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Echocardiographic parameters
predicting spontaneous closure
of ductus arteriosus in
preterm infants
Minyu He1,2, Zhengchun Yang1,2*, Tian Gan1,2, Jing Tang1,2,
Suzhen Ran1,2 and Kun Zhang1,2

1Department of Ultrasound, Chongqing Health Center for Women and Children, Chongqing, China,
2Department of Ultrasound, Women and Children’s Hospital of Chongqing Medical University, Chongqing,
China

Objective: To evaluate the value of echocardiographic parameters in predicting
early spontaneous closure of ductus arteriosus in premature infants.
Methods: 222 premature infants admitted to the neonatal ward of our hospital
were selected, and patent ductus arteriosus was detected by echocardiography
48 h after birth. On the 7th day, whether the ductus arteriosus was closed
naturally in this cohort was observed. The infants whose ductus arteriosus were
not closed were identified as the PDA group (n= 109), and the other infants
were included in the control group (n= 113). The echocardiographic parameters
of the two groups of premature infants at 48 h after birth were single-factor
statistically and Pearson correlation analyzed, and the parameters with
statistically significant differences in single-factor analyzed were selected for
multivariate logistic stepwise regression analysis.
Results: The ductus arteriosus shunt velocity and the pressure difference between
the descending aorta and the pulmonary artery (ΔPs) in the PDA group were lower
than those in the control group (P < 0.05). The pulmonary artery pressure (PASP) in
the PDA group was higher than that in the control group (P < 0.05). According to
the multivariate logistic stepwise regression analysis, only the maximum shunt
velocity of ductus arteriosus was correlated with early spontaneous closure of
ductus arteriosus in 48 h first echocardiographic parameters (P=0.049). The
receiver operating characteristic (ROC) curve indicates the optimal critical point
of echocardiographic ductus arteriosus shunt velocity in premature infants 48 h
after birth was 1.165 m/s.
Conclusion: Echocardiographic parameters are of great value in predicting the
early spontaneous closure of ductus arteriosus in premature infants. In
particular, the ductus arteriosus shunt velocity is correlated with the early
spontaneous closure of ductus arteriosus.
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Introduction

In recent years, the incidence of premature infants has continued to rise, accounting for

about 6%–12% of newborns (1). At the same time, premature infants are also the main group

of neonatal intensive care (1). Patent ductus arteriosus (PDA) is one of the common

congenital heart diseases in premature infants, accounting for about 10%–15% of

congenital heart disease. The incidence of PDA in premature infants is higher than in
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full-term infants, and its incidence is negatively correlated with

gestational age (1). Anatomically, the ductus arteriosus (DA) is

the vascular structure connecting the descending aorta and the

left pulmonary artery (2). When a newborn breathes for the first

time, the lungs begin to function, and a series of changes occur

in the blood circulation system. For instance, the resistance of

pulmonary circulation starts to decrease, the pulmonary artery

pressure (PASP) decreases, and the aortic systolic blood pressure

(AOSP) increases. Consequently, the blood flowing through the

ductus arteriosus decreases gradually, and the ductus arteriosus is

functionally closed. Hemodynamically significant PDA (hsPDA)

is associated with poor outcomes in preterm infants. Long-term

exposure to hsPDA can lead to pulmonary circulation overload

and systemic hypoperfusion, and increase pulmonary

hemorrhage, bronchopulmonary dysplasia (BPD), necrotizing

enterocolitis (NEC), acute kidney injury, periventricular white

matter Malacia, intraventricular hemorrhage (intraventricular

hemorrhage, IVH) and risk of death. Currently, there is no

consensus on clinical and ultrasound standards for the treatment

of PDA. The definition of hsPDA requires clinical manifestations

combined with ultrasound judgment.

