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Abstract

Objective: To determine the association between in-
domethacin exposure and risk for chronic kidney disease
defined by hypertension in very low birth weight (VLBW)
infants.

Study design: Retrospective chart review including VLBW
infants admitted from January 2011-December 2014 at the
University of Colorado Level Il Neonatal Intensive Care
Unit (NICU). Data collected included: indomethacin admin-
istration, presence of hypertension, and clinically relevant
confounders. The primary outcome was hypertension at
discharge. Logistic regression was performed to determine
association between indomethacin and hypertension while
controlling for confounding variables.

Result: 503 VLBW infants were admitted to the NICU
during study time period (19.4% of admissions). 202 in-
fants were excluded (death, congenital anomaly, intrauter-
ine growth restriction, prenatal indomethacin exposure, or
missing data), with 301 infants included in final analysis.
132 (44%) received indomethacin during their NICU course.
Infants exposed to indomethacin had lower gestational ages
(26.4+1.9 weeks vs. 29.1£1.9, P<0.0001) and birth weights
(921.8+226.7 g vs. 1244.5+214.7, P<0.0001) compared to
non-exposed infants. Exposed infants had an increased in-
cidence of hypertension compared to non-exposed (6% vs.
2%). After adjusting for confounders, this was not statisti-
cally significant (P=0.12).

Conclusions: In VLBW infants, indomethacin is not inde-
pendently associated with increased rates of hypertension
at discharge. Infants receiving indomethacin tended to be
those already at highest risk for long-term renal impairment
given lower gestational age and birth weight, and increased
iliness severity. More judicious use of indomethacin and
further studies of long-term renal functionare warranted in
this vulnerable population.
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Introduction

In the United States, 10-12% of infants are delivered prema-
turely, with greater than 75,000 infants per year delivered at
less than 32 weeks [1]. Failure of the ductus arteriosus to close
within 72 hours of birth (patent ductus arteriosus [PDA]) is a
known complication of preterm birth, with a prevalence of 20-
50% in infants less than 32 weeks [2]. The incidence of PDA is
additionally increased in infants born at altitude [3]. Presence
of a PDA is associated with worse pulmonary morbidities [4-7]
and increased odds for intraventricular hemorrhage, necrotiz-
ing enterocolitis, and death [2,8-9].

Intravenous indomethacin, which inhibits prostaglandin, is
the most commonly used medication for management of a PDA.
Indomethacin is a potent inhibitor of prostaglandin synthesis via
non-specific cyclooxygenase inhibition, and is believed to cause
ductal closure via decreased circulating levels of prostaglandin,
with successful closure of the PDA seen in 60-80% of treated
patients [8]. In addition, fluid restriction is commonly used in
the setting of PDA to minimize the effect of excessive pulmo-
nary blood flow in the setting of a left to right shunt across the
ductus, as well as to maintain normal serum electrolyte concen-
trations in the setting of oliguria.

In addition to prostaglandin’s effect on ductal patency, pros-
taglandin also plays a critical role in renal blood flow in the neo-
nate. Glomerular capillary pressure is maintained by the balance
of vasodilation at the afferent arteriole, mediated by prosta-
glandin, and vasoconstriction at the efferent arteriole, medi-
ated by angiotensin Il. Inhibition of prostaglandin by non-ste-
roidal anti-inflammatory medications, including indomethacin,
results in decreased circulating prostaglandin levels. Decreased
prostaglandin levels lead to unopposed angiotensin Il and affer-
ent arteriole vasoconstriction, with subsequent decreased renal
blood flow with a corresponding decrease in glomerular filtra-
tion rate [10-12].

Due to the decrease in renal blood flow during indomethacin
treatment, common adverse effects of treatment include tran-
sient oliguria and elevated creatinine [7,13]. These effects are
generally believed to be self-limited, with normalization of crea-
tinine by day 30 of life [14]. however, there is a paucity of evi-
dence regarding the long-term effects of indomethacin therapy
on renal function. One study found no evidence of long-term
influence on renal function or structure following indomethacin
exposure [15], however, this study was limited by small num-
bers, and did not differentiate between antenatal and postnatal
indomethacin exposure. Meanwhile, there is growing evidence
that even transient acute kidney injury (AKI) predisposes to
chronic kidney disease (CKD) in children [16-19].

