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Background: To analyze the change and clinical significance of cortisol, B-type brain natriuretic peptide
(BNP), and prostacyclin-2 (PGE-2) levels in premature infants with patent ductus arteriosus (PDA).
Methods: A total of 67 cases of premature infants admitted to our hospital from January 2018 to April
2020 were included, all of whom developed PDA (PDA group). According to the presence or absence of
symptoms, they were divided into the symptomatic group (28 cases) and the asymptomatic group (39 cases).
In addition, 62 premature infants without PDA who were born in our hospital during the same period were
selected as the control group. The expression levels of cortisol, BNP, and PGE-2 in infants in different
groups and between infants with symptoms and without symptoms were analyzed, along with the risk factors
leading to PDA in preterm infants. The value of cortisol, BNP, and PGE-2 in the diagnosis of PDA in
premature infants was also analyzed.

Results: Compared with the control group, cortisol in the PDA group was significantly decreased
(P<0.05), while the levels of BNP and PGE-2 were significantly increased (P<0.05). The cortisol level in the
asymptomatic group was significantly higher than that in the symptomatic group, while the levels of BNP
and PGE-2 were opposite, and the differences were statistically significant (P<0.05). Logistic regression
analysis showed that birth weight <1,200 g, decreased cortisol, increased BNP, and increased PGE-2 were
independent risk factors leading to PDA in preterm infants, and the differences were statistically significant
(P<0.05). Receiver operating characteristic (ROC) curve showed that the sensitivity and specificity of
cortisol+BNP+PGE-2 in the diagnosis of PDA in premature infants were 75.60% and 73.10%, respectively.
The area under the curve (AUC) value was 0.759 (95% CI: 0.611-0.859), which was significantly higher than
the AUC values of the 3 tests alone (P<0.05).

Conclusions: The expression of cortisol decreased in premature infants with PDA, while the levels of
BNP and PGE-2 significantly increased. Dynamic detection of the changes in these levels can provide an

important reference for the early diagnosis of PDA and for the assessment of disease progression.
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Introduction

Premature infants are the key research focus of perinatal
medicine. With the development of medical technology,
the survival rate of premature infants has been significantly
improved, followed by the prevention and treatment of
complications (1). Patent ductus arteriosus (PDA) is a
common complication in premature infants, which occurs
mostly in very low birth weight infants (2). Arterial catheter
is an important channel for the flow of fetal circulation
from the bifurcation of pulmonary artery to the beginning
of left pulmonary artery to the descending aorta. Full-
term newborns within 10-15 hours after birth, due to the
contraction of the muscular layer of the arterial catheter wall,
the catheter reached functional closure. Premature infants
often due to duct wall dysplasia, prostaglandin secretion
abnormalities and other reasons, arterial catheter failed to
close in time. As a normal pathway between pulmonary artery
and aorta in the body, arterial catheter is a necessary pathway
for fetal circulation. It can lead to necrotizing enterocolitis,
chronic pulmonary disease and congestive heart failure after
fetal PDA, which has a direct impact on the survival rate
of premature infants and the incidence of sequelae (3). In
previous studies, it was found that the use of glucocorticoids
in pregnant women can not only reduce the incidence of
pulmonary hyaline membrane disease in premature infants,
but can also have positive significance for the prevention of
PDA, suggesting that adrenal cortex function in premature
infants may play a role in the occurrence of PDA (4). B-type
brain natriuretic peptide (BNP) is mainly synthesized in
ventricular cells and plays an important role in the regulation
of extracellular fluid volume (5). Prostacyclin-2 (PGE-2) is
an important factor in maintaining the opening of the fetal
ductus arteriosus, and the ductus arteriosus can be maintained
under the combined action of PGE-2 and prostaglandin
E2 (6). There were few studies on the combined diagnosis of
cortisol, BNP and PGE-2 in PDA. Based on these factors,
this paper analyzed the clinical significance of changes in
serum cortisol, BNP, and PGE-2 levels in premature infants
with PDA, so as to provide a reference for clinical diagnosis,
treatment, and prevention. We present the following article
in accordance with the STARD reporting checklist (available
at https://dx.doi.org/10.21037/tp-21-450).