Functional closure of ductus arteriosus usually occurs within

48 h after birth in full-term infants (3). However, there is a high

incidence of PDA in premature infants. When the ductus

arteriosus is continuously open, the pulmonary blood flow

increases and the systemic blood flow decreases, which could

induce heart failure, bronchial dysplasia, pulmonary hemorrhage,

intraventricular hemorrhage, abnormal cerebral perfusion,

necrotizing enterocolitis, and other complications in premature

infants (4), and in most severe cases can lead to death (5).

Therefore, it is very important to take early intervention to

induce the closure of ductus arteriosus. However, since ductus

arteriosus can be closed spontaneously in most cases, it is also

important to reduce unnecessary clinical interventions. At

present, there are few reports about using a non-invasive method

to predict spontaneous closure of ductus arteriosus in premature

infants. Some scholars have suggested that over-active drug

treatment cannot improve the short-term and long-term

prognosis of premature infants with PDA (6). Studies of (1, 7)

have shown that the best way to evaluate an unclosed ductus

arteriosus is to measure its size and shunt velocity. The study of

(8) found that the measurement of ductus arteriosus diameter on

the first day after birth had high sensitivity and specificity in

predicting the closure of ductus arteriosus. However, most of the

studies are univariate analysis.

Previous literature has shown that the ultrasonic diagnostic

criteria for hsPDA may include: ductus arteriosus diameter

≥1.5 mm, LA:AO ≥1.4, changes in mitral valve E/A value

(indicators for assessing left ventricular diastolic function), etc.

However, the measurement of these indicators depends on the left

ventricular preload, and different sonographers will also affect the

results. In addition, aortic diastolic pressure decreases when the

ductus arteriosus shunts heavily from left to right. Descending

blood flow from the descending aorta during systole, retrograde

“steal blood” into the ductus and into the pulmonary arteries

during diastole, resulting in relatively hypo perfused systemic
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arteries, including the cerebral hemispheres and gut, negatively

affects preterm infants. At present, there is no conclusion about

which population may benefit from PDA intervention. Therefore,

early prediction of whether the ductus arteriosus can be closed

naturally is of great significance for the need for early intervention

in clinical intervention. The purpose of this study was to

investigate the value of the first echocardiographic parameters 48 h

after birth in predicting the early spontaneous closure of ductus

arteriosus in premature infants.
Methods

Research object and grouping

A total of 222 premature infants admitted to our neonatal ward

from January 2017 to December 2022 were selected for the study.

The inclusion criteria are: (a) gestational age was less than

37 weeks, and (b) patent ductus arteriosus was found by

echocardiography 48 h after birth. The exclusion criteria are that

the infants with PDA died within 7 days or were complicated with

other congenital heart diseases (except for patent foramen ovale,

physiological tricuspid regurgitation) or needed medication or

surgical closure within 7 days. The echocardiographic results of

these premature infants were observed on the 7th day. The detailed

flow chart for patient selection is illustrated in Figure 1. 109 cases

(56 males) whose ductus arteriosus was still open on the 7th day

after birth were identified as the PDA group. The gestational age

was 25.1–36.6 weeks, with an average of 31.72 ± 3.11 weeks; 113

cases (66 males) with spontaneous closure of ductus arteriosus

within 7 days were treated as the control group. The gestational age

was 26.5–36.5 weeks, with an average of 33.30 ± 2.48 weeks.

Among the 222 cases, 113 were premature infants whose ductus

arteriosus closed naturally after 7 days: 88 cases had good clinical

indicators and were discharged from the hospital; 25 cases

continued to be hospitalized for observation due to neonatal

pneumonia, neonatal jaundice, and substandard weight. 109 cases

of premature infants whose ductus arteriosus did not close

naturally after 7 days: 77 cases were discharged with good clinical

indicators and were followed up with echocardiography; 30 cases

continued to be hospitalized for observation due to neonatal

pneumonia, neonatal jaundice, and substandard weight; 2 cases of

premature infants complicated with NEC surgical treatment.
Ultrasonography instruments and the
methods

