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Background: Nonsteroidal anti-inflammatory drugs (NSAIDs) are a frequently prescribed class
of medications in the neonatal intensive care unit (NICU). We aimed to reveal acute kidney
injury (AKI) epidemiology in NSAID-exposed premature infants admitted to the NICU using a
standardized definition and determine the percentage of NSAID-exposed patients with
adequate serum creatinine (SCr) monitoring.
Methods: This retrospective study compared infants born at 34 weeks gestational age who
received NSAID for intraventricular hemorrhage prophylaxis (prophylaxis group) or symptomatic treatment for patent ductus arteriosus (PDA; treatment group) between January and
December 2014 at a tertiary NICU. All available SCr and 12-h urine output (UO) values were
recorded from admission until day seven post-NSAID exposure. AKI incidence was determined
using the neonatal modified Kidney Disease Improving Global Outcomes classification, defined
as an increase in SCr (i.e., 1.5 fold rise from previous SCr measurement within seven days or
26.5 mmol/L increase within 48 h) or UO < 1 mL/kg/hour, excluding the first 24 h of life.
Results: We identified 70 eligible subjects; 32 received prophylactic NSAIDs, and 38 received indomethacin or ibuprofen for treating symptomatic PDA. AKI incidence for the entire cohort was 23%
(16/70). The prophylaxis group had a significantly lower AKI rate than the treatment group (9% vs.
34%; p Z 0.014). The treatment group had a higher proportion of infants with adequate SCr monitoring during NSAID treatment than the prophylaxis group (87% vs. 13%, p < 0.001).
Conclusion: NSAID-associated AKI occurred in approximately one-quarter of premature infants
overall, and the AKI incidence was higher in infants treated with NSAIDs for the symptomatic treatment of PDA than in those receiving prophylactic treatment during the first day of life.
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Standardized protocols for monitoring daily SCr and UO after exposure should be implemented for
all neonates with NSAID exposure to improve early AKI recognition and management.
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infants. We included all infants born at 34 weeks of GA
receiving NSAID per our institution’s standard of care. Infants with underlying urinary tract anomalies diagnosed by
antenatal ultrasound or other major congenital anomalies,
including those with known syndromal or chromosomal
disorders, were excluded. Patient demographics, SCr
values, NSAID timing and dosage, and daily urine output
(UO) were obtained from medical records.
Ethics approval was obtained from the Children’s and
Women’s Research Ethics Board of the University of British
Columbia [H15-00939]. This was a retrospective study with
data collected from existing records per standard of clinical
care. Therefore, individual consent was not necessary.

1. Introduction
A large multicenter observational cohort study recently reported that acute kidney injury (AKI) occurs in 30% of critically
ill infants in the neonatal intensive care units and is associated
with higher mortality, a longer hospital stay, and higher rates
of chronic kidney disease in survivors.1,2 Preterm infants carry
fewer functional nephrons as nephrogenesis is not complete
until approximately 36 weeks of gestational age (GA),
increasing their susceptibility to renal impairment.3 Preterm
infants are also susceptible to hemodynamic alterations and
nosocomial infections, thereby increasing their exposure to
multiple nephrotoxic medications.4,5
Nonsteroidal anti-inflammatory drugs (NSAIDs) are often
prescribed to preterm infants for two indications: 1)
intraventricular hemorrhage (IVH) prophylaxis, aimed at
reducing the probability of developing severe IVH, and 2) to
control heart failure symptoms related to patent ductus
arteriosus (PDA).6,7 Hemodynamically significant PDA is a
common early cardiovascular problem in preterm infants.
In Canada, 54% of extremely preterm infants (born at
<29 weeks GA) had signs of PDA, and 60% of those required
medical or surgical treatment.8 Despite years of research, a
consensus has not been reached on the optimal timing and
modality of PDA treatment.9 Prostaglandins are required to
keep the afferent arteriole open in a vasoconstrictordominant environment. However, blocking prostaglandins
with NSAIDs potentially reduces renal blood flow, resulting
in an increased risk of AKI.
There is a paucity of data describing the relationship
between NSAID treatment and AKI development, specifically in preterm populations. Our primary objective was to
compare the AKI incidence in infants exposed to NSAIDs for
IVH prophylaxis versus for symptomatic treatment of PDA
using a standardized definition of neonatal AKI. Owing to
variations in renal function monitoring of premature infants, we also determined the percentage of NSAIDexposed patients who received adequate serum creatinine
(SCr) monitoring to confidently diagnose AKI according to
the standardized criteria.

