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ABSTRACT
Objective To describe the diagnosis and treatment of 
patent ductus arteriosus (PDA) in infants born at <32 
weeks’ gestational age (GA) in England and Wales between 
2010 and 2017.
Study design Retrospective cohort study using routinely 
recorded data from the National Neonatal Research 
Database of infants born at <32 weeks admitted to 
neonatal units in England and Wales from 2010 to 2017.
Results Among 58 108 infants born at <32 weeks’ GA, 
28.3% (n=16 440) had a PDA diagnosed clinically or with 
echocardiographic confirmation. Of these, 34.8% (n=5721; 
9.8% of total <32 weeks’ infants included) had PDA 
treatment including 7.6% (n=1255) with indomethacin, 
23.5% (n=3857) with ibuprofen and 5.6% (n=916) with 
surgical closure. The highest incidence of PDA was among 
infants born at 24 and 25 weeks’ GA (70.2% and 70.8%, 
respectively), decreasing to 6.1% among infants born at 31 
weeks’ GA. The percentage of infants with a PDA increased 
over the study period (25.5% in 2010 to 28.5% in 2017). 
The percentage of infants who received ibuprofen or 
indomethacin or had PDA surgery decreased from 41.3% 
in 2010 to 33.7% in 2017, with an increase in use of 
ibuprofen from 20.2% to 27.3% while use of indomethacin 
decreased from 20.0% to 8.8%. Surgical closure of PDA 
decreased from 9.1% to 3.0%. Indomethacin was used 
for median (IQR) 3 (2–5) days while ibuprofen was given 
for 3 (2- 4) days, at a median of 8 and 10 days after birth, 
respectively; surgical treatment was used later at 33 
(24–45) days after birth.
Conclusions Ibuprofen is the preferred drug and 
surgical interventions are becoming less frequent for PDA 
closure among very preterm infants in England and Wales.
Trial registration number NCT03773289.

INTRODUCTION
Optimal management of patent ductus arte-
riosus (PDA) in preterm infants remains an 
unresolved controversy.1 Impaired haemod-
ynamics due to persistent PDA is associated 
with adverse outcomes.2 Large left- to- right 
shunt with pulmonary over circulation and 
diastolic steal of systemic blood flow can 
affect cerebral, gut and renal perfusion and 
is associated with risk of adverse outcomes 
such as bronchopulmonary dysplasia (BPD), 
intraventricular haemorrhages (IVH) and 
necrotising enterocolitis (NEC).3 PDA 

closure may be induced by medical and/
or surgical interventions. Pharmacological 
treatment of PDA includes inducing closure 
with prostaglandin inhibitors, of which indo-
methacin and ibuprofen are the most widely 
used agents.1 Additionally, paracetamol has 
emerged as an alternative, with evidence to 
suggest it may be as efficacious as indometh-
acin or ibuprofen in inducing ductal closure.4

Despite evidence that interventions are 
effective in inducing PDA closure, manage-
ment strategies are evolving with greater 
acceptance of conservative management 
or no treatment because of accumulating 
evidence that inducing PDA closure does not 
improve outcomes. Randomised controlled 
trials (RCTs) show that routine early treat-
ment does not reduce PDA ligation or risk of 
adverse clinical outcomes and may be associ-
ated with higher rates of adverse events.5 A 
network meta- analysis with 68 RCTs including 
4802 infants showed that despite ranking the 

What is known about the subject?

 ► Optimal management of patent ductus arteriosus 
(PDA) in very preterm infants remains a clinical con-
troversy in neonatal practice.

 ► Rates of treatment and choice of drugs and surgical 
closure vary between neonatal units.

What this study adds

 ► In England and Wales, between 2010 and 2017, 28% 
of very preterm infants had a PDA.

 ► Among those who had a PDA, 35% received PDA- 
specific treatment. The percentage of infants receiv-
ing PDA- specific treatment decreased from 41.3% 
in 2010 to 33.7% in 2017.