The GE Vivid i color Doppler ultrasonography, cardiac 6S probe

and frequency 3∼7 MHz were used in the study. During the

ultrasonography examination sessions, the preterm infants were

made to lie on their backs. The measurement parameters included:

(a) the aortic root diameter (AOD) and the left atrial end-systolic

diameter (LAD) were measured on the parasternal long axis view,

and LAD/AOD was calculated; (b) the left ventricular ejection

fraction (LVEF), and fractional shortening (FS) were measured by
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FIGURE 1

Flowchart of patient screening.
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M-mode echocardiography; (c) the tricuspid regurgitation area was

measured in apical four-chamber view; and (d) the DA was

observed in short axis view or suprasternal view, where the

direction of the blood shunt was recorded, and the DA diameter

of the DA shunt velocity were measured.

According to the simplified Bernoulli equation, the pressure

difference between descending aorta and the pulmonary artery (ΔPs

= 4 VDA
2 , VDA:DA shunt velocity) was calculated, and the pulmonary

artery systolic pressure (PASP) was calculated. PASP = aortic systolic

blood pressure (AOSP)—ΔPs. When there was no left ventricular

outflow tract and aortic stenosis, the brachial artery systolic blood

pressure, which is similar to AOSP, was used instead. The width of

the foramen ovale was measured on a subxiphoid two-chamber view

under the xiphoid process. All the images and data were collected

and measured by two ultrasound physicians. Three cardiac cycles

were measured and the average value was calculated.
Statistical analysis

The SPSS25.0 software was used for statistical analysis.

Measurement data was expressed in x
�
± s. The categorical variable

was expressed in percentage. An Independent sample t-test was

used to compare the parameters of the ultrasound data collected

48 h after birth between the PDA groups and the control group.

The categorical variable was compared by χ2 test, and a P < 0.05

was considered statistically significant. The parameters with

statistical significance were selected for multivariate logistic stepwise
Frontiers in Pediatrics 03
regression analysis. The assigned value was 1 in the PDA group

and 0 in the control group.
Results

Early natural closure rate of the ductus
arteriosus

The natural closure rate of ductus arteriosus in 222 premature

infants was 50.90% (113/222) 7 days after birth, and the rate of

unclosed ductus arteriosus was 49.10% (109/222). A sample of

the PDA sonogram is shown in Figure 2.
Comparison of patient characteristics

As shown inTable 1, the comparison of gestational age between the

PDA group and the control group was statistically significant, and the

gestational age of premature infants in the PDA group was younger

than that in the control group (P < 0.01). This confirms that the

younger the gestational age, the more prone to hsPDA. The

occurrence of PDA is inversely related to GA: the younger the preterm

infant, the longer the PDA naturally closes. The weight comparison

analysis between the PDA group and the control group was not

statistically significant. We speculate that some very low birth weight

infants often have other diseases at the same time, or require early

clinical intervention, and these cases were not included in our research.
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TABLE 1 Statistical comparative analysis of the patient characteristics of
the study population between the PDA group and the control group.

n Male % Birthweight (g) Gestational
age (week)

PDA group 109 51.37 2,023.85 ± 730.02 31.72 ± 3.11

Control group 113 58.41 1,894.20 ± 626.90 33.30 ± 2.48

χ2/t 1.11 1.42 4.18

P-value 0.293 0.157 <0.01

FIGURE 2

Ductus arteriosus in short axis view (A). Two-dimensional sonogram image; (B). Color Doppler sonogram image; (C). PW Doppler across the PDA flow
(MPA, main pulmonary artery; LPA, left pulmonary artery; RPA, right pulmonary artery; PDA, unclosed ductus arteriosus).
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Comparison of echocardiographic
parameters

The DA shunt velocity and ΔPs in the PDA group were lower

than those in the control group (P < 0.05), while PASP in the PDA

group was higher than that in the control group (P < 0.05)

(Table 2).
Pearson correlation analysis of DA diameter,
PASP, DA shunt velocity, and ΔPs

