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ABSTRACT 

OBJECTIVE: Hemodynamically significant patent ductus arteriosus is resulting in severe mortality and 

morbidity in infants with extremely low birth weight. In our study, we aimed to evaluate the necessity of 

performing routine echocardiography in the first 72 hours in extremely low birth weight infants. 

STUDY DESIGN: This study was planned retrospectively. Between June 2016 and December 2018, 36 

patients diagnosed with hemodynamically significant patent ductus arteriosus  who were hospitalized in 

the neonatal intensive care unit, with ≤28 gestational weeks or ≤1000g were included in this study. These 

babies were routinely performed echocardiography for patent ductus arteriosus between 24-72 hours, al-

though they were asymptomatic in the period from June 2016 to December 2017 (n=23). Between 

January 2018 and December 2018, patients without patent ductus arteriosus symptoms were expected 

to complete 72 hours for routine patent ductus arteriosus screening (n=13). The patients were divided into 

2 groups as the early echocardiography group (n=23) and the late echocardiography group (n=13). In the 

presence of at least one of the clinical signs of systemic hypo perfusion and/or pulmonary hyper perfu-

sion, symptomatic patent ductus arteriosus was accepted and closure treatment was applied with ibupro-

fen (n=23) or paracetamol (n=5). While the two groups were compared in terms of demographic features, 

echocardiography findings, and the state of taking closure therapy, patients receiving closure therapy 

were compared in terms of mortality and premature morbidity. 

RESULTS: The mean birth weight of 36 patients was 855±241 g, and the mean gestational age was 

26.4±2.1 gestational weeks. It was observed that the two groups were similar in terms of demographic 

characteristics. Although the findings of echocardiography and treatment rates were similar between the 

two groups, it was observed that the echocardiography group had earlier closure treatment (p=0.03). In 

patients receiving closure treatment, performing early (n=17) and late (n=11) echocardiography showed 

no statistical difference in the long-term results. 

CONCLUSION: Performing early echocardiography without symptoms in infants with extremely low birth 

weight may provoke the clinician to give patent ductus arteriosus closure treatment earlier. In infants 

with extremely low birth weight, unnecessary closure treatment can be prevented by closely monitoring 

the symptoms of patent ductus arteriosus and performing echocardiography when necessary. 
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ductus arteriosus 
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Introduction 

Patent ductus arteriosus (PDA) is a common condition in 

infants with extremely low birth weight (ELBW) and associ-

ated with mortality and morbidity such as intraventricular 

hemorrhage (IVH), necrotizing enterocolitis (NEC), and bron-

chopulmonary dysplasia (BPD). The gold standard diagnostic 

method used to detect the presence of PDA is echocardio-
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graphic (ECHO) imaging (1). Early diagnosis of hemodynam-

ically significant PDA (hsPDA) that is associated with pro-

phylactic closure or early closure treatment is included in 

many studies (2-6).  

Around 80% of premature infants with ≤28 gestational 

weeks (GW) are born with PDA, but we know that about 34% 

of these patients have spontaneous closure in their PDA on the 

seventh day (7,8). Even though the PDA has a greater associ-

ation with morbidities, there is still indecision by clinicians as 

to whether they should treat a PDA, because spontaneous clo-

sure rates are high. 

Some guidelines are suggesting early echocardiographic 

imaging and early closure treatment in infants with ELBW, as 

well as some studies recommending follow-up symptoms 

without echocardiographic imaging in the first week (9,10). In 

this study, we aimed to investigate the necessity of performing 

ECHO in the first 72 hours for the diagnosis of PDA in infants 

with ELBW. 

Material and Method 
Patients selection 
This study was planned as a retrospective study. ≤1000g 

and/or ≤28 GW babies who were admitted to Izmır Dr. Behcet 

Uz Children Hospital, Neonatal Intensive Care Unit (NICU) in 

the range of June 2016 to December 2018 were admitted in this 

study. Ethical approval from the Behcet Uz Child Hospital 

Ethics Committee (2019/306) was obtained and conformed to 

the tenets of the Declaration of Helsinki. The aims of the study 

were explained with an interpreter whenever necessary and 

written informed consent was obtained. 

