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OBJECTIVE Acetaminophen for patent ductus arteriosus (PDA) closure has gained popularity over the last 
decade; however, therapeutic drug monitoring for this indication remains uncertain. The exact timing and 
goal trough serum acetaminophen concentration ranges are not well defined. The purpose of our study is 
to evaluate the impact of therapeutic drug monitoring on both PDA closure rates and identify real-world risk 
of hepatotoxicity.

METHODS Retrospective single-center chart review of neonates admitted to the neonatal intensive care unit 
(NICU) between April 2016 and August 2022 with at least 1 serum acetaminophen concentration to monitor 
for PDA closure. Acetaminophen was initiated at 15 mg/kg administered intravenously every 6 hours and 
a trough serum concentration was obtained prior to the sixth or seventh dose. PDA closure was confirmed 
radiographically with corresponding provider documentation. Associations of efficacy to closure were 
analyzed using descriptive statistics.

RESULTS Thirty-eight neonates were included in the analysis, of which 18 (47%) achieved PDA closure. First 
serum acetaminophen trough concentration was obtained before the seventh dose [IQR, 6–8] and ranged 
from undetectable (< 5 mg/L) to 30.8 mg/L. Subgroup analysis of first concentrations revealed therapeutic 
trough, defined as 10 to 20 mg/L, did not correlate to PDA closure (no closure median concentration = 14.7 
[IQR, 13–15.6] vs closure median concentration = 15.4 [IQR, 11.4–18.5], p = 0.42), or duration of treatment.  
No neonate experienced acetaminophen-associated toxicity.

CONCLUSIONS PDA closure did not correlate to serum acetaminophen trough concentration. The regimen 
of 15 mg/kg every 6 hours appears safe as no neonate experienced acetaminophen toxicity or discontinued 
treatment early.

ABBREVIATIONS ALT, alanine transaminase; AST, aspartate transaminase; MGfC, Massachusetts General for 
Children; NICU, neonatal intensive care unit; PDA, patent ductus arteriosus 
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Introduction
Patent ductus arteriosus (PDA) is the abnormal per-

sistence of the fetal ductus arteriosus following birth. 
The fetal ductus arteriosus is a fetal artery which con-
nects the pulmonary artery to the aortic arch, effectively 
bypassing the lungs since the placenta will supply 
oxygen to the growing fetus in utero.1,2 Prolonged ductal 
opening can cause left to right hemodynamic shunt-
ing resulting in lower systemic circulation of oxygen-
ated blood and increased pressure to the pulmonary 
vascular bed. Failure of the PDA to close can lead to 
significant morbidity, such as necrotizing enterocolitis, 
bronchopulmonary dysplasia, and higher incidences of 
mortality.1,2 Ductus arteriosus is kept patent by circulat-
ing prostaglandins. Non-steroidal anti-inflammatory 
agents (NSAIDs), such as ibuprofen, non-selectively 
inhibit cyclooxygenase (COX), and therefore prosta-

glandins, and are highly successful at aiding ductal 
closure. However, NSAIDs carry severe adverse drug 
effects such as gastrointestinal bleeding, renal impair-
ment, and other cardiovascular effects.1,2