2.2. Study groups
Infants were divided into prophylaxis (i.e., receiving NSAID
prophylactically for IVH) and treatment (i.e., receiving
indomethacin for symptomatic treatment of PDA) groups.
In the prophylaxis group, infants received 0.1 mg/kg of
intravenous indomethacin every 24 h for three consecutive
days (0.3 mg/kg total dose), with the first dose administered within the first 24 h of life. This regime was
following the indomethacin prophylaxis intervention in
extremely-low-birth-weight infants published in the
“TIPP” trial.6 Most infants requiring symptomatic treatment received a total dose of 0.4 and 0.6 mg/kg of indomethacin administered over 36 h for infants within and
after one week of life, respectively, which was similar or
even lower than the total dosages used in the clinical
studies included in the Cochrane review,10 though some
received ibuprofen. There is no unified protocol, and the
attending physician on admission determined NSAID prophylaxis eligibility.

2.3. Variable definitions
AKI was defined using a modified version of the Kidney
Disease: Improving Global Outcomes (KDIGO) UO and SCr
criteria.11 There are no standardized monitoring protocols
for renal function related to NSAID prescriptions in our
neonatal intensive care unit (NICU). The available SCr
values and average 12-h UO rates were recorded from
admission to the seventh-day post-NSAID exposure. Infants
with an SCr increase of 1.5-fold or greater from the
baseline value within seven days or with an absolute increase of 26.5 mmol/L (0.3 mg/dL) within 48 h were
diagnosed with creatinine-based AKI (stage 1 or above per
modified KDIGO criteria). Baseline SCr was defined as the
lowest SCr value before administering indomethacin. AKI

2. Methods
2.1. Study population
We conducted a single-center retrospective cohort study
at the British Columbia Women’s Hospital (Vancouver,
Canada), which has a 60-bed tertiary neonatal intensive
care unit and an annual admission of approximately 1400
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Table 1

Baseline demographics and perinatal/neonatal outcomes.

Characteristics

Prophylactic (n Z 32)

Symptomatic (n Z 38)

p-value

Gestational age (weeks), median (IQR)
Birth weight (grams), median (IQR)
Small-for-gestational age, n (%)
Apgar score 1 min, median (IQR)
Apgar score 5 min, median (IQR)
Apgar score 10 min, median (IQR)
Female, n (%)
Inborn, n (%)
Multiple gestations, n (%)
Timing of first NSAID (hours), median (IQR)
Maternal pre-eclampsia
Maternal diabetes
Maternal steroids (betamethasone)
Antenatal indomethacin exposure, n (%)
Concomitant gentamicin administration, n (%)
Exposed to trough gentamicin level >2ug/mL, n (%)
Inotrope use, n (%)
Mortality, n (%)

26 (25e26.5)
799 (665e931)
3 (10)
5 (3e6)
7 (6e8)
8 (7e9)
15 (47)
28 (88)
10 (31)
5 h (3e9)a
2 (6)
4 (13)
30 (94)
0 (0)
30/32 (94%)
4/32 (13%)
8/32 (25%)
2 (6)

28 (26.75e29)
1020 (786e1025)
4 (11)
5 (2.75e7)
7 (5e8.25)
8 (7e9)
22 (58)
28 (74)
14 (37)
5 days (3.75e9.25)b
5 (13)
7 (18)
27 (71)
2 (5)
34/38 (89%)
9/38 (24%)
7/38 (18%)
1 (3)

<0.001
0.001
NS
NS
NS
NS
NS
NS
NS
<0.001
NS
NS
0.015
NS
NS
NS
NS
NS

IQR, interquartile range; NSAID, non-steroidal anti-inflammatory drug; n, number; NS, non-significant.
Inotrope use: within 7 days after administration of NSAID course.
a
In the prophylactic group, 31/32 patients received indomethacin within the first 15 h, except one who received indomethacin at 19 h
of life. Also, one infant received their first indomethacin dose at 4.5 h of life, followed by three doses of ibuprofen (20 mg/kg total).
b
In the symptomatic treatment group, 7/38 (18%) received ibuprofen as their medical treatment (10 mg/kg once, followed by 5 mg/kg
every 24 h for two doses).