 ► The percentage of infants treated with ibuprofen 
has increased but those treated with indomethacin 
or undergoing surgical closure has decreased with 
an overall decrease in percentage of infants who re-
ceived indomethacin/ibuprofen or had PDA surgery 
from 41% to 34%.
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worst in terms of PDA closure, no treatment was not asso-
ciated with significantly higher odds of death, NEC, or 
IVH.6 Similarly, although surgical closure can be achieved 
by ligation or transcatheter occlusion and is associated 
with reduced mortality, surviving infants have increased 
risk of neurodevelopmental impairment.1

These uncertainties lead to wide variations in practice.7 
In a retrospective study of Canadian practice, Lokku et al 
reported that from 2006 to 2012 the rate of both phar-
macotherapy and surgical ligation of PDA decreased.8 
In a larger international study of PDA treatment rates 
across 139 neonatal units, Isayama et al, reported overall 
treatment rates ranging from 36% in Israel to 52% in 
Japan (ranging from 13% to 77% among the included 
neonatal units) for very low birth weight infants (<1500 g 
birth weight) who survived at least 3 days after birth.9 
In this study, we aim to describe the use of PDA treat-
ments in infants born at <32 weeks’ gestational age (GA) 
in England and Wales and the change in prevalence of 
use of pharmacological agents and surgery from 2010 to 
2017.

METHODS
The National Neonatal Research Database (NNRD) 
records data of admissions to the 200 neonatal units 
in the UK Neonatal Collaborative. Infants born <32 
weeks’ GA who were admitted to a neonatal unit in 
England and Wales from 2010 to 2017, whose data 
are held in the NNRD, were included. We excluded 
infants if they were missing data on sex, birth weight, 
month of birth, or one or more days or episodes of 
care, were a late admission (>24 hours after birth) or 
had an extreme birth weight for GA (Z- score ≥+4 SD or 
≤ −4SD). We extracted records of a diagnosis of PDA 
by searching the ‘principal diagnosis at admission’, 
‘daily diagnoses’ and ‘diagnoses at discharge’ fields. 
Records of treatment for PDA were identified from 
the ‘daily drugs’ field and in the specific field for PDA 
treatment. We did not have sufficient information to 
determine how the PDA was diagnosed that is, whether 
the diagnosis was confirmed by an echocardiogram 
or made based on clinical signs and symptoms only. 

Figure 1 (A, B) Prevalence of diagnosis of patent ductus arteriosus (PDA) in infants born at <32 weeks' gestation in England 
and Wales from 2010 to 2017 by gestational age in completed weeks at birth (A) and by year of birth (B). (C, D) Treatment of 
PDA in infants born at <32 weeks’ gestation in England and Wales from 2010 to 2017 by gestational age in completed weeks at 
birth (C) and by year of birth (D). The denominator for PDA prevalence is the total number of infants included in the study. The 
denominator for percentage of infants who received the drugs/surgery is the total of number of infants who had a PDA. Please 
note that the scale of the y- axis changes between (A/B) and (C/D).
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We created indicator variables for each day of care to 
show whether an infant was prescribed indomethacin, 
ibuprofen, and/or paracetamol, or received PDA 
surgery. Some infants, particularly in the first 3 years 
of the study period, had treatment for PDA recorded 
but did not have a recorded diagnosis. Given the spec-
ificity of treatment with indomethacin, ibuprofen 
and surgery, infants with these treatments recorded 
were deemed to have PDA even in the absence of a 
recorded diagnosis. We did not take prescription of 
paracetamol alone as indicative of PDA given that this 
is also, frequently, used for other indications.

We performed data management and analysis 
using STATA V.16.0 (Stata) with descriptive statis-
tics to describe and compare the characteristics and 
clinical outcomes of infants with and without PDA. 
We plotted graphically the prevalence of diagnosis 
of PDA, and prevalence of use of pharmacological 
and surgical treatment, by GA at birth in completed 
weeks and by year of admission. For infants with 
PDA, we described the timing and duration of phar-
macological and surgical treatment. Finally, we used 
multivariable logistic regression to compare the char-
acteristics of infants diagnosed with PDA who did 
and did not receive treatment (indomethacin and/
or ibuprofen and/or surgery), adjusting for sex, GA 
at birth (completed weeks) and birth weight- for- GA 
z- score (<-2SD vs ≥−2SD). Given uncertainty about 
the indication for paracetamol use, infants with PDA 
whose only treatment was paracetamol were classified 
as untreated. In a sensitivity analysis, we excluded 
these infants from the comparison and conducted a 
comparison between those who received treatment 
with indomethacin and/or ibuprofen and/or surgery 
and those who had no treatment excluding those who 
had treatment with paracetamol only.

