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Ab s t r Ac t
Objective: To determine the association between the degree of intrauterine growth restriction (IUGR) [defined by birth weight (BW) Z-score] 
and the efficacy of pharmacologic patent ductus arteriosus (PDA) closure and the rate of surgical PDA ligation in preterm neonates. 
Materials and methods: In this retrospective cohort study, we included neonates born below 30 weeks’ gestational age (GA), who received 
medical treatment for PDA between January 2010 and December 2018. Birth weight Z-scores were calculated using Olsen nomograms 
and classified into three categories: above −0.5; from −0.5 to −2.0; below−2. We compared responses to PDA treatment with non-steroidal  
anti-inflammatory drugs (NSAIDs) and PDA ligations between these groups utilizing multivariable logistic regression analysis. 
Results: Of 769 neonates with PDA, 517 (67.2%) neonates received medical treatment for PDA. Of which, 323 (62.5%) had BW Z-score above 
−0.5, 154 (29.8%) had from −0.5 to −2.0., and 40 (7.7%) had below −2. The efficacy of the first course of NSAIDs for the PDA closure was not 
different among the three groups (51% vs 49% vs 50%). Multivariable logistic regression analysis showed there was no significant difference 
in PDA closure rate following the first course of NSAIDs between neonates with BW Z-score below −2 and those with BW Z-score above −0.5 
[adjusted odds ratio (aOR): 0.68; 95% CI: 0.33–1.39] as well as those with BW Z-score from −0.5 to −2.0 (aOR: 0.89; 95% CI: 0.59–1.35). However, 
the odds of PDA ligation were significantly higher among neonates with BW Z-scores below −2 (aOR: 2.67, 95% CI: 1.12–6.34) but not among 
neonates with Z-scores from −0.5 to −2.0 (aOR: 1.41; 95% CI: 0.84–2.39), as compared to those with BW Z-scores above –0.5.
Conclusion: We observed a similar rate of PDA closure following the first course of NSAIDs between appropriately grown and growth-restricted 
neonates. However, severe growth restriction (BW Z-score below −2) is associated with higher rates of PDA ligation as compared to normally 
grown infants. 
Keywords: Ibuprofen, Indomethacin, Intrauterine growth restriction, Patent ductus arteriosus, Prematurity.
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In t r o d u c t I o n
Patent ductus arteriosus is one of the most common cardiovascular 
conditions encountered in preterm neonates. Approximately 
70% of neonates below 28 weeks GA and 80% of neonates born 
at 24–25 weeks GA are affected with PDA during their neonatal 
intensive care unit (NICU) stay.1 A hemodynamically significant PDA 
(HsPDA) can lead to left-to-right shunting of blood and undesirable 
pulmonary, renal, and gastrointestinal effects, including pulmonary 
edema and hemorrhage, congestive cardiac failure, intraventricular 
hemorrhage (IVH), necrotizing enterocolitis (NEC), feeding 
intolerance, poor weight gain, bronchopulmonary dysplasia (BPD) 
and death.2

Non-steroidal anti-inflammatory agents such as Indomethacin 
and ibuprofen are the two commonly used medications for PDA 
closure, whereas acetaminophen is an emerging potentially less 
toxic option with similar efficacy to the NSAIDs.3 The PDA closure 
rates after an initial course of pharmacologic treatment vary from 
48% to 98.5%.4 In Canada, conservative PDA management in 
neonates below 32 weeks’ gestation has increased from 14% to 38% 
from 2006 to the year 2012, whereas the surgical treatment rates 
have decreased from 7.1% to 2.5% during this epoch.5 

Compared to appropriately grown preterm neonates, IUGR 
preterm neonates are at increased risk of neonatal mortality and 
morbidities.6,7 In most cases, fetuses who show IUGR are delivered 

