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Abstract

Background Management of patent ductus arteriosus (PDA) is variable and includes expectant, medical, and
procedural options. Both the hemodynamic effects of a PDA and its treatment put neonates at risk for acute kidney
injury (AKI). Little is known about how different management approaches to a PDA, either conservative management
or active management and either medical or surgical treatment, in preterm neonates impact kidney function over the
longer term. The objective of this study is to evaluate rates of kidney dysfunction at two years of age in extremely low
gestational age neonates (ELGANSs) with treated compared to untreated PDAs.

Methods Secondary analysis of prospectively collected data from the PENUT trial. Kidney dysfunction defined

by: eGFR <90 mL/min/1.73 m?, systolic or diastolic blood pressures (SBP or DBP) > 90th percentile, or proteinuria
measured by albumin to creatinine ratio (ACR) > 30 mg/g. Between-group, variables were compared using chi-
square or t-test statistics. General estimating equations and multivariable logistic regression was used to evaluate the
association with outcomes.

Results Of 780 ELGANSs, 261 (43%) were treated for PDA. Of those treated, 168 (64.4%) received pharmacologic
treatment, 12 (4.6%) received surgical treatment, 57 (21.8%) received both, and 24 (9.2%) were listed as having a
treated PDA without specification of management. After adjusting for confounding factors, those actively treated for
a PDA were less likely to have SBP >90th percentile at two years (29.5% treated vs. 34.3% control, adjusted OR 0.59,
C10.36-0.99). The adjusted odds-ratios for differences in other 2-year kidney outcomes did not differ. Among those
medically treated, indomethacin was used more commonly than either ibuprofen or acetaminophen.
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Conclusions ELGANSs receiving treatment for a PDA were less likely to have elevated SBP at two years. Prospective
studies are needed to examine the effects of a hemodynamically significant PDA and its management on long-term

kidney outcomes.
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Introduction

The ductus arteriosus is critical to fetal circulation,
allowing for the most oxygenated blood to bypass the
lungs and directly enter the systemic circulation. In term
infants, it is typical for this vessel to constrict within 24
to 72 h after birth [1], but in extremely low gestational
age neonates (ELGANSs), approximately 66% have a per-
sistently patent ductus arteriosus (PDA) [2]. Current
management of PDAs in preterm neonates is variable
and includes expectant, medical, and procedural man-
agement with surgical ligation or catheter-based device
closure. The patency of this vessel after preterm birth
creates the potential for increased pulmonary blood
flow after the pulmonary vascular resistance decreases
after birth. Excessive pulmonary blood flow from a left
to right shunting PDA can result in decreased systemic
output, manifesting as reduced perfusion and tissue oxy-
gen delivery to end-organs, including the kidney, putting
neonates at risk for acute kidney injury (AKI).

Guillet et al. previously reported on the association
between PDA management and neonatal AKI using data
from the Incidence and outcomes of neonatal acute kid-
ney injury (referred to as AWAKEN) [3] study and con-
firmed that very low birth weight (VLBW) infants with
a PDA had an increased odds (3.7) of developing AKI
However, there was not a significant difference in AKI
incidence between conservative and active PDA manage-
ment [4]. Other studies have also reported similar rates
of both AKI as well as hypertension amongst ELGANSs [5]
with hemodynamically significant PDAs (hsPDA) during
the NICU stay. Despite multiple studies evaluating the
risk of AKI in the neonatal intensive care unit (NICU)
and its association with a PDA, little is known about kid-
ney function in former ELGANs with PDAs after NICU
discharge and during childhood.

To address this knowledge gap, we used data collected
for the Preterm Erythropoietin Neuroprotection Trial
(PENUT) [6-8]. We sought to describe the differences
in PDA management within the cohort and differences
in measures of kidney dysfunction (estimated glomerular
filtration rate (eGFR), proteinuria, and blood pressure)
at two years of age. Our primary hypothesis was that at
two years of age, ELGANs with a history of treated PDA
would have higher rates of kidney dysfunction (lower
eGFR, higher proteinuria, and higher blood pressure)
than those without a treated PDA.

