~ . Society for
www.nature.com/pr APS Br\ f;:;s:;i"afr"iz'ﬁte‘;earch S p r Pediatric Research
CLINICAL RESEARCH ARTICLE =) Check for pdetes

Model for severe intracranial hemorrhage and role of early
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BACKGROUND: To develop a model for prediction of severe intracranial hemorrhage (ICH) or death based on variables from the
first 12 h of age and to compare mortality and morbidities with and without exposure to early indomethacin.

METHODS: This retrospective cohort study included extreme preterm (22%7—26%7 weeks) infants born at National Institute of Child
Health and Human Development Neonatal Research Network sites. Primary outcome was a composite of severe ICH and/or death.
RESULTS: Of 4624 infants, 1827 received early indomethacin. Lower gestation, lack of antenatal steroids exposure, lower 1-min
Apgar, male sex, and receipt of epinephrine were associated with severe ICH or death. Early indomethacin was associated with a
lower risk of patent ductus arteriosus, bronchopulmonary dysplasia, and higher risk of spontaneous intestinal perforation.
CONCLUSIONS: A model for early prediction of severe ICH/death was developed and validated. Early indomethacin was associated

with a lower risk of patent ductus arteriosus and bronchopulmonary dysplasia and a higher risk of spontaneous intestinal

perforation.
CLINICAL TRIAL REGISTRATION: Not applicable.
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IMPACT:

® Modern data on severe ICH and neonatal morbidities in relation to prophylactic indomethacin are scarce in the published

literature.

® Prophylactic indomethacin was associated with a lower risk of patent ductus arteriosus and bronchopulmonary dysplasia and a

higher risk of intestinal perforation.

® A risk estimator for severe intracranial hemorrhage/death was developed in a large cohort of extremely preterm infants.
® The risk estimator developed based on a large cohort of patients provides an estimate of severe intracranial bleeding for an

individual infant.

INTRODUCTION

Extremely preterm (EPT) infants are at high risk of mortality and
neurodevelopmental impairment (NDI). A recent large study in the
Eunice Kennedy Shriver National Institute of Child Health and
Human Development Neonatal Research Network (NICHD NRN)
by Stoll and colleagues (n=34,636, gestational age [GA],
22-28 weeks) noted an improvement in the survival of infants
born at 23-24 weeks’ GA from 2009 through 2012, but survival
without major neonatal morbidity did not change significantly.’
The incidence of severe intracranial hemorrhage (ICH) among
infants of 23 and 25 weeks’ GA remained unchanged during the
study period. Severe ICH is associated with mortality, posthemor-
rhagic hydrocephalus, and need for ventriculoperitoneal shunt, as

well as neurodevelopmental sequelae such as cerebral palsy, and
intellectual disability.>® Perinatal factors associated with severe
ICH among preterm infants include lower GA, male sex, antenatal
maternal hemorrhage, lack of antenatal steroid exposure, lower
Apgar score, mechanical ventilation, neonatal transport, early-
onset sepsis, perinatal acidosis, hypotension, hypercapnia, fluctua-
tions in carbon dioxide concentrations, hypoxemia, pneu-
mothorax, and specific gene mutations.*"'?

Indomethacin prophylaxis immediately after birth remains
controversial despite association with a reduction in the incidence
of severe ICH and symptomatic patent ductus arteriosus (PDA)
among EPT infants.”>™'> Despite the potential benefits,
early indomethacin has not been consistently associated with
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long-term beneficial effects on neurodevelopment.*'” Two large
randomized controlled trials did not note significant adverse
effects associated with early indomethacin.'®'* However, more
recent studies have noted adverse effects of indomethacin
including thrombocytopenia, azotemia, gastrointestinal bleeding,
and necrotizing enterocolitis (NEC)."®'® Because of conflicting
results for neonatal morbidities and long-term neurologic out-
comes, clinicians remain divided into proponents and opponents
of early indomethacin for EPT infants.?® We speculated that a
targeted use of early indomethacin among infants at high risk of
severe ICH/death may be beneficial and that risk estimator for
severe ICH using clinical variables available soon after birth may
help to target preventive therapies to the most at risk of ICH.

The objectives of the study were (1) develop a model for early
(12 h of age) prediction of severe ICH within 28 days or death
within 7 days among EPT (22%7-26%" weeks’ GA) infants, and (2)
stratify our cohort on risk of severe ICH or death using our
predictive of model and compare risk of ICH and other neonatal
morbidities among EPT infants based on exposure to early
indomethacin.