Methods
General information

A total of 67 premature infants admitted to our hospital from
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January 2018 to April 2020 were included, all of whom had
PDA (PDA group), including 36 males and 31 females. The
gestational age ranged between 28-32 weeks, the average
gestational age was 29.11+0.21 weeks, the birth weight
ranged from 1,000-1,500 g, and the average weight was
1,212.38£12.26 g. The inclusion criteria were as follows:
(I) patients admitted within 24 h after birth; (II) PDA was
diagnosed by echocardiography; (III) complete clinical data;
(IV) the family members of the infants were aware of and
agreed to this study, and signed informed consent. The
exclusion criteria were as follows: (I) congenital diseases
or severe asphyxia; (II) severe anemia and pulmonary
hypertension were found 1 week after birth; (III) patients
with drug allergies. In addition, 62 premature infants born in
the same period in our hospital (control group) were selected,
who were more than 72 h after birth, and no PDA, congenital
heart disease, infection, or other conditions were confirmed by
ultrasound. There were 33 males and 29 females in the control
group. The gestational age ranged between 28-32 weeks,
and the average gestational age was 29.20+0.13 weeks. The
birth weight ranged between 1,100-1,500 g, and the average
weight was 1,288.38+12.68 g. There was no difference in
general data between the selected subjects (P>0.05). All
procedures performed in this study involving human
participants were in accordance with the Declaration of
Helsinki (as revised in 2013). The study was approved by
Ethics Committee of the First Affiliated Hospital of Xinxiang
Medical University (No. EC-021-120) and informed consent
was taken from parents or legal guardians of all the patients.

Study methods

Detection of cortisol, BNP, and PGE-2 levels

On the 3rd day after birth, 2 mL peripheral venous blood
was collected for examination. Cortisol was detected by
an enzyme-linked immunosorbent assay kit (Beckman
Coulter, CA, USA). BNP was detected using a fluorescence
immunochromatographic assay kit (Easydiagnosis
Biomedicine, Wuhan, Hubei). PGE-2 was detected by the
double antibody sandwich method and the kit was provided
by VICMED Biotechnology Co., Ltd. (Xuzhou, Jiangsu).
All procedures were performed in accordance with the
reagent instructions.

Ultrasonic examination

Two-dimensional color pulse Doppler echocardiography
with a probe frequency of 2-4 MHz was performed. The
ductus arteriosus (DA) diameter, the LA/AO ratio, and the
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Table 1 Comparison of cortisol, BNP, and PGE-2 expression levels in different populations (x+S)

Group Number Cortisol (nmol/L) BNP (ng/L) PGE-2 (ng/L)
Control group 62 22.26+3.29 70.15+6.44 23.16+£2.17
PDA group 67 9.11+8.26 95.20+7.42 75.47+5.19
t - 11.703 20.404 73.614

P - <0.001 <0.001 <0.001

BNP, B-type brain natriuretic peptide; PGE-2, prostacyclin-2; PDA, patent ductus arteriosus.

Table 2 Comparison of cortisol, BNP, and PGE-2 expression levels in patients with and without symptoms (v£S)

Group Number Cortisol (hnmol/L) BNP (ng/L) PGE-2 (ng/L)
Without symptoms 39 13.28+2.58 81.50+7.64 69.28+4.50
With symptoms 28 7.44+1.30 103.26+8.59 82.47+5.19
t - 16.415 15.155 15.366
P - <0.001 <0.001 <0.001

BNP, B-type brain natriuretic peptide; PGE-2, prostacyclin-2.

ratio of the ductus arteriosus diameter to the left pulmonary
artery diameter (DAD/LPAD) were observed. All indicators
needed to be measured over at least 3 cardiac cycles for
3 consecutive measurements. On the 3rd day after birth,
the infants were divided into the asymptomatic group
and symptomatic group according to whether there was a
dynamic change.