RESULTS
The initial dataset included information on 61 919 
infants born at <32 weeks’ GA who were admitted 
to a neonatal unit in England and Wales from 2010 
to 2017. After exclusions, 58 108 were retained for 
analysis. Of these, 28.3% (n=16 440) were deemed to 
have PDA, having either a recorded diagnosis and/or 
a record of a PDA- specific treatment (indomethacin 
and/or ibuprofen and/or underwent PDA surgery). 
Figure 1A,B shows the percentage of all very preterm 
infants who were deemed to have a PDA by GA 
week at birth and year of birth, respectively. Highest 
percentages of infants with a diagnosis of PDA were 
among those born at 24 weeks’ (70.2%) and 25 weeks’ 
(70.5%) GAs reducing to 6.1% of 31 week infants. 
There was an increase in the percentage of infants 
with a PDA from 25.5% in 2010 to 28.5% in 2017.

Table 1 describes and compares the characteristics 
and clinical outcomes of infants with and without 
PDA. Infants with PDA were more likely to be female, 
were born earlier, had a lower birth weight and lower 
birth weight- for- age z- score and longer length of stay 
compared with infants without PDA. After adjustment 
for GA at birth, sex and birth weight z- score, infants 
with PDA had higher odds of BPD, NEC and late onset 
sepsis, but a reduced odds of death before discharge. 
Although the percentage of infants who died before 
discharge was higher among those who had a PDA 
(11.6%) than among those who did not have a PDA 
(8.3%), after adjustment for confounders, the odds 
of death were reduced in the group that had PDA 
(adjusted OR, aOR (95% CI), 0.30 (0.27 to 0.32). This 
may be because of adjusting for GA at birth. Among 
infants born at 24- and 25 weeks’ GA, 70% had a PDA 
and 40% died while at the other end, at 31 weeks’ 
GA, 6% had a PDA and <2% died. After accounting 

Table 1 Characteristics and outcomes of infants born at <32 weeks’ gestational age in England and Wales from 2010 to 
2017 with and without a patent ductus arteriosus (PDA)

Infant characteristics With PDA Without PDA P value for difference

n (%) 16 440 (28.3) 41 668 (71.7)

Females, n (%) 7691 (46.8) 18 905 (45.4) 0.002

Gestational age at birth (weeks), median (IQR) 27 (25–28) 30 (28–31) <0.001

Birth weight (in g), mean (SD) 969 (312) 1310 (360) <0.001

Birth weight z- score, mean (SD) −0.15 (0.94) −0.02 (0.98) <0.001

Length of stay (days), median (IQR) 80 (56–106) 42 (31–59) <0.001

Adverse outcomes With PDA Without PDA Adjusted OR (95% CI)*

Bronchopulmonary dysplasia, n (%) 5467 (33.3) 3071 (7.4) 2.95 (2.80 to 3.12)†

Necrotising enterocolitis, n (%) 1181 (7.2) 760 (1.8) 1.96 (1.77 to 2.18)†

Late onset sepsis, n (%) 10 171 (61.9) 9836 (23.6) 2.72 (2.61 to 2.85)†

Death before discharge, n (%) 1904 (11.6) 3477 (8.3) 0.30 (0.27 to 0.32)†

*Adjusted for sex, gestational age and birth weight z- score <-2SD.
† P<0.05 with Bonferroni correction.
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for the high risk of death at the lower GAs and other 
confounders, a diagnosis of was PDA was associated 
with a lower adjusted odds of death before discharge.

