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Abstract
Objective Evaluate predictors of successful PDA closure following acetaminophen treatment.
Study design Retrospective cohort study of ≤30 weeks GA infants born from 1 January 2013–30 September 2019, and
treated with single course acetaminophen by symptomatic PDA treatment strategy. Multiple maternal and neonatal variables
were identified as potential predictors. Univariate analysis and multivariable regression models were applied to evaluate the
strongest predictors.
Results Sixty-six patients were included, 28 (42.4%) had successful PDA closure following acetaminophen. Success was
associated with GA > 26 weeks (65% vs. 33%, AUC= 0.64), birthweight >750 g (53% vs. 32%, AUC= 0.61), PDA size
≤0.2 cm (63% vs. 32%, AUC= 0.64), and no prior indomethacin use (56% vs. 33%, AUC= 0.61). Multivariable model
identified GA > 26 weeks (RR= 1.92, CI 1.20–3.09) and PDA size ≤0.2 cm (RR: 1.82, CI 1.11–2.98) as the strongest
predictors.
Conclusion Acetaminophen may be more successful in targeted PDA closure in >26 weeks GA infants with PDA size
≤0.2 cm.

Introduction

Management of hemodynamically significant patent ductus
arteriosus (hs-PDA) continues to be controversial with no
consensus on the definition, need/timing for treatment and/
or treatment choices. Medical management of patent ductus
arteriosus (PDA), with nonselective cyclo-oxygenase inhi-
bitors like indomethacin and ibuprofen, is still considered
the primary choice as compared to surgical management

with its associated risks [1]. However, several adverse
effects have been reported with these medications including
gastrointestinal bleeding and perforation, decreased
platelet aggregation, hyperbilirubinemia, renal failure [2–4],
thrombocytopenia, and hyponatremia [5].

Acetaminophen is an analgesic and antipyretic derivative
of acetanilide that is increasingly being used as an alter-
native for medical management of the PDA. Multiple recent
randomized controlled trials (RCTs) [4, 6–13] and a meta-
analysis [1] have reported acetaminophen to be as effective
as indomethacin and ibuprofen for PDA closure, with
potentially fewer adverse effects.

The probability of successful PDA closure with acet-
aminophen may vary, as most RCTs have reported 70–80%
successful PDA closure rates [6–11, 14], while we recently
reported a 40% successful PDA closure using a sympto-
matic PDA closure strategy [15]. Multiple factors including
gestational age (GA), birth weight (BW), small for gesta-
tional age (SGA) status, day of life (DOL) at treatment,
duration of treatment, exposure to antenatal corticosteroids
(ANCS), severity of respiratory distress, Caucasian race,
and intrauterine inflammation have been reported to be
associated with successful PDA closure with indomethacin
[16–19]. However, to date, an evaluation to determine if
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these factors may be associated with successful PDA clo-
sure following acetaminophen has not been conducted. Our
study objective was to identify the clinical predictors
associated with successful PDA closure following acet-
aminophen treatment in preterm infants born <30 weeks
gestation.

Methods

This is a single center, retrospective cohort study performed
at a Level III Neonatal Intensive Care Unit located at
Baystate Children’s Hospital, regional perinatal referral
center for western Massachusetts with the capability of
surgical management of hs-PDA. All infants ≤30 weeks and
0 days GA, born between January 2013 and September
2019, with PDA and treated with acetaminophen as first line
treatment, using symptomatic PDA treatment strategy, were
included in the study. Twins were considered separate
subjects for study purposes if both were treated with acet-
aminophen for PDA. Small for gestational age (SGA)
infants, defined as those with birthweight <10th percentile
for age based on Fenton growth charts for premature infants
were also included [20]. Infants with any significant con-
genital cardiac, pulmonary, neurologic anomalies, or any
significant genetic conditions were excluded from the study.
Infants who received PDA treatment with acetaminophen
and died later were also included in the study. The study
was approved by Baystate Medical Center Institutional
Review Board.