Acetaminophen, a peroxidase inhibitor which leads to 
downstream reduction of prostaglandins, has emerged 
as an alternative treatment modality. Acetaminophen, 
administered for up to 7 days, has demonstrated to 
be as equally efficacious as ibuprofen but with less 
adverse drug effects, such as reduced incidence of 
gastrointestinal bleeding or necrotizing enterocolitis.2 
Keeping this in mind, acetaminophen has also been 
associated with non-idiosyncratic, dose-dependent 
hepatotoxicity when surpassing the recommended 
daily dose limit per the manufacturer’s package in-
sert.3 Acetaminophen is primarily metabolized through 
hepatic glucuronidation to a water-soluble metabolite 
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that is easily excreted by the kidneys. However, conju-
gation availability may be overwhelmed when there is 
too much systemic circulation of acetaminophen, and 
hepatic oxidation will also occur via CYP-2E1 yielding 
the hepatotoxic metabolite N-acetyl-p-benzoquinone 
imine (NAPQI). To avoid NAPQI production, the daily 
dose of acetaminophen for older pediatric patients is 
recommended to not exceed 75 mg/kg/day.3 In pediatric 
patients, cytochrome P-450 enzyme system does not 
achieve adult levels of activity until nearly the first year 
of life.4 Additionally, neonatal CYP2E1 expression has 
been demonstrated to be less than that of infants 30 
to 90 days old, and only increases with age, raising the 
question of the true risk of NAPQI production in patients 
who require acetaminophen in the first few weeks of life 
for PDA closure.4–6 Finally, glucuronidation of morphine 
has been observed in the serum of preterm neonates, 
confirmed by metabolic detection of UGT2B7, one of 
the enzymes responsible for glucuronidation, further 
suggesting acetaminophen is a safe treatment modality 
for PDA closure in this patient population.4

Theoretically, target serum acetaminophen concen-
trations can be used to guide PDA closure especially 
when paired with echocardiogram confirmation. How-
ever, the exact timing and goal of serum acetaminophen 
concentrations are not well defined and were not 
standardized in previous investigations.7 While a 2020 
Cochrane Review determined acetaminophen was as 
effective as cyclooxygenase inhibitors for treatment of 
PDA, the utility of therapeutic drug monitoring was not 
included in the scope of the analysis.2 Retrospective 
studies of PDA closure and serum acetaminophen con-
centration monitoring revealed a range of acetamino-
phen concentrations, varying anywhere from 1.1 mg/L 
to 29 mg/L, with a median serum acetaminophen con-
centration of 12.3 mg/L.8 An investigation involving oral 
acetaminophen dosed at 15 mg/kg every 6 hours deter-
mined 100% closure rates when serum concentrations 
were > 20 mg/L; however, the sample size was small 
(10 neonates) and is difficult to extrapolate outcomes 
to very low birth weight neonates.9 The conclusions in 
previous investigations were clouded due to lack of 
standardization and inconsistent timing of blood draw-
ing relative to dosing for the determination of serum 
acetaminophen concentrations.8–10 Additionally, serum 
acetaminophen concentrations can be used to predict 
toxicity and potential need for antidote administration. 
Liver transaminases are used to monitor for hepatocel-
lular injury following acetaminophen treatment, signify-
ing NAPQI production and subsequent cellular injury. 
Despite this concern, hepatotoxicity remains a rare 
potential complication not often observed in previous 
investigations.8–10

Since the timing and goal serum acetaminophen 
concentration for this indication have yet to be deter-
mined, the purpose of our study is to retrospectively 
evaluate if routine therapeutic drug monitoring of serum 

acetaminophen has any impact on PDA closure or if 
there is any major risk of hepatotoxicity. By standard-
izing collection times of acetaminophen levels, we 
aim to assess the correlation between acetaminophen 
concentration and PDA closure, as well as identify real-
world risk of hepatotoxicity. We expect acetaminophen 
to be a safe treatment modality for PDA closure treat-
ment and routine therapeutic monitoring to add little 
clinical advantage to this patient population.

Materials and Methods
Design and Population. This was a retrospective, 

single center, cohort analysis of neonates admitted to 
Massachusetts General for Children (MGfC) between 
April 2016 and August 2022 with at least 1 serum ac-
etaminophen concentration drawn for PDA closure 
monitoring obtained as a trough before the sixth or 
seventh dose.