Observation indicators

(I) Comparison of cortisol, BNP, and PGE-2 expression
levels in different populations;

(II) To compare the expression levels of cortisol, BNP, and
PGE-2 in infants with and without symptoms;

(III) Analysis of risk factors for PDA in premature infants;

(IV) Analysis of the diagnostic value of cortisol, BNP, and
PGE-2 in premature infants with PDA.

Statistical analysis

SPSS22.0 statistical software (SPSS, Illinois, USA) was
used for statistical analysis. The measurement data were
expressed as x+S. The #-test was used for comparisons
between 2 groups, and the F test was used for comparisons
between groups. The enumeration data were expressed
as n (%), and the y’ test was used. Multivariate logistic
regression was used to analyze the risk factors of PDA in
premature infants. A receiver operating characteristic (ROC)
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curve was drawn to analyze the diagnostic value of cortisol,
BNP, and PGE-2 levels in premature infants with PDA, and
the area under the curve (AUC) was calculated. P<0.05 was
considered statistically significant.

Results

Comparison of cortisol, BNF, and PGE-2 expression levels
in different populations

The cortisol level in the PDA group was significantly lower
than that in the control group, while the BNP and PGE-
2 levels were significantly higher than those in the control
group (P<0.05), as shown in Table 1.

Comparison of cortisol, BNP, and PGE-2 expression levels
in patients with and without symptoms

There were 39 cases in the asymptomatic group and 28 cases
in the symptomatic group. The level of plasma cortisol in
the asymptomatic group was significantly higher than that in
the symptomatic group, and the levels of BNP and PGE-2
were significantly lower than those in the symptomatic group
(P<0.05), as shown in Table 2.

Risk factors for PDA in preterm infants

Logistic regression analysis showed that birth weight <1,200
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Table 3 Analysis of risk factors affecting the prognosis of PDA in premature infants

Single-factor analysis

Multiple-factor analysis

Variable

OR value 95% Cl P value OR value 95% CI P value
Gestational age (=29 vs. <29 weeks) 1.864 0.906-3.835 0.582 - - -
Gender (male vs. female) 1.743 0.634-4.793 0.478 - - -
Birth weight (=1,200 vs. <1,200 g) 1.565 1.065-2.298 0.029 1.840 1.326-2.553 <0.001
Cortisol (increase vs. decrease) 1.668 1.263-2.204 0.018 1.740 1.348-2.245 0.002
BNP (increase vs. decrease) 1.838 1.413-2.320 <0.001 1.221 1.247-1.657 0.038
PGE-2 (increase vs. decrease) 1.354 1.235-1.456 0.031 1.617 1.127-2.320 0.025

PDA, patent ductus arteriosus; BNP, B-type brain natriuretic peptide; PGE-2, prostacyclin-2.

Table 4 Diagnostic value of cortisol, BNP, and PGE-2 in premature
infants with PDA

Predictive factor AUC 95% ClI Sensitivity Specificity
Cortisol 0.719 0.593-0.844  0.640 0.638
BNP 0.691 0.563-0.819  0.689 0.690
PGE-2 0.698 0.572-0.823  0.699 0.658
Cortisol 0.759 0.611-0.859  0.756 0.731

+BNP+PGE-2

BNP, B-type brain natriuretic peptide; PGE-2, prostacyclin-2;
PDA, patent ductus arteriosus.

g, decreased cortisol, increased BNP, and increased PGE-2
were independent risk factors for PDA in premature infants,
and the differences were statistically significant (P<0.05), as
shown in Table 3.

Diagnostic value of cortisol, BNP, and PGE-2 in
premature infants with PDA

According to the ROC curve, the sensitivity and specificity
of cortisol + BNP + PGE-2 in the diagnosis of PDA in
premature infants were 75.60% and 73.10%, respectively.
The AUC value was 0.759 (95% CI: 0.611-0.859), which
was significantly higher than that of the 3 separate tests
(P<0.05), as shown in Table 4 and Figure 1.

