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Abstract
Background: Amniotic infection syndrome (AIS) with peri-
natal inflammation may increase the susceptibility to intra-
ventricular hemorrhage (IVH) in preterm infants. Given its
anti-inflammatory and ductus arteriosus constricting capaci-
ties, we hypothesized that prophylactic administration of
indomethacin reduces the incidence, severity, and conse-
quences of IVH in the context of perinatal inflammation.
Methods: We evaluated data of infants born between 2009
and 2020 of 22 + 0–25+6 weeks of gestation from 68
German Neonatal Network centers. The effect of indome-
thacin prophylaxis on outcomes was analyzed in univariate
analyses and multivariate regression models including a

subgroup of infants with available data on 5-year follow-
up. Results: 4760 infants were included with a median
gestational age of 24.6 SSW [interquartile range (IQR)
24.1w–25.2w] and a birth weight of 640 g [IQR 550–750
g]. 1767/4760 (37.1%) preterm infants were born in the
context of AIS and 527/4760 (11.1%) received indomethacin
prophylaxis. AIS infants receiving prophylactic indomethacin
had lower rates of IVH (32.7% vs. 36.9%, p = 0.04), IVH III/IV
(9.7% vs. 16.0%, p = 0.02) and the combined outcome of
severe IVH or death (15.9% vs. 23.2%, p = 0.01) as compared
to infants without prophylaxis. Multivariate logistic regres-
sion analyses confirmed our observations. In a subgroup
analysis of 730 preterm infants at 5 years of age, we did not
find any correlation between prophylactic indomethacin
and intelligence quotient <70 or cerebral palsy.
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Conclusions: Our observational data demonstrate that pro-
phylactic indomethacin is associated with a reduced risk of
IVH in the highly vulnerable subgroup of preterm infants
<26 weeks of gestation born from AIS.

© 2023 S. Karger AG, Basel

Introduction

Extremely preterm infants are at high risk for the
development of intraventricular hemorrhage (IVH) which
may lead to long-term sequelae including hydrocephalus,
cognitive deficits, and cerebral palsy (CP) [1, 2]. The
context of amniotic infection syndrome (AIS) with either
perinatal infection or inflammation or both may even
increase the susceptibility to IVH although the evidence
is low [3]. Current preventive strategies of IVH include
antenatal steroids, delivery in a tertiary level care center,
delayed cord clamping, and less invasive respiratory man-
agement, however, specific approaches for those babies
who are born prematurely after AIS are lacking.

The use of low-dose intravenous indomethacin,
i.e., 0.1 mg/kg once daily from day 1 of life, has the potential
to reduce the incidence and severity of IVH [4, 5], the risk
for symptomatic patent ductus arteriosus (PDA), PDA
surgical ligation, and mortality [6–9]. A recent meta-
analysis confirmed the benefit of prophylactic indomethacin
for IVH risk reduction [10]. Notably, data on long-term
outcome of prophylactic indomethacin treatment is scarce.
In addition, indomethacin may have acute, mostly transient
side effects such as oliguria andmucosal damage whichmay
explain why the use of prophylactic indomethacin in ex-
tremely preterm babies is still an open debate across neo-
natal intensive care units. Given the anti-inflammatory and
ductus arteriosus constricting capacities of indomethacin
we hypothesized that prophylactic administration is a
potential intervention to reduce the incidence, severity,
and consequences of IVH. This prompted us to analyze
the outcome of preterm infants <26 weeks gestational age
born in the context of perinatal inflammation in an ob-
servational cohort study of the German Neonatal Network
(GNN). In a subgroup with available 5-year follow-up data,
we aimed to explore potential correlations of prophylactic
indomethacin with neurodevelopmental outcome.

Methods

The GNN (www.vlbw.de) is a population based observational
multicenter cohort study prospectively enrolling VLBWI at 68

neonatal intensive care units in Germany. For the purposes of
this study, data from infants born between January 1, 2009 and
December 31, 2020 were included. For the present analysis, high-
risk preterm infants with a gestational age of 22 + 0 ≤ 25+6 weeks
were included. Infants with lethal malformations or those treated
with comfort (palliative) care were excluded from this analysis.

After obtaining written informed parental consent, predefined
data regarding general neonatal characteristics, antenatal and
postnatal treatment, and outcome were recorded for each patient
on clinical record files at the participating centers. After discharge,
data sheets were sent to the study center (University of Lübeck).
Data quality was evaluated by a physician trained in neonatology
via annual on-site monitoring of completed record files. After
monitoring, data were coded and evaluated.