Acetaminophen Therapeutic Drug Monitoring.   
After several years of non-standardized monitoring 
practices, our institution implemented a PDA manage-
ment guideline in March 2019. Dosing of acetamino-
phen for PDA closure starts at 15 mg/kg every 6 hours 
for 3 days with extension up to 7 days pending echo-
cardiogram findings. The choice of formulation, en-
teral or intravenous, depends on the neonate’s ability 
to tolerate at least 60 mL of enteral feeds. First serum 
acetaminophen trough concentrations are obtained 
before the sixth or seventh dose for all patients and 
are repeated on day 5 for neonates prescribed a 
7-day regimen. Goal concentration is defined as 10 
to 20 mg/L, with institutional direction to reduce dose 
by 20% or extend interval to every 8 hours if suprath-
erapeutic or increase dose by 20% if subtherapeutic. 
A follow-up concentration should be checked after 
any dose adjustments. Any serum acetaminophen 
concentration > 90 mg/L is defined as toxic and re-
quires intervention. All serum acetaminophen con-
centrations were performed in our hospital laboratory 
and an undetectable concentration was defined as 
< 5 mg/L. All patients prescribed acetaminophen for 
PDA closure should have liver function tests (LFTs) 
checked at the end of the regimen.

Endpoints. The primary efficacy outcome is to quan-
tify clinically meaningful PDA closure rate in relation to 
first serum acetaminophen trough concentration. The 
primary safety outcome is to determine the incidence 
of hepatotoxicity defined as LFTs (aspartate transami-
nase [AST], alanine transaminase [ALT]) at least 3 times 
the upper limit normal and incidence of acetamino-
phen toxicity per institutional definition of serum acet-
aminophen trough concentration > 90 mg/L.

Secondary outcome measures include identifying 
PDA closure rate when adhering to institutional goal 
trough concentration between 10 and 20 mg/L and 
comparing closure rates for neonates based on expo-
sure of acetaminophen regimen in days.
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Data Collection. All baseline characteristics, labo-
ratory results, and pharmacologic regimen details 
were obtained from the patient’s medical record. 
Baseline LFTs were captured if collected the same 
date as acetaminophen initiation. Clinically significant 
PDA was defined as detectable on echocardiogram 
with associated clinical symptoms as documented in 
the neonatology progress notes.

Statistical Analysis.  Descriptive statistics were 
used to describe population baseline characteristics. 
Student t and Wilcoxon rank sum tests were used for 
continuous outcome tests. χ2 and Fisher exact test 
were used for categorical outcomes. Wilcoxon rank 
sum test was used to compare PDA closure incidence 
to acetaminophen level. Fisher exact test was used to 
compare PDA incidence outcome between 3-day and 
7-day acetaminophen regimens. Microsoft Excel was 

used to obtain descriptive statistics, and JMP Pro 15 
was used for statistical analysis.

Results
Patient Population.  Of the 50 patients who were 

admitted to MGfC NICU and had serum acetamino-
phen concentrations drawn, 12 patients were excluded, 
leaving 38 neonates for analysis. Seven patients were 
excluded as the serum acetaminophen concentration 
was not obtained for PDA closure and 5 were excluded 
as the first serum acetaminophen concentration was 
not drawn as a trough prior to the sixth or seventh 
dose. Population characteristics are shown in Table 1. 
At acetaminophen initiation, the median gestational 
age was 26 weeks 2 days with a median post-natal age 
of 8 days. The median duration of therapy was 8 days. 
The median number of doses received was 25.5, ac-
counting for the wide spread of prescribing patterns. 
Of the 38 patients included, 2 patients were initially 
treated with ibuprofen. Twenty-nine patients were ex-
clusively prescribed intravenous acetaminophen, while 
5 were exclusively prescribed oral and 4 were exposed 
to both intravenous and oral acetaminophen. Of the to-
tal population, 4 patients underwent dose adjustments.