small for gestational age (SGA, BW less than tenth percentile 
for GA).6 Growth-restricted preterm neonates not only have a 
higher incidence of significant PDA but also more frequent and 
earlier hemodynamic consequences of PDA.8,9 Heymann reported 
a higher failure rate of indomethacin therapy for PDA closure 
among SGA neonates in 198710 and speculated that this could be 
due to altered levels of prostaglandins, or differences in receptor 
number or sensitivity. Few studies have examined the efficacy 
of pharmacologic PDA closure among neonates based on their 
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degree of IUGR, with differing results.11,12 In a single-center study 
from France, Madeleneau et al. reported the impact of SGA on the 
treatment for PDA in extremely preterm infants and concluded 
that failure of the first course of ibuprofen increased with the 
degree of growth restriction, reaching a maximum of 12.8-fold 
higher risk of failure, according to a gradient that intensified with 
regression adjustments.11 A multicentre study from the United 
States reported that SGA infants with Z-scores between −2 and 
−0.5 were more likely to have PDA surgery following indomethacin 
and/or ibuprofen treatment compared to normally grown infants.12 
Infants with Z-scores below −2 had more than 3-fold increased 
odds of experiencing the composite of PDA surgery following 
pharmacologic treatment or death, and those with Z-scores 
between −2 and −0.5 had 1.5-fold increased odds.

We hypothesize that preterm growth-restricted infants are 
less likely to respond to medical treatment for PDA and may need 
surgical PDA ligation. The objective of this study was to determine 
the association between the degree of IUGR (defined by BW Z-score) 
and the efficacy of pharmacologic PDA closure and subsequent 
surgical PDA ligation rate in preterm neonates. 

MAt e r I A l s A n d Me t h o d s
In this retrospective cohort study, we included neonates with 
GA below 30 weeks at birth admitted to the NICU at Foothills 
Medical Centre in Calgary, Alberta, Canada, between January 2010 
and December 2018, who received pharmacological treatment 
(indomethacin, ibuprofen, or acetaminophen) for PDA. We excluded 
neonates with major congenital anomalies, neonates who received 
NSAIDs solely for the purpose of pain management or prophylactic 
indomethacin for prevention of brain injury, those who died before 
48 hours of age or who had primary PDA ligation without any 
medical treatment. The Conjoint Health Research Ethics Board at 
the University of Calgary approved this study (REB19-1787). 

In our NICU, the decision to treat a PDA was at the discretion 
of the attending physician and is based on clinical signs and 
symptoms (such as new onset murmur, wide pulse pressure, 
systemic hypotension, bounding pulses, and new onset changes 
in respiratory requirements considered to be due to PDA or clinical 
deterioration ascribed largely to the PDA), supplemented by 
echocardiographic confirmation of HsPDA. For this study, HsPDA 
was defined as a trans-ductal diameter measured at its narrowest 
dimension of above 1.5 mm, a peak systolic velocity below  
1.5 m/second or left atrium (LA) to aortic (Ao) ratio (LA: Ao) above 1.5, 
as well as either predominantly or complete left-to-right shunting 
with or without absent or reversed diastolic flow in celiac or superior 
mesenteric artery.13,4 

Indomethacin (Indocid P.D.A, Merck Frosst, Kirkland, Canada) 
is given intravenously in 3 doses at 12-hour intervals with doses 
varied by age (below 48 hours of life, 0.2, 0.1, and 0.1 mg/kg/dose; 
2–7 days of life 0.2 mg/kg for each of the 3 doses; and above 7 days 
of life, 0.2, 0.25, and 0.25 mg/kg/dose). Ibuprofen is given in 3 doses 
of 10, 5, and 5 mg/kg/dose at 24-hour intervals. The second course 
of medical therapy is given for a HsPDA which failed to close on 
the first attempt. Surgical ligation is indicated if there was a failure 
to close after ≥2 courses of medication, or in those symptomatic 
cases with persisting complications from the shunt but with contra-
indications to medications. We defined successful pharmacologic 
closure of PDA if there was the amelioration of clinical symptoms 
and signs of PDA and/or echocardiographic evidence of PDA closure 
within 72 hours of treatment.

Data Collection
After ethical approval, eligible neonates were identified from 
the NICU administrative electronic database and both electronic 
medical records and paper charts were reviewed. We abstracted 
demographic characteristics such as GA; BW; sex; antenatal steroids; 
mode of delivery; singleton vs multiple pregnancy; Apgar scores 
at birth; antepartum complications; score for neonatal acute 
physiology (SNAP-II); details of PDA; types of medications, dose, 
and duration of pharmacotherapy; side effects of treatment (i.e., 
acute kidney injury defined as urine output below 0.5 mL/kg/
hour for above 8 hours or increase in serum creatinine above  
30 µmol/L within 72 hours of treatment or above or equal to 50% 
from baseline, gastrointestinal bleeding), NEC above or equal to 
stage II by modified Bell staging,14 surgical PDA ligation, IVH (based 
on validated classification system),15 and BPD defined as the need 
for oxygen or respiratory support at 36 weeks postmenstrual age. 

