt. Sampling volume of
pulsed or continuous wave Doppler were placed on ductus
arteriosus to obtain the ductus blood flow spectrum. Direction
of blood flow shunt, velocity and pressure gradient were also
recorded. All the above parameters were measured in 3 con-
secutive cardiac cycles to obtain the mean value of them. All
operations were performed by the same sonographer, CON-
TECO8A electronic sphygmomanometer fitted with neonatal
sphygmomanometer cuff was used to measure brachial artery
blood pressure. All the newborns were dynamic monitored after
the birth of 2h, 6h, 12h, 24h, 48h, 72h, respectively. After
echocardiography was completed, the brachial artery blood
pressure was measured 3 times immediately and the mean value
was calculated.

In the absence of left ventricular outflow tract and aortic
stenosis, brachial artery systolic pressure (BASP) could
represent the aortic systolic pressure (AOSP) and brachial artery
diastolic pressure (BADP) could represent the aorta diastolic
pressure (AODP). The Bernoulli equation was used to estimate
PASP (PASP =4V +right atrial pressure, where V indicates
peak systolic velocity of the regurgitant jet) if there were no
pulmonary stenosis. According to the great vessels
pressure gradient method, when a bidirectional shunt of ductus
arteriosus was obtained, pulmonary artery systolic pressure
(PASP) = AOSP +4 V2 (V indicates the peak velocity of right
to left shunt of ductus arteriosus). When bidirectional shunt
occurred, end-diastolic ductus arteriosus flow direction was left
to right shunt, so pulmonary artery diastolic pressure
(PADP) = AODP—4 V* (V indicates end-diastolic peak velocity
of right to left shunt of ductus arteriosus). When only left to
right shunt occurred, PASP = AOSP—4 V* (V indicates the peak
velocity of left to right shunt of ductus arteriosus),
PADP =AODP—4 V* (V indicates end-diastolic peak velocity
of left to right shunt of ductus arteriosus)® (Figure 1). Pulmonary
arterial mean pressure (PAMP) =PADP 4 (PASP—PADP)/3.

Statistical Analysis

Statistical analyses were performed using SPSS Version
18.0 (SPSS, Chicago, IL). All measurement data are expressed
as mean =+ standard deviation (x=+s), and the count data is

FIGURE 1. (A)When a bidirectional shunt of ductus arteriosus was obtained, the red arrow indicated the peak velocity of right to left shunt,
which was used to estimate PASP. The blue arrow indicated the velocity of end-diastolic and was used to estimate PADP. (B) When a left to
right shunt of ductus arteriosus was obtained, the red arrow indicated the peak velocity of left to right shunt, which was used to estimate
PASP. Blue arrow indicated the velocity of end-diastolic and was used to estimate PADP. PASP =pulmonary artery systolic pressure,
PADP = pulmonary artery diastolic pressure, PAMP =mean pulmonary artery pressure.
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Newborn

Infants Pulmonary Arterial Pressure

TABLE 1. The Brachial Artery Pressure and Heart Rate of Patent Ductus Arteriosus Newborns Within Each Time Periods (x £ s)

Day-Age (h) BASP (mm Hg) BADP (mm Hg) BAMP (mm Hg) Heart Rate (bpm)
<2 74.29 +7.01 39.09 +£5.47 51.99 +6.86 138+12
6 69.68 +5.60 37.37+6.31 49.54 +6.50 123+15
12 66.74+4.91 35.33+4.77 46.16 +5.14 125+15
24 66.32 +4.36 35.77 +£5.50 46.96 +5.20 127+15
48 63.21 £4.87 31.64 +3.65 43.64+5.12 125+15
72 67.00 +2.45 32.25+5.06 47.00 +3.83 132 +21

BADP = brachial artery diastolic pressure, BAMP =mean brachial artery pressure, BASP =brachial artery systolic pressure, bpm = beats per

minute.

expressed as cases or a percentage (%). Paired samples  test was
performed to compare the change of ductus arteriosus diameter,
PASP, PADP, and PAMP for each time period. x> test was
conducted to compare the influence of gender, delivery mode,
birth weight, and gestational age on the ductus arteriosus
closure rate, and P < 0.05 was statistically different. The multi-
factor linear regression analysis method was used to analysis the
relationship between PASP, PADP, PAMP and gender, gesta-
tional age, delivery mode, and birth weight.