Based on the structure and grant support of the GNN we
planned for 5-year follow-up of 30% of GNN enrolled infants.
During the invitation procedure, the study team contacted the
clinic of birth for possible follow-up examination dates. The
contact database was randomly searched for possible candidates
with focus set on infants born <28 weeks gestational age, but
infants born >28 weeks were not necessarily excluded. Infants who
were born in the clinic of interest, contactable via telephone or
postal letter, and who could present at the follow-up examination
appointment received an invitation letter. Infants were examined
by the GNN study team (physician trained in neonatology and 2
study nurses) regarding their motor and cognitive development
through standardized tests (Movement Assessment Battery for
Children and Wechsler Preschool and Primary Scale of Intelli-
gence—Third Edition). Parents were asked to answer questions
regarding medical history and current medical needs and to
complete a questionnaire concerning detailed information on
the children’s social background, illnesses, and general develop-
ment/behavior. A hearing test, visual test, and lung function testing
were also performed.

Definitions
Prophylactic treatment with Indomethacin: Indomethacin

prophylaxis was defined as treatment with indomethacin that was
given to infants before 24 h of age [11] regardless of targeted PDA
therapy. The recommended intravenous dosage was 0.1 mg per
kilogram body weight once daily for up to 3 days. The GNN record
files clearly distinguished between indomethacin as a prophylactic
or therapeutic intervention (0.2 mg/kg twice daily as starting dose).

Amniotic infection syndrome: The main inclusion criteria in
our observational study was the clinical diagnosis of AIS based on
the judgement of the attending team of perinatologists and its
documentation as main cause of preterm delivery at the discretion
of the attending obstetrician. The diagnosis of AIS was mainly
based on clinical parameters of AIS, i.e., inflammation or infection
or both at the fetomaternal interface leading to maternal fever
(≥38.0°C) or increased maternal inflammatory markers without
any other cause (CRP >10 mg/L or elevation of white blood cell
count >16,000/μL), and fetal or maternal tachycardia, and/or
painful uterus, and/or rupture of membranes and foul-smelling
liquor and, if available, the histological proof of chorioamnionitis.

Gestational age was calculated from the best obstetric estimate
based on early prenatal ultrasound and obstetric examination [12].
Small-for-gestational age (SGA) was defined as a birth weight
<10th percentile for gestational age according to gender-specific
standards for birth weight by gestational age in Germany [13].
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Clinical sepsis was defined as described in the German sur-
veillance system for very low birth weight infants [14]. Blood
culture (BC) confirmed sepsis was defined as clinical sepsis with
proof of causative agent in the BC. Early-onset sepsis was defined
as BC-positive sepsis with onset before 72 h of life.

Death was defined as all-cause mortality occurring during
primary stay+ in hospital. IVH grades I–IV were diagnosed
according to the ultrasound criteria of Papile et al. [15]. It is
good clinical practice in the GNN to perform head ultrasound
exams at least on days 1–3, day 7, and day 28 of life in all very low
birth weight infants. The primary outcome of this study was the
risk for all grades of IVH.

Bronchopulmonary dysplasia (BPD) was diagnosed when
needing oxygen or ventilatory support at 36 weeks of postmenst-
rual age [16]. Necrotizing enterocolitis (NEC) was defined as
necrotizing intestinal inflammation requiring surgery [17] and
focal intestinal perforation (FIP) as FIP requiring surgical
treatment [18].

Periventricular leukomalacia was defined as white matter
brain injury, characterized by cystic degeneration of white matter
near the lateral ventricles as diagnosed by ultrasound imaging [19].
Retinopathy of prematurity (ROP) was defined as ROP requiring
interventional treatment (laser therapy, cryotherapy, and intra-
ocular bevacizumab).

Any severe complication was defined as IVH grade III or IV,
posthemorrhagic hydrocephalus with need for ventriculoperito-
neal shunt, periventricular leukomalacia, surgery for NEC or FIP
or treatment for ROP and BPD. PDA was defined as PDA
requiring surgery.

CP was defined as a disorder of the central nervous system
characterized by abnormal muscle tone in at least one extremity
and abnormal motor development assessed with the Gross Motor
Function Classification System ( ≥ level 1) [20] and Bimanual Fine
Motor Function ( ≥ level 1) [21]. Long-term cognitive deficit was
defined as intelligence quotient (IQ) <70.

