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ABSTRACT 
Objectives: This study aims to identify risk factors and clinical markers for refractory patent ductus arteriosus 
to the initial medical treatment and determine appropriate treatment strategies. The goal is to define the new-
borns who will respond to treatment and to prevent patients from adverse effects of medical or surgical treat-
ment of patent ductus arteriosus. 
Methods: Preterm infants with hemodynamically significant patent ductus arteriosus and whose gestational 
age was under 30 weeks were retrospectively evaluated. Infants who responded to the initial medical treatment 
(paracetamol or ibuprofen) were compared to those non-responders. Neonatal characteristics and comorbidities 
were compared between the groups. 
Results: Data from a total of 91 infants were analyzed. The mean gestational age was 27±1.9 weeks vs. 26±1.9 
weeks (P=0.10), and birth weight was 1,056±290 vs. 974±318 g (P=0.61), respectively in responder and re-
fractory groups. Success rates for patients treated with paracetamol (n=49) were 57.4%, while for those treated 
with ibuprofen (n=42), it was 42.6% (P=0.47). Echocardiographic findings such as ductal size 2.48±0.69 vs. 
2.55±0.66 mm (P=0.75), and left atrium/aortic root ratio 1.73±0.4 vs. 1.64±0.25, (P=0.14) were also compa-
rable. Incidence of severe intraventricular hemorrhage (22.7% vs 4.3%, P=0.009) and periventricular leuko-
malacia was significantly higher in the refractory group (53.1% vs. 22.2%, P=0.008). 
Conclusions: Combining multiple risk factors into a clinical decision-making model or algorithm could en-
hance the predictive accuracy of treatment response. Moreover, ongoing monitoring and tailored treatment ad-
justments based on individual responses and side effects are crucial for effectively managing patent ductus 
arteriosus in preterm infants. 
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 P atent ductus arteriosus (PDA) is a persistent 

opening between the pulmonary artery and the 
descending aorta, a remnant of fetal circulation 

that typically closes shortly after birth. The ductus arte-
riosus may remain open in preterm infants, leading to 
increased pulmonary blood flow and decreased sys-

temic perfusion. The ductus arteriosus is vital to fetal 
circulation, allowing blood to bypass the fetal lungs. 
After birth, the initiation of breathing leads to a decrease 
in pulmonary vascular resistance and an increase in sys-
temic oxygen levels, triggering the functional closure 
of the ductus arteriosus within the first 24-48 hours in 

Early Online

Corresponding author: Aybüke Yazıcı, MD.,  
Phone: +90 312 552 60 00, E-mail: aybukeyzc07@gmail.com 

How to cite this article: Yazıcı A, Kanmaz Kutman HG, Kadıoğlu Şimşek 
G, Siyah Bilgin B, Canpolat FE, Oğuz ŞS. Risk factors for refractory 
patent ductus arteriosus to initial medical treatment in preterm infants. 
Eur Res J. 2025. doi: 10.18621/eurj.1610415 

Received: December 30, 2024 
Accepted: January 30, 2025 
Published Online: February 17, 2025

Copyright © 2025 by Prusa Medical Publishing 
Available at https://dergipark.org.tr/en/pub/eurj

This is an open access article distributed under the terms of Creative CommonAttribution-NonCommercial-NoDerivatives 4.0 International License

The European Research Journal      1

http://orcid.org/0000-0001-5822-1808
http://orcid.org/0000-0001-9387-0029
http://orcid.org/0000-0002-3177-9411
http://orcid.org/0000-0003-4831-8950
http://orcid.org/0000-0003-3807-4809
http://orcid.org/0000-0001-9307-3003
https://doi.org/10.18621/eurj.1610415
https://www.prusamp.com
https://dergipark.org.tr/en/pub/eurj
https://creativecommons.org/licenses/by-nc-nd/4.0/