RESULTS

A total of 76 cases of normal newborns were included,
46% (35/76) were men. Mean gestational age were 39.58 +0.99
weeks and mean birth weight were 3406.6 £+ 387.8 g. One-min
Apgar scoring was 9 points and 5 min Apgar scoring was 10
points. The brachial artery pressure and heart rate of patent
ductus arteriosus newborns after birth of 2h, 6h, 12h, 24 h,
48h, and 72 h were showed in Table 1.

The changes of ductus arteriosus diameter and closure
were as follows: there were 76 cases of normal newborns.
Among them, 29 cases (38%) ductus arteriosus closed within
24 h, 59 cases (78%) closed within 48 h, 72 cases (95%) closed
within 72h, 4 cases (5%) ductus arteriosus not closed within
72 h. Compared the ductus arteriosus diameter before and after
the above each time period, there were statistically differences
in the changes of ductus arteriosus diameter with P < 0.05
(Table 2). Ductus arteriosus diameter decreased gradually with
the increasing of newborns day-age (Figure 2).

To evaluate the influence factors of ductus arteriosus
closure rate, we divided 76 cases of normal newborns into

TABLE 2. Newborns Ductus Arteriosus Diameter (x+s) and
Closure Rate Within Each Time Period

Day-Age Ductus Arteriosus Closed Cases Closure

(h) Diameter (mm) (Case) Rate (%)

<2 4.60+0.59 0 -

6 3.37+0.59" 0 -

12 2.4740.49" 0 -

24 1.89+0.41" 29 38.16

48 1.614+0.35" 59 77.63

72 1.20+0.24" 72 94.74
*P<0.05.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

2 groups respectively according to gender, delivery mode,
gestational age (<40 weeks or >40 weeks), and birth weight
(<3000 g or>3000g). The x* test was performed to assess
whether there were difference in 2 groups when compared the
ductus arteriosus closure rate of 24 h, 48 h, and 72 h after birth.
The x2 test was used to compare the relationship of ductus
arteriosus closure rate and delivery mode, gestational age, birth
weight, and gender. The results showed no statistical signifi-
cance when the x> test was used to compare the relationship
between delivery mode, gestational age, birth weight, gender,
and ductus arteriosus closure rate (P > 0.05).

We also recorded the ductus arteriosus flow spectrum. All
of the 76 cases of normal newborns had a bidirectional shunt 2 h
after birth, 42 cases had a bidirectional shunt and 34 cases had a
unidirectional left to right shunt 6 h after birth, 9 cases had a
bidirectional shunt and 67 cases had a unidirectional left to right
shunt 12 h after birth, all the newborn infants had a bidirectional
shunt 24 h after birth. Only 5 cases had a very small or transient
shunt (Table 3). Pulmonary arterial pressure was obtained based
on the Doppler spectrum. Compared the PASP, PADP, PAMP
before and after the above each time period, there were stat-
istically differences with all P < 0.05. With the increasing of
neonatal day-age, PASP, PADP, PAMP decreased gradually
(Figure 3). And 95% confidence interval upper limit of newborn
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FIGURE 2. The line graph between day-age and mean value of
ductus arteriosus diameter indicated that with the increasing of
neonatal day-age, ductus arteriosus diameter decreased gradually.
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TABLE 3. The Cases and Proportion of Different Shunt Directions of Ductus Arteriosus Blood Flow Within Each Time Period

Day-Age Total Bidirectional Unidirectional Left Small or Transient
(h) (Cases) Shunt (Cases) to Right Shunt (Cases) Shunt (Cases)
<2 76 76 (100%) 0 0

6 76 42 (55%) 34 (45%) 0

12 76 9 (12%) 67 (88%) 0

24 47 0 45 (96%) 2 (4%)

48 17 0 14 (82%) 3 (18%)

72 4 0 4 (100%) 0

infants PASP within each time period was calculated as follows:
within 2h <79.66 mm Hg, within 6 h<74.23 mm Hg, within
12h<67.17 mm Hg, within 24h<57.13 mm Hg, within
48 h<47.27 mm Hg, within 72h<39.97 mm Hg, respectively.