Ultrasonic parameters often affect each other and cannot be

analyzed individually. We selected indicators that are clinically

believed to have a greater mutual influence for correlation

analysis, which are DA diameter, PASP, DA shunt velocity, and
TABLE 2 Comparison of echocardiographic parameters between the two gro

LAD/
AOD

LVEF (%) FS (%) Tricuspid
regurgitation
area (mm2)

DA dia
(m

PDA group 1.39 ± 0.28 65.57 ± 5.05 33.07 ± 3.74 31.77 ± 24.51 2.76 ±

Control group 1.46 ± 0.29 65.65 ± 5.73 33.10 ± 4.82 30.02 ± 20.01 2.59 ±

t 1.76 0.11 0.06 −0.58 −1
p 0.08 0.92 0.96 0.56 0.

LAD, left atrial end-systolic diameter; AOD, aortic root diameter; LVEF, left ventricu

descending aorta the pulmonary artery; PASP, pulmonary artery systolic pressure.
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ΔPs of echocardiography 48 h after birth in premature infants. It

was concluded from Table 3 that DA diameter was negatively

correlated with shunt velocity and ΔPs, and positively correlated

with PASP. DA shunt velocity was positively correlated with ΔPs

and negatively correlated with PASP. ΔPs was negatively

correlated with PASP. And the correlation analysis between any

two of the four parameters was P < 0.01, showing a significant

correlation.
Logistic stepwise regression analysis

PASP, DA shunt velocity and ΔPs were selected into Logistic

stepwise regression analysis. PASP and ΔPs were not associated

with early spontaneous closure of ductus arteriosus within 7 days

after birth, but only the shunt velocity was associated with early

spontaneous closure of ductus arteriosus within 7 days after birth

(P = 0.049) (Table 4).
ROC curve results of echocardiography DA
shunt velocity

ROC curve is shown in Figure 3. The optimal cut-off point,

sensitivity, specificity, positive likelihood ratio (sensitivity/(1-
ups at 48 h after birth.

meter
m)

DA shunt
velocity (m/s)

ΔPs
(mmHg)

PASP
(mmHg)

Foramen ovale
width (mm)

0.76 1.30 ± 0.63 8.39 ± 7.62 45.27 ± 13.93 2.62 ± 0.67

0.72 1.62 ± 0.63 12.06 ± 10.37 40.65 ± 12.84 2.78 ± 0.76

.72 3.71 2.99 −2.57 −3.99
08 <0.01 <0.01 <0.05 0.12

lar ejection fraction; FS, fractional shortening; ΔPs, pressure difference between
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TABLE 3 Pearson correlation analysis of ultrasonic parameters (DA diameter, PASP, DA shunt velocity, ΔPs) at 48 h after birth.

Mean SD DA diameter DA shunt velocity ΔPs PASP
DA diameter 2.67 0.74 1

DA shunt velocity 1.46 0.65 −0.249** 1

ΔPs 10.26 9.28 −2.00** 0.953** 1

PASP 42.91 13.55 0.353** −0.439** −0.373** 1

**P < 0.01.

TABLE 4 Results of logistic regression analysis of ultrasonic parameters at
48 h after birth in premature infants.

β SE
value

Wald χ2

value
P value OR (95% CI)

DA shunt
velocity

1.54 0.79 3.84 0.049 (<0.05) 1.29 (1.00–21.72)

ΔPs −0.07 0.05 1.65 0.19 4.66 (0.84–1.04)

PASP −0.016 0.01 1.55 0.21 0.99 (0.96–1.01)