Tables 2 and 3 show the comparisons between infants 
who were deemed to have a PDA with those who did 
not by GA subgroups (<28 weeks’ GA and 28–31 
weeks’ GA, respectively). Among extremely preterm 
infants (<28 weeks’ GA), 34.5% (n=2447/7083) died 
in the group that did not have a PDA while 15.6% 
(n=1625/10 418) died among those who had a PDA 
and the latter group had lower adjusted odds of death 
(aOR (95% CI), 0.21 (0.19 to 0.23).

Of the 16 440 infants with PDA, 34.8% (n=5721; 9.8% of 
total <32 weeks’ infants included) received a PDA- specific 
treatment (indomethacin and/or ibuprofen and/or 
surgery) decreasing from 41.3% in 2010 to 33.7% in 

2017. Including those who received paracetamol, 48.2% 
(n=7930; 12.7% of total <32 weeks’ infants included) 
received treatment.

Among the infants with a PDA, 26.9% (n=4428) 
of infants received ibuprofen, 7.6% (n=1255) indo-
methacin, and 23.5% (3857) paracetamol (table 4). 
5.6% (n=916) of infants were recorded to have under-
gone PDA surgery. The majority of these (70%, n=641) 
received one or more pharmacological treatments prior 
to surgery. Figure 1A shows the prevalence of diagnosis 
and treatment of PDA from 2010 to 2017 by GA at birth 
in completed weeks. PDA was more frequent in infants of 
lower GA with 70.2% of 24 weeks’ GA infants and 70.8% 
of 25 weeks’ infant having a PDA. The incidence reduced 
to 6.1% among infants born at 31 weeks’ GA.

Table 2 Characteristics and outcomes of infants born at <28 weeks’ gestational age in England and Wales from 2010 to 
2017 with and without a patent ductus arteriosus (PDA)

Infant characteristics With PDA Without PDA P value for difference

n (%) 10 418 (59.5) 7083 (40.5)

Females, n (%) 4834 (46.4) 3243 (45.8) 0.423

Gestational age at birth (weeks), median (IQR) 25 (24–26) 26 (25–27) <0.001

Birth weight (in g), mean (SD) 814 (185) 854 (204) <0.001

Birth weight z- score, mean (SD) −0.13 (0.85) −0.13 (0.91) 0.573

Length of stay (days), median (IQR) 94 (74- 117) 67 (7- 87) <0.001

Adverse outcomes With PDA Without PDA Adjusted OR (95% CI)*

Bronchopulmonary dysplasia, n (%) 4324 (41.5) 1265 (17.9) 3.10 (2.88 to 3.33)†

Necrotising enterocolitis, n (%) 977 (9.4) 317 (4.5) 2.05 (1.79 to 2.33)†

Late onset sepsis, n (%) 7549 (72.5) 2891 (40.8) 3.67 (3.44 to 3.92)†

Death before discharge, n (%) 1625 (15.6) 2447 (34.5) 0.21 (0.19 to 0.23)†

*Adjusted for sex, gestational age and birth weight z- score <-2SD.
†P<0.05 with Bonferroni correction.

Table 3 Characteristics and outcomes of infants born at 28–31 weeks’ gestational age in England and Wales from 2010 to 
2017 with and without a patent ductus arteriosus (PDA)

Infant characteristics
40 607 With PDA Without PDA P value for difference

n (%) 6022 (14.8) 34 585 (85.2)

Females, n (%) 2857 (47.4) 15 662 (45.3) 0.002

Gestational age at birth (weeks), median (IQR) 29 (28–30) 30 (29–21) <0.001

Birth weight (in g), mean (SD) 1238 (304) 1403 (310) <0.001

Birth weight z- score, mean (SD) −0.19 (1.07) 0.01 (0.99) <0.001

Length of stay (days), median (IQR) 60 (46–75) 41 (32–53) <0.001

Adverse outcomes With PDA Without PDA Adjusted OR (95% CI)

Bronchopulmonary dysplasia, n (%) 1143 (19.0) 1806 (5.2) 2.74 (2.51 to 2.99)†

Necrotising enterocolitis, n (%) 204 (3.4) 443 (1.3) 1.79 (1.49 to 2.15)†

Late onset sepsis, n (%) 2481 (41.2) 6730 (19.5) 2.04 (1.91 to 2.17)†

Death before discharge, n (%) 279 (4.6) 1030 (3.0) 1.03 (0.89 to 1.20)