In our NICU, from June 2016 to January 2018, an ap-

proach to echocardiographic imaging was applied to infants 

with ELBW in the first 24-48 hours. During this period, 46 

ELBW infants were admitted to NICU. One of them died be-

fore ECHO. Standard 2D ECHO was performed using a 

portable ECHO machine with a 6S-RS pediatric probe (Vivid 

e, GE Healthcare Clinical System) by the specialist pediatric 

cardiologist team of our hospital.  For the diagnosis of hemo-

dynamically significant PDA, at least one of these criteria was 

required: PDA diameter >1.4 mm, PDA diameter indexed to 

body surface area, left atrium to aorta ratio >1.4, a low-veloc-

ity ductal flow pattern, and diastolic flow reversal in the de-

scending aorta, cerebral, mesenteric, and renal arteries (9-11). 

ECHO results were 15 of 45 patients had no PDA, 7 of them 

had not hsPDA, and 23 of them had hsPDA. These 23 patients 

with hsPDA were included in the study as group 1. Group 1 

was called the Early ECHO Group (EEG) (Figure 1). 

Between January 2018 and December 2018, patients with-

out PDA symptoms were expected to complete 72 hours for 

routine PDA screening with ECHO. ≤1000 g and/or ≤28 GW 

babies were 54, and four of them died without ECHO. All of 

them were ≤25 GW and died in the first 24 hours due to severe 

respiratory distress syndrome (RDS). Early ECHO was per-

formed in 2 of the remaining 50 patients due to hemodynami-

cally instability. These patients were excluded from the study 

because these patients were given early ECHO. According to 

the ECHO results of 48 patients, 20 of them had no PDA, 15 

of them did not have hsPDA, 13 of them had hsPDA. These 

13 patients with hsPDA were included in the study as group 2 

which was called the Late ECHO Group (LEG) (Figure 1). 

The exclusion criteria for the study were major congenital 

anomalies and congenital infections. Since there were no pa-

tients with these features, there was no patient excluded from 

this study. 

Treatment decisions and treatment choices for hsPDA 
Conservative treatment was applied to all patients diag-

nosed with hsPDA. The procedures for conservative treatment 

are listed below: a) Neutral thermal environment and adequate 

oxygenation, b) Increased positive end-expiratory pressure 

(PEEP>5 mbar) and short inspiration time (0.30 sec), c) 

Keeping the hematocrit level between 35-40%, d) Adequate 

fluid treatment policy was implemented for the first seven 

days (9). 

In the presence of at least one of the clinical findings of 

systemic hypo perfusion and/or pulmonary hyper perfusion, 

symptomatic PDA was accepted and closure treatment was 

applied with intravenous ibuprofen (10mg/kg/d first day, 5 

mg/kg/day second and third days) (n=23) or intravenous 

paracetamol (60 mg/kg/day - five days) (n=5) (12,13). 

Data collection  
While the two groups were compared in terms of demo-

graphic characteristics, ECHO findings, and the status of tak-

Figure 1: Design of patients included in the study

GW: Gestational weeks, EEG: Early ECHO group, PDA: Patent duc-
tus arteriosus, ECHO:Echocardiography. hsPDA: Hemodynamically 
significant patent ductus arteriosus. 
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ing closure treatment, patients receiving closure treatment 

were compared in terms of mortality and premature morbidity. 

Statistical analysis 
Statistical data were analyzed using the Statistical Package 

for the Social Sciences (SPSS) version 18.0 software (SPSS 

Inc., Chicago, IL, USA). Continuous variables were compared 

using Student’s t-test or Mann-Whitney U test. Categorical 

variables were analyzed using the chi-square test or Fisher’s 

exact test. A p-value of <0.05 was considered statistically sig-

nificant. 

Study outcomes  
In this study, the primary outcome is to investigate the ne-

cessity of performing ECHO in the first 72 hours for the diag-

nosis of PDA in infants with ELBW. The secondary outcome 

is to compare the short and long-term results of patients 

treated early and late. 