He et al. 10.3389/fped.2023.1198936
specificity), negative likelihood ratio [(1-sensitivity)/Specificity] is

shown in Table 5. By drawing the ROC curve, the optimal

critical point of echocardiographic DA shunt velocity in

premature infants 48 h after birth was 1.165 m/s, and the

corresponding specificity, sensitivity, positive and negative

likelihood of the critical point predicting the early natural closure

of PDA were obtained. The positive likelihood ratio and negative

likelihood ratio of DA shunt velocity were 1.56 and 0.43

respectively, that is, when DA shunt velocity <1.165 m/s, the

possibility of the premature infant coming from the PDA group

was 1.56 times that of the control group, When DA shunt

velocity >1.165 m/s, the possibility of the premature infant from

the PDA group is about 0.43 times that of the control group.
FIGURE 3

ROC curve results of echocardiography DA shunt velocity in premature
infants 48 h after birth.
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Discussion

In this study, univariate and multivariate analysis of

echocardiographic parameters of premature infants 48 h after

birth were carried out, which has important clinical reference

value. The continuous opening of the ductus arteriosus is

affected by many factors (9). Among them, ion channel and

prostaglandin induced functional closure of ductus arteriosus (3).

Compared with term infants, the smooth muscle of ductus

arteriosus in premature infants is relatively dysplastic, with a

larger inner diameter, thinner wall and a lower sensitivity to

oxygen partial pressure (10). In addition, the study of (11) has

shown that gestational age and body mass are closely related to

the occurrence of PDA.

From hemodynamics’ perspective, LAD/AOD well reflects

pulmonary blood circulation. The systolic and diastolic AOSP of

premature infants is higher than PASP. This causes a portion of

the aortic blood to flow to the pulmonary artery through the

ductus arteriosus, resulting in increased pulmonary blood flow,

and back flow to the left atrium. Consequently, the preload of the

left ventricular is increased. The study of (12) has shown that the

LAD/AOD ratio has certain value in predicting the ductus

arteriosus. In essence, the higher the LAD/AOD value, the greater

the pulmonary circulation blood flow, and the heavier the left

ventricular preload. Therefore, it is less likely that the ductus

arteriosus may close spontaneously. However, the comparative

analysis of LAD/AOD values between the two groups in this study

is not statistically significant. Our analysis of the LAD/AOD ratio

is the result of left atrial enlargement, which means that the left

ventricular load increases after a large portion of aortic flow is

shunted, but the hemodynamic severity of the shunting effect

cannot be directly evaluated. The development of left atrial

enlargement takes some time. In this study, for the premature

infants with PDA, the change of cardiac hemodynamics was not

sufficient to cause the change of LAD/AOD significantly, so the

statistical difference is not significant. The phenomenon was also

reported in the study of Dix LML team and others (13).

Basically, foramen ovale closes within 1 year after birth, and the

hemodynamics of most premature infants is often accompanied by

the influence of PAD. Theoretically, the wider the foramen ovale,

the greater the blood flow from the left atrium into the right

atrium and then into the pulmonary artery through the right

ventricle, resulting in higher pulmonary artery pressure and more

difficult closure of the ductus arteriosus. However, the shunt flow

of the foramen ovale depends not only on the width of the

foramen ovale, but also on the pressure difference between the

left and right atria. When the foramen ovale is open, blood from
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TABLE 5 The optimal cut-off point, sensitivity, specificity, positive likelihood ratio [sensitivity/(1-specificity)], negative likelihood ratio [(1-sensitivity)/
specificity].

Parameters Optimal cut-off point Specificity (%) Sensitivity (%) Negative likelihood ratio Positive likelihood ratio
DA shunt velocity (m/s) 1.165 49.5 78.8 0.43 1.56

He et al. 10.3389/fped.2023.1198936
the left atrium flows into the right atrium and then enters the

pulmonary artery through the right ventricle. The pulmonary

blood flow increases, the pulmonary artery pressure increases,

and the afterload of the right ventricle increases, causing the

pressure of the right atrium to increase. At the same time, the

ductus arteriosus is patent, and part of the blood from

the descending aorta flows into the pulmonary artery, and the

blood flow back to the left atrium increases, and the pressure of

the left atrium increases. As a result, the pressure in both the left

and right atria increases. In this paper, the width of the foramen

ovale and the natural closure of the ductus arteriosus were not

statistically significant. Our analysis may be due to the increase

in left and right atrial pressure, but the pressure difference

decreased. The foramen ovale disposition flow at 48 h after birth

was not enough to cause significant statistical difference.