Our overall PDA management strategy included the
treatment of only symptomatic hs-PDA in patients with
need for continued increased respiratory support. Sympto-
matic PDA treatment strategy is currently the most widely
used clinical approach [21], but is also the most difficult to
classify due to variation in attributing clinical significance
of PDA to varying degrees of ventilator dependency and/or
cardiovascular compromise [22]. PDA was considered
hemodynamically significant if moderate-sized or large-
sized based on pediatric cardiologist’s evaluation and/or
PDA size ≥1.5 mm, with additional echocardiographic
findings (left atrial enlargement evidenced by left atrial:
aortic root ratio (LA:Ao) of >1.4, absent or reversal of flow
in the descending aorta, or left ventricular dilatation) and/or
clinical findings (metabolic acidosis with base excess <−7,
mean blood pressure less than weeks in gestation or
requiring vasopressor support, bounding pulses/hyperactive
precordium) and with continued need for significant
respiratory support. Prior to 2015 only infants who had a
contraindication to indomethacin were treated with acet-
aminophen, but since 2015 acetaminophen has been used as
the standard first line medication for medical management
of PDA. Acetaminophen dosage was similar to other

reported studies as 15 mg/kg/dose, orally or intravenously,
every 6 hour for 3 days [23]. We evaluated for successful
PDA closure following a single 3 day course of acet-
aminophen with no prior treatment of the PDA. Successful
PDA closure was defined as no PDA or small PDA, based
on post-treatment echocardiogram officially assessed by the
pediatric cardiologists, using a definition of PDA diameter
<1.5 mm (GA ≤ 26 weeks) or <2.0 mm (GA ≤ 30 weeks) as
“small” or “hemodynamically nonsignificant” [24]. Pre-
treatment echocardiogram was obtained for all patients prior
to initiation of PDA treatment. Post-treatment echocardio-
gram was obtained for all infants within 24 hours of treat-
ment completion, except when the treatment was completed
over the weekend, and the repeat echocardiogram was
obtained on the first working weekday. All infants were
classified either as successful PDA closure group (small or
no PDA) or nonsuccessful PDA closure group (no change
or increase in PDA size). Although minor practice varia-
tions did exist among the neonatologists, our overall PDA
management strategy was treating hs-PDA only in an infant
requiring significant respiratory support. Our clinical prac-
tice also includes routine administration of indomethacin for
intraventricular hemorrhage (IVH) prophylaxis for all
infants born <750 g (dosage: 0.1 mg/kg/dose, every 24 hour
for 3 days) without screening echocardiograms. For this
study prophylactic indomethacin for IVH prevention was
not considered as treatment of PDA.

The clinical factors identified as predictors of interest
were evaluated as binary categorizations of: GA (<26 weeks
vs. >26 weeks), BW (<750 g vs. >750 g), treatment DOL
(Early: ≤7 DOL vs. Late: >7 DOL), corrected GA at the
time of treatment (≤28 weeks vs. >28 weeks), route of
administration (oral vs. intravenous), SGA status (vs.
appropriate for GA infants), use of ANCS versus none,
prior prophylactic indomethacin administration for preven-
tion of IVH vs. none, need for invasive mechanical venti-
lation (vs. noninvasive respiratory support), fraction of
inspired oxygen (FiO2) need at treatment (≤0.3 vs. >0.3),
maternal chorioamnionitis vs. none, total fluid volume
(TFV) prescribed during the treatment time period (low
TFV: <130 ml/kg/day vs. high TFV > 130 ml/kg/day).
Additionally, we studied the ordinally scaled PDA size
(moderate to large and large PDA vs. moderate size PDA),
PDA size (>0.2 cm vs. ≤0.2 cm) and LA/Ao ratio (>1.5 vs.
≤1.5), which were assigned by the pediatric cardiologist
reading the echocardiograms. For all patients with unsuc-
cessful PDA closure following initial acetaminophen treat-
ment, further data regarding follow-up PDA treatments and/
or surgical intervention, pre/post PDA treatment sizes and
follow-up success rates were also collected.

For statistical analysis, we initially evaluated the differ-
ences in neonatal characteristics by the presence or absence
of successful PDA closure. Categorical variables are
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presented as frequencies and percentages (e.g., predicted
probabilities of successful closure), whereas continuous
variables are presented as means and standard deviations.
We then performed a univariable analysis (Fisher exact test
for categorical variables and Wilcoxon rank-sum for con-
tinuous variables), however as our sample size was small,
power was limited, and therefore statistical testing was
meant to be exploratory in nature. Of particular interest
were categorical predictors, which we assessed by calcu-
lating the relative risk (RR) and 95% confidence intervals
(CI) using log-binomial models. To assess overall dis-
crimination, we used the area under the curve (AUC) where
an AUC of 0.5 indicates no discrimination (like flipping a
coin). To simultaneously evaluate which predictors had
possibly the strongest associations, we explored a multi-
variable log-binomial model. Due to the small number of
outcome events (e.g., successful PDA closure), we followed
a common rule of thumb in which we selected approxi-
mately one predictor for every ten events. To select pre-
dictors, we chose those with an AUC > 0.60 [25, 26] and
reduced our model to the fewest relevant predictors. Sta-
tistical analysis was conducted using Stata version 16.0,
StataCorp, LP, College Station, TX.