Results 

During the study period, 100 preterm infants whose gesta-

tional age of ≤ 28 GW and/or birth weight ≤1000 g were ad-

mitted to NICU of which 36 infants were considered eligible 

for the study. While the rate of hsPDA was 51.1% in its EEG, 

this rate was 26% in its LEG (Figure 1). Five of 100 patients 

died without ECHO. The rate of hsPDA was determined in 36 

(37.9%) of 95 patients in total. The mean birth weight of 36 

patients included in the study was 855±241g (Mean±SD), and 

the gestational age was 26.4±2.1 GW (Mean±SD). Twenty-

three patients with EEG and 13 patients with LEG were simi-

lar in terms of demographic characteristics except for antena-

tal steroids (Table I). While antenatal steroid was made in 

56.5% of patients with EEG, this rate was 15% in LEG and 

this difference was statistically significant (p=0.016). 

Although the ECHO findings and medical closure treat-

ment rates of the two groups were similar, it was observed that 

earlier closure treatment was initiated in the EEG (p=0.03) 

(Table II).  

In patients receiving closure therapy, early (n=17) and late 

(n=11) ECHO did not show any statistical difference in the 

long-term results (Table III). 

Early ECHO Late ECHO 

Group (EEG) Group (LEG) 

n=23   n=13 p 

Birth weight, g, median (IQR) 795 (360) 1000 (585) 0.09 

Gestational age, week, median (IQR) 26 (4) 28 (1) 0.06 

Gender, female, n (%) 11 (47.8%) 7 (53.8%) 0.72 

Birth style, NSD, n (%) 6 (26%) 7 (153.8%) 0.09 

Antenatal steroid, n (%) 13 (56.5%) 2 (15.3%) 0.016 

Preeclampsia, n (%) 11 (47.8%) 5 (38.4%) 0.58 

Gestational diabetes, n (%) 1 (4.3%) 1 (7.6%) 1 

Premature rupture of membranes, n (%) 1 (4.3%) 2 (15.3%) 0.53 

APGAR 1, median (IQR) 5 (1) 7 (0) 0.07 

APGAR 5, median (IQR) 7 (1) 8 (0) 0.1 

ECHO: Echocardiography, EEG: Early ECHO group, LEG: Late ECHO group 

Early ECHO Late ECHO 

Group (EEG)  Group (LEG) 

n=23  n=13 p 

Ductus diameter, millimeter, mean±SD 1.73±0.65 2.0±0.56 0.15 

Left atrium: Aorta ratio, mean±SD 1.38±0.2 1.47±0.21 0.67 

Ductus diameter/birth weight, mean±SD 2.2±0.98 2.34±0.94 0.34 

Receiving ductus closure therapy, n (%) 17 (73.9%) 11(84.6%) 0.45 

Day of receiving PDA closure treatment, day, Median (IQR) 3(3) 4.5(0) 0.03 

ECHO: Echocardiography, EEG: Early ECHO group, LEG: Late ECHO group,  SD: Standart deviation,  PDA: Patent ductus arteriosus  

Table I: Comparison of demographic features of patients 

Table II: Comparison of echocardiography findings and closure therapy status of patients
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Discussion 

There is no consensus in the literature on screening 

ELBWs routinely in the first 72 hours with ECHO or only per-

forming ECHO on babies with clinical PDA symptoms. The 

study by Sellmer et al. reported that the presence of PDA on 

day 3 in ELBWs was associated with mortality and serious 

morbidity (14). However, some previous randomized con-

trolled trials (RCTs) have demonstrated that later morbidities 

are not increased by short-term PDA exposures (for 72 hours 

after birth) (15-17). Nevertheless, in the Turkish Neonatology 

Association's guide, it is recommended that ELBWs be 

scanned in terms of PDA by performing ECHO in the first 24-

48 hours (9). 

Seo et al. (18) published a retrospective study in March 

2020 and they showed that hsPDA was present in 97 (74%) of 

131 patients between 23-26 GW. In our study, we found that 

our hsPDA rates were 37.9% in EWLB babies. The difference 

between hsPDA rates found in the two studies was thought to 

be due to the lower gestation week of the patient group in the 

study of Seo et al (Mean GW of two study 24.5 week/26.2 

week). And also, Babla et al declare that the prevalence of 

PDA falls as gestational age increases, with up to 56% of in-

fants born under 28 weeks’ gestation affected (19). 

Considering the demographic characteristics between the 

two groups in our study, the antenatal steroid rate was higher 

in EEG (56.5% vs 15.3%) and the rate of patients who had 

hsPDA was also high in the same group (51.1% vs 26%). We 

would have expected that antenatal steroids reduced hsPDA 

rates (20). Since this group was applied early ECHO, we think 

that more hsPDA was detected in patients. 