PATIENTS AND METHODS

Study design

This was a retrospective study of prospectively collected data from the
Generic Database Registry among the participating centers of the NICHD
NRN. Total 18 centers were included in the analysis dataset.

Study population

All EPT (22%7-26%7 weeks’ GA) infants who were born at participating
centers of the NICHD NRN between July 2012 and August 2017 were
eligible. Infants who died within 12 h of birth were excluded. Infants born
with major congenital malformations and outborn infants were also
excluded.

Maternal data collected included race, marital status, hypertension,
acute histologic chorioamnionitis, delivery mode, multiple births, educa-
tion, and antenatal steroid administration. Neonatal data were collected
until death, discharge, or 120 days, whichever occurred first and included
birth weight, GA (in completed days), sex, Apgar scores, details of
resuscitation in the delivery room, severe ICH?', cystic periventricular
leukomalacia, traditional BPD defined as need for supplemental oxygen at
36 weeks’ postmenstrual age, stage IIA or higher NEC based on modified
Bell criteria®?, and mortality. Severe ICH was defined as intraventricular
hemorrhage with ventricular dilation or intraparenchymal hemorrhage
(either unilateral or bilateral) noted on head ultrasonography (HUS)
performed prior to 28 days after birth.?'

Cystic periventricular leukomalacia was defined as the presence of cystic
echolucencies in the periventricular white matter by serial HUS.
Spontaneous intestinal perforation (SIP) without evidence of NEC was
diagnosed on radiography, assessment during surgery, or autopsy.

The primary outcome was a composite of severe ICH within 28 days or
death within the first 7 days of age. The combined outcome was used
because patients who die within the first 7 days of age are at the highest
risk of severe ICH.>>*

Statistical analysis

Continuous variables were described using mean and standard deviation
(SD) or median and interquartile range, and categorical variables using
frequency and percentage. Perinatal characteristics were compared
between infants with and without exposure to early indomethacin; and
with and without the primary outcome, using x> and Wilcoxon rank-sum
tests as appropriate.

For objective 1, infants who received early indomethacin, defined as
indomethacin administration within 24 hours of age, were excluded for
development and validation of an initial ICH/death prediction model,
because early indomethacin has been shown to reduce the incidence of
ICH."®*™"> From all the infants eligible for objective 1, two-thirds of infants
from each site were randomly assigned to the model development group
and the remaining one-third were assigned to the validation group. The
initial prediction model development based on logistic regression included
the following variables: birth weight, GA, small for GA status, Apgar score
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at 1 minute, sex, race, antenatal steroid use, antenatal magnesium sulfate
use, maternal antibiotic use, antepartum hemorrhage, pregnancy-induced
hypertension, chronic hypertension, maternal health insurance, maternal
education, delivery method, time of birth, delivery room intubation, chest
compression in the delivery room, delivery room use of epinephrine,
admission temperature, surfactant use, and pneumothorax. First, the
significant factors were identified using backward elimination method. In
step 2, an exhaustive list of variables was considered in the model.
The model included statistically significant and/or clinically important
variables. The final model selection was based on how a predictor
enhanced the predictive ability of the model based on change in the area
under the curve. The final model fit was also examined based on the
Hosmer-Lameshow test.”®

All clinical variables that were used in the final model were available
within the first 12 h after birth to predict the primary outcome after 12 h of
age. A second model was developed to predict severe ICH among
survivors.

For objective 2, using the prediction equation, all infants, with or without
early indomethacin, were classified into high- and low-risk groups using a
cut-off value selected based on the optimum value of sensitivity and
specificity. Mortality and neonatal morbidities were compared in the
overall cohort and in high- and low- ICH/death risk categories among
infants with and without exposure to early indomethacin, using x> and
t tests. Generalized linear mixed models were developed to compare effect
of early indomethacin in the overall cohort as well as separately in high
and low-risk groups, with adjustment for covariates known to affect
outcomes including GA, sex, antenatal steroid exposure, and 5-minute
Apgar score. Interaction effect between early indomethacin and other
predictor variables (risk group and antenatal steroid) were evaluated.
Interactions that were not statistically significant were excluded from the
final model. Center of birth was included as a random effect. No
adjustment was made for multiple comparisons. Two-sided P values were
reported throughout, with P<0.05 considered statistically significant.
Statistical analyses were conducted using SAS 9.4 statistical software (SAS
Institute, Cary, NC). The Generic Database (GDB) data collection was
approved by the institutional review board at each site, with waiver of
consent granted at all except 3 sites, which required written or oral
parental consent.