Premature infants, those most likely to require treatment
for PDA, are a particularly vulnerable population with respect
to long-term renal function. Preterm infants have decreased
nephron numbers compared to term infants despite ongoing
postnatal nephrogenesis until 40 days of life [20], as well as his-
tologic abnormalities of up to 13 percent of their glomeruli [21].
Acute kidney injury (AKI) in pediatric patients has been shown
to increase long-term risk for chronic kidney disease in patients
without pre-existing kidney disease [17-19]. Given the pub-
lic health burden of adult chronic kidney disease, it is vital to
determine whether there exists an association between indo-
methacin therapy and long-term risk for chronic kidney disease
in this vulnerable population of infants.

The aim of this study was to determine whether infants re-
ceiving indomethacin treatment had increased risk for devel-
oping CKD at NICU discharge compared to infants not receiv-
ing indomethacin. Prognostic factors for CKD include systemic
hypertension and proteinuria. The literature reports incidence
of systemic hypertension in 1-1.4% of all preterm neonates [22-
23]. We hypothesized that neonates receiving indomethacin
would have higher rates of hypertension and/or proteinuria at
NICU discharge compared to control infants.

Methods

We conducted a retrospective case-control study to evaluate
the effect of indomethacin therapy in neonates with PDA. This
study was carried out via chart review of all patients classified as
very low birth weight (VLBW, birth weight less than 1500 grams)
admitted to University of Colorado Hospital Level 11l NICU be-
tweenJanuary 2011 and December 2014. Patients were assigned
to two groups based on the administration of indomethacin dur-
ing their NICU admission. In exposed patients, the typical course
of indomethacin was intravenous dosing daily x 3 days. Exclusion
criteria were death prior to NICU discharge, presence of con-
genital anomaly, prenatal diagnosis of renal anomaly, prenatal
exposure to indomethacin, congenital heart disease, diagnosis
of intrauterine growth restriction, exposure to prostaglandin,
and need for Extra corporeal membrane oxygenation (ECMO)
therapy. Data was collected for each infant as shown in Table 1.

The primary outcome for this study was the incidence of sys-
temic hypertension in infants at time of NICU discharge, as a
marker for increased risk for CKD. We estimated an incidence
of hypertension of 1% in neonates not receiving indomethacin,
and an estimated 25% increase to 1.25% incidence of hyperten-
sion in indomethacin-exposed neonates at discharge. For an a=
0.05 and B=0.2, we estimated a sample size of 125 per group
needed to detect a difference of 25%. Secondary outcomes
were presence of proteinuria, and increased serum creatinine
concentration at 30-60 days of age.

Demographic and clinical characteristics were com-
pared using two-sample t-tests and Fisher’s exact tests for con-
tinuous and categorical variables, respectively. Logistic and lin-
ear regression models were used with indomethacin exposure
as the primary explanatory variable to assess its association
with diagnosed hypertension and creatinine level from day 30
to 60. Significant demographic and clinical confounders (gesta-
tional age, birth weight, exposure to diuretic medications, and
need for vasoactive support) were included in both models.
All hypothesis tests were two-sided and significance was set at
0.05. Statistical analyses were performed using R version 3.1.1
software (R Foundation for Statistical Computing, Vienna, Aus-
tria, http://www.R-project.org/).

Results

For 2011-14, a total of 2592 infants were admitted to the
University of Colorado NICU. Infants (n=503) (19.4% of total
admissions) were categorized as VLBW. Infants (n = 202) were
excluded from analysis due to death prior to NICU discharge
(n=40), congenital anomaly (n=60), intrauterine growth re-
striction (n=90), prenatal exposure to indomethacin (n=1), and
relevant data missing from the medical record (n=11). The re-
maining 301 infants had data collected for analysis. Infants were
categorized into two groups based on their post-natal exposure
to indomethacin (Group 1, any indomethacin exposure; Group
2, no indomethacin exposure).
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Table 2 summarizes the demographic and clinical charac-
teristics of the study cohort. Overall, among all 301 subjects
for which data was collected, those exposed to indometha-
cin were younger (mean [+SD] age, 26.4+1.9 vs. 29.1+1.9
weeks; P<0.0001), had a lower birth weight (921.8+226.7 vs.
1244.5+214.7 g; P<0.0001), higher proportion of PDA diagnosis
(103 (78%) vs. 24 (14%); P<0.001), vasoactive medication expo-
sure (50 (38%) vs. 17 (10%); P<0.001) and diuretic exposure at
any time (73 (55%) vs. 29 (17%); P<0.001).