Standard BW Z-scores were calculated using Olsen nomograms 
and classified into three categories: Above −0.5, from −0.5 to 
−2.0, below−2 (severe IUGR).16 Infants with Z-score above −0.5 
constituted the reference group.

Outcome Measures
The primary outcome was the PDA closure rate following the 
first course of any of the three medications. Secondary outcomes 
included the proportion of infants needing a second or third course 
of medication, surgical PDA ligation, and those who had side effects 
from their pharmacologic treatment (such as gastrointestinal 
bleeding, intestinal perforation, acute kidney injury, NEC above or 
equal to stage II), BPD and death during the hospital stay.

Sample Size
A study by Madeleneau et al.11 showed an 18% difference in the 
proportion of neonates who closed their PDA after the first course of 
NSAIDs between categories of infants with BW above −0.5 Z-scores, 
compared to those with BW below −0.5 Z-scores. A sample size 
calculation of 120 neonates in each group (BW category above −0.5 
Z-scores and the IUGR categories) would be required to find a 20% 
difference in PDA closure rates between growth-restricted infants 
and AGA infants at 80% power and alpha error of 5%.

Statistical Analysis
The study cohort was summarized using descriptive statistical 
methods. We compared the baseline characteristics between the 
three groups using univariate analysis. Chi-squared tests or Fisher’s 
exact tests for categorical variables were used where appropriate, 
and the student’s t-test was employed for continuous variables. 
Statistical analyses were performed using stata 14 (Stata Corp, 
College Station, TX). Multivariable logistic regression analysis was 
performed to evaluate the independent association of BW Z-score 
and response to NSAIDs and subsequent PDA ligation. Covariates 
included in the regression model include factors that are associated 
with PDA closure (GA, antenatal steroids, gender), mode of delivery, 
and illness severity score. A two-tailed p < 0.05 was considered 
statistically significant.

re s u lts
A total of 1,511 preterm neonates were admitted to NICU during 
the study period. Of which 769 (51%) neonates were diagnosed 
with PDA. A total of 517 neonates received at least one course of 
medical treatment for PDA (Flowchart 1). Of 517 included neonates, 
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323 (62.5%) neonates had BW Z-score above − 0.5; 154 (29.8%) had 
from − 0.5 to −2.0, and 40 (7.7%) had below −2.

Table 1 shows the comparison of demographic characteristics. 
Maternal hypertension, exposure to antenatal steroids, and 
cesarean delivery were significantly higher in BW Z-score below −2 
group. As expected, the mean GA and BW was significantly different 
among the three groups. Male gender was also higher among BW 
Z-score below−2 group.

Response to First Course of Medications
Of the 517 neonates, 206 (39.9%) received indomethacin, 301 
(58.2%) received ibuprofen, and only 10 (1.9%) infants received 
acetaminophen as the first course of medication. 

The PDA closure rate following the first course of NSAIDs was 
51, 49, and 50%, respectively, among the three groups, which was 
not statistically significant (Table 2).

Patent Ductus Arteriosus Ligation
A total of 90 (17.4%) infants had surgical PDA ligation following 
medical treatment. There was a trend toward an increased rate of 
surgical PDA ligation rate with worsening growth restriction (15% vs 
20% vs 25%). There was no significant difference in the complication 

rates and neonatal morbidity among the three groups except for 
BPD (Table 2). Bronchopulmonary dysplasia was also significantly 
higher among BW Z-score below −2 group as compared to normal 
growth neonates (85% vs 68%, p = 0.04).

Table 3 shows the multivariable logistic regression analysis 
adjusting for GA, sex, antenatal steroids, mode of delivery, and 
SNAP-II. There was no significant difference in PDA closure rate 
following the first course of NSAIDs between neonates with BW 
Z-scores below −2 and those with BW Z-score above −0.5, (aOR: 
0.68; 95% CI: 0.33–1.39), and those with Z-score from −0.5 to −2.0 
(aOR: 0.89; 95% CI: 0.59–1.35). However, the adjusted odds of PDA 
ligation were significantly higher among neonates with BW Z-score 
below −2 (aOR: 2.67, 95% CI: 1.12–6.34) but not among neonates 
with BW Z-score from −0.5 to −2.0 (aOR: 1.41; 95% CI: 0.84–2.39) as 
compared to BW Z-score above −0.5. 