In theory, when the diameter of ductus arteriosus is small and

the PASP is normal, the ductus arteriosus shunt has little effect on

the cardiac function, and can often be closed spontaneously. When

the diameter of the ductus arteriosus is larger, the shunting effect of

the ductus arteriosus increases, and the pulmonary artery receives

blood not only from the aorta, but also from the right ventricle,

resulting in a significant increase in pulmonary blood flow, and

increased back flow to the left atrium, leading to an increase in

the left ventricular preload. Meanwhile, a large portion of the

aortic flow is shunted through the ductus arteriosus, which

significantly reduces the systemic blood flow. As a result, the left

ventricle is thickened and enlarged to maintain the normal

supply of systemic circulation. The above changes reduce the

possibility of spontaneous closure of ductus arteriosus.

In this study, we observed that the smooth muscle of ductus

arteriosus in premature infants with PDA is poorly developed,

the arterial wall is thin, and the contractility is poor. These

factors further reduce the possibility of early spontaneous closure

of ductus arteriosus. According to the principle of

hydrodynamics, when a fluid flows steadily in a pipe, the flow

velocity is inversely proportional to the diameter of the pipe. In

this study, the DA shunt velocity in the PDA group was lower

than that in the control group. It may be speculated that that the

lower the shunt flow speed and the wider the internal diameter

of ductus arteriosus, the lower the possibility of spontaneous

closure of ductus arteriosus. However, the internal diameter

parameters of ductus arteriosus within 48 h in this study had no

significant statistical significance in univariate analysis. This is

consistent with the research reported in Jeong HY, Lee JH and

others (14, 15). By drawing the ROC curve, the optimal critical

point of echocardiographic DA shunt velocity in premature

infants 48 h after birth was 1.165 m/s, and the corresponding

specificity, sensitivity, and negative likelihood of the critical point

predicting the early natural closure of PDA were obtained. The

results have important guiding significance for clinical practice.
Frontiers in Pediatrics 06
In this study, the parameters of the inner diameter of the PDA

within 48 h did not have significant statistical significance in the

single factor analysis. We speculate that it may also be related to

the changeable shape of the PDA. The ductus arteriosus can be

divided into the tube type, the funnel type, the window type, the

dumbbell type, and the aneurysm type. In some cases, the PDAs

are distorted, so the statistical significance of evaluating PDA

with DA inner diameter parameters is not obvious.

With an existing PDA, when PASP is greater than AOSP, it will

cause ductus arteriosus right-to-left shunt. In this scenario, the

high PASP is controlled by drugs, which is not included in the

scope of this study. When AOSP is greater than PASP, left to

right shunt occurs. A left heart failure caused by left ventricular

over volume load may lead to a secondary increase of PASP, and

a decrease of the pressure difference between the two ends of the

shunt. Therefore, it was found that the ΔPs of the PDA group

were lower than that of the control group.

The study of (16) mentioned the multi-factor analysis of the

early echocardiographic parameters, and considered that the

ultrasonic parameters interact with each other and cannot be

analyzed alone. In this study, the multivariate Logistic stepwise

regression analysis showed that only the maximum shunt velocity

of ductus arteriosus was related to the early natural closure of

ductus arteriosus in premature infants. It is speculated that there

is an interaction among the parameters of ultrasound, such as

the thickness of the shunting affects, the increase of DA shunt

velocity, PASP of the shunting indirectly affects the pressure of

the left and right atrium, leading to the change of shunt velocity

of foramen ovale, and also affects the diameter of atrioventricular

and artery.