Discussion

BNP is mainly synthesized and secreted by ventricular
myocytes. In the process of its secretion or entering the
blood circulation, BNP will be divided into biologically
active BNP and non-biologically active amino acid B-type
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Figure 1 Receiver operating characteristic (ROC) curve of cortisol,
B-type brain natriuretic peptide (BNP), and prostacyclin-2 (PGE-
2) in the single and combined diagnosis of patent ductus arteriosus

(PDA) in premature infants.

natriuretic peptide precursor (NT-pro-BNP) by proteolytic
enzymes. There is a close relationship between the two,
which can reflect the body’s pulmonary blood volume and
left ventricular load (7,8). Under normal physiological
conditions, a small amount of BNP can be detected in the
blood circulation. With the increase of ventricular load,
myocardial cells can stimulate the secretion of BNP and
NT-pro-BNP after stretch stimulation, and increase their
expression in the blood (9). After birth, due to the cessation
of blood supply to the placenta, the increase of systemic
vascular resistance can cause a ventricular pressure increase,
resulting in a temporary increase in BNP level. Afterwards,
the peripheral vascular resistance is restored to normal (10).
In this study, compared with the control group, the BNP
level in premature infants with PDA was significantly
increased, and the BNP level in the symptomatic group was
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significantly higher than that in the asymptomatic group,
suggesting that the change in BNP level can a provide
reference for PDA in premature infants.

PGE-2 is synthesized in the vessel wall, which can bind to
specific G protein-coupled receptors and activate adenylate
cyclase. With the increase of cAMP concentration, it can
inhibit the sensitivity of contractile protein calcium ions,
thereby relaxing the vessel and maintaining the opening
of the vessel (11). The low ability of the lungs to scavenge
PGE-2 in premature infants leads to increased PGE-
2 expression in the blood. The sensitivity of the ductus
arteriosus to PGE-2 in premature infants is high, which
is one of the causes of delayed closure of the arteries in
premature infants (12,13). In this study, the PGE-2 level in
premature infants with PDA was significantly higher than
that in premature infants without PDA, and the PGE-2
level in the symptomatic group was higher than that in the
asymptomatic group, indicating that there was a certain
relationship between PGE-2 and PDA.

Cortisol is a stress hormone secreted by the adrenal
cortex, which can be affected by infection, asphyxia,
and other critical conditions (14). Previous studies used
gestational age and prenatal dexamethasone as matching
conditions, and found that the level of cortisol was
related to the occurrence of PDA in premature infants
(15,16). However, the influence mechanism of cortisol
on the closure of the arterial catheter is unclear (17).
Animal experiments have shown that cortisol can reduce
prostaglandin synthesis by inhibiting phospholipase A, and
can reduce the sensitivity of the arterial catheter to the
prostaglandin expansion effect (18,19). Studies have also
found that cortisol itself has a weak contractile effect on the
artery (20). In this study, it was found that the cortisol level
in infants with PDA was significantly decreased, and the
cortisol level in infants with symptoms was lower.

Through the above, it can be seen that changes
in cortisol, BNP, and PGE-2 levels are related to the
occurrence and development of PDA. In the analysis of
related factors, birth weight <1,200 g, decreased cortisol,
increased BNP, and increased PGE-2 were found to be
independent risk factors for PDA in premature infants,
which further confirms the relationship between cortisol,
BNP, and PGE-2 levels and PDA. It was also found that
cortisol, BNP, and PGE-2 have certain diagnostic value
for PDA in premature infants, and the combination of the
3 can effectively improve the diagnostic sensitivity, which
provides an important reference for the clinical diagnosis of
PDA in premature infants.
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In conclusion, the expression of cortisol in premature
infants with PDA decreased, while the levels of BNP and
PGE-2 increased significantly. Dynamic detection of the
levels of these 3 factors can provide an important reference
for the early diagnosis and progression of PDA.
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