Clinical Outcomes. Of the 38 neonates included in 
the study, 18 achieved clinically meaningful PDA clo-
sure (Table 2). First serum acetaminophen troughs, 
obtained on median after 7 consecutive doses, 
ranged from undetectable to 30.8 mg/L (Figure 1). 
First serum acetaminophen troughs did not corre-
late to clinically meaningful PDA closure success 
(Figure 2). Of the 18 (47%) neonates who achieved 
PDA closure, 16 (89%) did not require adjustment of 
their acetaminophen dose. For the 2 neonates who 
achieved PDA closure and required dose adjustments,  

Table 1. Population Baseline Characteristics

Characteristic* Population (N = 38)

Gestational age 26w2d [24w4d–28w1d]

PNA at start of APAP regimen 
(days)

8 [5–12]

Number of female patients 18 (47%)

Duration of APAP regimen 
(days)

8 [4–8]

Number of APAP doses per 
patient

25.5 [13–28]

Number of doses per patient 
prior to first level

7 [6–8]

Patients exposed to NSAIDs 
prior to APAP

2 (5.3%)

APAP formulation by patient
IV 29/38 (76%)
PO 5/38 (13%)
Both IV and PO 4/38 (11%)
Dose adjustment made after 
first serum acetaminophen 
concentration by patient

4 (11%)

Total daily exposure 
increased by patient

2 (50%)

Total daily exposure 
decreased by patient

2 (50%)

First trough acetaminophen 
concentration (mcg/dL)
< 10 9
10–20 22
> 20–< 30 6
30–< 40 1

APAP, acetaminophen; d, days; IV, intravenous; PNA, post-natal age; 
w, weeks

* Median [IQR, 25–75]. Number (percent).

Table 2. PDA Closure Outcomes

Characteristic* Population (N = 38)

PDA closure achieved 18 (47%)

No dose adjustment made 16

Dose adjustment made 2

Dose was reduced 1

Dose was increased 1

Possible liver toxicity per LFTs 
(≥3 ULN ALT)

1 (2.6%)

Acetaminophen toxicity  
(> 90 mg/L)

0

Acetaminophen duration in 
doses per patient

26 [13–28]

ALT, alanine transaminase; LFTs, liver function tests; PDA, patent ductus 
arteriosus; ULN, upper limit of normal

* Median [IQR, 25–75]. Number (percent).
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1 required a dose increase for a subtherapeutic first 
acetaminophen concentration defined as < 10 mg/L, 
and the other required an interval extension for a 
supratherapeutic level. There was no significant dif-
ference in serum acetaminophen concentration be-
tween neonates whose PDA closed vs those who 
did not; PDA closure median 14.8 mg/L [10.5–19.1], 
PDA did not close median 15 mg/L [7.3–21.3], p = 0.81 
(Figure 2). Additionally, there was no statistical differ-
ence in PDA closure incidence when focusing on the 
22  patients with therapeutic serum acetaminophen 
concentrations between 10 and 20 mg/L (13 patients 
with PDA closure achieved, 9 patients with PDA clo-
sure not achieved, p = 0.71).

There were no incidences of acetaminophen con-
centration exceeding toxic values > 90 mg/L. One 
patient out of 17 who had post therapy LFTs collected, 
had an elevated ALT ≥ 3 times upper limit of normal. 
The patient’s corresponding serum acetaminophen 
concentration was 19 mg/L and treatment was not 
discontinued early.

The duration of acetaminophen therapy also did 
not correlate to PDA closure, though it is worth noting 
numerically more patients achieved PDA closure when 
prescribed longer durations of therapy (Figure 3). In 
patients prescribed 3-day regimens, approximately 22% 
achieved PDA closure (2 out of 9 patients), whereas 
44% (7 out of 16 patients) achieved PDA closure with 
7 total days of therapy. Notably, 13 patients were pre-
scribed regimens outside of 3 days or 7 total days (plus 
or minus 1 day) of acetaminophen therapy. Incidence 
of PDA closure in this subgroup of 13 patients was 69% 
(9 out of 13 patients). Figure 3 specifically shows that 

when comparing the proportion of closures within each 
regimen received, there is no statistical difference in 
PDA closure outcomes.

The formulation of acetaminophen was captured for 
each patient included in this study (Table 1). Unfortu-
nately, subgroup analysis of formulation impact on se-
rum acetaminophen concentration was not performed 
due to the small sample size of patients who exclusively 
received enteral acetaminophen (n = 5).