The shunt diameter is usually measured at the narrowest point

of two-dimensional echocardiography. However, this may be

difficult to identify manually, especially in the scenario where

infants with very low birth weight would be affected by

mechanical ventilation, and the ductus arteriosus in premature

infants is tiny, and measurement error prone. Therefore, we will

consider how to further observe the influence of DA diameter in

follow-up studies. In comparison, the velocity of the ductus

arteriosus shunt is less affected by manual measurement, and it

can indirectly reflect the changes in DA width and the pressure

difference between the two ends of the ductus arteriosus. For this

reason, the maximum velocity of ductus arteriosus shunt is

suggested by us as an optimal parameter in predicting whether

PDA may be naturally closed.

Concerning the limitations of the study, we were only able to

analyze limited number of echocardiographic parameters, because

our study was a retrospective study, and data collection was

limited to available ultrasound data based on our routine

echocardiography. These parameters were selected as research

parameters because they are easy to be popularized and repeated.
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However, more parameters, e.g., the lung ultrasound measurements

could be added to the current parameter data set. This will be

incorporated in our future work in subsequent prospective studies.
Conclusion

The echocardiographic parameters 48 h after birth are of great

value to predict the early spontaneous closure of ductus arteriosus

in premature infants. In particular, the blood flow velocity in the

ductus arteriosus shunt is related to the early spontaneous

closure of ductus arteriosus.
Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.
Ethics statement

The studies involving human participants were reviewed and

approved by the Ethics Committee of Women and Children’s

Hospital of Chongqing Medical University. Written informed

consent to participate in this study was provided by the

participants’ legal guardian/next of kin.
Author contributions

ZY and MH designed the study and submitted the manuscript.

TG and KZ collected the data. JT and SR helped with the writing of
Frontiers in Pediatrics 07
the manuscript. All authors contributed to the article and approved

the submitted version.
Funding

This work was supported by Grant number 2019MSXM051

from Chongqing Medical Research Projects of China. This

funding source played a key supportive role in the study.
Acknowledgments

We thank the families of the patients for helping us to better
obtain complete information. We thank Zhang Ting for her
technical support of our statistics.
Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could

be construed as a potential conflict of interest.
Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed

or endorsed by the publisher.
References
1. Arlettaz R. Echocardiographic evaluation of patent ductus arteriosus in preterm
infants. Front Pediatr. (2017) 5:147. doi: 10.3389/fped.2017.00147

2. Hajj H, Dagle JM. Genetics of patent ductus arteriosus susceptibility and
treatment. Semin Perinatol. (2012) 36(2):98–104. doi: 10.1053/j.semperi.2011.09.019

3. Obladen M. History of the ductus arteriosus: 1. Anatomy and spontaneous
closure. Neonatology. (2011) 99(2):83–9. doi: 10.1159/000308367

4. Sehgal A, McNamara PJ. The ductus arteriosus: a refined approach!. Semin
Perinatol. (2012) 36(2):105–13. doi: 10.1053/j.semperi.2011.09.020

5. Mezu-Ndubuisi OJ, Agarwal GD, Raghavan A, Pham JT, Ohler KH, Maheshwari
A. Patent ductus arteriosus in premature neonates. Drugs. (2012) 72(7):907–16.
doi: 10.2165/11632870-000000000-00000

6. Noori S. Patent ductus arteriosus in the preterm infant: to treat or not to treat?
J Perinatol. (2010) 30(S1):S31–7. doi: 10.1038/jp.2010.97

7. Tschuppert S, Doell C, Arlettaz-Mieth R, Baenziger O, Rousson V, Balmer C,
et al. The effect of ductal diameter on surgical and medical closure of patent ductus
arteriosus in preterm neonates: size matters. J Thorac Cardiovasc Surg. (2008) 135
(1):78–82. doi: 10.1016/j.jtcvs.2007.07.027

8. Heuchan AM, Clyman RI. Managing the patent ductus arteriosus: current
treatment options. Arch Dis Child Fetal Neonatal Ed. (2014) 99(5):F431–6. doi: 10.
1136/archdischild-2014-306176

