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Abstract
Objective—To test the hypothesis that administration of indomethacin prophylaxis before 6
hours of life results in a lower incidence of intraventricular hemorrhage (IVH) compared with
administration after 6 hours of life, and that the effects of early prophylaxis depend on gestational
age (GA) and sex in very low birth weight infants (birth weight <1250 g).

Study design—Very low birth weight infants admitted to our neonatal intensive care unit
between 2003 and 2010 who received indomethacin prophylaxis were analyzed retrospectively.
Exclusion criteria included unknown time of indomethacin prophylaxis, death at <12 hours of life,
congenital anomalies, and unavailable head ultrasound report. Infants were dichotomized based on
the timing of indomethacin prophylaxis (<6 hours or >6 hours of life) to compare incidence of
IVH all grades and severe (grade 3–4) IVH. Secondary analyses examined the effects of the time
of indomethacin prophylaxis initiation by GA and sex on the incidence of IVH.

Results—A total of 868 infants (431 males and 437 females) met the criteria for analysis.
Indomethacin prophylaxis was given at <6 hours of life in 730 infants and at >6 hours of life to
168 infants. The 2 groups differed with respect to antenatal steroid exposure, GA, outborn
prevalence, and pneumothoraces. After multivariate analysis, there were no between-group
differences in all-grade or severe IVH. However, females, but not males, treated at <6 hours of life
had a lower incidence of severe IVH (P < .05), particularly at lower GAs.

Conclusion—Prophylactic indomethacin administered before 6 hours of life is not associated
with lower incidence of IVH.

The incidence of intraventricular hemorrhage (IVH) in very low birth weight (VLBW)
infants has decreased progressively since the early 1980s1,2 but no further decline has been
reported over the last decade.3,4 Approximately 12 000 preterm infants develop IVH each
year in the US.5 Preterm infants with grade 3–4 IVH are at high risk for death or impaired
neurodevelopmental outcomes.6–9 Indomethacin prophylaxis reduces the incidence and
severity of IVH in VLBW infants.10–12 Variations in clinical practice in the US make it
difficult to estimate the use of indomethacin prophylaxis for IVH prevention. However,
based on the Eunice Kennedy Shriver National Institute of Child Health and Human
Development Neonatal Research Network (NRN) database (2003–2010), approximately
one-third of infants with a birth weight <1000 g receive indomethacin prophylaxis.
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Indomethacin inhibits the cyclooxygenase pathways of prostaglandin synthesis, attenuates
cerebral vascular hyperemic responses from hypoxia and hypercapnia, prevents ischemia-
related impaired cerebral perfusion, and increases blood-brain barrier permeability.13–18

Indomethacin also promotes microvessel maturation in the germinal matrix.19 Hypoxia,
hypercapnia, hypotension,20 and resulting changes in perfusion are more likely to occur
shortly after birth in preterm infants. In addition, more than 50% of all cases of IVH in
VLBW infants occur within the first 6–8 hours of life irrespective of gestational age (GA).21

One of the mechanisms underlying the increased risk of IVH may be high levels of vascular
endothelial growth factor and angiopoietin 2 in the germinal matrix,5 which diminish within
hours after birth.5 These changes could contribute to the lower risk of IVH with advancing
postnatal age.

Based on 2 previous large randomized clinical trials, 2 time intervals were suggested for
indomethacin prophylaxis: between 6 and 12 hours of life11 and <6 hours of life.12

However, in practice, the initial dose of indomethacin is administered over a wide range of
time intervals. Because IVH develops most frequently during the first few hours of life and
intravenous indomethacin has a rapid onset of action, it was plausible to consider that giving
the drug within the first 6 hours of life would result in a lower incidence of IVH compared
with administration after 6 hours of life. Therefore, the primary hypothesis of the present
study was that administration of indomethacin prophylaxis before 6 hours of life results in a
lower incidence of IVH than administration after 6 hours of life in infants weighing <1250 g
at birth. A secondary objective was to examine the effects of the timing of the initiation of
indomethacin prophylaxis by GA and sex on the incidence of IVH, because both of these
variables are independent risk factors for IVH.22,23

Methods
In this retrospective cohort study, after receiving Internal Review Board approval and
permission from the NRN, we retrieved the data for our center from the NRN’s Generic
Database (2003–2010). This database is an ongoing survey of neonatal morbidity and
mortality in which trained nurses abstract data from medical records guided by a manual of
practice. We screen all VLBW infants for IVH by ultrasound on days 1, 3, 7, and 28 of life.
Imaging is more frequent for infants with IVH, depending on severity. The cranial
ultrasound image showing the most severe findings within the first 28 days after birth was
used for determination of IVH. Ultrasound findings were used to establish the grade of IVH
according to the classification scheme of Papile et al.24 For the purpose of this study, severe
IVH includes grade 3 and grade 4 IVH.

We routinely prescribe indomethacin prophylaxis for preterm infants weighing <1250 g at
birth to reduce the risk of IVH. However, the timing of administration varies depending on
the infant’s clinical condition, birth site (inborn or outborn), and individual physician
preference. We included all infants with birth weight <1250 g who received indomethacin
prophylaxis at an identified time and had available cranial ultrasound results before 28 days
of age. Exclusion criteria included death within 12 hours after birth, congenital anomalies,
and an unavailable head ultrasound findings.