Methods

Patients

The study is a secondary analysis of the prospectively col-
lected data from PENUT (ClinicalTrials.gov Identifier:
NCT01378273), a placebo-controlled, intention-to-treat
randomized clinical trial that took place at 19 academic
centers and within 30 NICUs in the United States from
December 1, 2013, to September 31, 2016. The inclusion
criteria for PENUT were (1) neonates born between 24
0/7 weeks and 27 6/7 weeks’ gestational age, (2) enrolled
at less than 24 h of age, and (3) with arterial or venous
access. Exclusion criteria for PENUT were (1) major
life-threatening anomalies, (2) hematologic crises, (3)
hematocrit higher than 65%, (4) hydrops fetalis, and (5)
congenital infection. The University of Washington insti-
tutional review board (IRB) served as the central insti-
tutional review board, with each center involved in the
study also receiving IRB or human research ethics com-
mittees’ approval from their respective site. Informed
written consent was obtained from the neonate’s parent
or legal guardian.

Kidney outcomes, both short and long-term, have
been previously reported in the ancillary Recombinant
Erythropoietin for Protection of Infant Renal Disease
(REPAIReD) study, to investigate kidney outcomes in
ELGANSs [9]. For this secondary analysis, we included
all ELGANSs randomized for PENUT who had follow-up
at two years of age and excluded infants who died prior
to two years, those who were alive but did not have fol-
low-up at two years, and those who did not have blood
or urine collected or blood pressure measured at the two
years follow-up visit. The previous REPAIReD study did
not find any systematic differences between those who
were evaluated at follow-up vs. those who were lost to
follow-up.

Data collection

PDA and treatment modalities

The PENUT trial documented only whether an infant
had a PDA treated medically and or surgically and the
dates of procedural treatment. We analyzed infants who
received acetaminophen, ibuprofen, or indomethacin for
medical treatment. Medications that were administered
were recorded along with their dates of administration.
We excluded medications administered between days
0-3 under the assumption they were for IVH prophylaxis
and not treatment of a PDA. For procedural treatment,
the date of the procedure was recorded, and the time
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to surgical closure was interpreted as time to definitive
closure of the PDA. It was used to evaluate the effect of
shunt burden. We compared groups of infants who had
their PDA surgically closed between days of life 0-14,
15-29, and 29 +and evaluated for differences in kidney
outcomes measured at two years of age. For infants with
the designation of PDA treatment but an unknown type,
we included them in the medical treatment group. Echo-
cardiograms were not recorded, nor were any measure-
ments of the PDA.

Kidney function measurements

For those who followed up at two years, blood, urine,
and blood pressure were collected as possible. Kidney
function measurements included estimated glomeru-
lar filtration rate (eGFR) using Children under age 25
equation(CKiD U25), including sCr and cystatin C [10],
albumin to creatinine ratio (ACR), and comprehensive
blood pressure measurements [9].

Clinical definitions

The PENUT trial defined bronchopulmonary dysplasia
(BPD) as the use of supplemental oxygen at 36 weeks
postmenstrual age [11]. Necrotizing enterocolitis (NEC)
was defined according to Bell’s stage, using stages one
to three [12]. Interventricular hemorrhage (IVH) was
defined using Papile grades one to four [13]. Sepsis was
defined by culture-positive status.

Study aims

The primary aim of this study was the association
between receipt of treatment for PDA and either an
eGFR<90 mL/min/1.73 m? at two years of age using
CKiD U25 equation or an ACR>30 at two years of age.
The secondary aims included the association between
the receipt of treatment for PDA and either a systolic or
diastolic blood pressure > 90th percentile for age, or a sys-
tolic or diastolic blood pressure >95th percentile for age;
and the association between medical treatment etiologies
for PDA and the measures of kidney dysfunction at two
years.