9. Gournay V. The ductus arteriosus: physiology, regulation, and functional and
congenital anomalies. Arch Cardiovasc Dis. (2011) 104(11):578–85. doi: 10.1016/j.
acvd.2010.06.006
10. Kwinta P, Rudziński A, Kruczek P, Kordon Z, Pietrzyk JJ. Can early
echocardiographic findings predict patent ductus arteriosus? Neonatology. (2009) 95
(2):141–8. doi: 10.1159/000153098

11. Kluckow M. Oral ibuprofen and the patent ductus arteriosus: a new approach to
an old problem. J Pediatr. (2013) 89:4–5. doi: 10.1016/j.jped.2013.02.002

12. Khositseth A, Nuntnarumit P, Chongkongkiat P. Echocardiographic parameters
of patent ductus arteriosus in preterm infants. Indian Pediatr. (2011) 48(10):773–8.
doi: 10.1007/s13312-011-0127-5

13. Dix LML, Molenschot MMC, Breur JM, De Vries WB, Vijlbrief DC,
Groenendaal F, et al. Cerebral oxygenation and echocardiographic parameters in
preterm neonates with a patent ductus arteriosus: an observational study. Arch Dis
Child Fetal Neonatal Ed. (2016) 101(6):F520–6. doi: 10.1136/archdischild-2015-
309192

14. Jeong HY, Shin J, Kim E, Lee E, Choi BI, Son C, et al. Correlation of B-type
natriuretic peptide levels and echocardiographic parameters in preterm infants with
patent ductus arteriosus. Korean J Pediatr. (2016) 59(4):183. doi: 10.3345/kjp.2016.
59.4.183

15. Lee JH, Shin JH, Park KH, Rhie YJ, Park MS, Choi BM. Can early B-type
natriuretic peptide assays predict symptomatic patent ductus arteriosus in extremely
low birth weight infants? Neonatology. (2013) 103(2):118–22. doi: 10.1159/000343034

16. Saha AK, Sardar SK, Majhi B, Chatterjee S. Clinical and echocardiographic
characteristics associated with evolution of patent ductus arteriosus in
pretermneonates: a prospective cohort study. J Neonatal Perinatal Med. (2022) 15
(3):537–44. doi: 10.3233/NPM-210930
frontiersin.org

https://doi.org/10.3389/fped.2017.00147
https://doi.org/10.1053/j.semperi.2011.09.019
https://doi.org/10.1159/000308367
https://doi.org/10.1053/j.semperi.2011.09.020
https://doi.org/10.2165/11632870-000000000-00000
https://doi.org/10.1038/jp.2010.97
https://doi.org/10.1016/j.jtcvs.2007.07.027
https://doi.org/10.1136/archdischild-2014-306176
https://doi.org/10.1136/archdischild-2014-306176
https://doi.org/10.1016/j.acvd.2010.06.006
https://doi.org/10.1016/j.acvd.2010.06.006
https://doi.org/10.1159/000153098
https://doi.org/10.1016/j.jped.2013.02.002
https://doi.org/10.1007/s13312-011-0127-5
https://doi.org/10.1136/archdischild-2015-309192
https://doi.org/10.1136/archdischild-2015-309192
https://doi.org/10.3345/kjp.2016.59.4.183
https://doi.org/10.3345/kjp.2016.59.4.183
https://doi.org/10.1159/000343034
https://doi.org/10.3233/NPM-210930
https://doi.org/10.3389/fped.2023.1198936
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/

	Echocardiographic parameters predicting spontaneous closure of ductus arteriosus in preterm infants
	Introduction
	Methods
	Research object and grouping
	Ultrasonography instruments and the methods
	Statistical analysis

	Results
	Early natural closure rate of the ductus arteriosus
	Comparison of patient characteristics
	Comparison of echocardiographic parameters
	Pearson correlation analysis of DA diameter, PASP, DA shunt velocity, and δPs
	Logistic stepwise regression analysis
	ROC curve results of echocardiography DA shunt velocity

	Discussion
	Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher's note
	References