based on UO was defined as an average UO rate of 1 mL/
kg/h over at least 12 h (stage 1 or above per modified
KDIGO criteria). We only assessed UO from the second day
of life and onwards due to variability in the onset of urine
production in newborns and the high likelihood of mixing a
significant amount of meconium on the first day. As preterm infants rarely require urinary catheterization in the
first week of life, diaper weight was measured as an
approximate estimation of hourly UO. Day of life refers to
the calendar day after birth (i.e., day one refers to the
day of birth). The term “adequate SCr monitoring”
referred to the presence of measurements before exposure and at least one post-exposure SCr measurement
within seven days post-NSAID exposure. We calculated the
maximum weight change, defined as the maximum
percent increase in daily weight from baseline within one
week of NSAID administration; baseline weight was
defined as the weight on day one of treatment administration. Use of gentamicin for empirical coverage for
sepsis was described accordingly.

and other parameters between the prophylactic and symptomatic groups. Statistical significance was set at p < 0.05.

3. Results
We identified 70 eligible subjects during the study period; 32
newborns received NSAID treatment for IVH prophylaxis and
38 for symptomatic PDA. Table 1 summarizes the baseline
demographic variables, and eight infants received ibuprofen
as part of the treatment course. Infants in the symptomatic
group had higher median GA at birth (28 vs. 26 weeks,
p < 0.001), higher median birth weight (BW) (1020 vs. 799 g,
p Z 0.001), and a lower likelihood of being exposed to
antenatal steroids (27/38 [71%] vs. 30/32 [94%], p Z 0.015).
A similar proportion of infants in the prophylaxis and treatment groups also received at least one dose of intravenous
aminoglycoside (gentamicin) during their courses of NSAID
therapy (30/32 [94%] vs. 34/38 [89%], respectively).
Overall, 23% (16/70) of patients developed AKI based on
our criteria (Table 2). The treatment group had a higher
proportion of infants with AKI than the prophylaxis group (3/
32 [9%] vs. 13/38 [34%], p Z 0.014) based on the combined
UO and SCr criteria. Similarly, the treatment group had a
higher median maximum weight gain % than the prophylaxis
group within one week of NSAID exposure (11.1% [6.2e17.6%]
vs. 2.3% [ 1.4 e 5.9%], p < 0.001). The proportion of infants
with adequate monitoring of SCr around NSAID exposure was
4/32 (13%) and 33/38 (87%) in the prophylaxis and treatment
groups, respectively (p < 0.001).
Based on the modified KDIGO AKI criteria,10 21% (15/70)
infants from the two groups had oliguria, of which 80% (12/

2.4. Statistical analyses
SPSS version 25.0 (IBM Corp., Armonk, NY, USA) was used for
the statistical analyses. Descriptive statistics were used to
compare and characterize patient demographics and clinical
parameters. The values are expressed as means with standard deviations or medians with interquartile ranges (IQR),
when appropriate. The AKI incidence in each group was reported as a proportion. Chi-squared analysis or Fisher’s exact
test, as appropriate, were used to compare the AKI incidence
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Table 2

AKI phenotypes.

AKI based on the KDIGO criteria, n (%)
UO based AKI criteriaa, n (%)
SCr based AKI criteria, n (%)b
Maximum weight gain %, median (IQR)
Post-NSAID day of max weight gain, median (IQR)

Prophylactic (n Z 32)

Symptomatic (n Z 38)

p-value

3/32 (9)
2/32 (6)
1/4 (25)
2.3 ( 1.4e5.9)
4 (1e7)

13/38 (34)
13/38 (34)
2/33 (6)
11.1 (6.2e17.6)
5 (3e7)

0.014
0.005
NS
<0.001
NS

AKI, acute kidney injury; KDIGO, Kidney Disease: Improving Global Outcomes; UO: urine output SCr, serum creatinine; IQR, interquartile
range; NSAID, non-steroidal anti-inflammatory drug; n, number; NS, non-significant.
a
An average urinary output rate of less than or equal to 1 mL/kg/h over at least 12 h.
b
Denominator Z infants with adequate SCr information.