Using multivariable logistic regression, we evaluated for the
association between the presence of hypertension at discharge
and indomethacin use (Table 3). Gestational age, birth weight,
exposure to vasoactive medication and exposure to diuretics at
any point were included in the model as confounders based on
their clinical relevance and significant association with hyper-
tension and risk for CKD. There was no significant association
between hypertension and indomethacin exposure after adjust-
ing for these confounders; p=0.1259. Although not significant,
the odds of hypertension were higher by 3.2 (0.7, 14.9) for sub-
jects exposed to indomethacin compared to those who were
not. The overall incidence of hypertension in our study popula-
tion was 3.98 percent.

We then tested for the association between an elevated se-
rum creatinine (from day of life 30-60) and indomethacin expo-
sure (Table 4). Gestational age (weeks), birth weight (g), expo-
sure to vasoactive medication and exposure to diuretics at any
point were included in the model as confounders based on their
clinical relevance and significant association with risk for CKD.
There was no association between creatinine levels from day
30 to 60 and indomethacin exposure after adjusting for these
confounders; P=0.4726. Creatinine was, on average, 0.04 mg/
dL (-0.071, 0.152) higher in the group exposed to indomethacin
compared to the non-exposed group.

Discussion

Persistent patency of the ductus arteriosus occurs commonly
in premature and very low birth weight infants, and is associ-
ated with significant morbidities as well as increased mortal-
ity. Attempts to close the ductus arteriosus are commonly un-
dertaken in clinical practice, both via surgical ligation and with
pharmacologic therapy. Indomethacin has been the most com-
monly used medication for this purpose, given its mechanism
of prostaglandin synthase inhibition [24]. However, indometha-
cin’s known side effect of decreasing renal blood flow with sub-
sequent oliguric acute kidney injury raises concern for long term
effects on renal function following indomethacin therapy early
in life. De rigueur fluid restriction in the setting of oliguric AKl in
order to prevent hyponatremia may further worsen renal perfu-
sion and result in increased severity of AKI. Prior studies have
shown normalization of creatinine by day of life 30 following
indomethacin treatment [15], which is supported by our data.
However, there has been a paucity of studies evaluating longer
term renal risks in these patients. Our study attempted to evalu-
ate the long-term risk for chronic kidney disease in VLBW infants
receiving indomethacin therapy for PDA using known prognos-
tic markers of increased CKD risk including hypertension and

proteinuria. Due to limited data, we were unable to evaluate
the incidence of proteinuria in our population. The incidence of
diagnosed hypertension for all VLBW infants in our population
was higher than what has been previously reported in the liter-
ature (3.98 overall vs 1-1.5 percent) [22-23]. When adjusted for
clinical confounders, the incidence of hypertension was similar
in infants exposed to indomethacin and non-exposed infants.
Our data demonstrated that infants receiving indomethacin had
significantly lower gestational ages and birth weights, as well as
increased illness severity, with significantly increased need for
vasoactive support and diuretic medications, all of which are
associated with risk for renal injury. While indomethacin treat-
ment was not independently associated with hypertension in
our population, our data suggest that those infants being treat-
ed with indomethacin tend to be those already at higher risk for
the development of CKD. Given these findings, a more judicious
approach to the use of indomethacin in this high-risk popula-
tion is warranted. Several studies have proposed the use of ac-
etaminophen as an alternative therapy for closure of the ductus
arteriosus [25-27], with early evidence demonstrating some ef-
ficacy of this therapy. However, large-scale trials as well as long
term follow up data are not yet available, limiting the applica-
tion of this as a true alternative therapy. Given the findings of
our study, further studies are warranted, including more robust
evaluation of alternative pharmacologic therapies for PDA, and
evaluation of the risk of indomethacin therapy in additional vul-
nerable patient groups, such as those infants with decreased
nephron mass secondary to intrauterine growth restriction. In
addition, evaluation of the long-term renal outcomes of these
infants is indicated. With the most vulnerable infants being the
most likely to receive indomethacin, routine post-NICU care for
VLBW infants should include follow-up with a pediatric neph-
rologist around 2 years of age for comprehensive renal evalua-
tion, with blood pressure measurement and laboratory studies
including renal function panel, urine protein: creatinine ratio,
and measurement of cystatin C. Cystatin C can be used to esti-
mate glomerular filtration rate (GFR), and has been correlated
with more invasive measures of GFR such as iohexol clearance
[28]. In addition, studies have identified several biomarkers that
may have utility in monitoring for development and progression
of CKD, including neutrophil gelatinase-associated lipocalin, liv-
er-type fatty acid-binding protein, and kidney injury molecule-1
[21]. These biomarkers may prove useful in the evaluation of
CKD risk in children with a history of preterm birth and indo-
methacin exposure.