Eur Res J. 2025 Refractory PDA in preterm infants

term infants [1-4]. However, in preterm infants, the 
physiological mechanisms responsible for ductal clo-
sure are often immature, resulting in a persistently 
patent ductus arteriosus. 70% of preterm infants under 
28 weeks of gestation require medical or surgical clo-
sure of the ductus [1]. Treatment options for PDA in-
clude conservative management, pharmacological 
treatment, surgical ligation, or transcatheter ductal clo-
sure, though the optimal treatment strategy remains a 
topic of debate [5-7]. For PDA treatment, prostaglandin 
inhibitors, such as indomethacin, ibuprofen, or parac-
etamol, can be used medically [8]. Surgical ligation of 
the PDA is considered when pharmacological therapy 
is unsuccessful or contraindicated [6]. The management 
of PDA in preterm infants is complex and remains a 
topic of ongoing debate. 
      Low gestational age is the strongest risk factor for 
symptomatic PDA, and many perinatal variables, such 
as respiratory distress syndrome (RDS), have also been 
identified as risk factors for symptomatic PDA and poor 
response to pharmacological treatment [9-11]. PDA 
continues to be a challenging issue in the care of ex-
tremely low birth weight infants [12]. If hemodynamic 
instability due to PDA is not well managed, it can lead 
to spontaneous intestinal perforation, necrotizing ente-
rocolitis, intraventricular hemorrhage, impaired renal 
function, bronchopulmonary dysplasia (BPD), and mor-
tality due to left-to-right shunt impairing gastrointesti-
nal, cerebral, and renal perfusion [8].  
      The optimal timing and approach for PDA treat-
ment in preterm infants remain controversial. While 
early intervention may prevent complications associ-
ated with a significant PDA, it also exposes infants to 
the risks of treatment-related adverse effects. There is 
ongoing debate regarding the long-term outcomes of 
different management strategies, highlighting the need 
for further research and well-designed clinical trials. 
This study aims to identify risk factors for the lack of 
response to the first course of medical treatment for 
PDA and to determine appropriate treatment strategies. 
Thus, it is intended to prevent patients from being ex-
posed to the adverse effects of hemodynamically sig-
nificant PDA and surgical procedures. 
 
 
METHODS 
 
Between September 2019 and December 2022, 

preterm infants with a gestational age ≤ 30 weeks who 
were monitored in a tertiary neonatal intensive care 
unit were retrospectively evaluated. The infants were 
divided into two groups: those who responded to the 
initial medical treatment either with paracetamol or 
ibuprofen and those for whom the treatment failed, de-
fined as the refractory group. Factors affecting treat-
ment failure were analyzed. The PDA diagnosis was 
made based on echocardiography performed at 48-72 
hours by a pediatric cardiologist. Hemodynamically 
significant PDA is diagnosed when the left atrium/aor-
tic root (La/Ao) ratio is >1.5 and/or the ductus diam-
eter is >1.5 mm [15]. Either ibuprofen or paracetamol 
therapy was administered at the physician's discretion 
who was giving the primary care. For those whose 
PDA did not close with medical treatment or for whom 
medical treatment was contraindicated, surgical ductal 
ligation was performed. PDA medical treatment fail-
ure was defined as the persistence of ductal patency 
on control echocardiography at the end of medical 
treatment. The oxygen requirement of the patients was 
evaluated on postnatal day 28, at 36 weeks postmen-
strual age, and at discharge to diagnose BPD [16]. 
      Based on our unit’s standard respiratory support 
protocol, decisions regarding mechanical ventilation 
or non-invasive support were made, and surfactant 
was administered due to RDS. Turkish Neonatal So-
ciety Guidelines are strictly followed [17]. Cranial ul-
trasonography (USG) was performed on days 1, 3, and 
7, and weekly cranial USG follow-up was conducted 
based on intraventricular hemorrhage (IVH) findings. 
IVH was graded according to the Papile classification, 
with advanced IVH defined as >Grade II [18]. 
Periventricular leukomalacia was defined based on a 
central cystic appearance on cranial USG [19]. The 
necrotizing enterocolitis (NEC) diagnosis was made 
based on laboratory, clinical, and radiological findings 
and staged according to the modified Bell criteria [20]. 
Retinopathy of prematurity (ROP) was staged accord-
ing to the International Classification of Retinopathy 
of Prematurity following an examination by an oph-
thalmologist [21]. Sepsis detected within the first 3 
days of life was defined as early neonatal sepsis and 
sepsis detected after 72 hours was defined as late 
neonatal sepsis [22]. Enteral and parenteral nutrition 
were managed according to Turkish Neonatal Society 
guidelines [23, 24]. Feeding intolerance was defined 
in the presence of clinical deterioration, abdominal ex-
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amination findings (distension, tenderness, increased 
abdominal circumference, prominent bowel loops, no-
ticeable or absent bowel sounds), vomiting, gastric 
residuals >50% and/or bloody residuals if checked, 
and changes in stool frequency [23]. Ethical commit-
tee approval was obtained for our study (E2-22-3045). 
 