dI s c u s s I o n

Our study found a similar efficacy of the first course of NSAID 
medication in achieving closure of a PDA among the preterm 
growth-restricted neonates compared to well-grown neonates, 

Flowchart 1: Flow diagram of the study population

Table 1: Demographic characteristics 

BW Z-score above −0.5, N = 323 BW Z-score from −0.5 to −2.0, N = 154 BW Z-score below −2.0, N = 40 p-value

Maternal 

Maternal age (year)a mean 31.1 ± 5.8 31.9 ± 5.04 30.5 ± 5.5 0.145

Hypertension, n (%) 16 (4.9) 51 (33.1) 20 (50) <0.001

Antenatal steroids, n (%) 278 (86) 140 (91) 40 (100) 0.01

Cesarean delivery, n (%) 193 (59.7) 103 (66.8) 35 (87.5) 0.002

Neonatal

GA (week)a 25.9 ± 1.7 25.9 ± 1.85 26.6 ± 1.56 0.03

Birth weight (g)a 928 ± 222 713 ± 165 538 ± 90 <0.001

Male, n (%) 160 (49.5) 79 (51.3) 28 (70) 0.05

Multiples, n (%) 90 (27.8) 51 (33.1) 6 (15) 0.07

Apgar score at 5 minutesb 7 (6, 8) 7 (6, 8) 7 (5, 8) 0.30

SNAP-IIb 14 (5, 24) 14 (9, 22) 14 (9, 22) 0.37
aMean ± SD, bMedian (interquartile range), SNAP-II, Score for acute neonatal physiology, version II
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Table 2: Comparison of outcomes

BW Z-score above −0.5, N = 323 BW Z -score from −0.5 to −2.0, N = 154 BW Z -score below − 2.0, N = 40 p-value

Primary outcome 

Response to the first course 
of NSAIDs, n (%)

164 (51) 75 (49) 20 (50) 0.91

Indomethacin, n/N (%) 69/126 (55) 39/64 (61) 10/16 (62.5) 0.65

Ibuprofen, n/N (%) 94/193 (49) 36/86 (42) 9/22 (41) 0.50

Acetaminophen, n/N (%) 1/4 (25) 0/4 (0) 1/2 (50) 0.33

Secondary outcomes

Second course NSAIDs, n (%) 104 (32) 56 (36) 12 (30) 0.59

Third course NSAIDs, n (%) 27 (8.3) 15 (9.7) 4 (10) 0.85

Surgical PDA ligation, n (%) 49 (15) 31 (20) 10 (25) 0.17

Acute kidney injury, n (%) 31 (9.6) 19 (12.3) 3 (7.5) 0.74

Gastrointestinal bleed, n (%) 20 (6.1) 6 (3.9) 2 (5) 0.58

Spontaneous intestinal  
perforation, n (%)

8 (2.4) 7 (4.5) 3 (7.5) 0.18

IVH ≥ grade III, n (%) 41 (12.6) 19 (12.3) 1 (2.5) 0.16

NEC ≥ stage II, n (%) 33 (10.2) 19 (12.3) 7 (17.5) 0.35

BPD, n (%) 220 (68) 114 (74) 34 (85) 0.06
BPD, bronchopulmonary dysplasia; IVH, intraventricular hemorrhage; NEC, necrotizing enterocolitis; NSAID, non-steroidal anti-inflammatory drug; PDA, 
patent ductus arteriosus

Table 3: Adjusted outcome 

Outcome Reference BW Z-score from –0.5 to –2.0 (aOR; 95% CI) BW Z-score below –2.0 (aOR; 95% CI)

Primary outcome

PDA closure after first 
course of NSAIDs 

BW Z-score above –0.5 0.89 (0.59, 1.35) 0.68 (0.33, 1.39)

Secondary outcome

PDA ligation BW Z-score >–0.5 1.41 (0.84, 2.39) 2.67 (1.12, 6.34)

with closure rates between 49 and 51% for all three groups. 
However, the preterm growth-restricted neonates with Z-score 
below −2 with PDA had a 2.6-fold increase in odds of surgical 
PDA ligation as compared to normally grown neonates (Z-score  
above −0.5). 