Multifactor linear regression analysis method was used to
analysis the relationship between PASP, PADP, PAMP and
gender, gestational age, delivery mode and birth weight. A total
of 76 cases of normal newborns were divided into 2 groups
respectively according to gender, delivery mode, gestational
age (<40 weeks or >40 weeks) and birth weight (<3000 g
or >3000g). Independent sample ¢ test was performed to
compare whether there were difference of PASP, PADP, PAMP
within each time period between 2 groups (data was not
available in 72 h). The results showed that there were statistical
significance of newborns PASP within 2 h after birth in gender
and delivery mode (all P <0.05)(Table 4, Table 5),which
suggesting that PASP of male babies within 2 h after birth
was slightly higher than that of female babies, and that new-
borns delivered by caesarean section within 2 h after birth was
higher than that of newborns delivered by vaginal. There were
no statistical significance of newborns PADP, PAMP within 2 h
after birth and PASP, PADP, PAMP within the rest of the time
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PAMP  mmbig
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e
o
o
=
4000 4
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FIGURE 3. The line graph between day-age and PASP, PADP,
PAMP indicated that with the increasing of neonatal day-age,
PASP, PADP, PAMP decreased gradually. PASP = pulmonary artery
systolic pressure, PADP=pulmonary artery diastolic pressure,
PAMP = mean pulmonary artery pressure.

4 | www.md-journal.com

period when gender, delivery mode, gestational age and birth
weight were compared in the 2 groups (all P > 0.05).

DISCUSSION

Our study results indicated that a gradual decrease in
normal newborns ductus arteriosus diameter after birth, and
95% of them spontaneous closed within 24 to 72h. In fetal
stages, PDA is an open channel between pulmonary artery and
the descending aorta; however, patent ductus closed closure
time differed owing to individual differences. We find that the
earliest time of ductus closure was within 12 to 24 h, none of
closed within 12 h, closure rates within 24 h were 38%, closure
rates within 48 h were 78%, and closure rates within 72 h were
95%. Previous study found that earliest time of ductal closure
were within 8h, closure rates within 24 h were 42%, closure
rates within 48 h were 90%, and closed all by 96h of age.’
Because of the difference of region and race, our study had
small differences on the closure rates compared with previous
study.” Even the presence of differences on the closure rates,
most of the newborns patent ductus closed within 72 h. Some
studies'®!! reported that normal newborns patent ductus func-
tional closed within 10 to 15h. These studies were based on
invasive methods and depended on the oxygen saturation
detection ductus shunt to estimate ductus closure time, while
the oxygen saturation failing to detect a small shunt. As a result,
the estimated ductus closure time was earlier than really closure
time. Besides, some newborns suffered mild respiratory disease
or congenital heart disease, it was not appropriate to apply the
results of those newborns to the normal ones. When it come to
the factors influencing the normal newborns ductus closure, we
found that gender, gestational age, delivery mode, and birth
weight had no obvious effect on it, which was consistent with
the Gentile’ results.’

TABLE 4. Newborns PASP Within Each Time Period With
Different Delivery Mode (x£s) (mm Hg)

Day-Age Spontaneous Cesarean

(h) Labor Delivery t P
<2 74.92 £5.44 80.10 £8.36 —3.68 0.000
6 64.59+9.70 66.97 + 8.46 —1.098 0.276
12 52.02+9.67 53.27+8.17 —0.582 0.562
24 42.594+8.18 46.44+7.41 —1.628 0.110
48 37.80+7.05 39.33+6.30 —0.419 0.683

PASP = pulmonary artery systolic pressure.