Statistical Analysis  
      The data were analyzed using the Statistical Pack-
age for Social Sciences (SPSS Inc., Chicago, 
      IL, USA) for Windows (version 25.0) at a signif-
icance level of 0.05. The data were analyzed 
      using numbers, percentage distributions, mean, 
and standard deviation. Normality was tested 
      using kurtosis and skewness coefficients. Pear-
son’s chi-square test and independent samples t-test 
were used. The Mann-Whitney U test was used for 
nonparametric data. 
 
 
RESULTS 
 
Data from a total of 91 infants were analyzed. The 
mean gestational age in the treatment responder group 
was 27±1.9 weeks, while it was 26±1.9 weeks in the 
refractory PDA group (P=0.1). Birth weight was sim-
ilar between the two groups (1,056±290 g vs. 974±318 
g, P=0.61) (Table 1). Preeclampsia was significantly 
higher in the responders compared to the refractory 

PDA group (28.3% vs. 9.3%, P=0.03). Neonatal char-
acteristics were similar between the two groups and 
were represented in Table 1.  
      Among the patients treated with paracetamol 
(n=49), the success rate was 57.4%, whereas it was 
42.6% in those treated with ibuprofen (n=42); no sta-
tistically significant difference was found (P=0.47). 
Echocardiographic findings were similar between the 
two groups, such as the ductal size 2.48±0.69 vs. 
2.55±0.66 mm (P=0.75) and La/Ao ratio 1.73±0.4 vs. 
1.64±0.25 (P=0.14). The incidence of severe IVH and 
periventricular leukomalacia (PVL) was significantly 
higher in the refractory PDA group (22.7% vs. 4.3%, 
P=0.009; 53.1% vs. 22.2%, P=0.008) (Table 2). 
      Patients with lower admission white blood cell 
(WBC) and Large Unstained Cells (LUC) values had 
higher treatment success compared to those with 
higher values (7300±3697 vs. 9053±6158, P=0.014; 
0.42±0.34 vs. 0.67±0.52, P=0.009). Patients with 
higher interleukin-6 values had better treatment re-
sponses than those with lower values (958.5±3131 vs. 
178.9±279.9, P=0.009). 
 
 
DISCUSSION 
 
In this study, we evaluated the risk factors for refrac-
tory patent ductus arteriosus to the first course of med-
ical treatment. Responders had higher rates of 
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preeclampsia, lower admission WBC and LUC values, 
and higher IL-6 levels. Additionally, treatment re-
sponse was reduced in patients with intraventricular 
hemorrhage and periventricular leukomalacia. 
      PDA is common in preterm infants and inversely 
proportional to gestational age [25]. In a retrospective, 
multicenter study, out of 842 patients at 23-28 weeks 
of gestation, 511 received pharmacological treatment 
for hemodynamically significant PDA. It was found 
that resistance to repeated medical treatment and the 
need for surgery were higher in the 23-24-week group. 
The study emphasized the need for individualized 

strategies for PDA management in these patients [26]. 
In our study, no difference was found between the 
groups regarding gestational age when evaluating the 
response to PDA treatment. 
      A previous study found that patients with a history 
of gestational hypertension had a lower response to in-
domethacin [27]. However, in our study, patients with 
a history of perinatal preeclampsia showed a better re-
sponse to medical treatment. In Lee et al.'s [28] study, 
low gestational age, female sex, maternal pregnancy 
hypertension, and surfactant use were significant risk 
factors for symptomatic PDA. Additionally, it was re-
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ported that histological chorioamnionitis and antenatal 
steroid use reduced symptomatic PDA in infants at 26-
29 weeks of gestation. Antenatal steroid administra-
tion reduces RDS, which is a strong risk factor for 
preterm PDA [28]. In our study, rates of RDS, antena-
tal steroid administration, and clinical chorioamnioni-
tis were similar in the two groups. 
      Another study found that clinical chorioamnionitis 
reduced the risk of PDA and noted that the mechanism 
of clinical chorioamnionitis in PDA closure is complex 
[29, 30]. Behebodi reported that both clinical and his-
tological chorioamnionitis protects against PDA for-
mation by promoting lung maturation [31]. 
      Harink et al. [32] investigated the predictive value 
of clinical and echocardiographic parameters for de-
ciding on surgical ligation after the failure of medical 
closure of PDA in preterm infants. In a study involving 
infants born at less than 37 weeks, surgical ligation 
was performed on 40 out of 89 patients. It was found 
that invasive respiratory support, a high La/Ao ratio, 
and the presence of steal were indicative for deciding 

