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A Pilot Randomized Controlled Trial of Early Targeted Patent Ductus
Arteriosus Treatment Using a Risk Based Severity Score (The PDA RCT)
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Objectives To evaluate the feasibility of recruiting preterm infants to a randomized controlled trial of patent ductus
arteriosus (PDA) treatment based on a PDA severity score (PDAsc) and to characterize challenges in obtaining con-
sent, compliance with the protocol, and PDA closure rates.
Study design This single-center, randomized control pilot study of 60 infants <29 weeks of gestation with a high
PDAsc (³5.0) at 36-48 hours of age receiving either ibuprofen or placebo intravenously. The study protocol did not
allow for additional PDA therapy within the first 2 weeks. We reported the rate of consent, open label treatment, and
PDA closure rates. The primary outcome was chronic lung disease or death.
ResultsWe approached 83 families for enrollment with 73 (88%) providing consent; 13 infants had a PDAsc of <5;
of the remaining infants, 30 were assigned ibuprofen and 30 received placebo. Eight infants received open label
treatment in the first 2 weeks (12%). The overall PDA closure rate after treatment was 57% in the intervention group
and 17% in the control group (P < .01). There was no difference in the primary clinical outcome (OR, 0.8; 95% CI,
0.3-2.1).
Conclusions Using a PDAsc for infant recruitment to a PDA treatment randomized controlled trial is feasible.
There is a high rate of consent and relatively low rate of open-label PDA treatment. The overall PDA closure rate
in the intervention arm was low placing the emphasis on devising more effective PDA closure strategies in future
randomized controlled trials. (J Pediatr 2021;229:127-34).
Trial Registration ISRCTN (13281214) and European Union Drug Regulating Authorities Clinical Trials Database
(2015-004526-33).
T
he management of a patent ductus arteriosus (PDA) in premature infants, particularly those <29 weeks of gestation,
remains a controversial topic in neonatal medicine. Randomized controlled trials, spanning several decades, have inves-
tigated PDA treatment but failed to demonstrate an improvement in either mortality or short-term morbidities,

including chronic lung disease, necrotizing enterocolitis (NEC), and intraventricular hemorrhage (IVH), or long-term neuro-
disability.1 Regardless, PDA remains a plausible contributor to these morbidities owing to its physiologic effects of pulmonary
overcirculation and systemic hypoperfusion when shunt volume is high.

Failure of randomized controlled trials to demonstrate a beneficial effect resulting from PDA treatment stem from several
important factors: (1) contamination of the control arm with open label PDA treatment, (2) lack of consistent demonstration
that receipt of the randomized intervention to close the PDA modifies the hemodynamic significance of a PDA, and its impact
on pulmonary overcirculation or systemic hypoperfusion, and (3) heterogeneity and lack of clarity in characterizing the hemo-
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dynamic significance and accurately identifying the “at-risk” population most
likely to benefit from closure.2 Many studies have used arbitrary cut-offs of
clinical and echocardiography parameters, unrelated to important short- and
long-term outcomes, with an over-reliance on PDA diameter to determine sig-
nificance.3

A multicenter prospective observational study by our group devised a PDA
severity score (PDAsc) between 36 and 48 hours of life incorporating markers
of pulmonary overcirculation and left ventricular diastolic function to predict
chronic lung disease or death before discharge.4 We therefore designed a trial
to randomize infants with a high PDAsc (³5.0) to either early targeted treatment
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IVH Intraventricular hemorrhage

NEC Necrotizing enterocolitis

PDA Patent ductus arteriosus

PDAsc Patent ductus arteriosus severity score
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with ibuprofen or placebo. In this pilot study, it was our aim
to ascertain issues with recruiting infants and obtaining con-
sent, compliance with the protocol, the rate of PDA closure,
the rate (if any) of loss to follow-up, and the general feasi-
bility and compliance of administering the intervention.
We hypothesized that in preterm infants born <29 weeks of
gestation, using a PDAsc to recruit infants into a PDA ran-
domized controlled trial, where the primary outcome is the
rate of chronic lung disease or death, is feasible and will result
in a high recruitment rate.