Statistical analysis

Characteristics related to maternal and infant demo-
graphics, infant growth parameters, and clinical out-
comes were compared between the neonates treated for a
PDA and those who were not. Categorical variables were
compared using a chi-square. Continuous variables with
normal distribution were evaluated using t-test, while
Wilcoxon rank sums tests were used for non-parametric
comparisons. A generalized estimating equation (GEE)
logistic regression was used to estimate odds ratios (ORs)
and associated 95% confidence intervals (CIs) for the
association between PDA status and two-year outcomes.
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Adjusted models included characteristics that were sta-
tistically significant in bivariate analyses, which included
gestational age, birth weight, intubation, bronchopul-
monary dysplasia at 36 weeks corrected gestational age,
vasopressor administration, indomethacin administra-
tion, vancomycin administration, severe sepsis, and
5-minute Apgar. In a secondary, post-hoc analysis, the
risk of two-year outcomes was compared among expo-
sure groups based on nephrotoxic non-steroidal anti-
inflammatory drug administration within days of life 4 to
28 using a Fisher’s exact test. A similar secondary, post-
hoc analysis was conducted for two-year outcomes by
time to surgical closure of PDA. SAS v9.4 was used for all
analyses, and a p-value <0.05 was considered statistically
significant.

Results

Patients

Of the 936 infants in the PENUT analysis, 606 were
included in our secondary analysis. Their median gesta-
tional age was 26 weeks (IQR 25-27), median birthweight
was 819 g (IQR 680-950), 49% (n=298) were female, a
majority were White (n=417, 69%) with 22% of partici-
pants identifying as Black race (n=134), and a majority
were non-Hispanic/Latino (1 =463, 76%).

PDA status

Of the 606 infants included for analysis, 345 (57%) had
documentation of a treated PDA, and 261 (43%) had no
documentation of receiving treatment for a PDA. Of
those receiving treatment, 64.4% received medical treat-
ment alone, 4.6% received surgical treatment alone,
21.8% received medical and surgical treatment, and 9.2%
had documentation of treatment but an unknown type
and were included in the medical treatment group. No
infants underwent transcatheter percutaneous closure.

Characteristics of infants with PDA treatment (Table 1)
Infants with PDA treatment were born at younger gesta-
tional ages (25.2 weeks vs. 25.8 weeks), with the biggest
difference between infants born at 24 weeks GA (33.3%
vs. 16.2%, p <0.0001) and had lower birth weights (772.8 g
(187.1 SD) vs. 846.3 g (188.2 SD), p<0.001). Infants with
PDA treatment had higher rates of BPD (80.5% vs. 53%,
p<0.0001), NEC that was Bells stage 2a or higher (11.1%
vs. 6.4%, p=0.04), and severe sepsis (9.2% vs. 4.3%,
p=0.02). There was no significant difference in rates of
severe IVH (13.8% vs. 10.7%, p =0.25) (Table 2).

Outcomes

At two years of age, the eGFR and ACR for infants with
and without PDA treatment were not statistically sig-
nificantly different. The breakdown of the follow up data
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Table 1 Comparison of maternal and infant characteristics,
delivery room resuscitation, and infant baseline growth
parameters by patent ductus arteriosus (PDA) treatment status