Statistical Analysis
Data analyses were performed using the SPSS 26.0 data analysis

package (Munich, Germany). Hypotheses in the univariate analysis
were evaluated with Fisher’s exact test (categorical variables) and
Mann-Whitney U test (continuous variables). Only two-sided tests
were used. A p value <0.05 was considered as statistically significant
for single tests. After univariate analyses, we included parameters with
a p value <0.05 in multivariate logistic regression models and known
confounders as independent variables. Odds ratios and 95% con-
fidence intervals (CIs) were calculated to identify the influence of
prophylactic treatment with indomethacin on outcomes independent
of the above-mentioned confounders. For multiple testing, p values
were adjusted using Bonferroni-Holm method.

Results

Within the study period, a total of n = 4760 preterm
infants <26 weeks gestational age (wk GA) met the
inclusion criteria (shown in Fig. 1). Our study cohort
had a median gestational age of 24.6 SSW [interquartile
range 24.1w–25.2w] and a birth weight of 640 g

[interquartile range 550–750 g]. 1767/4760 (37.1%) pre-
term infants were born in the context of AIS and 527/
4760 (11.1%) received indomethacin prophylaxis
(Table 1). Out of 4760 infants <26 weeks of gestation,
n = 583 died during primary hospital stay (12.2%).

Clinical Characteristics of the Study Cohort Stratified to
Prophylactic Indomethacin
The overall AIS rate as primary cause of preterm

delivery in our cohort was 37.1% (n = 1767 infants).
Infants without AIS (62.9%, n = 2993 infants) who were
treated with prophylactic indomethacin had a lower
gestational age (24.6 weeks vs. 24.9 weeks, p = 0.006)
compared to infants without prophylactic treatment and
were more often delivered spontaneously (20.8% vs.
14.4%, p = 0.003). Infants with AIS and prophylactic
indomethacin were more often multiples (38.5% vs.
28.4%, p 0.04) and had a lower rate of intubation during
resuscitation (40.6% vs. 55.1%; Table 1) than infants
without prophylactic indomethacin. In our cohort, moth-
ers of n = 2915 infants (61.5%) were treated with any
tocolytic medication; n = 446 (9.4%) with magnesium
sulfate. Treatment rates were not significantly different
across our subgroups (Table 1). The most frequently used
tocolytic was fenoterol (34%).

Indomethacin Prophylaxis Is Associated with Reduced
Risk of IVH in Extremely Preterm Infants Born in the
Context of AIS
AIS infants receiving prophylactic indomethacin had

lower rates of IVH (32.7% vs. 36.9%, p = 0.04), IVH III/IV
(9.7% vs. 16.0%, p = 0.02), and the combined outcome
IVH III/IV or death (15.9% vs. 23.2%, p = 0.01) as
compared to infants without indomethacin prophylaxis
(online suppl. Table 1, see https://doi.org/10.1159/
000529140). Infants treated with prophylactic indome-
thacin showed a trend toward lower mortality rates
(12.3% vs. 7.7%, p = 0.058).

In a first logistic regressionmodel we proposed that the
use of prophylactic indomethacin is a center-specific
approach rather than an individualized treatment strat-
egy per infant according to a specific risk profile. We
included the following confounders into our analysis:
gestational age, multiple birth, gender, antenatal steroids,
therapeutic indomethacin, inborn, study site (Table 2). In
AIS infants, we noted an association between prophy-
lactic indomethacin and the risk for IVH (any grade),
IVH grade III/IV [OR 0.54 (95% CI 0.3–0.9) p = 0.02] as
well as the combined outcome death or IVH grade III/IV
[OR 0.6 (95% CI 0.4–0.9) p = 0.04]. When we applied this
model to the whole group of infants, prophylactic
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indomethacin was associated with reduced risk for any
IVH [OR 0.73 (95% CI 0.6–0.9) p = 0.001], for IVH grade
III/IV [OR 0.70 (95%CI 0.6–0.98) p = 0.03] as well as with
a reduced risk for the combined outcome of severe neo-
natal complications [OR 0.77 (95% CI 0.6–0.9) p = 0.003].