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.
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TABLE 5. Newborns PASP Within Each Time Period With
Different Genders (x£s) (mm Hg)

Day-Age (h) Male Female t P

<2 79.20£6.50 7435+7.23  3.054 0.003
6 67.17+8.34  64.12+9.84 1.443  0.153
12 52.804+8.96  52.17+9.32  0.302 0.764
24 4477+8.55 43.44+7.68 0563  0.576
48 39404832  3844+553 0260 0.799

PASP = pulmonary artery systolic pressure.

Ductus arteriosus blood flow direction was determined by
the pressure difference between the pulmonary artery and
aorta.'> During fetal stage, pulmonary vascular resistance
(PVR) was higher than systemic circulation, and blood flow
from the right ventricle could pass through the patent ductus and
into the systemic circulation easily (right-to-left shunt). It was
reported that ~90% of right ventricular output, during fetal
stage, bypassed the lungs and flowed across the patent ductus.'>
After birth, lung aeration opened up and PVR decreased sud-
denly, which resulted in pulmonary blood flow increased
greatly. The pressure gradient across the patent ductus reversed,
which facilitated blood flow from the systemic circulation to the
pulmonary circulation (left-to-right shunt). The study per-
formed by Van Vonderen' reported that patent ductus shunting
changed rapidly from predominantly right-to-left shun to pre-
dominantly left-to-right shunt at as early as 10 min after birth.
Echocardiography was conducted 6 times in all 76 cases of
normal newborns within 72h after birth, we found that all
newborns had a bidirectional ductal shunt within 2 h after birth,
55% had a bidirectional shunt within 6 h after birth, 12% had a
bidirectional shunt within 12 h after birth, and all newborns had
a left-to-right shunt after 24 h of birth, which indicated that the
newborn infants pulmonary artery systolic pressure remains
higher than the aortic systolic pressure within 2h after birth.
Owing to individual differences, newborns pulmonary artery
pressure decreased in different degrees. Newborns pulmonary
artery systolic pressure was equal to or even lower than the
aortic systolic blood pressure within 2 to 6 h, about half of the
newborns pulmonary artery systolic pressure was lower than the
aortic systolic blood pressure to 6 h after birth. To 12h after
birth, most of the newborns pulmonary artery systolic pressure
was lower than the aortic systolic blood pressure, to 24 h after
birth, all newborns pulmonary artery systolic pressure was
lower than the aortic systolic blood pressure. This was in
accordance with previous studies.'*'> Skinner'* et al reported
that 56% had a bidirectional shunt within 0 to 12h among 34
healthy full-term newborns, 3% newborns had a bidirectional
shunt within 13 to 36 h, and all had a right-to-left shunt within
36to 72 h. Hu'’ et al found that among the 296 healthy full-term
newborns, 98% had a bidirectional shunt within 0 to 6 h, 26%
had a bidirectional shunt within 6 to 10h, and 3% had a
bidirectional shunt within 10 to 24h. The differences of our
research results in the data could be attributed to the research
methods and different sample size.

Normal newborns pulmonary arterial pressure gradually
decreased with increasing age, especially decreased sharply
within 24 h, and then decreased gradually. And to 72h after
birth, newborns pulmonary artery systolic pressure (PASP:
37 £4.97 mm Hg) was still higher than that of adult (PASP < 30

Copyright © 2016 Wolters Kluwer Health, Inc. All rights reserved.