Results

A total of 66 patients met inclusion criteria with mean GA
of 25.5+ 2.1 weeks and mean BW 783.1+ 264.6 g. Mean
age at initiation of PDA treatment was 11.0+ 8.2 days
(Median: 8 days, IQR: 5–13 days) (Table 1). 30 (45.5%) of
the patients were treated within seven DOL, while 36
(54.5%) were treated after seven DOL. Table 1 describes
the baseline demographic information and clinical char-
acteristics of the infants included in the study. There were
46 infants (69.7%) born at ≤26 weeks GA, 34 (51.5%) had
BW < 750 g, 44 (66.7%) were treated at corrected GA <
28 weeks and 50 (75.8%) were treated with intravenous
acetaminophen (Table 2).

Successful PDA closure was achieved in 28 (42.4%)
infants following acetaminophen as first line of treatment
for PDA.

Infants with successful PDA closure were more likely to
be higher GA (26.3+ 2.4 weeks vs. 24.9+ 1.6 weeks,
p= 0.009), higher BW (861.3+ 303.1 g vs. 725.5+ 219 g,
p= 0.038) and higher corrected GA (27.9+ 2.6 weeks vs.
26.5+ 2.1 weeks, p= 0.016) (Table 1). On univariate
analysis, successful PDA closure was associated with
higher birth GA (65% for >26 weeks vs. 33% for
≤26 weeks, AUC= 0.64), higher BW (53% for >750 g vs.
32% for ≤750 g, AUC= 0.61) and higher corrected GA
(59% for >28 weeks vs. 34% for ≤28 weeks, AUC= 0.61)
(Table 2). No exposure to indomethacin for IVH

prophylaxis in the first 3 days of life was associated with
increased successful PDA closure rates after acetaminophen
(56% vs. 33%, AUC= 0.61) (Table 2). In our sample, there
was no association between DOL at treatment, acet-
aminophen route of administration, SGA status, ANCS
exposure, invasive mechanical ventilation at time of treat-
ment, FiO2 need at the time of treatment, maternal chor-
ioamnionitis, and TFV administered with successful PDA
closure (Table 2).

Smaller PDA size was also associated with higher suc-
cessful PDA closure rates following acetaminophen (60%
for ≤0.2 cm vs. 32% for >0.2 cm, AUC= 0.64), while LA/
Ao ratio did not correlate with successful PDA closure
(Table 3).

In our multivariable model, we entered GA, BW, PDA
size, and prior indomethacin exposure. Although corrected
GA was also identified as a possible predictor, this was
collinear with birth GA which had a larger AUC, and hence
corrected GA was left out of the model. Since degree of
respiratory support (invasive vs. noninvasive; and FiO2

needs) did not show any association in the univariate model,
they were not included in the multivariate model. Our final
model suggested that both GA and PDA size were the
strongest predictors of successful PDA closure. Infants with
GA > 26 weeks at birth were nearly twice as likely to have a
successful PDA closure than infants with GA ≤ 26 weeks
(RR= 1.92, 95% CI= 1.20–3.09); and infants with a PDA
size ≤0.2 cm were nearly twice as likely to have a successful
PDA closure than infants with PDA size >0.2 cm (RR=
1.82; 95% CI 1.11–2.98) (Table 4).

Additionally, we also looked at the treatment course of
all infants with failed PDA closure following acet-
aminophen (n= 38). There were 15 infants that were further
treated with a second course of acetaminophen and only
three (20.0%) had successful PDA closure after a failed first
course of acetaminophen. A total of 18 infants were further
treated with indomethacin, either as second or third course
of PDA treatment after failed acetaminophen treatment, and
only four infants (22.2%) had successful PDA closure and
nine eventually required surgical PDA ligation. A total of
15 infants (39.5%) underwent surgical ligation due to fail-
ure of the initial acetaminophen course. There were no
differences in any of the other short-term clinical outcomes
(length of stay, severe retinopathy of prematurity, severe
IVH, surgical necrotizing enterocolitis, bronchopulmonary
dysplasia (BPD), death, and death or BPD) in the two
groups.