Methods

This single-center, randomized, double-blind, 2 arm pilot
study with a balanced (1:1) allocation was carried out in
the level III neonatal intensive care unit of The Rotunda Hos-
pital, Dublin, Ireland.

Participants
All infants born at <29 weeks of gestation with a PDA iden-
tified on comprehensive echocardiography between 36 and
48 hours of life were considered eligible. The PDA risk score
was calculated based on the following formula: (Gestation in
weeks � �1.304) + (PDA diameter in mm � 0.781) + (Left
ventricular output in mL/kg/min � 0.008) + (maximum
PDA velocity in m/s � �1.065) + (left ventricular a’ wave
in cm/s � �0.470) + 41, where 41 is the constant of the
formula.4

Infants with a risk score of ³5.0 were deemed to be at high
risk for developing chronic lung disease or death and were
randomized to either arm. Infants with a low-risk score
(<5.0) were not randomized but followed to discharge in a
similar fashion to randomized infants. Potentially eligible in-
fants were excluded from the study if any of the following
criteria were identified at screening: lethal congenital abnor-
mality or obvious syndrome; suspected pulmonary hypopla-
sia; pulmonary hypertension defined as bidirectional
shunting across the PDA; known or suspected NEC based
on the Bell criteria; thrombocytopenia; a platelet count of
<100 000/mL; impaired renal function with a creatinine of
>100 mmol/L; oliguria of <1mL/kg/h; culture-positive sepsis;
congenital heart disease other than a PDA or a patent fora-
men ovale; active bleeding including grade ³3 IVH or gastro-
intestinal hemorrhage.5 A cranial ultrasound was performed
before commencing treatment. IVH was defined and graded
according to the Papile classification.6

Intervention and Study Procedures
Infants in the intervention arm received intravenous
ibuprofen (Pedea 5 mg/1 mL; Recordati Rare Diseases,
Lebanon, New Jersey) at an initial dose of 10 mg/kg (2 mL/
kg), followed by 2 doses of 5 mg/kg (1 mL/kg) administered
24 hours apart. Treatment was given as an infusion over
15 minutes. Infants in the control group received an intrave-
nous dose of placebo (normal saline), at an equivalent vol-
ume. After completion of the course, the PDA was assessed
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by echocardiography 24 hours after the last ibuprofen dose.
If the PDA remained open (defined as any identifiable
flow), then a second course of treatment (ibuprofen or
placebo) was given.
The study protocol did not allow for additional PDA ther-

apy for the first 2 weeks; however, the clinician responsible
for the infant had the discretion to deviate from this protocol.
Open-label treatment of a PDA beyond the first 2 weeks was
at the discretion of the attending neonatologist. Paracetamol
(15 mg/kg every 6 hours for 3 days followed by 10 mg/kg
every 6 hours for 2 days) was permitted for open-label
PDA treatment. The new onset of any of the exclusion criteria
as listed above were considered as side effects of ibuprofen
treatment if they occurred within 1-3 days of administration
and necessitated discontinuation of the studymedication and
a return to standard care. In addition, concomitant treatment
with gentamicin mandated the discontinuation of therapy
owing to the increased risk of nephrotoxicity.
Echocardiography scans were performed at 3 time periods:

36-48 hours (echo 1 for enrollment); after first course of
medication (echo 2 at 120 hours of age); and after second
course of medication (echo 3 at day 8 of age). Evaluations
were performed using the Vivid S6 (GE Medical, Milwaukee,
Wisconsin) echocardiography system in accordance with
recently published guidelines.7 A comprehensive structural
assessment was conducted to rule out congenital heart
disease. The following measurements were obtained to facil-
itate the derivation of the PDAsc (methods detailed
elsewhere): narrowest PDA diameter (mm) measured using
2-dimensional imaging at the pulmonary end; maximum
shunt velocity across the PDA (in m/s); left ventricular
output (in mL/kg/min); and tissue Doppler imaging of the
lateral mitral valve annulus to measure left ventricular a’
wave (late diastolic velocity).8-10
Outcome Assessment
We reported the number of infants approached, the rates of
exclusion, consent in eligible infants, deviation from the
study protocol, and the rate of PDA closure in both arms
after the completion of the treatment course. The primary
outcome was a composite of chronic lung disease and/or
death before discharge. Chronic lung disease was defined as
the need for oxygen supplementation at 36 weeks corrected
gestational age.11 The following secondary outcomes were re-
corded: pulmonary hemorrhage; surgical PDA ligation; cul-
ture positive sepsis; IVH status at 36 weeks corrected age;
periventricular leukomalacia; NEC; retinopathy of prematu-
rity requiring laser therapy; and days spent on invasive venti-
lation, continuous positive airway pressure, high-flow nasal
cannula, and/or oxygen therapy.5,6,12

A sample of 30 infants per arm (a total of 60 infants) was
planned for this pilot study. This study was not powered to
demonstrate an absolute risk reduction in the primary clin-
ical outcome in the intervention group. Based on our previ-
ous study, the projected rate of the composite primary
outcome in infants with a PDAsc of ³5.0 is 92%.4 The sample
EL-Khuffash et al
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size of 60 infants is sufficient to demonstrate a significant dif-
ference in the primary outcome between the groups if the
event rate is decreased from 90% (which is the anticipated
rate in the control arm) to 55% in the intervention arm
with a probability (power) of 80% based on a sample size
of 24 per arm. The type I error probability associated with
this test of this null hypothesis is 0.05. No interim analysis
was conducted.

A computer-generated central randomization scheme
was used to assign the infants to the 2 arms in a 1:1. Infants
were stratified into 2 gestational age brackets of 23-26 weeks
and 27-28 weeks. The study pharmacist received a file con-
taining the sequence of treatment group assignments for the
cohort from a statistician who was not otherwise involved
in the study. Access to the file was restricted to selected
pharmacy personnel and was both encrypted and password
protected on the pharmacy server.

After randomization, the designated unblinded trial
pharmacist prepared the trial drug or placebo and issued
the syringe to the trial investigator team for administration.
ibuprofen preparation is colorless, odorless, and indistin-
guishable from the saline preparation used for the placebo
arm. Trial participants and their families, health care pro-
viders, data abstractors, echocardiographers, primary
outcome assessors, and data analysts remained blind
throughout to study to the randomized allocation.

Statistical Analyses
Continuous variables were presented as means (SD) or me-
dian (IQR) as appropriate. Dichotomous variables were pre-
sented as proportions and summarized in contingency tables.
A c2 test (or a Fisher exact test as appropriate) was used for
the primary analysis of the dichotomous primary and sec-
ondary outcomes. For continuous secondary outcomes, an
independent samples t test was used to compare normally
distributed data, and Wilcoxon rank-sum test was used for
skewed data. Logistic regression analysis was conducted to
examine the association between PDA presence on day 8
and other important predictor variable and the primary
outcome (and its individual components) and reported as
aORs with 95% CIs. All tests were 2 sided and a P value of
<.05 was considered statistically significant. IBM SPSS
(version 26; SPSS, Inc, Chicago, Illinois) was used for statis-
tical analysis.