30 mm Hg). We also found that newborns pulmonary artery
systolic pressure was higher than the aortic systolic blood
pressure and pulmonary artery diastolic pressure was lower
than the aorta diastolic blood pressure within 2h after birth,
which indicated that pulmonary artery diastolic pressure,
reflected peripheral resistance, decreased swiftly than the pul-
monary artery systolic pressure after birth. These findings were
in accordance with normal newborns pulmonary arterial pres-
sure obtained from retrograde catheterization of the umbilical
arteries.'® The upper 95% limit reference range of PASP of
normal newborns of 2h, 6 h, 12 h, 24 h, 48 h, 72 h was estimated
through ductal blood flow velocity. The specific value was as
follows: within 2h <79.66 mm Hg, within 6 h<74.23 mm Hg,
within 12h<67.17 mm Hg, within 24 h<57.13 mm Hg, within
48h<47.27 mm Hg, within 72h<39.97 mm Hg, respectively.
Some authors also had studied a normal range of newborn
pulmonary artery pressure in previous works.'>!"'® Hu! et al
estimated PASP of 200 healthy full-term newborns, 32 min to
14 days after birth, using tricuspid regurgitant jet velocity. They
concluded that 95% confidence interval upper limit of newborns
PASP within 6 h, 0 to 1 day, 1 to 3 days, 3 to 7 days, 7 to 14 days
was <75.30 mm Hg, <57.12 mm Hg, <46.51 mm Hg, <40.97
mm Hg, <39.14 mm Hg, respectively. However, their study was
performed on 200 cases of different day-age newborns, whereas
we followed up all of the 76 newborns from birth to 72h.
Besides, our estimation method of PASP was different from
theirs. Schmitz'” et al estimated PASP of 51 newborns from
birth to 4 days using tricuspid regurgitant jet velocity, they
found PASP of 4 days of newborns < 30 mm Hg. Aldudak'®
et al estimated PASP of 20 newborns from birth to 5 days using
tricuspid regurgitant jet velocity, they found PASP of 5 days of
newborns < 24.9 mm Hg. Our limited research had shown that
newborns pulmonary artery pressure gradually declined within
72h after birth, changed from brachial pressure higher than
systemic pressure to brachial pressure lower than systemic
pressure, but at 72 h time points, it remained in the higher level
of 40 mm Hg. That was to say, newborns pulmonary arterial
pressure was higher than adults. Therefore, we hold that the
newborns pulmonary hypertension diagnostic criteria may be
higher than 40.00 mm Hg. When newborns pulmonary arterial
pressure declined to the normal adult levels, it remained to be
further research.

We also found that PASP of newborns delivered by the
caesarean section was higher than that of newborns delivered by
vaginal within 2 h after birth, which indicated that spontaneous
labor newborns were more easier to adapt to the environment
outside the uterus. Research had shown that the newborns
delivered by cesarean section had a higher incidence of respir-
atory diseases.'? It was reported that spontaneous labor could
increased the release of catecholamine and adrenaline could
triggered absorption of neonatal lungs liquid.>° By comparing
the NO and endothelin level in the blood of newborns delivered
by vaginal and cesarean section on the first day and fifth day,
Endo et al*' found that the NO level of newborns delivered by
vaginal was increased and the endothelin level was decreased,
although there was no statistically significant difference. By
compared pulmonary arterial pressure using tricuspid regurgi-
tant jet velocity of newborns delivered by vaginal and cesarean
section on the first day, the third day and fifth day, Aldudak'®
et al found that PASP of newborns delivered by cesarean section
was 5 mm Hg than that of newborns delivered by vaginal and
the PASP declining lasted for the fifth day, while PASP
declining of newborns delivered by vaginal only lasted for
the third day. All the above studies suggested that delivery
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mode could influence newborns postpartum adaptation. In our
study, we also found that PASP of male babies within 2 h after
birth was slightly higher than that of female babies, and the
possible reasons were still unclear, large sample, multicenter
study further were needed to further confirmed. Besides, our
study also had some limitations. The major problem of our study
was the small number of cases with only 76 cases of normal
newborns included. In ethics, normal newborns pulmonary
arterial pressure cannot be measured with the gold standard
of cardiac catheterization. This study only estimated normal
newborns pulmonary arterial pressure within 72 h after birth, as
to when newborns pulmonary arterial pressure declined to the
normal adult levels, it remained to be further research.

CONCLUSION

Ductus arteriosus closure rate increased along with the age
increasing and the closure rate was 95% at 72 h time points. The
PASP within 2h after birth of newborns delivered by vaginal
was lower than that of delivered by the caesarean section.
Normal newborns pulmonary artery pressure showed a gradu-
ally decline trend after birth, and pulmonary artery pressure of
72 h after birth was still higher than that of normal adults. The
upper 95% limit for PASP measured in normal newborns <72 h
of'age was 39.97 mm Hg. Therefore, we hold that the newborns
pulmonary hypertension diagnostic criteria may be >40.00
mm Hg.
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