*Adjusted for sex, gestational age and birth weight z- score <-2SD.
†P<0.05 with Bonferroni correction.
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Figure 1C,D represents treatment by GA week at 
birth and by year of birth, respectively. It shows that the 
overall percentage of infants who received any treat-
ment (ibuprofen and/or indomethacin and/or surgery) 
decreased from 41.3% in 2010 to 33.7% in 2017. In the 
same period, the use of ibuprofen increased from 20.2% 
to 27.3% while use of indomethacin decreased from 
20.0% to 8.8%. Surgical closure of PDA decreased from 
9.1% to 3.0%.

Table 4 describes the timing and duration of treatment 
for PDA. All three pharmacological treatments were used 
for a median of 3 days. The day after birth and postmen-
strual age when the drug was first prescribed was much 
later for paracetamol compared with ibuprofen and 
indomethacin.

The characteristics and clinical outcomes of infants 
with PDA who were treated and those who were not 
treated with indomethacin and/or ibuprofen, and/or 
surgery are described and compared in table 5. Infants 
with PDA who received treatment were less likely to be 
female, were born earlier, had a lower birth weight and 
lower birth weight- for- age z- score and longer length 
of stay compared with infants with PDA who were not 
treated. After adjustment for GA at birth, sex and birth 
weight z- score, infants who were treated had higher odds 

of BPD and late onset sepsis, but a reduced odds of NEC 
and death before discharge.

Tables 6 and 7 show the comparisons between infants 
who were treated and those who were not treated with 
indomethacin and/or ibuprofen, and/or surgery by 
GA subgroups (<28 weeks’ GA and 28–31 weeks’ GA, 
respectively). Among the extremely preterm infants 
(born at <28 weeks’ GA), the adjusted odds of BPD 
and late onset sepsis were higher while the adjusted 
odds of NEC and death before discharge was lower 
among those who were treated.

In the above analyses, among the infants in the 
group that was designated as not having received PDA 
treatment, there were 2209 infants who had received at 
least one dose of paracetamol sometime during their 
care. It is possible that some of this may have been for 
treating PDA. Therefore, we performed a sensitivity 
analysis where infants who only received paracetamol 
were excluded. The results were similar except that 
more treated infants had NEC (n=433/5721, 7.6%) 
when compared with those who were not treated 
(n=334/88510, 3.9%) giving a higher adjusted odds 
of NEC in the treated group (aOR 1.25, 95% CI 1.07 
to 1.47).

Table 5 Infants born at <32 weeks’ gestational age with a patent ductus arteriosus (PDA) who received treatment vs those 
who did not in England and Wales from 2010 to 2017

Infant characteristics Not treated Treated P value for difference

n (%) 10 791 (65.6) 5721 (34.8)

Females, n (%) 5056 (47.2) 2635 (46.1) 0.003

Gestational age at birth (weeks), median 
(IQR)

27 (26–29) 26 (24–27) <0.001

Birth weight (in g), mean (SD) 1032 (327) 851 (241) <0.001

Birth weight z- score, mean (SD) −0.14 (0.97) −0.17 (0.88) 0.072

Length of stay (days), median (IQR) 75 (51- 96) 97 (73- 120) <0.001

Adverse outcomes Not treated Treated Adjusted OR (95% CI)*

Bronchopulmonary dysplasia, n (%) 2948 (27.5) 2519 (44.0) 1.49 (1.39 to 1.60)†

Necrotising enterocolitis, n (%) 784 (7.0) 433 (7.6) 0.73 (0.64 to 0.83)†

Late onset sepsis, n (%) 5856 (54.6) 4315 (75.4) 1.64 (1.52 to 1.77)†

Death before discharge, n (%) 1195 (11.1) 709 (12.4) 0.65 (0.58 to 0.73)†

*Adjusted for sex, gestation age and birthweightbirth weight z- score <-2SD.
†P<0.05 with Bonferroni correction.