Treated No treat- p-val-
PDA ment ue*
(n=261) of PDA
(n=345)
Gestational age at birth n (%)
24 Weeks 7(33.3) 56 (16.2) <0.0001
25 Weeks 3(31.8) 68 (19.7)
26 Weeks 50(19.2) 94 (27.2)
27 Weeks 1(15.7) 127 (36.8)
Female Sex 125(479) 173 (50.1) 0.58
Maternal Race
Black/African Americann (%) 49 (18.8) 85 (24.6) 0.12
Other n (%) 22 (84) 7(4.9)
Unknown n (%) 6 (2.3) 1(3.2)
White n (%) 184 (70.5) 232 (67.2)
Maternal Ethnicity
Hispanic/Latino 55 (21.1) 80 (23.2) 0.46
Not Hispanic/Latino 201 (77.0) 262 (75.9)
Unknown 5(1.9) 3(0.9)
Multiple gestations (> 2 live 77 (29.5) 81(23.5) 0.09
born infants) n (%)
Diabetes n (%) 14 (5.4) 21 (6.1) 0.71
Hypertension n (%) 19(7.3) 30(8.7) 0.53
Pre-eclampsia n (%) 43 (16.5) 49 (14.2) 044
Prenatal steroids, n (%)
None 19(7.5) 25(74) 0.28
1 dose 59(23.2) 61(18.0)
2 doses 160 (63.0) 220 (65.1)
> 2 doses 16 (6.3) 32(9.5)
Delivery room resuscitation
Apgar 1 min, median (IQR) 4 (2-6) (2-6) 0.02
Apgar 5 min, median (IQR) 7 (5-8) 7 (6-8) 0.01
Infant baseline growth
parameters
Small for Gestational Age n (%) 38 (14.6) 44 (12.8) 0.51
Birth weight, g, mean (SD) 772.8 8463 (188.2) <0.0001
(187.1)
Birth length, cm, mean (SD) 32.1(3.1) 33.7(2.8) <0.0001
Occipitofrontal circumference, 229 (2.3) 235(1.7) 0.0003

cm, mean (SD)

* Estimated from a chi-square or t-test/Wilcoxon rank sums test for categorical
and continuous variables, respectively

collected among subjects based on PDA treatment type is
presented in supplemental Table 1.

Infants with PDA treatment had decreased odds of
having systolic blood pressure>90th percentile for age
(adjusted odds ratio 0.59, 95% CI 0.36-0.99, Fig. 1) but
not for systolic blood pressures>95th percentile at two
years of age. There was no difference in diastolic blood
pressure. The two-year death rate between those with
PDA treatment and those with no PDA treatment was
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Table 2 Comparison of clinical outcomes by patent ductus
arteriosus (PDA) treatment status

Treated Notreat- p-val-
PDA ment ue*
(n=261) of PDA
(n=345)
BPD n (%) 210(80.5) 183(53.0) <0.0001
Necrotizing enterocolitis (Bells stage 29 (11.1) 22 (6.4) 0.04
2a or higher) n (%)
PDA treated medically n (%) 168 (64.4)
PDA treated surgically n (%) 12(46) -
PDA treated both medically and 57(218) -
surgically n (%)
Treatment unknown n (%) 2492 -
Vasopressor Medications n (%)
None 150 (57.5) 245 (71.0) 0.02
Vasopressors alone 45(17.2) 45(13.0)
Vasopressors + hydrocortisone 66 (25.3) 55(15.9)
Severe Sepsis n (%) 24.(9.2) 5(4.3) 0.02
Severe IVH n (%) 36 (13.8) 7(10.7) 0.25
Nephrotoxic Medications n (%)
Indomethacin 172 (659) 116(33.6) <0.0001
0-3DOL 68 (26.1) 4(33.0) 0.06
4+DOL 140 (53.6) 4(1.2) <0.0001

* Estimated from a chi-square or t-test for categorical and continuous variables,
respectively

not different (9.1% treated PDA vs. 11.9% no PDA treat-
ment, p=0.18).

Comparison of kidney outcomes among infants with
Pharmacologic PDA treatment

For medication treatment between days four to 28,
infants treated with indomethacin or a combination of
multiple medications, had increased rates of eGFR<90
compared to infants who received acetaminophen or
ibuprofen (Table 3) (p=0.05). All but two of the infants
treated with a combination of medications were treated
with indomethacin and an additional agent. Infants
treated with indomethacin or a combination of multiple
agents had increased systolic and diastolic blood pressure
rates > the 95th percentile for age. However, these differ-
ences were statistically significant but may be an avenue
for larger study.