Results

Of 145 infants assessed for eligibility between April 2017 and
January 2020, 62 met exclusion criteria; 83 families were ap-
proached for consent, 73 of whom agreed to participate in the
study, giving a refusal rate of 12%. Infants underwent a
comprehensive echocardiography assessment, of whom 13
infants had a PDA score of <5 (low risk) and were not ran-
domized. The rate of chronic lung disease or death in the
low-risk infants was 8% (1/13). The trial stopped after out-
comes for the 60th infant were collected. Sixty infants had
A Pilot Randomized Controlled Trial of Early Targeted Patent Duc
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a risk score of ³5.0 and underwent randomization;
specifically, 30 infants were randomly assigned to receive
ibuprofen (intervention arm) and 30 infants received placebo
(control arm). In the intervention arm, 9 infants had early
discontinuation of treatment (median, 1 dose [IQR, 0-2
doses]); 6 cases developed adverse events (severe IVH
[n = 1], gram-negative sepsis [n = 2], thrombocytopenia
[n = 1], pulmonary hypertension [n = 1], and spontaneous
intestinal perforation [n = 1]) and 3 cases had commence-
ment of a contraindicated concomitant medication (genta-
micin). In the control arm 8 infants had early
discontinuation of treatment (median, 1 dose [IQR, 0-2
doses]); 6 cases owing to adverse events (severe IVH
[n = 2], culture positive sepsis [n = 2], NEC [n = 1], pulmo-
nary hemorrhage [n = 1]) and 2 cases had commencement of
a contraindicated concomitant medication (gentamicin).
None of the infants were lost to follow-up. Eight infants (2
in the intervention arm and 6 in the control arm [13%])
received open-label treatment before the 2-week restriction
period (median, day 8; range, days 6-12). In each case,
open-label treatment was instituted by the attending neona-
tologist who was aware that this constituted a protocol devi-
ation. The primary indication for this deviation was
persistent need for invasive ventilation. Seven of those infants
received paracetamol and 1 infant received ibuprofen. None
of those interventions resulted in closure of the PDA.
Outcome data were available for all recruited infants and
analysis was conducted to include all infants (Figure).
Table I illustrates basic demographics and PDA

characteristics in the 2 groups. Infants in the intervention
arm had lower birthweight (830 � 235 g vs 970 � 217 g;
P = .02), but there were no differences in any of the other
clinical or PDA characteristics between the 2 groups
(Table I). After the first course of treatment, PDA closure
occurred in 16 infants (53%) in the intervention group and
3 infants (10%) in the control group (P < .01). A second
course of treatment was administered for 10 infants in the
intervention group (33%; median PDA diameter, 2.7 mm;
IQR, 2.0-3.5 mm) and 19 infants in the control group
(63%; median PDA diameter, 3.2 mm; IQR, 2.6-3.5 mm).
The overall PDA closure rate by day 8 of age after
completing the 2 treatment courses was 57% (n = 17) in
the intervention group and 17% (n = 5) in the control
group (P < .01).
The primary composite clinical outcome, its individual

components, and the secondary outcomes are presented
in Table II. There are no differences in the composite
outcome of chronic lung disease or death, chronic lung
disease, death, or any of the secondary outcomes between
infants in the intervention group compared with the
control group (Table II). One infant in the placebo arm
received open-label ibuprofen treatment. This treatment
did not result in PDA closure. There was no difference in
the rate of open-label paracetamol treatment between the
2 groups. None of those treatments resulted in PDA
closure.
tus Arteriosus Treatment Using a Risk Based Severity 129



Figure. Study CONSORT flow diagram.

Table I. Baseline demographics and PDA
characteristics

Characteristics Ibuprofen (n = 30) Placebo (n = 30)

Gestation (wk) 26.1 � 1.4 26.3 � 1.3
Birthweight (g) 830 � 235 970 � 217
Male sex 16 (53) 20 (67)
Cesarean delivery 20 (67) 17 (57)
Twin pregnancy 5 (17) 9 (30)
Cord pH 7.35 � 0.09 7.33 � 0.07
5-Minute Apgar score 8 [7-9] 8 [7-8]
Surfactant at delivery 25 (83) 30 (100)
Preeclampsia 6 (20) 4 (13)
Prolonged rupture of membrane 12 (40) 9 (30)
Fetal growth restriction 7 (23) 1 (3)
Magnesium sulphate administration 28 (93) 24 (80)
Antenatal steroid administration 29 (97) 24 (80)
PDA characteristics
PDA risk score 7.4 [5.8-9.9] 7.1 [6.1-8.2]
PDA diameter (mm) 3.1 [2.7-3.5] 3.4 [2.9-3.7]
Left ventricular output (mL/kg/min) 208 [147-241] 205 [166-314]
PDA systolic velocity (m/s) 1.2 [0.5-1.7] 1.1 [�0.3 to 1.8]
Left ventricular a’ wave (cm/s) 5.1 [3.9-5.9] 5.0 [4.2-6.7]