Discussion

Acetaminophen is increasingly being used for initial med-
ical management of PDA as demonstrated by multiple case
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series [23, 27, 28] and recent randomized controlled trials
[4, 6–10, 12, 14]. In our study, with symptomatic PDA
treatment strategy, we found that infants >26 weeks GA or
with PDA size ≤0.2 cm were nearly twice as likely to have
successful PDA closure after acetaminophen compared to
infants ≤26 weeks or with PDA size >0.2 cm. Both
>26 weeks GA and PDA size ≤0.2 cm were independent
predictors of successful PDA closure. These results are in
line with published studies, which report lower GA to be an
independent risk factor for failure of ductal closure with
indomethacin [16, 17, 29]. Similarly, larger PDA is known

to be more resistant to successful closure with indomethacin
[30, 31].

We report a lower probability of successful PDA closure
(42.4%) following acetaminophen compared to the previous
published RCTs, which range from 70 to 100% successful
PDA closure [4, 6–12, 14]. This is likely related to differ-
ences in the patient population of the enrolled subject as
well as our unit’s clinical practice of symptomatic PDA
treatment strategy used to treat hs-PDA, which were
potentially causing pulmonary comorbidity of continued
need for mechanical ventilation and inability to wean. Most

Table 1 Demographic
characteristics and
echocardiogram findings of
infants included in the study.

Total
(n= 66) n (%)

Successful PDA closure p-valuea

No (n= 38) n (%) Yes (n= 28) n (%)

Gestational age (weeks), Mean
(SD)

25.5 (2.1) 24.9 (1.6) 26.3 (2.4) 0.009*

Birth weight (g), Mean (SD) 783.1 (264.6) 725.5 (219.0) 861.3 (303.1) 0.038*

Male, n (%) 34 (51.5) 17 (44.7) 17 (60.7) 0.223

Vaginal delivery, n (%) 21 (31.8) 12 (31.6) 9 (32.1) 1.0

Race, n (%)

White 6 (9.1) 2 (5.3) 4 (14.3) 0.227

African-American 51 (77.3) 31 (81.6) 20 (71.4)

Other 9 (13.6) 5 (13.2) 4 (14.3)

Hispanic, n (%) 26 (39.4) 14 (36.8) 12 (42.9) 0.799

5 min APGAR, median (IQR) 7.0 (5.0, 8.0) 7.0 (5.0, 8.0) 6.5 (5.5, 8.0) 0.772

Antenatal steroids, n (%) 53 (80.3) 32 (84.2) 21 (75.0) 0.369

Small for gestational age, n (%) 14 (21.2) 8 (21.1) 6 (21.4) 1.0

Maternal chorioamnionitis, n (%) 20 (30.3) 13 (34.2) 7 (25.0) 0.799

Corrected gestational age at Rx
(weeks), mean (SD)

27.1 (2.4) 26.5 (2.1) 27.9 (2.6) 0.016*

Acetaminophen route, n (%)

IV 50 (75.8) 27 (71.1) 23 (82.1) 0.388

PO 16 (24.2) 11 (28.9) 5 (17.9)

Invasive mechanical ventilation
at Rx, n (%)

42 (63.6) 26 (68.4) 16 (57.1) 0.439

FiO2 at the time of treatment,
mean(SD)

35.51 (14.0) 35.99 (11.7) 34.86 (16.8) 0.748

TFV < 130 ml/kg/day at the time
of Rx, n (%)

9 (13.6) 5 (13.2) 4 (14.3) 0.589

Prior indomethacin for IVH
prophylaxis, n (%)

39 (59.1) 26 (68.4) 13 (46.4) 0.083

PDA size, n (%)

Moderate 38 (57.6) 19 (50.0) 19 (67.9) 0.361

Moderate–large 5 (7.6) 3 (7.9) 2 (7.1)

Large 23 (34.8) 16 (42.1) 7 (25.0)

PDA size (cm), Mean (SD) 0.23 (0.06) 0.24 (0.05) 0.21 (0.05) 0.064

LA/Ao ratio, Mean (SD) 1.54 (0.26) 1.51 (0.22) 1.58 (0.32) 0.335

PDA patent ductus arteriosus, SD standard deviation, TFV total fluid volume, FiO2 fraction of inspired
oxygen, Rx treatment, IQR interquartile interval (25th –75th percentiles).
at-tests were conducted for continuous variables represented as mean (SD), whereas Wilcoxon rank sum was
used for continuous variables represented as median (IQR). Fisher exact test was used for categorical
variables. *p-value < 0.05.