A common problem of studies assessing the potential 
association of growth restriction with adverse neonatal outcomes is 
that they do not differentiate between SGA and IUGR, even though 
the two terms are not synonymous.17,18 A recent systematic review 
reporting the association of IUGR/SGA and PDA included 47 studies 
reported that there was no conclusive evidence of an association 
between growth restriction and PDA.19 This finding may be due to 
marked heterogeneity across the studies in regard to the definition 
of growth restriction and PDA. For example, when the authors use 
the definition of SGA as BW less than 10 percentile, there was a 
significantly reduced risk of PDA (OR: 0.81; 95% 0.66–0.98) but this 
association disappeared when SGA was defined as BW less than 3 
percentile (OR: 1.09; 95% CI: 0.7–1.71).19

In contrast to our findings of similar efficacy of PDA closure 
following the first course of any of these NSAIDs regardless of the 
birthweight Z-score, Madeleneau et al. reported that the success 
rate of the first course of ibuprofen decreases with increasing 
severity of growth restriction in France.11 In their study of 185 
neonates (GA from 24 weeks to 27 6/7 weeks), only 18 neonates 
were BW Z-score below −2. The success rate of the first course of 

ibuprofen was 45% in the study cohort. The risk of failure of the 
first course of ibuprofen increased with the degree of growth 
restriction, reaching above 12-fold higher risk of failure with a 
wide confidence interval (adjusted OR: 12.8; 95% CI: 2.3–70.5). 
However, there was no significant difference in surgical PDA 
ligation rate with increasing growth restriction. The two important 
differences between our study and the study by Madeleneau et al. 
is that our study had a higher number of SGA infants (194 infants 
below 30 weeks) as compared to 55 infants (GA below 28 weeks) 
in their study. Second, our cohort consisted of infants who receive 
indomethacin and ibuprofen as compared to ibuprofen treatment 
in their study. 

Traditionally, studies on PDA management have often 
excluded SGA/IUGR subgroups. The SGA status is analyzed as a 
risk factor for PDA, rather than a predictive factor for treatment 
failure. In our study, we classified BW standard deviations 
(SDs) into three categories to reflect the potential continuous 
pathological effect of worsening growth restriction affecting 
mortality and neonatal morbidities. Previous epidemiologic 
studies have described preterm infants’ growth restriction status 
using a −2 SD (or tenth percentile) cut-off for SGA. However, 
more recent studies show that this definition may no longer be 
appropriate because it inadequately describes the risks associated 
with fetal growth restriction based on just a single cut-off 
value.20,21 Based on Delphi procedure, the growth restriction 
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in the newborn is defined as BW less than third percentile or 
the presence of three out of the 5 following; BW less than 10 
percentile; head circumference less than 10 percentile; length less 
than 10 percentile; prenatal diagnosis of fetal growth restriction 
and maternal pregnancy information such as preeclampsia or 
pregnancy-induced hypertension.18

In preterm neonates, a persistent PDA is likely due to increased 
sensitivity of the immature ductus to prostaglandin E2 (PGE2). Also, 
PGE2 increases the intracellular concentration of cyclic adenosine 
monophosphate (cAMP), which activates cAMP-dependent protein 
kinase A (PKA), resulting in vasodilation in the ductus arteriosus. 
Prostaglandin E2 acts through three G protein–coupled receptors 
(EP2, EP3, and EP4) that activate adenylyl cyclase. The immature 
ductus has increased cAMP production because of increased 
binding of PGE2 to the individual EP receptors and increased 
potency of cAMP on PKA-regulated paththways.22

A previous study showed higher rates of significant PDA within 
48 hours of birth among growth-restricted preterm neonates of 
26–32 weeks in comparison to non-growth-restricted neonates 
(65% vs 40%).8 Growth‐restricted preterm neonates are at increased 
risk of elevated concentrations of inflammation‐associated 
proteins by postnatal day 14.23 Part of this increased risk might 
be a consequence of their greater tendency to be exposed to 
inflammatory stimuli such as sepsis/bacteremia, and prolonged 
ventilation. This inflammation and likely injury thereof might play 
a role in modulating response to NSAID treatment. Also, higher 
pulmonary blood flow is observed in growth-restricted preterm 
neonates resulting from lower pulmonary vascular resistance due to 
chronic hypoxia in utero. Catecholamines, especially norepinephrine 
has been shown to increase pulmonary blood flow in fetal 
lambs.24,25 This pulmonary vasodilator effect of norepinephrine can 
be enhanced by glucocorticoids26 production which is increased in 
fetuses with IUGR of placental origin.27 

In a comparative study by Ibara et al., the histologic changes 
of PDA, such as fragmentation, coagulation necrosis of the intimal 
elastic lamina, hemorrhage with necrosis, and loosening of elastic 
fibers and muscles in the tunica media, were seen more frequently in 
IUGR neonates compared to AGA neonates.28 These ductal changes 
may explain why HsPDA has been reported to occur more frequently 
and at an earlier postnatal age in very preterm growth-restricted 
neonates.8,9 Reactivity to ductus arteriosus is also impaired by 
exposure to chronic fetal hypoxia.