Our study is limited in its single center design and limited
number of infants included. However, this study highlights the
renal vulnerability of the infants most likely to receive indo-
methacin, as well as an incidence of hypertension significantly
higher than previously published. These findings underscore the
need for further research into long-term effects of indometha-
cin therapy, alternative pharmacologic management of PDA,
and need for long term renal follow up of VLBW neonates.
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Tables

Table 1: Data collected for included infants.

Gestational age

Gender

Birth weight

Single/multiple gestation

Total indomethacin dose (mg/kg)

Diagnosis of hypertension at NICU discharge

Mean blood pressure measurements at NICU discharge
Antihypertensive medication exposure during NICU course
Diagnosis of PDA

Diagnosis of acute kidney injury

Echocardiogram results

Urinalysis results obtained at 30-60 days of age

Presence of proteinuria at 30-60 days of age

Serum creatinine levels at 30-60 days of age, or NICU discharge if prior to 30 days
Serum sodium levels at 30-60 days of age, or NICU discharge if prior to 30 days
Total daily fluid intake prior to and during indomethacin exposure
Urine output prior to, during, and after indomethacin exposure
Exposure to nephrotoxic medication during NICU course

Renal ultrasound results obtained during NICU course

Exposure to high frequency oscillatory ventilation

Exposure to vasoactive medications

Exposure to calcium supplementation

Exposure to diuretic therapy during NICU course

Exposure to diuretic therapy during first two weeks of life, or within one week of indomethacin
exposure

Table 2: Demographic and clinical characteristics of included infants.

Variable Indomethacin No indomethacin P Value
n=(132) n=(169)
Gestational age (weeks) 26.4+1.9 29.1+1. <0.0001
Birth weight (g) 921.8+226.7 1244.5+214.7 <0.0001
Discharge blood pressure (mmHg) 50.3+6.7 51.3%5.7 0.1846
Creatinine (mg/dL) 0.41+0.2 0.3+0.1 0.0558
Sodium (mEq/L) 136.7+2.8 136.9+2.8 0.6882
Gender 0.163
Male 62 (47%) 94 (56%)
Female 70 (53%) 75 (44%)
Birth order 0.5554
Singleton 107 (81%) 126 (75%)
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Twin 17 (13%) 29 (17%)
Triplet 4 (3%) 9 (5%)
Quadruplet 4 (3%) 5 (3%)
Hypertension 0.1388
No 124 (94%) 165 (98%)
Yes 8 (6%) 4 (2%)
Diagnosis of PDA <0.001
No 29 (22%) 145 (86%)
Yes 103 (78%) 24 (14%)
Antihypertensive treatment 1
No 130 (98%) 167 (99%)
Yes 2 (2%) 2 (1%)
High frequency ventilation 0.1801
No 119 (90%) 160 (95%)
Yes 13 (10%) 9 (5%)
Vasoactive medication exposure <0.001
No 82 (62%) 151 (90%)
Yes 50 (38%) 17 (10%)
Diuretic exposure (any) <0.001
No 59 (45%) 140 (83%)
Yes 73 (55%) 29 (17%)
Diuretic exposure in first two weeks 0.7872
No 57 (78%) 24 (83%)
Yes 16 (22%) 5(17%)

*Plus-minus values are means +SD

Table 3: Association of hypertension with indomethacin exposure and clinical confounders.

Predictor OR (95% Cl) P Value
Indomethacin exposure 3.2(0.7,14.9) 0.1259
Gestational age (weeks) 0.8 (0.5,1.4) 0.4653

Birth weight (g) 1(1,1) 0.1109
Vasoactive medication exposure 0.2(0,1) 0.1109
Diuretic exposure (any) 1.3(0.3,5.1) 0.7373

Table 4: Association os serum creatinine contration at 30-60 days of life with indomethacin exposure and
clinical confounders

Predictor Estimate (95%Cl) PV value
indomeethacin exposure 0.04(-0.071, 0.152) 0.4726
Gestational agee (Weeks) -0.03 (0.076, 0.016) 0.1971

Birth Weight (g) 0(0,0) 0.6967
Vasoactive medication exposure 0.012 (0.091,0.115) 0.8149
Diuretic exposure(any) 0.005 (-0.098,0.108) 0.9280
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