RESULTS

Of the 5835 infants born during the study period, 4624 were
included in the analysis (1211 excluded: 305 for congenital
anomalies, 191 were outborn, 681 infants died within 12 h, and 34
had missing data). Six hundred eighty-one patients who died
within 12 h of age and were excluded from the study cohort had
lower GA, mean (SD): 22.9 (1.1) weeks vs. 24.7 (1.1) weeks, lower
birth weight, mean (SD): 530.6 (165.1) grams vs. 730.8 (171.2)
grams and lower 1-min Apgar score, median (IQR): 1.0 (1-2) vs. 3.0
(1-5), as compared to the infants in the cohort that was included.
A higher proportion of patients were born via vaginal delivery; 544
(79.9%) vs. 1666 (36.3%) among the infants who died within 12
hours and were excluded compared to those in the cohort that
was included.

Of 4624 infants included, 1827 infants received early indo-
methacin and 2797 infants did not receive early indomethacin
(Fig. 1). The primary outcome of ICH/death occurred in 692/2797
(25%) infants who did not receive early indomethacin, and 458/
1827 (25%) infants who did. There were 34 infants with
incomplete data for some of the predictors and these infants
were excluded from the analysis. Infants who had data available
for the primary outcome and infants with missing data were
comparable in GA, birth weight, sex, and medical insurance (data
not shown).

Infants who received early indomethacin had lower birth
weight, GA, 1- and 5-min Apgar scores, and lower rates of
maternal antepartum hemorrhage and antenatal exposure to
magnesium sulfate. Higher proportion of mothers of infants with
early indomethacin was Black and had a college education
(Table 1). The use of early indomethacin ranged from 0% in
4 sites to 100% in 1 site, which was reflective of variance in the
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1650

305 infants with congenital anomalies

191 outborn infants

681 infants died within 12 h
1 infant with missing prophylactic indomethacin

v

1837 received prophylactic indomethacin

10 with missing severe ICH/death
10 did not have cranial sonogram [28 d]

1827 with non-missing severe ICH/death

| }

458 severe ICH or
death by day 7

5835 infants with gestational age 22 to less than 27 weeks
born between july 2012 and august 2017
5530 infants without congenital anomalies
5339 inborn infants
4657 infants included in the analysis
|
2820 did not receive prophylactic indomethacin
23 with missing severe ICH/death
2 had cranial sonogram [28 d]
21 did not have cranial sonogram [28 d]
Objective 1 €«— 2797 with non-missing severe ICH/death
2105 no severe ICH or 692 severe ICH or 1369 no severe ICH or
death by day 7 death by day 7 death by day 7
For objective 2, the sample size was 4590 (2797 + 1827 = 4624 —34 infants due to missing data for some variables = 4590)
Fig. 1 Flowchart of study participants.

unit-specific guidelines for the use of early indomethacin among
centers.

Maternal and infant characteristics of infants with and without
severe ICH/death are described in Table 2. Infants with severe ICH/
death had lower GA and birth weight and were more often male,
compared to infants without this outcome. For infants with severe
ICH/death, rates of exposure to antenatal steroids and antenatal
magnesium sulfate were lower and vaginal delivery more
frequent, and more infants received delivery room intubation,
chest compression, and epinephrine and had lower Apgar scores
at 1 and 5 minutes, compared to infants without severe ICH/death.
Mean admission temperature was significantly lower in the group
with severe ICH/death. Patients who had the primary outcome of
severe ICH or death had higher rate of antepartum hemorrhage
and pneumothorax as compared to patients without the primary
outcome (24.9% vs. 21.1.% and 13.4% vs. 5.9%, respectively). As
the timing of pneumothorax was not known, it was not
considered in the model. Of 2105 infants without severe ICH/
death, 1,666 had no ICH, 242 had grade 1, and 197 infants had
grade 2 ICH. Of 692 infants with severe ICH/death: 454 had severe
ICH alone, 85 had severe ICH and died within 7 days and 153 died
without severe ICH (74 had no ultrasound for ICH or missing data,
58 had no ICH, 9 had grade 1 ICH, and 12 had grade 2 ICH). There
were 2 infants who died between 8 and 28 days with the presence
of RDS and severe ICH.