In a second model we proposed that the use of
indomethacin prophylaxis is based on individual risk
factors of disease severity at birth in infants with AIS.
We included gestational age, multiple birth, gender,
antenatal steroids, delivery mode, exposure to inotropes
within first 24 h, therapeutic indomethacin, BC-positive
early-onset sepsis, intubation during resuscitation, car-
diac massage during resuscitation, 5-min APGAR as
confounding variables. Prophylactic indomethacin was
associated with reduced risk for any grade IVH [OR 0.47
(95% CI: 0.3–0.8); p = 0.005], IVH III/IV [OR 0.24 (95%
CI: 0.1–0.6); p = 0.003], and severe IVH or death [OR 0.3
(95% CI: 0.1–0.7) p = 0.002]. In addition, prophylactic
indomethacin proved to be protective against a combined
outcome of severe complications [OR 0.44 (95% CI:
0.3–0.8) p = 0.003] and a reduced risk for PDA requiring
surgery [OR 0.33 (95% CI: 0.1–0.9) p = 0.046, Table 2].

In order to address possible interactions, we performed
univariate analyses stratified to prophylactic indometha-
cin and frequent interventions such as antenatal steroids
(online suppl. Table 2) and indomethacin given as a
treatment of PDA (online suppl. Table 3). In both groups,
infants with and without prophylactic treatment with
indomethacin, IVH rates were significantly lower when
infants were exposed to antenatal steroids. The lowest
rate of IVH was observed in infants that received both
antenatal steroids and prophylactic indomethacin as
compared to infants with antenatal steroids but without
prophylactic indomethacin (30.0% vs. 35.7%). Stratifica-
tion to therapeutic indomethacin did not reveal signifi-
cant IVH rate differences across the subgroups of pro-
phylactically treated and untreated infants (online suppl.
Table 3).

Further, we observed more pronounced protective
effects of indomethacin in male preterm infants when
compared to female infants. When calculating our re-
gression models separately for male and female infants,
we observed significant associations between prophylac-
tic therapy with indomethacin and IVH (all grades),

Fig. 1. Flow chart. The study flow diagram
illustrates the number of eligible infants and
the GNN-enrolled infants for final analysis.
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severe IVH and death, or severe IVH in male preterm
infants, whereas in female patients these associations did
not reach significant levels (data not shown). We did not
observe a difference in potentially adverse effects of
prophylactic indomethacin treatment between male
and female infants (NEC a/o FIP).

Neurodevelopmental Outcomes after Indomethacin
Prophylaxis at 5 Years of Age
In a subgroup analysis of 730 preterm children

<26 weeks of gestation with available 5-year follow-up
we assessed long-term cognitive deficits (IQ <70), CP,
and vision/hearing deficit. When comparing infants with

Table 1. Clinical characteristics stratified to AIS and treatment with prophylactic indomethacin

No AIS (n = 2993, 62.9%) AIS (n = 1767, 37.1%)

no prophylactic
indomethacin

prophylactic
indomethacin

no prophylactic
indomethacin

prophylactic
indomethacin

total

Infants, n (%) 2,661 (88.9) 332 (11.1) 1,572 (89.0) 195 (11.0) 4,760

Median (IQR) Median (IQR) p Median (IQR) Median (IQR) p Median (IQR)

Gestational age,
weeks

24.9 (24.1–25.4) 24.6 (24.1–25.3) 0.006 24.6 (24.0–25.3) 24.6 (24.0–25.1) 0.4 24.6
(24.1–25.2)

Birth weight 650 (530–745) 640 (534–734) 0.12 630 (590–780) 650 (570–740) 0.05 640
(550–750)

% (95% CI) % (95% CI) p % (95% CI) % (95% CI) p % (95% CI)

Gender (male) 53.1 n = 1414 52.7 n = 175 0.8 54.1 n = 853 53.4 n = 98 0.9 53.3
n = 2,540

Multiples 29.8 n = 792 33.4 n = 111 0.17 28.4 n = 446 38.5 n = 75 0.04 29.9
n = 1,424

SGA 24.7 (23.0–26.3) 22.6 (18.3–27.3) 0.4 10.7 (9.2–12.3) 9.7 (6.2–14.5) 0.7 19.3
18.2–20.4)

Vaginal birth 14.4 (13.1–15.8) 20.8 (16.7–25.5) 0.003 15.2 (13.5–17.0) 20.1 (14.9–26.2) 0.09 15.3
(14.3–16.4)