Comparison of kidney outcomes among infants PDAs
procedurally closed

The effect of shunt burden was evaluated by comparing
outcomes of neonates with surgical closure based on the
date of closure. For neonates with PDAs closed at older
chronological age, there were trends towards decreased
eGFR (p=0.08) but no differences were seen in rates of
hypertension or ACR (Table 4). Evaluation of surgery
DOL as a continuous variable shows the odds of eGFR
being <90 increases by 50% (OR 1.50, 95% CI 0.97-2.32,
p=0.07) with every 7-day increase in surgery DOL; this
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Treated PDA, Untreated Adjusted
N (%) PDA, N (%) OR(95% ClI)

eGFR<90 ml/min/1.73m? (n=337) 28/162 (17.1) 32/175(18.3) 0.66 (0.43-1.01)

ACR>30 (n=420) 59/175 (33.7) 88/245(35.9) 1.05(0.73-1.53)

Hypertension (n=472)

....Systolic BP > 90th %tile 61/207(29.5) 91/265 (34.3) 0.59 (0.36-0.99)

...Systolic BP > 95th %tile 43/207 (20.8) 63/265 (23.8) 0.75 (0.48-1.19)

....Diastolic BP >90th %tile 104/207 (50.2) 148/265 (55.8) 0.61 (0.34-1.12)

....Diastolic BP >95th %tile 79/207 (38.2) 111/265 (41.9) 0.69 (0.35-1.37)

0.2
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0.4 0.6 0.8 1.0 12 14 1.6
OR and 95% CI

Fig. 1 Forest plot of odds ratios for the association between patent ductus arteriosus and two-year outcomes. Odds ratios estimated from generalized
estimating equation logistic regression and adjusted for gestational age, birthweight, intubation, bronchopulmonary dysplasia at 36 weeks gestational
age, vasopressor administration, indomethacin administration, vancomycin administration, severe sepsis, and 5-minute Apgar

Table 3 Comparison of two-year outcomes by exposure to non-steroidal anti-inflammatory drugs and acetaminophen within days of

life 4 to 28
Indomethacin day 4-28 Ibuprofen day 4-28 Acetaminophenday Combination (n=15) p-
(n=129) (n=40) 4-28 (n=3) val-
ue*
eGFR<90 (n=115) 14/74 (18.9) 2/28(7.1) 0/2 (0.0) 5/11 (45.5) 0.05
ACR>30 (n=123) 27/76 (35.5) 9/33(27.3) 2/3(66.7) 5/11 (45.5) 040
Hypertension (n=148)
Systolic pressure-based
<90th percentile 73/105 (69.5) 23/30(76.7) 1/1(100.0) 8/12(66.7) 092
90-94th percentile 7/105 (6.7) 2/30(6.7) 0/1 (0.0) 1/12(8.3)
>95th percentile 25/105 (23.8) 5/30(16.7) 0/1 (0.0 3/12 (25.0)
Diastolic pressure-based
<90th percentile 49/105 (46.7) 17/30 (56.7) 1/1(100.0) 7/12 (58.3) 0.74
90-94th percentile 13/105 (124) 2/30(6.7) 0/1(0.0) 2/12(16.7)
>95th percentile 43/105 (40.9) 11/30 (36.7) 0/1(0.0) 3/12(25.0)

*Estimated from a Fisher’s exact test

ACR: albumin/creatinine ratio

association is only slightly attenuated when including GA
and AKI status in the model (OR 1.46, 95% CI 0.89-2.38,
p=0.13). These associations were also not significant.

Discussion

In this secondary analysis of the prospectively collected
PENUT trial data, we evaluated two-year kidney out-
comes from ELGANs to assess whether infants who
received PDA treatment compared to those who did not
receive PDA treatment had differences in their outcomes.
We found that infants treated for a PDA had no differ-
ence in their eGFR and ACR at two years of age but were
less likely to have systolic blood pressure >90% compared
to those without PDA treatment; however, given the
limitations within this data set, these results should be

interpreted with caution. Results from this study support
future investigations, specifically evaluating the effects
of PDA therapy on long-term kidney outcomes to better
understand the potential pathophysiology, as there could
be signals towards kidney-protective effects of treatment.
Due to the hypothesis generating nature of this study we
mentions trends as sample sizes were small in the various
analyses and the results could point to venues for more
detailed study.