For objective 1, in the initial multivariate logistic regression
analysis, lower GA, lack of exposure to antenatal steroids, lower
1-minute Apgar score, male sex, and receipt of epinephrine in the
delivery room were associated with severe ICH/death (Fig. 2A). The
areas under the receiver operating characteristic curve for the
training and validation models were 0.71 (95% Cl: 0.68, 0.74) and
0.70 (95% Cl: 0.67, 0.74), respectively. A predicted risk cut-off value
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of 0.24 (sensitivity: 66.7, specificity: 64.1) was selected to define
the high- and low-risk groups. The model only used information
available within first few hours of age. This could be the reason for
the mediocre AUC in the current model. The Hosmer-Lemeshow
goodness-of-fit test p-value was 0.90. This p value is nowhere
close to statistical significance, thus indicating good model fit.
Based on the logistic regression model, we developed a prediction
equation for estimating the risk of developing neonatal severe ICH
within 28 days or dying within the first 7 days of age using 6
clinical variables available soon after birth. The estimator is
available as an EXCEL spreadsheet (Table 4 supplemental file).
Lower GA, lack of exposure to a complete course of antenatal
steroids, lower 1-minute Apgar score, male sex, vaginal delivery,
and receipt of epinephrine in the delivery room were associated
with severe ICH among survivors (Fig. 2b). The areas under the
receiver operating characteristic curve for the training and
validation models were 0.69 (95% Cl: 0.66, 0.72) and 0.69 (95%
Cl: 0.65, 0.74). Based on the logistic regression model, we
developed a prediction equation for estimating the risk of
developing neonatal severe ICH within 28 days of age using 6
clinical variables available soon after birth. The estimator is
available as an EXCEL spreadsheet (Table 5 supplemental file).
Neonatal outcomes of EPT infants in relation to early
indomethacin are presented in Table 3. Unadjusted and model-
adjusted results are provided. None of the interaction terms were
statistically significant in the adjusted models, thus, they were
removed from the final models. There were no differences in
adjusted rates of death, any ICH, severe ICH, and NEC in relation to
exposure to early indomethacin. The incidence of PDA, PDA/death
was lower, and incidence of SIP was higher, among infants
exposed to early indomethacin in the overall group, as well as
both high- and low-risk groups. The incidence of moderate or
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Table 1.

Variable

Birth weight, g Mean (SD)

Gestational age, wk
Mean (SD)

SGA using Alexander curve,
No. (%)

Male sex, No. (%)
Black race, No. (%)
Antenatal steroids, No. (%)
Complete
Partial
None
Antenatal MgSO,, No. (%)
Antepartum hemorrhage, No. (%)

Private maternal insurance,
No. (%)

Maternal education (some
college), No. (%)

Vaginal delivery, No. (%)

DR intubation, No. (%)

DR chest compression, No. (%)
DR epinephrine. No. (%)

Apgar score at 1 min Median (IQR)
Apgar score at 5 min Median (IQR)
Delayed cord clamping

Multiple births

All patients
(N =4590)

730.8 (171.2)
24.7 (1.1)

373/4590 (8.1)

2358/4590 (51.4)
1931/4590 (42.1)

3137/4590 (68.3)
1041/4590 (22.7)
412/4590 (9.0)
3706/4581 (80.9)
955/4586 (20.8)
1675/4590 (36.5)

2009/4590 (43.8)

1666/4590 (36.3)
3591/4590 (78.2)
311/4589 (6.8)
169/4590 (3.7)
3.0 (1-5)

6.0 (4-8)
421/1413 (29.8)
1201/4590 (26.2)

Perinatal characteristics of infants with and without exposure to prophylactic indomethacin.

Prophylactic indomethacin used N Prophylactic indomethacin not used P

= 1807 (39%) N = 2783 (61%)