Elective caesarean
section

67.5 (65.7–69.3) 65.6 (60.3–70.5) 0.2 77.8 (75.7–79.8) 75.8 (69.4–81.4) 0.7 71.1a

(69.8–72-4)
Emergency

caesarean
section

18.1 (16.7–19.6) 13.6 (10.2–17.6) 0.09 7.0 (5.8–8.4) 4.1 (2.0–7.6) 0.1 13.5a

12.6–14.5

Antenatal steroids 88.4 (87.1–89.6) 88.3 (84.5–91.4) 0.9 93.2 (91.9–94.4) 93.8 (89.8–96.6) 0.8 90.2
(89.3–91.0)

Inotropes (first
24 h)

19.5 (18.1–21.1) 15.1 11.5–19.3) 0.6 19.9 (18.0–21.9) 23.1 (17.5–29.6) 0.3 19.5a

(18.4–20.7)
Intubation

(resuscitation)
54.2 (52.1–56.2) 51.3 (44.9–57.6) 0.4 55.1 (52.4–57.8) 40.6 (32.4–49.3) 0.002 53.9a

(52.3–55.4)
EOS (BC positive) 1.3 (0.9–1.8) 1.2 (0.4–2.8) 0.9 3.5 (2.7–4.5) 1.5 (0.4–4.0) 0.1 2.0 1.7–2.5)
Therapeutic

indomethacin
23.8 (22.2–25.4) 50.2 (44.6–55.7) <0.001 23.5 (21.4–25.7) 46.7 (39.5–54.0) <0.001 26.3

(25.1–27.6)
Tocolytic therapy 58.0 (56.1–59.9) 58.1 (52.8–63.3) 0.9 66.4 (64.1–68.7) 74.2 (67.7–80.0) 0.05 61.5a

(60.1–62.8)
Magnesium 9.7 (8.6–10.8) 10.0 (7.1–13.6) 0.9 8.9 (7.6–10.4) 8.2 (5.0–12.2) 0.7 9.4a

(8.6–10.2)

p values were derived from Pearson’s χ2 test for categorical variables and Mann-Whitney U test for continuous variables. AIS,
amniotic infection syndrome; SGA, small-for-gestational-age; EOS, early-onset sepsis; BC, blood culture;. IQR, interquartile range; CI,
confidence interval; SGA, small-for-gestational-age; EOS, early-onset sepsis; IQR, interquartile range. a Number (n differs from total
n = 4,760; birth mode: n = 4,752; inotropes: n = 3,872; intubation (resuscitation): n = 3,883; tocolytic therapy: n = 4,742; magnesium
sulfate: n = 4,757).
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follow-up with those who were not subject to the 5-year
follow-up investigation we observed minimal differences
with regard to general clinical characteristics such as gesta-
tional age (median 24.86 weeks vs. 24.57 weeks, p < 0.001)
and birth weight (median 677 grams vs. 640 grams, p <
0.001). There were no significant differences with regard to
gender (male gender 54.4% vs. 50.6%, p = 0.8) and FIP
requiring surgery. BPD, BC-positive sepsis, and maternal
descent from Germany were more frequent in infants with
follow-up when compared to those without follow-up.
Infants that were not seen at 5 years of age did more often
suffer from IVH,NEC, and clinical sepsis (data not shown).
In the follow-up group, 295/730 (40.4%) infants were born
in the context of AIS. A total of 111/730 (15.2%) infants had
a history of indomethacin prophylaxis. Univariate analyses
revealed no significant differences in outcomes between
preterm children with indomethacin prophylaxis as com-
pared to no indomethacin prophylaxis (all infants; IQ <70:
10.5 vs. 7.5%, p= 0.3; CP: 14.6 vs. 11.1%, p= 0.3; IQ<70, CP
or hearing/vision deficit: 26.0 vs. 19.5%, p = 0.1). Further,
we evaluated our findings on the effect of indomethacin
prophylaxis in two regression models (Table 3). Model 1
included only preterm children born in the context of AIS
with the following confounding variables: gestational age,
gender, multiples, preterm labor, placental abruption,
IUGR/pathological doppler, exposure to antenatal steroids,
BC-proven sepsis, SGA, mother’s highest education level,
and diagnosis of IVH. In a second model, we included all

infants and addressed AIS as confounding variable in line
with gestational age, gender, multiples, SGA, and mother’s
highest education level. In both models, we noted no
correlation between prophylactic indomethacin and IQ
<70, CP or the combined outcome of IQ <70 or CP or
hearing/vision deficit. However, IVH proved to be strongly
associated with adverse neurodevelopmental long-term
outcomes at 5 years of age [i.e., IQ <70: OR 6.7 (95%
CI:2.4–19.4) p < 0.001] as demonstrated for the subcohort
with AIS (Table 4).