In our study, we did not find any difference between the 

groups for ECHO findings. Sardar et al describe that early 

functional echocardiography on day 3, especially the flow pat-

tern, is useful for the prediction of PDA closure (21). 

Furthermore, Babla et al. (19) demonstrated that the speci-

ficity of the pulsatile flow pattern on the 24th hour, 3rd day, 

and 7th day was 59%, 78%, and 100%, respectively, to predict 

hsPDA. In the same study, from day 1 until day 7, when com-

bined with the presence of a murmur, the positive predictive 

value of increased pulse volume for hsPDA was found to be 

77%. In this case, the importance of clinical follow-up be-

comes apparent rather than performing ECHO at the first 72 

hours in EWLB babies. 

In the presence of hsPDA, there are different opinions 

about giving early medical closure treatment. The tendency to 

give conservative treatment has increased due to some of the 

reasons listed below: a) <1000g infants have 40% sponta-

neous closure, b) early closure treatment is related to gas-

trointestinal bleeding, NEC, and oliguria, c) early treatment 

does not cause a decrease in BPD, NEC, and neurodevelop-

mental morbidity (9,22). On the other hand, Klukow et al. (23) 

in 2014, detected large PDA in 92 (56.2%) of 164 babies born 

under 29 GW, 44 of these babies gave indomethacin and 48 

placebos. There was no difference in the main outcome be-

tween groups. They showed that infants receiving early in-

domethacin had significantly less early pulmonary hemor-

rhage (PH) (2% vs 21%), a trend towards less periventricu-

lar/intraventricular hemorrhage (PIVH) (4.5% vs 12.5%), and 

were less likely to receive later open-label treatment for a 

PDA (20% vs 40%). In Cochrane meta-analyses, prophylactic 

or presymptomatic closure therapy is not recommended 

(15,24). In our study, although there was no difference in the 

rates of giving treatment between the groups, it was observed 

that EEG was given earlier closure treatment. Early detection 

of hsPDA can be provocative for early treatment at the clini-

cian. The fact that there is no difference between the long-

EEG and receiving LEG and receiving 

PDA closure treatment PDA closure treatment 

n=17 n=11 p 

Oxygen duration, day, median (IQR) 40(46.5) 45(35) 0.45 

Discharge time, day, median(IQR) 85(28.5) 76(49) 0.47 

Respiratory distress syndrome, stage 3-4, n (%) 8(47%) 8(72.7%) 0.27 

Surfactant treatment, n (%) 15(88.2%) 11(100%) 0.50 

Pulmonary hemorrhage, grade3-4 n (%) 4(23.5%) 2(18.1%) 1 

Inotropic treatment, n (%) 9(52.9%) 7(63.6%) 0.57 

Invasive mechanical ventilation, n (%) 14(82.3%) 10(90.9%) 1 

Intraventricular hemorrhage, grade 3-4, n (%) 1(5.8%) 1(9%) 0.84 

Laser requiring premature retinopathy, n (%) 7(41.1%) 4(36.3%) 0.79 

Bronchopulmonary dysplasia, n (%) 12(70.5%) 6(54.5%) 0.38 

Necrotizing enterocolitis, stage3, n (%) 2(11.7%) 2(18.1%) 1 

Mortality, n (%) 2(11.7%) 1(18.1%) 1 

EEG: Early ECHO group, LEG: Late ECHO group, PDA: Patent ductus arteriosus

Table III. Long-term results of patients receiving PDA closure treatment
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term results of the patients receiving treatment suggests that it 

is not beneficial to give treatment in the first 72 hours.  

This study has certain limitations. One of these is its retro-

spective nature. Furthermore, the fact that it was conducted at 

a single center based on a single guideline can also be consid-

ered a limitation. The most important limitation of the study is 

the low number of patients. However, the number of patients 

is low due to taking ELBWs with hsPDA as a patient group.  

Conclusions: Performing early ECHO without symptoms 

in infants with ELBW may provoke the clinician to give PDA 

closure treatment earlier. In infants with ELBW, unnecessary 

closure treatment can be prevented by closely monitoring the 

symptoms of PDA and performing ECHO when necessary. 
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