Predictors of successful patent ductus arteriosus closure with acetaminophen in preterm infants 1001



published RCTs to date are from the eastern hemisphere,
enrolling larger GA infants with mean GA > 30 weeks
[6, 9, 10, 12, 13], larger BW infants with BW 1000–1500 g
[7, 11] and >1500 g [6, 9, 10] infant with only one study
enrolling infants <28 weeks GA [11]. Most preterm infant
≥28 weeks of gestation spontaneously close the PDA by the
end of the first postnatal week [16, 17, 32, 33], while
50–70% of infants <28 weeks of gestation may have a
moderate-to-large PDA shunt persisting for weeks after
birth [34, 35]. Meanwhile, our patients were considerably
younger with a mean GA of 25.5+ 2.1 weeks and mean
BW of 783+ 264 g, which could explain a lower PDA
closure rate when compared to other published studies.
Additionally, the PDA treatment strategy followed may be
different in the RCTs compared to our practice. Most stu-
dies had used a prophylactic or early symptomatic PDA
treatment strategy with most patients enrolled or treated
within the first 3–5 DOL (Table 5). The one RCT which

enrolled infants <28 weeks GA, likely also used an early
PDA treatment strategy, as the mean DOL at treatment was
2.7+ 0.6 days [11]. On the other hand, our clinical practice
is expectant management with watchful waiting and
symptomatic PDA treatment when necessary, which is a
commonly used approach in North America [22, 36, 37].
Hence, the PDA treatment for our cohort of infants was
delayed with mean DOL of treatment of 11+ 8.2 days, and
may also have contributed to the lower closure rate. Among
all infants who failed PDA closure following acet-
aminophen, they also had a poor response to follow-up
indomethacin treatment (total n= 18, with 4 (22.2%) suc-
cessful PDA closures) further suggesting that the strategy of
delayed treatment might have contributed to the lower
overall success rate rather than the choice of medication
itself. Since 15 of the 38 patients (39.5%) who failed to
have PDA closure following acetaminophen eventually
required surgical ligation, this also suggests that these PDA

Table 2 Clinical characteristics
of successful vs. nonsuccessful
PDA closure groups.

Total
(n= 66) n (%)

Successful PDA closure p-value RR (95% CI) AUC

No (n= 38) n (%) Yes (n= 28) n (%)

Gestational age (weeks)

≤26 46 (69.7) 31 (67.4) 15 (32.6) 0.03# Referent 0.64*

>26 20 (30.3) 7 (35.0) 13 (65.0) 1.99 (1.18, 3.37)

Birth weight (g)

≤750 34 (51.5) 23 (67.6) 11 (32.4) 0.14 Referent 0.61*

>750 32 (48.5) 15 (46.9) 17 (53.1) 1.64 (0.91, 2.95)

Day of life at Rx (days)

≤7 30 (45.5) 18 (60.0) 12 (40.0) 0.81 Referent 0.52

>7 36 (54.5) 20 (55.6) 16 (44.4) 1.11 (0.63, 1.97)

Corrected gestational age at Rx

≤28 44 (66.7) 29 (65.9) 15 (34.1) 0.07 Referent 0.61*

>28 22 (33.3) 9 (40.9) 13 (59.1) 1.73 (1.01, 2.97)

Acetaminophen route

PO 16 (24.2) 11 (68.8) 5 (31.3) 0.39 Referent 0.56

IV 50 (75.8) 27 (54.0) 23 (46.0) 1.47 (0.67, 3.23)

Small for gestational age

No 52 (78.8) 30 (57.7) 22 (42.3) 1.0 Referent 0.50

Yes 14 (21.2) 8 (57.1) 6 (42.9) 1.01 (0.51, 2.01)