We also found that at the time of the PENUT study,
indomethacin was the most frequently used medication
for medical PDA treatment and that exposure to indo-
methacin resulted an increased rate of kidney dysfunc-
tion at 24 months of age. Among those infants with a
PDA definitively closed by surgical measures, we found
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Table 4 Comparison of two-year outcomes by days to surgery

to close PDA
0-14days 15-29 230 p-
(n=11) days days val-
(n=36) (n=21) ue*
eGFR<90 (n=38) 0/8 (0.0 2/22(9.1) 4/11 0.08
(36:4)
ACR>30 (n=50) 3/8(37.5) 10/28 3/14 0.70
(35.7) (21.4)
Hypertension (n=51)
Systolic pressure-based
<90th percentile 6/7 (85.7) 20/26 14/18 0.31
(76.9) (77.8)
90-94th percentile 1/7 (14.3) 0/26(0.0) 1/18(5.6)
>95th percentile 0/7 (0.0 6/26 (23.1) 3/18
(16.7)
Diastolic pressure-based
<90th percentile 4/7 (57.1) 13/26 9/18 093
(50.0) (50.0)
90-94th percentile 0/7 (0.0) 4/26 (15.4) 3/18
(16.7)
>95th percentile 3/7 (42.9) 9/26 (34.6) 6/18
(33.3)

*Estimated from a Fisher's exact test

ACR: albumin/creatinine ratio

that increased duration of shunt burden, quantified by
later timing of shunt closure, was associated with higher
rates of eGFR being <90 at 24 months, though given the
small sample size it is important to recognize this as a
nonstatistically significant trend, however, this could
be better evaluated in a larger prospective study. The
increased rates of lower eGER could be due to sustained
hypoperfusion from diastolic steal from a left to right
shunt; however, given the confines of the data set, we
cannot say with certainty that the PDA was always shunt-
ing left to right. However, even if it was shunting right to
left for a period of time before definitive closure, it still
could have led to kidney hypoxia.

Previous studies evaluating the effects of PDA treat-
ment on kidney health have focused on short-term
rates of AKI and found that infants with a PDA are at
increased risk of AKI regardless of treatment approach
[4]. This is the first study to identify factors associated
with PDA treatment and the development of long-term
kidney dysfunction.

Our results indicate that treatment of the PDA may
impart some level of kidney protection, with those infants
receiving treatment having significantly decreased odds
of developing systolic hypertension. Likewise, infants
with a clinically significant PDA who were exposed to
a longer duration of shunt burden, as defined by defini-
tive surgical closure at an older age, had higher rates of
decreased eGFR. This suggests that earlier treatment may
be better.
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We did not find a significant difference in some of the
kidney outcomes at two years of age between infants
who were treated for a PDA versus infants who were not
which indicates that more robust prospective studies are
needed to understand this multifactorial condition better.

Indomethacin use has been associated with AKI in
neonates. Some studies have gone so far as to evaluate
whether the effectiveness of indomethacin as closing
the PDA can be measured by the AKI that occurs [14].
This is concerning because it was the most commonly
used medication in this study’s era, and long-term kidney
outcomes were worse amongst infants who were treated
with indomethacin compared to acetaminophen or ibu-
profen. This implies that the short-term AKI that occurs
could also be impacting kidney health much later in life
for these babies and caution should be taken when using
this agent compared to the others, especially when no
definitive trial has proven one to be superior to the other
[15-17]. 1t is important to note that since the data col-
lection for this cohort, indomethacin use has decreased
nationally [18]. Raaijmakers et al. evaluated longer term
kidney affects (eGFR and kidney length) of neonatal
exposure to ibuprofen and found no significant difference
among adolescents with neonatal ibuprofen compared to
those without, thus ibuprofen could be a better option for
PDA medical management from a kidney health perspec-
tive, though this would be better definitively evaluated
with a randomized control trial [19].