We observed a 2.6-fold increase in surgical PDA closure among 
neonates with BW Z-score below −2. Similarly, Madelenau et  al. 
from France reported a linear relationship between the degree 
of growth restriction and the need for surgical closure following 
ibuprofen treatment.11 Compared to infants with Z-scores above 
−0.5, infants with Z-scores between −1.5 and −0.5 had more than 
2-fold (OR: 2.6; 95% CI: 1.03–6.8) and infants with Z-scores below −1.5 
had more than 12-fold (OR: 12.8; 95% CI: 2.3–70.5) increased odds of 
undergoing surgical closure following the first course of ibuprofen.11 
Boghossian et al.12 reported higher rates of surgical PDA ligation 
among preterm SGA neonates after pharmacological treatment 
with indomethacin or ibuprofen. Compared to neonates with BW 
Z-score below −0.5, surgical PDA ligation following pharmacological 
treatment was higher among neonates with BW Z-score from −2 
to −0.5 (OR: 1.23; 95% CI: 1.02–1.47) but this association was not 
significant for neonates with BW Z-score below −2 (OR: 0.83, 95% 
CI: 0.52–1.33).12 

Ibuprofen is available as a racemic mixture of R- and S- 
ibuprofen, with S-ibuprofen being the pharmacologically active 
drug. The higher requirement of PDA ligation in more growth-
restricted neonates might partly be explained by the fact that 
SGA neonates have been known to have a much higher clearance 
of S-ibuprofen compared to the appropriate weight for age 
neonates.29 Currently used ibuprofen dosing regimens, however, 
do not consider the enantiomer‐specific pharmacokinetics and 
postnatal day. The dosage of Ibuprofen needs to be adjusted based 
on BW and postnatal age.29

We also observed a significantly higher rate of BPD among 
growth-restricted infants. This association remained even after 
adjusting for PDA ligation (aOR 3.27; 95% CI 1.40–9.83). Our finding 
is similar to previous studies who reported SGA was associated 
with BPD.30,31

The strength of this study was the robust data over nine years 
from a tertiary care provincial referral NICU in Canada dealing 
specifically with the population of interest. We followed our PDA 
treatment guidelines and had a consensus between physicians about 
when to treat the ductus and with what medications. The pragmatic 
design of this study was very practical and can relate to the day-to-day 
practice where we target the HsPDA that is becoming problematic 
for our infants on an individual case-to-case basis. This goes in favor 
of the current individualistic approach that many physicians employ 
toward the ideal management of the ductus arteriosus. 

Our study had the limitations of a retrospective design. This is a 
single-center study and there is an imbalance in the sample size for 
the three groups. As the study spans a period of nine years, there 
have been some differences in the relative use of one medication 
over other medications depending on drug availability locally and 
elsewhere in the world. There were some changes in ventilation 
management, especially using non-invasive ventilation during the 
latter part of the study period. Nonetheless, the treatment approach 
to PDA was relatively uniform throughout the study period. 

Knowing that the commonly used NSAIDs have adverse 
effects, our study may help inform which neonates are less likely 
to respond to pharmacologic treatment. This study also highlights 
that in the smallest birthweight preterm infants, ductal closure is 
harder to achieve pharmacologically and may cause persistent 
adverse hemodynamic effects necessitating surgical ductal 
ligation more often. This might invoke further research into a 
deeper understanding of the pathophysiology of the underlying 
mechanisms and could also open new avenues of tackling the 
symptomatic ductus arteriosus in these infants differently. More 
research is also needed to elucidate the specific pathways and 
interactions of prostaglandins in mediating the ductal closure 
in growth restricted neonates and to identify other factors or 
unknown confounders that may play a crucial role as there is a 
paucity of current evidence on this crucial topic.

In conclusion, we observed a similar rate of PDA closure 
following the first course of NSAIDs between appropriately grown 
neonates and growth-restricted neonates. However, growth-
restricted preterm neonates have higher odds of PDA ligation 
following pharmacological treatment as compared to appropriately 
grown preterm neonates with PDA. 
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