Discussion

In a large cohort of infants <26 weeks born in a context
of inflammation/infection at the fetomaternal interface,
prophylactic treatment with indomethacin was associated
with a reduced risk for severe IVH and the combined
outcome of IVH and death. The explorative analysis of
long-term outcome parameters in a subgroup of preterm
children did not reveal a significant impact on the risk for
severe cognitive or motor deficit.

We hypothesized that the prophylactic “anti-
inflammatory” treatment with indomethacin could
be beneficial for those highly vulnerable infants born
due to AIS. The IVH incidence in this cohort is high,
i.e., 37.3% but comparable to rates up to 52% in similar
cohorts [22, 23]. Besides a variety of risk factors for

Table 2. Association of prophylactic indomethacin with neonatal outcomes

Outcome Model 1 (AIS only) Model 1 (all) Model 2 (AIS only)

IVH (all grades) OR 0.69 (95% CI 0.49–0.99) p = 0.04
(n = 532/1,645)

OR 0.73 (95% CI 0.57–0.87) p = 0.001a

[n = 1,666/4,480]
OR 0.47 (95% CI 0.27–0.79)
p = 0.005a [n = 521/1,370]

IVH III/IV OR 0.54 (95% CI 0.32–0.93) p = 0.02
[n = 248/1,701]

OR 0.7 (95% CI 0.55–0.98) p = 0.03
[n = 756/4,479]

OR 0.24 (95% CI: 0.09–0.61)
p = 0.003a [n = 163/1,063]

Death or IVH III/IV OR 0.6 (95% CI 0.41–0.93) p = 0.04
[n = 351/1,700]

OR 0.8 (95% CI 0.65–1.05) p = 0.1
[n = 1,103/4,485]

OR 0.3 (95% CI: 0.14–0.65)
p = 0.002a [n = 231/1,035]

PVL OR 1.3 (95% CI 0.7–2.5) p = 0.4
[n = 99/1,700]

OR 0.9 (95% CI 0.6–1.9) p = 0.7
[n = 279/4,479]

OR 0.7 (95% CI 0.3–1.9) p = 0.6
[n = 64/1,035]

Severe
complications

OR 0.7 (95% CI 0.5–1.0) p = 0.05
[n = 234/1,700]

OR 0.77 (95% CI 0.6–0.9) p = 0.003a

[n = 1,181/4,489]
OR 0.44 (95% CI: 0.25–0.76)
p = 0.003a [n = 234/1,038

PDA OR 0.4 (95% CI 0.21–0.93) p = 0.03
[n = 163/1,649]

OR 0.51 (95% CI 0.34–0.75) p = 0.001a

[n = 504/4,488]
OR 0.33 (95% CI: 0.1–0.9) p = 0.046
[n = 110/1,038]

Severe complication: IVH III/IV, PVL, NEC or FIP requiring surgery, ROP, or death. Model 1: multivariable logistic regression
analyses were performed for the effect of prophylactic indomethacin including following confounding variables: gestational age,
multiple birth, gender, antenatal steroids, inborn, study site, indomethacin as a therapy of PDA. Model 2: multivariable logistic
regression analyses were performed for the effect of prophylactic indomethacin including following confounding variables:
gestational age, multiple birth, gender, antenatal steroids, delivery mode, exposure to inotropes within first 24 h, BC-positive early-
onset sepsis, intubation during resuscitation, cardiac massage during resuscitation, 5-min APGAR, indomethacin as a therapy of
PDA. IVH, intraventricular hemorrhage; PVL, periventricular leukomalacia; PDA, patent ductus arteriosus requiring surgery.
a Significant association after using Bonferroni-Holm method.
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IVH, such as extreme prematurity, mode of delivery,
perinatal stress and fluctuation in cerebral blood flow,
or chorioamnionitis, clinical AIS is regarded as one of
the main risk factors for IVH [24]. Mechanistic data
from animal experiments suggest that the protective
role of indomethacin could be mediated by attenuating
vascular responses that are induced by either hypoxia,
fluctuating blood pressure levels, asphyxia, or

inflammation in the immature brain which lacks cer-
ebral autoregulation [25].