Antenatal betamethasone

No 13 (19.7) 6 (46.2) 7 (53.8) 0.37 Referent 0.55

Yes 53 (80.3) 32 (60.4) 21 (39.6) 0.74 (0.40, 1.34)

Prior indomethacin for IVH prophylaxis

No 27 (40.9) 12 (44.4) 15 (55.6) 0.08 Referent 0.61*

Yes 39 (59.1) 26 (66.7) 13 (33.3) 0.60 (0.34, 1.05)

Invasive mechanical ventilation at Rx

No 24 (36.4) 12 (50.0) 12 (50.0) 0.44 Referent 0.56

Yes 42 (63.6) 26 (61.9) 16 (38.1) 0.76 (0.44, 1.33)

FiO2 at the time of treatment

≤0.3 26 (39.4) 14 (53.8) 12 (46.2) 0.80 Referent 0.53

>0.3 40 (60.6) 24 (60.0) 16 (40.0) 0.87 (0.49, 1.52)

Maternal chorioamnionitis

No 46 (69.7) 25 (54.3) 21 (45.7) 0.59 Referent 0.55

Yes 20 (30.3) 13 (65.0) 7 (35.0) 0.77 (0.39, 1.51)

Low TFV < 130ml/kg/day

No 57 (86.4) 33 (57.9) 24 (42.1) 1.0 Referent 0.51

Yes 9 (13.6) 5 (55.6) 4 (44.4) 1.06 (0.48, 2.33)

PDA patent ductus arteriosus, IVH intraventricular hemorrhage, Rx treatment, FiO2 fraction of inspired
oxygen, TFV total fluid volume. #p-value < 0.05, *AUC > 0.6
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might have been larger and more resistant to pharmacolo-
gical closure. Additionally, another recent randomized
control trial reported only a 42.4% successful PDA closure
rate with initial acetaminophen course (71.4% cumulative
closure rate with two courses) in infants with mean GA of
32.1 weeks and treated at mean DOL 9. This further sug-
gests that delayed treatment of PDA may be associated with
relatively lower successful PDA closure rate even in rela-
tively larger preterm infants [13].

Our results are similar to the multicenter PDA-
TOLERATE trial, which also reported a lower successful
PDA closure rate with acetaminophen. The trial enrolled
<28 weeks GA infants and randomized them at 8.1 ±
2.1 days to either early drug treatment arm or conservative
management with potential for rescue treatment arm after
seven DOL. Twenty-six infants in the early drug treatment
arm and 15 infants in the conservative arm were eventually
treated with acetaminophen with 7/26 (27%) and 6/15
(40%) success rate, respectively in the two arms [38].
Interestingly, one other recent open label randomized

control trial has reported a very low successful PDA closure
rate (5.9%) with a mean GA of 25.7+ 1.4 weeks GA and
BW 785+ 203 g, with median PDA treatment days of
8 days. This study had a small sample size of 17 patients in
the acetaminophen arm, and enrollment for this trial was
stopped earlier by the data safety monitoring board due to
poor efficacy [39]. The results of these studies which
include smaller GA infants and using symptomatic PDA
treatment strategy, combined with our results suggest that
acetaminophen may have a lower successful PDA closure
rated in infant born <28 weeks with symptomatic PDA
treatment strategy in comparison to indomethacin. This is
also supported by in vitro and in vivo preclinical studies,
which found acetaminophen to be less effective than
cyclooxygenase inhibitors in very immature animals
[27, 40]. Hence, in less mature infants (especially those
≤26 weeks) its efficacy is significantly reduced in compar-
ison to indomethacin [38, 41].

Prior studies have reported associations between expo-
sure to maternal betamethasone to play a role in determining
the success of drug-induced closure during the first days
after birth [16, 42]. However, we did not find any asso-
ciation between maternal ANCS exposure on ductal closure,
probably due to the rationale that these risk factors may no
longer play a role in the rate of ductus constriction when
PDA treatment is started after the first week. We also did
not find any significant association between ductal closure
and SGA status, maternal chorioamnionitis, TFV prescribed
at the time of treatment, DOL at the time of treatment, infant
respiratory status, oxygen needs, acetaminophen adminis-
tration route or other clinical factors. This is likely due to
our small sample size rendering low power to detect
meaningful differences, or due to difference in treatment
strategy as most of the prior studies have focused on an

Table 3 PDA characteristics of
successful vs. nonsuccessful
PDA closure groups.