Table 4 Timing and duration of treatment for PDA among infants born at <32 weeks’ gestational age in England and Wales 
from 2010 to 2017

Indomethacin Ibuprofen Paracetamol Surgery

Infants who received treatment, n (%) 1255 (7.6) 4428 (26.9) 3857 (23.5) 916 (5.6)

No of days of use, median (IQR) 3 (2–5) 3 (2–4) 3 (2–7) NA

Day after birth at first treatment, median (IQR) 8 (4–15) 10 (6–16) 58 (21–73) 33 (24–45)

PMA at first treatment (completed weeks), median (IQR) 27 (25–28) 27 (25–28) 34 (29–37) 29 (28–31)

PDA, patent ductus arteriosus; PMA, post- menstrual age.
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DISCUSSION
In England and Wales, between 2010 and 2017, 28% of 
very preterm infants were diagnosed to have a PDA and, 
of them, over one- third were treated with ibuprofen, 
indomethacin, and/or surgical closure.

Infants who had a PDA and survived to discharge had 
worse clinical outcomes with higher adjusted odds of 
BPD, NEC, IVH and late onset sepsis as compared with 
those who did not have a PDA. Delayed closure of the 
ductus is known to be associated with adverse outcomes 
including prolongation of need for respiratory support, 
BPD, pulmonary haemorrhage NEC, IVH, periventric-
ular leukomalacia and cerebral palsy.2 However, it is 
not established whether these adversities are the direct 
consequences of haemodynamic instability due to the 

patent duct and moreover, if inducing ductal closure 
can prevent or reduce the risk of occurrence or severity 
of these common complications of prematurity.2

Echocardiography is not routinely performed on all 
very preterm infants in the UK. We did not have the 
information to determine how the diagnosis was estab-
lished. Infants with a PDA that was haemodynamically 
insignificant and was not treated may not have the diag-
nosis entered in the database. A diagnosis of PDA is more 
likely to have been recorded in the database for those 
infants who had clinical features of PDA and/or had an 
echocardiography. Such infants may have been more 
unwell and at a higher risk of the other morbidities and 
of dying as compared with those who had asymptom-
atic PDAs that were not evident on clinical assessment 

Table 6 Infants born at <28 weeks’ gestational age with a PDA who received treatment vs those who did not in England and 
Wales from 2010 to 2017

Infant characteristics Not treated Treated P value for difference

n (%) 5718 (54.9) 4700 (45.1)

Females, n (%) 2647 (46.3) 2187 (46.5) 0.807

Gestational age at birth (weeks), median (IQR) 26 (25–27) 25 (24–26) <0.001

Birth weight (in g), mean (SD) 837 (190) 786 (174) <0.001

Birth weight z- score, mean (SD) −0.12 (0.87) −0.13 (0.83) 0.544

Length of stay (days), median (IQR) 88 (69−110) 103 (81−125) <0.001

Adverse outcomes Not treated Treated Adjusted OR (95% CI)*

Bronchopulmonary dysplasia, n (%) 2112 (36.9) 2212 (47.1) 1.42 (1.31 to 1.54)†

Necrotising enterocolitis, n (%) 578 (10.1) 399 (8.5) 0.72 (0.63 to 0.82)†

Late onset sepsis, n (%) 3847 (67.3) 3702 (78.8) 1.61 (1.47 to 1.76)†

Death before discharge, n (%) 974 (17.0) 651 (13.9) 0.59 (0.53 to 0.66)†

*Adjusted for sex, gestation age and birth weight z- score <-2SD.
†P<0.05 with Bonferroni correction.
PDA, patent ductus arteriosus.