neonatal AKI may have an increased risk of chronic kidney
disease with findings including increased hypertension,
persistent albuminuria, decreased glomerular filtration rate,
reduced urine concentrating ability, and biopsy-confirmed
focal segmental glomerulosclerosis observed in various
cohort studies upon follow-up.21e26
It is important to note that there are many reported risk
factors associated with neonatal AKI such as maternal
treatment with NSAIDs, a lower GA, BW, and Apgar score,
small-for-gestational-age cases, necrotizing enterocolitis,
shock or dehydration, perinatal asphyxia, and nephrotoxic
medication administration. These factors are often
concentrated in premature and severely ill infants.15,27e29
Therefore, it is difficult to determine the exact risk of
NSAID exposure in AKI development. However, we limited
our surveillance to seven days following the first NSAID
dose, and the dominance of transient and reversible oliguria, sometimes associated with an SCr increase during
this timeframe, is consistent with NSAID-associated AKI.
In the neonatal population, nephrotoxic injury is often
associated with using NSAIDs to close PDA, especially with the
concomitant use of aminoglycosides.5,30,31 This is important,
as most of our cohort was exposed to aminoglycosides as well.
The attributable risk of AKI associated with these two nephrotoxic agents is unclear, but it is important that the majority
were only on a low number of aminoglycoside doses until
blood cultures were negative and a low proportion had
elevated trough levels. Commonly used medications to close
PDA, such as indomethacin or ibuprofen, both inhibit prostaglandin synthesis and dramatically decrease renal blood
flow and the glomerular filtration rate, leading to oliguria.32 A
recent Cochrane review suggested that, of these two medications, ibuprofen carries a lower risk of transient renal
insufficiency, despite its similar effectiveness to indomethacin for closing PDA.33 In our cohort, only a minority of patients were prescribed ibuprofen.
There are a few possibilities for why the PDA treatment
group had a higher AKI incidence rate than the IVH prophylaxis group. First, the treatment group had a higher
indomethacin exposure in regard to total dose corrected for
weight. Second, the effects of an aortic steal phenomenon
from the PDA itself may have also increased the risk of AKI.
Lastly, the timing of the exposure (median 5 h of life in the
prophylactic group vs. five days of life in the treatment
group) may have also contributed to differences in the AKI
incidence rate relating to the complex early neonatal
physiology and SCr changes. A study by Srinivasjois et al.

15) developed stage 1 oliguria (0.5e1 mL/kg/hr x 12 h) and
20% (3/15) had stage 2 oliguria (0.3e0.5 mL/kg/hr x 12 h).
Further, 26% (4/15) and 53% (8/15) had oliguria onset within
24 h and 24e48 h after commencing NSAID treatment,
respectively. Oliguria resolved within 12 h in 80% (12/15) of
infants, and it resolved in all infants within 36 h.