on surgical ligation [32]. In our study, the La/Ao ratio 
and duration of invasive respiratory support were sim-
ilar between the group that responded to medical treat-
ment and the other group. The fact that our study 
included more immature infants may explain this dif-
ference. In a prospective study conducted on 42 in-
fants born at less than 30 weeks gestational age, it was 
indicated that at postnatal day 72, an La/Ao ratio 
greater than 1.4 and a PDA size to weight ratio greater 
than 3.2 mm/kg had high predictive value for the need 
for PDA intervention. It was emphasized that serial 
daily echocardiographic evaluations could provide in-
formation on whether PDA closure would be achieved 
with non-steroidal medication or surgical ligation [33]. 
Early identification of infants at risk for PDA compli-
cations may positively affect treatment outcomes. In 
a prospective study involving infants born between 22-
27 weeks of gestation, high levels of inflammation 
markers such as IL-6, IL-8, IL-10, and IL-12 were 
found to be associated with persistent PDA [34]. In 
our study, IL-6 levels were higher in the group that re-
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sponded to treatment compared to the other group. A 
review has indicated that existing evidence suggests 
that thrombocytopenia and platelet function disorders 
contribute to the failure of spontaneous and pharma-
cological PDA closure in preterm infants [35]. In our 
study, however, there was no difference in platelet 
counts between the group that responded to treatment 
and the other group. 
      The treatment of PDA after the failure of pharma-
cological therapy in preterm infants is controversial 
and shows significant variations in practice [32]. 
While paracetamol has been found to be as effective 
as ibuprofen in closing PDA [8] and indomethacin has 
been found to be more effective than placebo or no 
treatment [36], recent studies have compared the effi-
cacy and safety of combination therapies with 
monotherapy [13, 14]. In Kimani et al.'s [13] study, 
involving 140 infants born at less than 32 weeks of 
gestation, 17 received combination therapy, and ductal 
closure was found to be similar in the combination and 
monotherapy groups. Yurttutan et al. [14] reported that 
combination therapy with ibuprofen and acetamino-
phen was successful in patients who previously had 
failed ductal closure with medical treatment. When 
medical treatments fail, surgical methods are pre-
ferred, though they carry potential risks. In Park et al.'s 
[37] study, comparing a group undergoing surgery 
after medical failure with a group undergoing surgery 
from the outset, the latter group had lower incidences 
of BPD, NEC, sepsis, and ROP. It was suggested that 
direct surgery might be more beneficial than waiting 
for medical treatment to fail. Dani et al. [26] noted that 
although the need for surgical closure after multiple 
medical treatments was twice as high in immature in-
fants, it is desirable to avoid exposing these infants to 
the risks of surgery and general anesthesia. Consider-
ing these studies, it was thought that applying combi-
nation therapy instead of monotherapy could prevent 
delays in treatment. Our study results showed that pa-
tients with IVH and PVL had a higher rate of PDA 
treatment failure, suggesting that both combination 
therapy and timely surgical intervention should be 
considered for these patients. Vaidya et al. [38] high-
lighted that late initiation of medical treatment for 
PDA (postnatal day 11±8.2) might result in lower clo-
sure rates. In our study, treatments were started within 
the first week in both groups. In Kimani et al.'s [13] 

study, the time to start medical treatment ranged from 
1 to 34 days (median 7 days), with a PDA closure rate 
of 37.9% for acetaminophen and 31.8% for ibuprofen. 
In our study, the success rate was 57.4% for paraceta-
mol and 42.6% for ibuprofen, which may be attributed 
to the earlier initiation of treatment compared to Ki-
mani et al's [13] study. 
 
Limitations 
      Our study's limitations include its retrospective de-
sign, being conducted at a single center, and the small 
number of patients. 
 
 
CONCLUSION 
 
In the management of PDA, the use of combination 
therapy instead of medical monotherapy may prevent 
the loss of time associated with monotherapy failure. 
Prospective studies designed for this purpose are 
needed. In cases where elevated WBC, IVH, or PVL 
are detected, the possibility of medical treatment fail-
ure should be considered, and patient-based strategies 
should be developed. 
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