Table 7 Infants born at 28–31 weeks’ gestational age with a PDA who received treatment vs those who did not in England 
and Wales from 2010 to 2017

Infant characteristics Not treated Treated P value for difference

n (%) 5001 (83.0) 1021 (17.0)

Females, n (%) 2409 (48.2) 448 (43.9) 0.012

Gestational age at birth (weeks), median (IQR) 29 (28−30) 28 (28−29) <0.001

Birth weight (in g), mean (SD) 1255 (306) 1150 (278) <0.001

Birth weight z- score, mean (SD) −0.16 (1.07) −0.32 (1.07) <0.001

Length of stay (days), median (IQR) 58 (45−73) 68 (54−85) <0.001

Adverse outcomes Not treated Treated Adjusted OR (95% CI)*

Bronchopulmonary dysplasia, n (%) 836 (16.7) 307 (30.1) 1.81 (1.54 to 2.13)†

Necrotising enterocolitis, n (%) 170 (3.4) 34 (3.3) 0.83 (0.57 to 1.21)†

Late onset sepsis, n (%) 1926 (38.5) 555 (54.4) 1.61 (1.40 to 1.86)†

Death before discharge, n (%) 221 (4.4) 58 (5.7) 1.42 (1.05 to 1.90)†

*Adjusted for sex, gestation age and birth weight z- score <-2SD.
†P<0.05 with Bonferroni correction.
PDA, patent ductus arteriosus.
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and were therefore not recorded as a diagnosis. We 
found that a higher percentage of infants who had a 
PDA died before discharge however, after adjusting for 
confounders the odds of death was lower in the group 
that had a PDA. This reversal of the direction of the 
link between PDA and death before discharge was seen 
after adjustment for GA. Infants born at the lowest GA 
weeks’ have the highest incidence of PDA and also have 
the highest mortality risk. In the subgroup analysis 
including only the extremely preterm infants, we found 
that the percentage who died was significantly higher 
in the group that did not have a PDA and the adjusted 
odds of death remained statistically significantly higher 
in that group even after adjustment for GA. We did not 
exclude early deaths and infants who survived were 
more likely to have undergone a clinical or echocardio-
graphic evaluation resulting in a diagnosis of PDA as 
compared with those who did not live long enough for 
such a diagnosis to be made. We have reported similar 
confounding in other reports10 and such survival bias is 
a recognised limitation of observational studies particu-
larly in a population such as extremely preterm infants 
where there is a high risk of early deaths.

Overall, ibuprofen was the most frequently chosen 
pharmacological agent for PDA closure. In 2011, 
indomethacin and ibuprofen were used in similar 
numbers of infants with PDA. Over the study period, 
use of ibuprofen increased and that of indometh-
acin decreased such that ibuprofen was more than 
three times more frequently used as compared with 
indomethacin (27.3% vs 8.8%) in 2017. We analysed 
treatment with paracetamol separately. The NNRD 
does not include information on the indication of 
drug use and while indomethacin and ibuprofen are 
almost exclusively used for PDA closure, paracetamol 
may be prescribed for other indications. Similarly, it 
is possible that some use of indomethacin, particu-
larly when given on the first day after birth, may have 
been for prevention of IVH and not following a PDA 
diagnosis although such treatment may then have 
reduced the possibility of the infant needing further 
treatment for PDA11 We found that the median first 
day of use of ibuprofen and indomethacin were 10 
and 8 days after birth, respectively, when they may 
have been used for targeted closure of PDA, while 
the median first day of use of paracetamol was day 
58. Although such later use of paracetamol may have 
been for PDA closure after other agents had failed, it 
is likely that this reflects use as analgesic- antipyretic 
coinciding with the first set of routine immunisations 
which occur around this time.

Infants who were treated were more likely to be 
boys, were more premature, smaller, and had lower 
birthweight- for- age z- scores. This is similar to other 
studies9 although Isayama et al found no difference 
in the percentage of male infants between the treated 
and untreated groups. When compared with those 
not treated, we found that those who were treated had 