Since the first randomized controlled trial by Ment et al.
[7, 8], it has been debated that prophylactic low-dose in-
domethacinmay constitute a postnatal intervention to reduce
the incidence and severity of IVH. Knight et al. [26] found
that trials using prophylaxis in the first 24 h of life resulted in
a significant reduction in overall IVH rates and severe grades

Table 3. Long-term outcome of prophylactic indomethacin at 5 years of age

AIS No prophylactic
indomethacin
(n = 247; 83.7%)

Prophylactic
indomethacin
(n = 48; 16.3%)

p Total (n = 295) Model 1,
AIS only

Model 2,
all

All (n = 619; 84.8%) (n = 111; 15.2%) (n = 730)

% (95% CI) % (95% CI) % (95% CI) OR (95% CI)
p value [n]

OR (95% CI)
p value [n]

IQ < 70 AIS 8.9 (5.4–13.5) 8.8 (2.5–21.7) 0.9 8.8 (5.7–13.1) 0.5 (0.5–4.7) p = 0.5
[n = 16/175]

1.4 (0.5–3.3)
p = 0.5 [n = 40/461]all 7.5 (5.4–10.1) 10.5 (5.3–18.2) 0.3 7.9 (5.9–10.4)

CP AIS 11.3 (7.7–15.8) 15.6 (7.2–28.1) 0.4 12.0
(8.5– 16.2)

1.8 (0.5–7.3) p = 0.4
[n = 25/213]

1.1 (0.5–2.4)
p = 0.7 [n = 64/563]

all 11.1 (8.8–13.9) 14.6 (8.8–22.3) 0.3 11.7 (9.4–14.2)
IQ < 70, or CP,

blindness,
hearing aid

AIS 18.9 (14.0–24.7) 30.8 (18.0–46.2) 0.1 20.8
(16.1– 26.2)

1.7 (0.6–5.4) p = 0.4
[n = 72/189]

1.2 (0.7–2.1)
p = 0.5 [n = 106/506]

all 19.5 (16.2–23.0) 26.0 (18.1–35.4) 0.1 20.5
(17.4–23.8)

p values for univariate analyses were derived from Pearson’s χ2 test. Model 1: multivariable logistic regression analyses were
performed in infants with AIS as cause of preterm birth for the effect of prophylactic indomethacin including following
confounding variables: gestational age, gender, multiples, preterm labor, placental abruption, IUGR/pathological doppler, exposure
to antenatal steroids, BC-proven sepsis, SGA, mother’s highest education level, and IVH. Model 2: multivariable logistic regression
analyses were performed in all infants for the effect of prophylactic indomethacin including following confounding variables:
gestational age, gender, multiples, SGA, amnion infection syndrome, mother’s highest education level. IVH, intraventricular
hemorrhage; IQ, intelligence quotient; CP, cerebral palsy; CI, confidence interval.

Table 4. Long-term outcome of infants with AIS stratified to IVH

No IVH (n = 202; 68.5%) IVH (n = 93; 31.5%) p Total (n = 295) Adj. OR [IVH]

% (95% CI) % (95% CI) % (95% CI) OR (95% CI) p value

IQ < 70 3.4 (1.6–6.7) 19.6 (12.5–28.5) <0.001 8.5 (5.7–12.1) 6.7 (2.4–19.4) p < 0.001a

CP 2.6 (1.1–5.3) 28.7 (21.2–37.1) <0.001 11.6 (8.6–15.3) 14.1 (5.1–39.0) p < 0.001a

IQ < 70, CP, blindness,
hearing aid

24.0 (18.6–30.2) 61.8 (52.5–70.5) <0.001 37.1 (31.9–42.5) 5.1 (2.8–9.6) p < 0.001a

p values for univariate analyses were derived from Pearson’s χ2 test for categorial variables and Mann-Whitney U test for
continuous variables. Logistic regression analyses were performed using the following confounders for neurodevelopmental
outcomes: gestational age, gender, multiples, preterm labor, placental abruption, IUGR/pathological doppler, exposure to
antenatal steroids, BC-proven sepsis, SGA, mother’s education, and IVH or prophylactic indomethacin, respectively. IVH, intra-
ventricular hemorrhage; IQ, intelligence quotient; CP, cerebral palsy; CI, confidence interval. a Significant association after using
Bonferroni-Holm method.
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of IVH. It has been proposed as well that this risk reduction is
most prominent in the most vulnerable group of preterm
infants [27]. A recent study from Kramer et al. [28] under-
lines these findings by introducing a bundle of quality
improvement measures for IVH prevention that lead to a
sustained reduction in IVH in extremely preterm infants. A
recent meta-analysis revealed a reduction of severe IVH due
to a prophylactic therapy with indomethacin [10] which is
supported by data from the Canadian Neonatal Network
with similar gestational age strata to our study cohort [29].