Discussion
While previous investigations have reported obser-

vational findings of varying serum acetaminophen con-
centrations for PDA closure, our investigation provides 
an analysis of therapeutic drug monitoring for this indi-
cation over a period of 7 years. For the duration of the 

Figure 1. Population serum acetaminophen 
concentrations.
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Figure 2. PDA outcome by serum acetaminophen 
concentration.
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Patent ductus arteriosus (PDA) closure median 14.8 mg/L [10.5–19.1]. 
PDA did not close median 15 mg/L [7.3–21.3], p = 0.81. PDA closure 
included 18 first serum concentrations and unsuccessful PDA closure 
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Figure 3. Incidence of PDA closure per acetamino-
phen regimen.
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study, we report no instances of acetaminophen toxicity 
or premature treatment termination for transaminitis. 
Despite a standardized approach to therapeutic drug 
monitoring, PDA closure rate did not differ significantly 
between those who achieved therapeutic acetamino-
phen levels and those who did not.

Limitations.  Given the nature of this single cen-
ter, retrospective cohort analysis, the results of this 
study may have been impacted by institutional pre-
scribing bias. The small sample size of this study was 
maximized by expanding the timeframe of the study 
from when our current electronic medical record sys-
tem went live to present, however larger, prospec-
tive studies need be performed to confirm our find-
ings. In terms of the duration of regimen findings, 
we acknowledge there was a wide range of doses 
prescribed in our retrospective study including oral 
and IV acetaminophen administration. Institutional 
practice recommends 3-day treatment with exten-
sion up to 7 days if PDA is not closed, which could 
explain the diversity in regimen observed. However, 
we reported our findings in both total doses of ac-
etaminophen received and total days to strengthen 
our analysis. When evaluating the spread of the se-
rum acetaminophen concentrations observed in this 
investigation, we do not currently have a good ex-
planation as to why some patient’s concentrations 
were undetectable despite receiving acetaminophen 
doses as documented by the medical record. This 
finding may add to current literature that despite a 
homogenous population, demonstrated by the nar-
row IQR of gestational and post-natal age, there may 
be some developmental pharmacokinetic variation 
that we have yet to discover in the premature neona-
tal population. It is worthwhile to note for the 9 neo-
nates who had subtherapeutic first trough levels, a 
corresponding dose increase was only performed for  
2 patients. We also acknowledge that while all patients 
included had an appropriately timed first level, not all 
patients with extension of therapy had repeat levels, 
despite institutional guidance. Twenty-five neonates 
had extension of therapy ranging from 6 to 9 days. 
Of the 25, eleven patients did not have a repeat level 
and only 4 patients did not have an initial therapeutic 
level (10–20 mg/L). PDA closure was still observed for 
2 of those 4 patients despite no dose adjustments be-
ing made. Therefore, while all patients should have 
had a second level obtained if therapy extended past 
5 days, we feel confident that this did not impact the 
validity of our conclusion as PDA closure was still ob-
served in patients without initial therapeutic levels. 
Finally, baseline LFTs were not required per institu-
tional guidance, and therefore paired comparisons of 
transaminases pre-, during, or post-acetaminophen 
therapy could not be conducted. Although only 17 pa-
tients had post therapy LFTs drawn, only 1 neonate ex-
perienced elevated transaminases but did not display 

signs or symptoms of acute liver injury nor a toxic ac-
etaminophen concentration at steady state. We are 
reassured that no acetaminophen concentration was 
considered toxic per institutional guidance.

Conclusion
Given there was no difference in proportion of pa-

tients who achieved PDA closure with a therapeutic 
serum acetaminophen trough concentration, we rec-
ommend against routine acetaminophen therapeutic 
drug monitoring for PDA closure. No infant experienced 
acetaminophen toxicity defined as > 90 mg/L or clini-
cally significant transaminitis. Our results confirm that 
even with a standardized approach, there seems to be 
little utility in obtaining additional lab draws in a patient 
population where we should minimize blood samples 
as much as possible.
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