Data are mean � SD, median [IQR], or count (%).
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Logistic regression analysis of the entire cohort was con-
ducted; predictor variables included PDA patency by day 8,
gestational age, birthweight, male sex, and antenatal steroid
administration. Persistent PDA patency by postnatal day 8
was independently associated with the composite primary
outcome of chronic lung disease or death, and chronic lung
disease. Gestational age was also an independent risk factor
for composite primary outcome and death (Table III).
There was no association between birthweight and any of
the outcome variables.

Discussion

In this pilot randomized controlled trial of early PDA treat-
ment based on a PDAsc, the rate of parental agreement to
participate in this trial was high at 88%. This encouraging
finding highlights the willingness of parents to enroll their
high-risk premature infants to randomized trials in our insti-
tution. There was a relatively low rate of protocol deviations
and open-label treatment of the PDA before the first 2 weeks
of age as mandated by our study protocol (13%). Those
EL-Khuffash et al



Table II. Clinical outcomes in the entire cohort

Outcomes
Ibuprofen
(n = 30)

Placebo
(n = 30) OR (95% CI)

P
value

Primary outcome
Chronic lung disease

or death
16 (53) 18 (60) 0.8 (0.3-2.1) .80

Components of primary
outcome

Chronic lung disease
in survivors

8 (36) 14 (54) 0.5 (0.2-1.6) .26

Death 8 (28) 4 (13) 2.4 (0.6-8.9) .33
Causes of death
NEC 3 (37.5) 1 (25) – –
Respiratory failure 2 (25) 1 (25) – –
Sepsis 3 (37.5) 0 – –
Pleural effusion 0 1 (25) – –
Severe IVH 0 1 (25) – –

Secondary outcomes
Inotropes in the first

week
2 (7) 2 (7) 1.0 (0.1-7.6) 1.00

Frusemide
administration

21 (70) 18 (60) 1.6 (0.5-4.5) .59

Median day of
frusemide use

22 [16-39] 25 [19-33] – .75

Red cell transfusions 26 (87) 25 (83) 1.3 (0.3-5.4) 1.00
PDA treatment with

paracetamol
5 (17) 10 (33) 0.4 (0.1-1.4) .23

Median day of
paracetamol
treatment

15 [10-20] 12 [8-16] – .37

PDA ligation 6 (20) 6 (20) 1.0 (0.3-3.5) 1.00
Pulmonary

hemorrhage
1 (3) 1 (3) 1.0 (0.1-16.8) 1.00

NEC 6 (20) 4 (13) 1.6 (0.4-6.5) .73
Postnatal steroids 5 (17) 2 (7) 2.8 (0.5-15.7) .42
Culture-proven sepsis 7 (23) 7 (23) 1.0 (0.3-3.3) 1.00
Retinopathy of

prematurity
requiring
intervention

4 (13) 5 (17) 0.8 (0.2-3.2) 1.00

Grade III/IV IVH 1 (3) 1 (3) 1.0 (0.1-16.8) 1.00
Periventricular

leukomalacia
4 (13) 0 (0) – .12

Ventilation days 3 [1-8] 3 [1-14] – .50
Continuous positive

airway pressure
days

38 [26-47] 34 [28-47] – .56

High-flow nasal
cannula days

14 [9-25] 16 [8-22] – .88

Oxygen days 9 [1-20] 12 [2-26] – .66
Hospital days 87 [75-97] 87 [74-97] – .87

Data are presented as median [IQR], or count (%).
Chronic lung disease rates were assessed in survivors only.