4. Discussion
To our knowledge, this is the first study to specifically
analyze the AKI epidemiology of NSAID-exposed premature
infants using the KDIGO modified neonatal AKI definition. In
our cohort, we found that approximately one in four premature infants with a GA of <34 weeks developed AKI after
NSAID exposure, and infants treated for symptomatic PDA
developed AKI at a significantly higher rate than those
receiving the medication for IVH prophylaxis (34% vs. 6%,
p Z 0.005). The reported incidence of AKI in the NICU
varies widely depending on the included population and the
AKI definition.1,11e13 Studies focusing on very low BW
(VLBW) or extremely low BW infant populations reported an
AKI incidence between 13 and 56% in their NICU.4,12,14e16 A
recent study focusing on early-onset neonatal AKI (i.e.,
postnatal days two to seven) defined AKI as an increase in
SCr >26.5 mmol/L (0.3 mg/dL) or UO < 1 mL/kg/hour and
reported a 21% incidence rate.17 Another prospective
cohort study of 113 VLBW infants focusing on the cumulative incidence of AKI during the first two postnatal weeks
reported an incidence of 25%, although details regarding
the timing of NSAID administration were not mentioned.18
More infants were diagnosed with AKI using UO rather than
SCr criteria, similar to other reports.1,19 All affected infants
recovered from oliguria 36 h after initiating therapy, in line
with a prior study focusing on the transient nature of renal
impairment in neonates receiving indomethacin.20 However,
data from our symptomatic treatment cohort suggests that
transient AKI may still be associated with short-and long-term
consequences. Clinically relevant fluid overload was observed
in our PDA treatment group following NSAID exposure with a
high maximal percentage of weight gain (median 11.1%, IQR
6.2e17.6%) from baseline. This is especially relevant considering a recent analysis of 1007 premature infants from the
landmark AWAKEN study, showing that a positive peak fluid
balance during the first postnatal week and the degree of
positive fluid balance by day seven of life were independently
associated with mechanical ventilation on postnatal day
seven.20 Regarding long-term consequences, survivors of
4
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previously reported that a postnatal age 7 days at the
start of indomethacin treatment was a predictor of a significant SCr level increase in extremely preterm neonates
compared with infants treated within their first seven days
of life.34 Perhaps AKI was underestimated in the prophylactic cohort considering other issues, such as the early
influence of maternal creatinine on the infant’s SCr, the
frequent lack of pre-NSAID exposure SCr monitoring in the
prophylactic cohort, the difficulty in capturing an SCr increase on the first day when SCr naturally peaks, and the
inability to adequately quantify UO in the first 24 h of life.
This is especially relevant considering that our prophylactic
group was born with lower GAs and BWs, making them
potentially more vulnerable. Further studies using larger
sample sizes, novel urinary AKI biomarkers (other than SCr
and UO), and cardiac output and renal perfusion documentation tools (such as near-infrared spectroscopy) will
be necessary to address these postulations.
Overall, we observed a lack of adequate SCr monitoring to
properly determine SCr-based AKI in several patients in our
study. Even though this was a local observation, this issue
may be more of a generalized issue worldwide owing to the
lack of standardized monitoring protocols around NSAID
administration and the lack of awareness of the KDIGO
neonatal SCr definition. Kent et al. surveyed over 200 neonatologists in Canada, the United States, New Zealand, and
Australia, revealing that only 62% of units had protocols for
SCr monitoring around indomethacin exposure.35 Sethi et al.
also surveyed 135 neonatologists and 122 pediatricians,
reporting that less than half of the respondents were aware
of the standardized KDIGO AKI criteria.36 The lack of SCr
values for the at-risk patients in this study has led to the
discussion of creating local quality improvement/quality
assurance initiatives to develop protocols around nephrotoxin exposure and increase awareness of neonatal AKI
through more recent standardized definitions.
This pilot study had several limitations. First, this is a
relatively small retrospective study evaluating AKI with a
sample size of 32 and 38 patients in each arm, which did not
allow us to perform useful multivariable logistic regression
models to control for confounding variables. Second, decisions concerning the treatment regimen, including the day
of initiation and total doses, were at the discretion of the
attending physicians and were not completely standardized.
A minority of infants (8/70, 11%) in our cohort received
ibuprofen, which might have fewer nephrotoxic side effects,
but we were unable to ascertain differences in AKI risk between ibuprofen and indomethacin. Third, echocardiograms
performed before 2015 did not include detailed hemodynamic data, such as left ventricular output, left atrium-aorta
ratio, and Doppler imaging of the gut or renal vessels. This
prevented us from understanding the effect of PDA on renal
perfusion. Lastly, even though measuring UO is important, it
is challenging to quantify UO in the early days of life among
small premature infants because of the risk of mixing urine
and meconium. The insensible loss of fluid is difficult to
quantify, and we did not have the detailed records of the use
of phototherapy and the incubator humidity in our retrospective database. Furthermore, the UO criteria and
thresholds for defining AKI are not well validated in most
premature infants, which makes directly comparing the results from various studies difficult.

Regardless of the limitations, this is one of the few
recent studies evaluating NSAID therapy and AKI incidence
using KDIGO creatinine and urine output criteria along with
a description of the AKI course among preterm infants. Lack
of serum creatinine monitoring is a frequent issue noted in
the NICU setting. A standardized, evidence-based monitoring regimen of preterm infants exposed to NSAIDs or
other nephrotoxic medications in the NICU is desperately
needed. A systematic surveillance program to identify highrisk infants can prevent nephrotoxic-induced AKI and has
the potential to prevent short- and long-term consequences
of AKI in critically ill infants.37 Our study revealed a high
incidence of NSAID-related AKI coupled with the lack of SCr
monitoring, which has motivated further collaborative
clinical, research, and quality improvement work between
the nephrology and neonatology teams at our center to
improve the short- and long-term renal health of these
vulnerable infants. We would recommend the serial monitoring of serum creatinine before and after the start of
nephrotoxic medications, as a minimum to monitor the
development of any impaired renal function. Close monitoring of serum aminoglycoside level is also necessary with
potential AKI evolution.38 Larger scale multi-center studies
with standardized management protocols are needed to
understand the impact of NSAIDs on AKI in early life.

5. Conclusion
Based on the KDIGO criteria, the AKI incidence was higher
in infants treated with NSAIDs for symptomatic treatment
for PDA than in those receiving treatment prophylactically
starting from the first day of life. Standardized protocols
for monitoring daily SCr and UO levels after exposure should
be implemented for all neonates with NSAID exposure to
improve early AKI recognition and management.
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