In an attempt to evaluate the effect of shunt burden on
two-year kidney outcomes, we used the surrogate marker
of time to definitive closure via surgical closure, accepting
that this is not a perfect measure. Within this population,
we could be assured that once the shunt was surgically
closed, it would not open again, and it would be a safe
assumption that the PDA would be open for most of the
time until definitive closure. Within this group, we found
that infants with a longer time to surgical shunt clo-
sure and, therefore, a more prolonged shunt burden had
increased rates of lower eGFR at two years. This is con-
cerning for the development of kidney dysfunction and
potentially CKD within this population. Given that, at
this time, there is no standard recommendation for when
to close a PDA via medical or procedural means, these
data support investigating if there is a benefit to earlier
closure to decrease longer-term kidney morbidity within
this at-risk population [20]. A 2023 Danish cohort study
evaluated the lifetime risk of developing CKD in infants
with simple congenital heart disease, which included
PDAs, and found no difference in risks. However, this did
not specifically evaluate the duration of PDA shunt bur-
den and the risk of CKD [9, 21]. No study to our knowl-
edge has evaluated the effect of shunt burden on these
outcomes and this should continue to be investigated in
future studies.
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Limitations

This study is limited by the nature of the secondary anal-
ysis and not having input in the details related to the data
elements collected for the prospective study. PDA diag-
nosis and treatment decisions were not protocolized in
the PENUT study. The duration and dose of exposure
to medication were unknown. The rationale for specific
medication selection was also unknown. Without echo-
cardiographic information on all PENUT participants
we could not determine if those who were not treated
did or did not have a PDA. Similarly, in the PDA treat-
ment group, the hemodynamic significance of the PDA is
unclear. Likewise, for the infants with surgical closure, we
could not be sure without the echocardiographic results
whether the PDA was open for the entirety of the time
prior to surgical closure. In addition, among infants who
underwent surgical ligation, the degree and duration
of medication exposure were unknown and hence not
addressed.

Further, there are widely variable practice differences
in NICUs where these data were collected, so while our
measurements were looking at specific outcomes, it is
possible that these outcomes were influenced by outside
factors not accounted for due to practice variation. We
adjusted for multiple potentially confounding variables
in our statistical models, but residual confounding can-
not be ruled out. We were able to account for potential
survival bias by confirming there was no difference in
the two-year death rate between the groups. We didn't
account for multiple tests in this hypothesis-generat-
ing study. Lastly, the at two years of age there were not
additional measures of kidney dysfunction made includ-
ing end organ screening, blood pressure was recorded at
only one visit (lowest of two values) during the follow-up,
and there was not an echocardiogram done at that time
to evaluate the cardiovascular effects of hypertension.
Because the blood pressure was only measured at one
visit, if the elevation in blood pressure is situational or
sustained is not known.

Conclusions

In this study, we found that at two years of age, infants
who received treatment for a PDA, compared with
infants who did not receive treatment for a PDA, had no
difference in their eGFR and ACR at two years of age but
were less likely to have elevated systolic blood pressure.
This could indicate a kidney protective component to
PDA treatment. This is consistent with prolonged shunt
exposure potentially increasing the rates of having a low
eGFR at two years and that perhaps having a PDA for lon-
ger harms the kidneys long term which may explain why
the treatment group showed some signs of improved kid-
ney outcomes. Among those infants treated medically for
their PDA, infants with exposure to indomethacin were
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more likely to have have a lower eGFR at two years of age
compared to those exposed to ibuprofen and acetamino-
phen. Results from this study support future investiga-
tions specifically evaluating the effects of PDA therapy on
long-term kidney outcomes to understand the potential
pathophysiology better as there could be a signal towards
kidney-protective effects of treatment.
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