Table III. Association between ductal patency by day 8
of age and the primary outcome

Independent
variables

Dependent variables

Model 1: CLD/death Model 2: CLD Model 3: death

PDA at day 8 of age 5.8 (1.6-21.3)* 7.7 (1.9-30.1)* 0.3 (0.04-2.4)
Gestation 0.4 (0.2-0.8)* 0.7 (0.3-1.4) 0.2 (0.05-0.8)*
Birthweight 1.0 (0.9-1.1) 1.0 (0.9-1.1) 1.0 (0.9-1.1)
Antenatal steroids 1.4 (0.6-3.6) 1.5 (0.6-3.9) 0.7 (0.2-2.7)
Male sex 4.0 (0.9-16.6) 4.4 (1.0-19.1)* 4.4 (0.6-34.4)

CLD, chronic lung disease or death.
Values are aOR (95% CI).
*Significant association between the independent and dependent variables.
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findings suggest that there is a general acceptance to adhere to
this study protocol; however, open-label treatment remains
an important issue in PDA treatment trials. The rate of the
clinical primary outcome in the thirteen infants with a PDAsc
of <5 was low, providing some evidence that the PDAsc can
accurately identify infants in whom the evolution of chronic
lung disease or death is unlikely. However, the anticipated
rate of chronic lung disease or death in the high-risk cohort
who were enrolled in the randomized controlled trial
(PDAsc ³ 5.0) was lower than predicted (57% vs 90%).
This relatively high anticipated incidence was derived from
our previous observational study.

We observed a lower rate of the primary outcome than
originally anticipated; this finding may be explained by our
A Pilot Randomized Controlled Trial of Early Targeted Patent Duc
Score (The PDA RCT)
high exclusion rate of infants who would have been part of
the original risk assessment in our previous observational
study.4 The risk score was potentially applied to a different
population in the current trial owing to its stricter exclusion
criteria. The low rate of spontaneous PDA closure in the con-
trol arm is evidence of the ability of the PDAsc score to
discriminate shunts that are likely to be persistent. However,
further work is required to improve the ability of the score to
predict the evolution of chronic lung disease or death in this
setting. The higher risk of chronic lung disease or death
derived from the observational study may also stem from
the exclusion reasons rather than the presence of the PDA.
Given the relatively high enrollment rate of approached fam-
ilies and the relatively low rate of open-label treatment outside
of the study protocol, a larger trial based on selection of high-
risk infants may be a feasible approach to further address the
association between a PDA and adverse outcomes.
We did not demonstrate any difference in the primary

composite outcome of chronic lung disease or death, or its in-
dividual components between the 2 groups. Our findings are
consistent with the results of most PDA treatment trials that
concluded there was no difference in outcomes between in-
fants who receive treatment vs placebo; however, our study
was not powered to achieve this goal. Although the rate of
death was twice as high in the intervention arm (28 vs
13%), the finding was not statistically significant and we
noted that 3 of those deaths were due to sepsis and were not
attributed to the intervention. This finding should not be
acted on without validation in an adequately powered trial.
The overall rate of successful PDA closure in the interven-

tion arm was only 57%; this was likely due in part to incom-
plete administration of the drug in one-third of the infants.
The rate of adverse events were similar in both groups, high-
lighting the relatively common occurrence of adverse events
in this high-risk population, irrespective of drug exposure.
Recent evidence suggests that small for gestational age infants
have a high clearance of the S-ibuprofen enantiomer, the
pharmacologically active form of the drug in the racemic
preparation of the medication used in this study.13 We
used Pedea, which is a racemic mixture of S (+) and R (�)
enantiomers. Importantly, the inactive R-enantiomer re-
mains inactive when administered intravenously, but is con-
verted to the active form when given orally through liver
metabolism which may explain the enhanced efficacy seen
tus Arteriosus Treatment Using a Risk Based Severity 131