higher adjusted odds of adverse clinical outcomes. 
This may again be a limitation of the observational 
design of our study that is, confounding by indica-
tion where sicker infants are more likely to be treated 
for their PDA and also more likely to experience the 
adverse outcomes. Evidence from meta- analyses of 
RCTs suggests no difference in such outcomes when 
comparing treatment with medications to conserva-
tive management.6 Lokku et al showed, in a Canadian 
cohort, that increase in conservative management of 
PDA was associated with reduction in a composite of 
adverse outcomes.8 Similarly, Okulu et al12 reported 
that in the cohort of 1193 infants born at 24 to 28 
weeks’ gestation, 24% with echocardiographically 
confirmed moderate- to- large PDA were managed 
conservatively. Although they did not find any differ-
ence in the rates of BPD, infants who were treated 
had a higher rate of death (OR (95% CI), 1.82 (1.15 
to 2.89) when compared with those who were not 
treated12 similar to our finding that the adjusted odds 
of death before discharge was lower among the infant 
with PDA who did not receive treatment, particularly 
among the extremely preterm infants (aOR (95% CI), 
0.59 ((0.53 to 0.66)). The recent PDA- TOLERATE 
trial5 reported more deaths among those who 
received early routine treatment as compared with 
those who were treated conservatively although the 
difference was not statistically significant. Continuing 
the controversy, a multi- national study of association 
of PDA treatment with adverse outcomes showed that 
both high and low rates of PDA treatment were associ-
ated with death or severe neurological injury.9 In this 
study the overall treatment rate was 45% and authors 
found that adverse outcomes including death, severe 
neurological injury, and NEC were less common in 
the neonatal units that followed a moderate approach 
to PDA treatment.9

We found that among those with a PDA, 5.6% had 
surgical ligation at a mean age of 33 days. The majority 
(70%) of these infants had received previous pharmaco-
logical treatment. The recent British Paediatric Surveil-
lance Unit study by Warnock et al showed that between 
September 2021 and September 2013, 263 infants under-
went PDA surgery with inability to wean from respiratory 
support and haemodynamically significant PDA cited as 
the most common reasons for surgical intervention.13 
Similar to our findings, the median age at surgical inter-
vention was 33 days and 66% had received prior medical 
therapy. It should be noted that the group included 
in Warnock et al, are very likely a subset of the cohort 
included in our current study.

Although meta- analyses show that treating PDA does 
not improve important clinical outcomes, the continued 
high rates of clinicians opting for treating PDAs may 
result from the unresolved issues in this area. Most 
trials included in these meta- analyses allowed open- 
label rescue treatment in both groups, resulting in high 
rates of treatment (ranging from 26% to 85%)3 in those 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://bm

jpaedsopen.bm
j.com

/
bm

jpo: first published as 10.1136/bm
jpo-2022-001424 on 16 M

arch 2022. D
ow

nloaded from
 

http://bmjpaedsopen.bmj.com/


8 Al- Turkait A, et al. BMJ Paediatrics Open 2022;6:e001424. doi:10.1136/bmjpo-2022-001424

Open access

randomised to placebo/no treatment. Such contamina-
tion skews the estimated treatment effect towards the null 
hypothesis14 which means that results are more likely to 
show no difference between the two groups. This makes 
the final intention- to- treat analyses difficult to interpret 
and translate into clinical practice. Some argue that the 
preference for no treatment is the result of uncertainties 
about how to treat a PDA rather than evidence favouring 
no intervention.15

Our results represent use of pharmacological agents 
and surgical intervention for PDA among very preterm 
infants receiving newborn care in England and Wales. We 
acknowledge that the interpretations of the worse clinical 
outcomes among those who had a PDA compared with 
those who did not and those who were treated for a PDA 
and those who were not are treated are limited by the 
observational design and the biases mentioned above. 
Another limitation that we faced was that the informa-
tion about the indication of drug use is not included 
in the NNRD. Although we have described the use of 
paracetamol and report an increase in its use during the 
study period, we were unable to include it in our anal-
yses as paracetamol may have been used for its analgesic- 
antipyretic properties rather than as an agent to induce 
PDA closure. Infants who received PDA treatment with 
paracetamol only are therefore not represented in our 
analyses.

The optimal management of PDA remains an unan-
swered question even after numerous randomised 
trials, and systematic reviews.16 Despite the limita-
tions of observational study design, real- world 
evidence from large clinical databases with longer 
term follow- up may be the most pragmatic and effi-
cient research strategy to address this controversy 
that remains unresolved despite numerous RCTs.
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