709.4 (165.7) 744.7 (173.3) <0.01
24.6 (1.2) 24.8 (1.1) <0.01
159/1807 (8.8) 214/2783 (7.7) 0.18
897/1807 (49.6) 1461/2783 (52.5) 0.06
829/1807 (45.9) 1102/2783 (39.6) <0.01
1222/1807 (67.6) 1915/2783 (68.8) 0.40
405/1807 (22.4) 636/2783 (22.9) 0.73
180/1807 (10.0) 232/2783 (8.3) 0.06
1407/1805 (78.0) 2299/2776 (82.8) <0.01
340/1807 (18.8) 615/2779 (22.1) <0.01
597/1807 (33.0) 1078/2783 (38.7) <0.01
875/1807 (48.4) 1134/2783 (40.7) <0.01
681/1807 (37.7) 985/2783 (35.4) 0.11
1460/1807 (80.8) 2131/2783 (76.6) <0.01
121/1807 (6.7) 190/2782 (6.8) 0.86
67/1807 (3.7) 102/2783 (3.7) 0.94
3.0 (1-5) 3.0 (1-5) <0.01
6.0 (4-7) 6.0 (5-8) <0.01
144/520 (27.7) 277/893 (31.0) 0.19
454/1807 (25.1) 747/2783 (26.8) 0.20

DR delivery room, IQR interquartile range, MgSO, magnesium sulfate, SD standard deviation.

severe traditional BPD (oxygen use at 36 weeks’ postmenstrual
age) and moderate or severe BPD/death was lower among infants
exposed to early indomethacin in the overall group as well as in
the low-risk group. The incidence of physiologic BPD and
physiologic BPD/death was lower among infants exposed to early
indomethacin in the overall group of infants.

DISCUSSION

Using data from a recent cohort of EPT infants delivered at 18
centers who participated in the NICHD NRN GDB Registry, we
developed and validated a prediction model for death or severe
ICH using easily available perinatal clinical variables. The current
multicenter study is novel by including factors available to
clinicians soon after birth (few hours of age) among EPT infants.
We have also created an easily usable computational tool in EXCEL
that can be used to estimate the probability for ICH for an
individual patient based on early predictors. In addition, we
examined the risk of various morbidities with early indomethacin
both in the entire cohort and stratified by risk of severe ICH. The
factors found to be associated with the primary outcome of severe
ICH or death within 7 days included lower GA, lack of exposure to
a complete course of antenatal steroids, lower 1-min Apgar score,
male sex, and receipt of epinephrine in the delivery room. The
model in the current study provides an objective and validated
estimate of the risk for severe ICH or death among EPT infants
soon after birth. As the performance of the model was fair, the
model should not be used for clinical purpose unless further
external validation is performed. If the model is validated, it
could be a valuable tool for early prognostication and parental
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counseling as well as targeted therapies to reduce the risk of
severe |ICH.

Two other studies have created prediction models for severe
ICH.”® Singh et al. developed a prediction model for severe ICH
among preterm infants (GA, 23-34 weeks, n=2917) born at 4
centers using the Vermont Oxford Network database.?® Seven
clinical variables available within the first 6 hours of age were
associated with severe ICH, including GA, sex, birth weight, any
antenatal steroid exposure, mode of delivery, Apgar score at 5
minutes and inborn versus outborn status. Luque et al developed
a risk prediction model for severe ICH in preterm infants (n = 6538;
birth weight, 500-1249 g) born at the Neocosur Network centers
between 2001 and 2010.” GA, mechanical ventilation, antenatal
steroid exposure, 1-minute Apgar score, neonate’s sex, and
respiratory distress syndrome were associated with severe ICH.
The overall area under the curve for the model was 0.79.

While the variables in all these models are similar, in an inborn
EPT population, our model offers the advantages of a considera-
tion of GA in days instead of completed weeks, including infants
<500 g and/or <23 weeks, and including incomplete vs complete
courses of ANS exposure. Consideration of GA in days vs.
completed weeks may be advantageous as the outcome of EPT
infants may be closer to infants born in the adjacent week than to
those born at the other extreme of the same week. A substantial
number of preterm infants are born after receiving an incomplete
course of antenatal steroids.?” EPT infants born after exposure to
an incomplete course of antenatal steroids have significant
differences in survival, ICH, and neurodevelopmental outcomes
compared to infants born after no steroids as well as a complete
course of antenatal steroids.?’2®
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Table 2. Characteristics of infants with and without severe ICH within 28 days or death within 7 days among those not exposed to indomethacin.