THE JOURNAL OF PEDIATRICS � www.jpeds.com Volume 229
in trials of oral ibuprofen.14 Infants in the intervention group
who failed ibuprofen treatment were of lower gestation and
birthweight but had the highest rate of morbidities including
the primary outcome and its components. This finding high-
lights the high rate of adverse outcomes seen in extremely
premature infants. It was interesting to note that open-
label treatment with paracetamol did not achieve ductal
closure in any of the patients. This result may suggest that
paracetamol is less effective for this purpose in higher risk in-
fants and that prior reports of efficacy were contaminated by
subjects with a lower risk profile.

Several carefully conducted metanalyses have failed to
demonstrate an improvement in outcomes associated with
PDA treatment in premature infants.1,15 Although these
data may support “leaving the PDA alone” or avoiding over-
treatment, we suggest that it is important to consider the lim-
itations of most PDA treatment trials, such as shortcomings
in patient selection and risk stratification and the unpredict-
able efficacy of the studied treatment.16 In addition, open-
label treatment (in particular in the placebo arm) has
contaminated most intervention trials.17 These effects are
coupled with a lack of comprehensive echocardiography
data accurately capturing duration of ductal exposure and
the magnitude of its physiologic impact in both the interven-
tion and control groups. As a result, an appreciation of the
true impact of chronic left to right shunt exposure has re-
mained elusive.14

Quantification of the biological impact of a PDA on pre-
term health is challenging and requires the consideration of
several elements, which include (1) PDA shunt volume
assessment and its impact on the systemic and pulmonary
circulations, (2) myocardial function evaluation, and (3)
antenatal and perinatal characteristics that act as effect mod-
ifiers to either mitigate or exacerbate potential detrimental
consequences of a shunt.18-20 The PDA risk score, developed
from prospectively collected data and used in this study, in-
corporates all 3 major elements, but further work is required
to improve the ability of this score to predict chronic lung
disease or death in an randomized controlled trial setting.4

Unfortunately, ascertainment of risk does not assume
responsiveness to treatment or a reduction in morbidity.
Therefore, a lack of efficacy of ibuprofen therapy should
not be interpreted as evidence of lack of PDA causality in
terms of associated neonatal morbidities. The relationship
between persistent PDA beyond day 7 and the primary
outcome highlights the need to investigate treatment strate-
gies with a high degree of efficacy in achieving PDA closure.

We acknowledge certain limitations of our study. The
study was not designed or powered to identify a difference
in the primary outcome between the groups; rather, it was
meant to be a hypothesis-generating study attempting
to identify better methodology for identifying high-risk
patients and optimizing dosing regimens and treatment
approaches aimed at achieving PDA closure.

In conclusion, in this small placebo-controlled trial of
early ibuprofen treatment in preterm infants <29 weeks of
gestation, selected based on an early PDA score, we found a
132
high rate of enrollment to this trial coupled with a relatively
low rate of open label PDA treatment outside the study pro-
tocol. Our findings indicate that this approach of enrolling
high risk infants to PDA treatment trials is feasible. Further
work is required to improve the ability of the PDA risk score
to predict chronic lung disease/death in the randomized
controlled trial setting. Future PDA treatment trials also
should focus on appraising the efficacy of treatment regimens
with a high success rate in achieving early PDA closure and
shunt elimination compared with prolonged exposure to a
hemodynamically significant shunt. n
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50 Years Ago in THE JOURNAL OF PEDIATRICS
Oral rehydration solution in children with cholera: proof of an important
concept for child health

Nalin DR, Cash RA. Oral or nasogastric maintenance therapy in pediatric cholera patients. J Pediatr 1971;78:355-8.