Total (n= 66)
n (%)

Successful PDA closure p-value RR (95% CI) AUC

No (n= 38)
n (%)

Yes (n= 28)
n (%)

PDA size

Moderate/Moderate–large 43 (65.2) 22 (51.2) 21 (48.8) 0.20 Referent 0.59

Large 23 (34.8) 16 (69.6) 7 (30.4) 0.62
(0.31, 1.24)

PDA size (cm)

>0.2 41 (62.1) 28 (68.3) 13 (31.7) 0.04# Referent 0.64*

≤0.2 25 (37.9) 10 (40.0) 15 (60.0) 1.89
(1.09, 3.28)

LA/Ao ratio

≤1.5 41 (62.1) 25 (61.0) 16 (39.0) 0.61 Referent 0.54

>1.5 25 (37.9) 13 (52.0) 12 (48.0) 1.23
(0.70, 2.15)

PDA patent ductus arteriosus, LA/Ao Left atrium:aortic root. #p-value < 0.05, *AUC > 0.6.

Table 4 Predictors of successful PDA closure with acetaminophen.

Probability of successful PDA
closure n % (95% CI)

Relative risk
(95% CI)a

Gestational age (weeks)

≤26 33.0 (20–46.0) Referent

>26 63.4 (45.3–81.5) 1.92 (1.20–3.09)

PDA size (cm)

>0.2 32.2 (18.6–45.7) Referent

≤0.2 58.6 (41.9–75.3) 1.82 (1.11–2.98)

PDA patent ductus arteriosus.
aBased on multivariable log binomial regression model.
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earlier PDA treatment strategy compared to our current
practice. In addition, the cut off points of our variables may
not be identifying clinically important thresholds with
regards to successful PDA closure and a larger sample size
may be able to address these issues. Our clinical practice also
includes routine administration of indomethacin for IVH
prophylaxis for all infant born <750 grams for the first three
DOL. No study to date has evaluated the effectiveness of
PDA closure with acetaminophen following prior indo-
methacin exposure directly, but it has been demonstrated
from multiple studies that prophylactic indomethacin usage is
associated with lower prevalence of PDA [43, 44]. As all our
study subjects had a moderate or large PDA as part of the
inclusion criteria, and on average were treated at 11.0+
8.2 days of life, we speculate that prophylactic indomethacin
may not have affected PDA closure with acetaminophen.
Interestingly, in our study population, exposure to indo-
methacin for IVH prophylaxis was associated with decreased
successful PDA closure rates as compared to infants who had
not received prophylactic indomethacin (33% vs. 56%,
AUC= 0.61). We speculate that this association was likely
secondary to the fact that only infants with lower BW and
GA received prophylactic indomethacin, and hence they had
lower successful PDA closure following acetaminophen,
which is consistent with the rest of the results. After
removing all patient who received prophylactic indomethacin
(n= 39), in the remaining 27 infant, acetaminophen had
55.6% successful PDA closure rate, which is higher than
overall 42% successful closure rate in the entire cohort, again
likely due to selecting out a cohort with higher BW.

Although our study is limited by single center retro-
spective data collection and a small sample size; the data
was exclusively extracted by neonatologist and cardiologist
to maintain its accuracy. The utilization of an evidence-
based clinical practice guideline regarding PDA diagnosis
and management in a small group of closely working
physicians is one of the strengths of our study. Although,
we did not have any acute short term complications asso-
ciated with acetaminophen usage, we do not have long term
follow-up data available for these patients, which may be
important as there have been some concerns regarding long
outcome following acetaminophen exposure [45, 46]. There
are at least 19 ongoing trials ongoing that would provide
additional evidence regarding this topic [1].

In conclusion, in our study, we report an overall lower
successful PDA closure rate following acetaminophen
treatment when using symptomatic PDA closure strategy.
Both GA > 26 weeks and PDA size ≤0.2 cm were associated
with higher probability of successful PDA closure following
acetaminophen. Acetaminophen may be more useful in
targeted PDA closure in infants >26 weeks GA and PDA
size ≤0.2 cm. Future studies with a larger sample size with
symptomatic treatment strategy for medical management ofTa
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PDA are needed to identify the most efficacious and safest
agent with highest probability of successful closure.
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