If prophylactic treatment with indomethacin reduces the
IVH risk, one may hypothesize that treatment should im-
prove neurodevelopmental outcome at 5–6 years of age.
However, there is controversy about indomethacin failing to
reduce CP, deafness, and blindness on long-term follow-up
[6–8]. The Trial of Indomethacin Prophylaxis in Preterms
(TIPP) demonstrated a significant reduction in high-grade
IVH without reduction in the survival without neurodeve-
lopmental impairment at 18 months’ corrected age [9]. IVH
itself is strongly associated with adverse neurodevelopmental
outcomes [30]. To our best knowledge, we present the largest
observational subgroup analysis of preterm children with
indomethacin prophylaxis at 5 years of age. Within the
limitations of our design, we found no significant effects
of indomethacin on severe IQ deficits regardless of maternal
education levels or CP. It has to be noted that we might not
have detected effects due to potential selection bias for
follow-up and the multiple confounding variables that result
in the infants’ performance at the age of 5 years [31].

Finally, we speculate that a single treatment may not be as
protective as a bundle of measures or a strategy of care,
i.e., delayed cord clamping, “soft landing,” less invasive
respiratory care facilitating spontaneous breathing, and pro-
viding surfactant by the LISA approach [32].We believe that
prophylactic indomethacin may have a role in this context,
but certainly larger sample sizes are needed to address the
long-term effects independent of the IVH-mediated risk.

Within the complex risk profile for IVH of extremely
preterm infants a variety of confounders may influence the
IVH rate, thus interfering with our results. Magnesium
sulphate as a tocolytic therapy, which was described as a
risk factor for IVH [33], was used in 9.4% of our cohorts’
mothers. However, the use of any tocolytic including mag-
nesium sulfate did not differ between the groups of infants
treated and untreated with prophylactic indomethacin. Fur-
ther, Ohlsson et al. [34] hypothesized the treatment effect of
indomethacin being affected by sex. However, the adverse
outcome effects in females were a more prominent obser-
vation than positive effects in males. Our data confirm a
more enhanced protective effect in male preterm infants
when compared to female infants. This is demonstrated by

calculations of our regression models separately for male
and female infants. For male infants we observed significant
associations between prophylactic therapy with indometha-
cin and IVH (all grades), severe IVH and death or severe
IVH, whereas in female patients the associations do not
reach significant levels. Even though sample sizes are com-
parable to the study of Ohlsson et al. we did not observe a
difference in potentially adverse effects of indomethacin
treatment between male and female infants (NEC a/o FIP).

The major strength of our study design is the large
sample size of well-phenotyped preterm infants of the
GNN and standardized follow-up examinations. Limita-
tions of our study are the clinical diagnosis of AIS rather
than histological confirmation in our population of in-
terest, on-site performance of cerebral ultrasound with-
out central review, and the smaller subgroup availability
for follow-up which is not fully representative for the
population-based cohort of the GNN. In addition, the 5-
year follow-up data are only explorative due to the limited
number of individuals. Given the observational design of
the study, causal relationships cannot be established and
important confounders may not have been considered in
our analyses, i.e., unknown nonspecific center effects. The
centers start with indomethacin in the first 24 h with a
dose of 0.1 mg/kg, however, the exact timepoint was not
documented. Finally, the diagnosis of AIS was a physi-
cian’s judgement based on clinical and laboratory
markers, and data on histological proof of chorioamnio-
nitis were not available to the investigators for review.

In conclusion, we suggest that prophylactic treatment
with indomethacin is independently associated with a
reduced risk for IVH (all grades) in a specific subgroup of
preterm infants with AIS. We did not observe adverse
effects on long-term outcome. Future large-scale studies
in this specific subgroup of infants including prospective
long-term follow-up are needed.
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