After pioneering trials in adults,1 Nalin and Cash reported on the use of oral rehydration solutions (ORS) in
children with cholera. These children, from what is now Dhaka, Bangladesh, were dehydrated and losing water

and electrolytes at a ferocious rate (�9 mL/kg/hour). After a 6-hour stabilization period with intravenous (IV) fluids,
the children were then switched to oral or nasogastric ORS, titrated in amounts to match losses through diarrhea or
vomitus. Eight of 12 children required no further IV fluids, and positive water-electrolyte balance was observed in all.

This understated but revolutionary proof of concept trial showed that “.pediatric cholera patients absorb the
solution of glucose and electrolytes from their intestinal tracts in sufficient quantity to maintain positive fluid and
electrolyte balance.” The report led to the application of ORS in much more prevalent diarrheal diseases, including
those caused by other bacteria and viruses. Many trials have shown ORS to be equivalent if not superior to IV fluids,
including studies of children in the US.2

What are the other lessons 50 years on? ORS may be an important adjunct therapy for Ebola virus and Coronavirus
disease 2019 infections,3 and ORS use in the setting of IV shortage is not limited to resource-poor countries.4 The
development of oral rehydration therapy stands as a role model for science, highlighting the critical importance of
support for research, field work, innovation, and global collaboration.5

Christopher P. Duggan, MD, MPH
Boston Children’s Hospital and Harvard T.H. Chan School of Public Health

Boston, Massachusetts

Richard A. Cash, MD, MPH
Harvard T.H. Chan School of Public Health

Boston, Massachusetts
References

1. Nalin DR, Cash RA, Islam R, Molla M, Phillips RA. Oral maintenance therapy for cholera in adults. Lancet 1968;2:370-3.

2. Spandorfer PR, Alessandrini EA, Joffe MD, Localio R, Shaw KN. Oral versus intravenous rehydration of moderately dehydrated children: a ran-

domized, controlled trial. Pediatrics 2005;115:295-301.

3. D’Amico F, Baumgart DC, Danese S, Peyrin-Biroulet L. Diarrhea during COVID-19 infection: pathogenesis, epidemiology, prevention, andman-

agement. Clin Gastroenterol Hepatol 2020;18:1663-72.

4. Patino A, Marsh R, Nilles E, Baugh C, Rouhani S, Kayden S. Facing the shortage of IV fluids—a hospital-based oral rehydration strategy. N Engl J

Med 2018;378:1475-7.

5. Nalin DR, Cash RA. 50 years of oral rehydration therapy: the solution is still simple. Lancet 2018;392:536-8.
tus Arteriosus Treatment Using a Risk Based Severity 133

http://refhub.elsevier.com/S0022-3476(20)31291-9/sref11
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref11
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref12
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref12
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref13
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref13
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref13
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref14
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref14
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref14
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref14
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref14
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref15
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref15
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref15
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref16
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref16
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref16
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref17
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref17
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref17
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref18
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref18
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref18
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref19
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref19
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref19
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref20
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref20
http://refhub.elsevier.com/S0022-3476(20)31291-9/sref20
http://refhub.elsevier.com/S0022-3476(20)31268-3/sref1
http://refhub.elsevier.com/S0022-3476(20)31268-3/sref2
http://refhub.elsevier.com/S0022-3476(20)31268-3/sref2
http://refhub.elsevier.com/S0022-3476(20)31268-3/sref3
http://refhub.elsevier.com/S0022-3476(20)31268-3/sref3
http://refhub.elsevier.com/S0022-3476(20)31268-3/sref4
http://refhub.elsevier.com/S0022-3476(20)31268-3/sref4
http://refhub.elsevier.com/S0022-3476(20)31268-3/sref5

	A Pilot Randomized Controlled Trial of Early Targeted Patent Ductus Arteriosus Treatment Using a Risk Based Severity Score  ...
	Methods
	Participants
	Intervention and Study Procedures
	Outcome Assessment
	Statistical Analyses

	Results
	Discussion
	Data Statement
	References