Variable

Birth weight, g
Mean (SD)

Gestational age, wk
Mean (SD)

SGA, using Alexander growth curve,
No. (%)

Male sex, No. (%)
Black race, No. (%)
Antenatal steroids

Complete

Partial

None
Antenatal MgSO,, No. (%)
Maternal antibiotics, No. (%)
Antepartum hemorrhage, No. (%)
PIH, No. (%)
Chronic hypertension, No. (%)
Private maternal insurance, No. (%)

Maternal education (some college),
No. (%)

Vaginal delivery, No. (%)

DR intubation, No. (%)

DR chest compression, No. (%)
DR epinephrine

Apgar score at 1 min
Median (IQR)

Apgar score at 5 min
Median (IQR)

Delayed cord clamping

Admission temperature °C
Median (IQR)

Surfactant
Pneumothorax
Multiple births

Overall patients
(N =2797)

744.2 (173.2)
24.8 (1.1)
215/2797 (7.7)

1468/2797 (52.5)
1111/2797 (39.7)

1920/2797 (68.6)
639/2797 (22.8)
237/2797 (8.5)
2305/2790 (82.6)
2102/2789 (75.4)
616/2793 (22.1)
294/2768 (10.6)
345/2768 (12.5)
1083/2797 (38.7)
1138/2797 (40.7)

995/2797 (35.6)
2144/2797 (76.7)
197/2796 (7.0)
103/2796 (3.7)
3.0 (1-5)

6.0 (4-8)

280/898 (31.2)
36.6 (36.2-37)

2497/2797 (89.3)
217/2797 (7.8)
749/2797 (26.8)

Severe ICH/Death within 7 days No Severe ICH/Death within 7 d P
(N =692) (25%) (N = 2105) (75%)

703.4 (175.2) 757.6 (170.4) <0.01
24.4 (1.1) 25.0 (1.1) <0.01
55/692 (7.9) 160/2105 (7.6) 0.77
405/692 (58.5) 1063/2105 (50.5) <0.01
261/692 (37.7) 850/2105 (40.4) 0.21
389/692 (56.2) 1531/2105 (72.7) <0.01
198/692 (28.6) 441/2105 (21.0) <0.01
105/692 (15.2) 132/2105 (6.3) <0.01
525/690 (76.1) 1780/2100 (84.8) <0.01
479/689 (69.5) 1623/2100 (77.3) <0.01
172/691 (24.9) 444/2102 (21.1) 0.04
61/686 (8.9) 233/2082 (11.2) 0.09
77/686 (11.2) 268/2082 (12.9) 0.26
282/692 (40.8) 801/2105 (38.1) 0.21
238/692 (34.4) 900/2105 (42.8) <0.01
284/692 (41.0) 711/2105 (33.8) <0.01
601/692 (86.8) 1543/2105 (73.3) <0.01
79/692 (11.4) 118/2104 (5.6) <0.01
52/692 (7.5) 51/2104 (2.4) <0.01
2.0 (1-4) 4.0 (2-6) <0.01
6.0 (3-7) 7.0 (5-8) <0.01
66/237 (27.8) 214/661 (32.4) 0.20
36.5 (36-37) 36.6 (36.2-37) <0.01
665/692 (96.1) 1832/2105 (87.0) <0.01
93/692 (13.4) 124/2105 (5.9) <0.01
198/692 (28.6) 551/2105 (26.2) 0.21

DR delivery room, ICH intracranial hemorrhage, IQR interquartile range, MgSO, magnesium sulfate, PIH pregnancy-induced hypertension, SD standard

deviation.

Due to conflicting results for neonatal morbidities and long-
term neurologic outcomes, clinicians remain divided into propo-
nents and opponents of early indomethacin for EPT infants.?’ The
current study found that early indomethacin showed no reduction
in severe ICH in any risk category. However, there was reduction of
PDA and reduction in BPD. Two prior randomized controlled trials
showed reduction in ICH and PDA with no difference in BPD or
NDI with early indomethacin.'*'**° Looking at more recent
studies, a study from the NICHD NRN by Jensen et al. 3° that
included preterm infants born at less than 29 weeks of gestation
born between 2008 and 2012 showed that later treatment of PDA
was less common among 2587 infants who received early
indomethacin compared with 5244 who did not (21.0% vs
36.1%, P <0.001). After adjusting for potential confounders, use
of early indomethacin was not significantly associated with odds
of BPD (OR, 0.89; 95% Cl, 0.72-1.10), death (OR, 0.80; 95% Cl,
0.64-1.01), or death or BPD (OR, 0.87; 95% Cl, 0.72-1.05). The
difference in the results of current and previous studies could be
due to limitations of observational study design; change in
practice since the 1990s when the 2 trials were conducted,
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including increased use of antenatal steroids, change in resuscita-
tion practices for EPT infants, increased use of noninvasive
respiratory support; changes over time in obstetric practice and
inclusion of smaller and lower GA infants in more modern cohorts.
Our finding of reduction in BPD with early indomethacin has
been seen in a recently published study by Nelin et al. This
observational study reported mortality and neonatal morbidities
among EPT infants (GA <27 weeks) in relation to early indo-
methacin exposure.®' Infants exposed to early indomethacin (n =
530) had a lower relative risk of mortality and combined outcome
of BPD or death, 0.52 (95% Cl, 0.37-0.73), and 0.91 (95% Cl,
0.85-0.98), respectively, compared to infants who did not receive
early indomethacin (n = 141). The exposure to early indomethacin
also was not associated with any significant effect on severe ICH
similar to this study.3' These findings suggest a potential
cardiorespiratory beneficial effect of early indomethacin. This
could be secondary to reduction in the rate of symptomatic PDA
in the early indomethacin group.

A concerning finding of this study was the association of early
indomethacin with an increased incidence of SIP (adjusted odds

Pediatric Research (2022) 92:1648 - 1656



S. Chawla et al.

a OR LCL UcCL
GA (per week) 0.68 0.61 0.76
Male vs. Females —-— 1.42 1.12 1.81
ANS Complete vs. None | ——#— 0.33 0.23 0.48
ANS Complete vs. Partial —-— 0.63 0.48 0.83
ANS Partial vs. None f—— 0.52 0.34 0.80
Vaginal delivery vs. Cesarean delivery - 1.16 0.90 1.49
Apgar score at 1 min (per point) | 0.84 0.80 0.89
Epinephrine in delivery room | 2.15 1.21 3.79

0.5 1 15 2 3 45
b OR LCL UCL
GA (per week) 0.73 0.65 0.82
Male vs. Females —-— 1.54 1.19 2.01
ANS Complete vs. None | |——m— 0.41 0.28 0.62
ANS Complete vs. Partial ] 0.59 0.44 0.79
ANS Partial vs. None —-— 0.71 0.45 1.10
Vaginal delivery vs. Cesarean delivery " 1.38 1.05 1.81
Apgar score at 1 min (per point) ] 0.88 0.82 0.93
Epinephrine in delivery room f—— 1.82 0.99 3.32

0.5 1 15 2 3 45

Fig. 2 Logistic Regression Models. a Adjusted markers for severe intracranial hemorrhage within 28 days/mortality within 7 days. ANS
antenatal steroids, GA gestational age, LCL lower confidence limit, OR odds ratio, UCL upper confidence limit. b Adjusted markers for severe
intracranial hemorrhage within 28 days. ANS antenatal steroids, GA gestational age; LCL lower confidence limit, OR odds ratio, UCL upper

confidence limit.

ratio [OR] = 1.78, 95% confidence interval [Cl] = 1.34-2.38), and a
marginal increase in incidence of SIP/death (adjusted OR=1.18,
95% Cl = 0.98-1.42), with no significant difference in the incidence
of NEC and NEC/death. Similar results were noted in a recent, large
observational cohort study (n=4268, GA<30 weeks) from
Canadian neonatal intensive care units which noted an increased
risk of SIP among infants exposed to early indomethacin, after
controlling for early feeding (adjusted OR=243, 95% Cl=
141-4.19)3% This conflicts with the two older randomized
controlled trials that did not show a difference in rate of SIP with
early indomethacin.">'*

Limitations

The observational design of the study only shows associations
between antenatal/perinatal variables and risk of severe ICH. The
area under the curve for the prediction model was 0.71 (95% Cl:

Pediatric Research (2022) 92:1648 - 1656

0.68, 0.74). There are many factors that may occur after 12 h of age
and be associated with severe ICH (hypercapnia, fluctuations in
blood Pco,, hypotension, hypoxemia, pneumothorax, early-onset
sepsis, other unknown confounders, and specific gene mutations)
and could not be included in this model.°'* Despite these
limitations, the area under the curve for the early prediction model
was 0.71. These findings are hypothesis generating, and due to
multiple outcomes analyzed, we acknowledge the possibility of
Type | errors.

The strengths of our study include (1) its derivation from a
recent multicenter large cohort of EPT infants, (2) use of clinical
variables available soon after birth, and (3) use of prespecified
definitions for outcomes. After further external validation,
clinicians can use this severe ICH estimator for early prognostica-
tion and parental counseling as well as for the study of targeted
therapies.
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