We divided the cohort into 2 groups based on the timing of the first dose of prophylactic
indomethacin: indomethacin administration at <6 hours or >6 hours of life. Primary
outcomes were all-grade IVH and severe IVH based on the worst head ultrasound image
within the first 28 days of life. The incidences of all-grade and severe IVH were calculated
in each group. Maternal variables, including labor and delivery, and neonatal variables were
compared between the groups using t tests for continuous variables and χ2 tests for
categorical variables. Multiple logistic regression analysis was used to adjust for significant
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differences between the 2 groups. We also performed a secondary analysis to examine the
influence of the time of initiation of indomethacin prophylaxis on all-grade IVH and severe
IVH separately for males and females at 3 GA ranges: <25 weeks, 25–27 weeks, and >27
weeks. Values are presented as mean ± SD or percent. Differences are considered
statistically significant at P < .05. Results of logistic regressions are expressed as an OR and
95% CI.

Before initiating this retrospective study, power analysis was performed based on a 1-year
sample from the NRN database at Brown University. In our neonatal intensive care unit,
indomethacin prophylaxis was administered to 75% infants at <6 hours of life. At the same
time, incidence of all grades of IVH was 32%. Therefore, for 80% power and α = 0.05,
detection of a 10% reduction in IVH by administration of indomethacin prophylaxis at < 6
hours of life required 804 infants.

Results
During the study period, 1170 infants were eligible for enrollment. Three hundred and two
infants were excluded for a various reasons, leaving 868 infants available for analysis
(Figure 1; available at www.jpeds.com). Of these, 730 (84%) received indomethacin
prophylaxis at <6 hours and 168 (16%) received indomethacin prophylaxis at > 6 hours of
age. The mean time of administration for the first prophylactic dose of indomethacin was 3.5
± 1.3 hours (range 0.2–5.9 hours) in the <6-hour group, compared with 8.7 ± 4.6 hours
(range 6.0–30.6 hours) in the >6-hour group. The numbers of infants treated at each hour of
life are shown in Figure 2 (available at www.jpeds.com).

Maternal characteristics are summarized in Table I (available at www.jpeds.com). Neonatal
and perinatal characteristics are in Table II. The maternal characteristics were similar in the
2 groups, except for greater antenatal steroid exposure in the <6-hour group (P < .001).
Neonatal characteristics also were similar in the 2 groups, except for lower GA (P < .03),
fewer outborn infants (P < .001), and lower prevalence of pneumothoraces (P < .03) in the
<6- hour group. All subsequent analyses of these 2 groups were adjusted for these 4
significant covariates (antenatal steroid exposure, GA, outborn status, and pneumothoraces).
Multivariate analysis revealed no significant between-group differences in all-grade or
severe IVH (all-grade IVH: <6 hours, 29% [n = 209] vs >6 hours, 29%, [n = 40], P = .92;
severe IVH: <6 hours, 12% [n = 88] vs >6 hours, 14% [n = 20], P = .42).

The incidences of all-grade and severe IVH in infants who received indomethacin
prophylaxis at <6 hours of life were higher in males than in females (all-grade IVH, 33% in
males vs 24% in females; severe IVH, 15% in males vs 8% in females; P < .01) (Figure 3).
In contrast, there were no sex-based differences in all-grade IVH (P = .91) or severe IVH (P
= .36) in infants who received indomethacin prophylaxis at >6 hours of life (Figure 3). The
secondary analysis showed no difference in incidence of all-grade IVH between the male (P
= .55) and female (P = .44) infants who were treated at <6 hours and >6 hours of life (Figure
3, A); however, the incidence of severe IVH was lower (P = .02) in female infants who
received indomethacin prophylaxis at <6 hours compared with those who did so at >6 hours
(8% vs 17%; Figure 3, B). The timing of administration of indomethacin prophylaxis was
not associated with any differences in the incidence of severe IVH in the male infants
(Figure 3, B). On multivariate analysis, indomethacin prophylaxis given at <6 hours of life
and higher GA were independently associated with a reduced incidence of severe IVH in
female infants (Figure 4).

There were no differences in the incidence of all-grade IVH between male and female
infants in any of the 3 GA groups given indomethacin prophylaxis at <6 hours or >6 hours
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of life (Table III; available at www.jpeds.com). The incidence of severe IVH also did not
differ between male infants treated at <6 hours and those treated at >6 hours of life at any
GA group (Figure 5, A); however, the incidence of severe IVH was lower in female infants
treated at <6 hours, especially in the GA <27 weeks group (Figure 5, B).

Discussion
A meta-analysis of 19 clinical trials including 2872 infants found that indomethacin
prophylaxis significantly reduces the incidence of grade 3–4 IVH in preterm infants.10

Current recommendations suggest administering indomethacin prophylaxis at 6–12 hours of
life.25,26 This recommendation is based on findings from the first randomized clinical trial11

showing that indomethacin prophylaxis reduced the incidence of IVH in VLBW infants. In
contrast, a subsequent larger randomized clinical trial initiated indomethacin prophylaxis
before 6 hours of life.12 Although Ment et al27 also previously suggested giving
indomethacin before 6 hours of life, indomethacin prophylaxis is currently initiated over a
wide range of time intervals depending on local logistics and individual preferences. The
most efficacious time to administer prophylactic indomethacin to prevent IVH has not been
established. In this study, we aimed to delineate the potential beneficial effects of initiating
indomethacin prophylaxis shortly after birth.

In our cohort, the incidence of all-grade IVH was 28%, and that of severe IVH was 12%. In
contrast, in the first randomized controlled trial, Ment et al11 reported 12% all-grade IVH
and <2% severe IVH in the treatment group, significantly lower than the rates found in our
retrospective analysis. However, Ment et al excluded infants with preexisting IVH, which
represented 52% of all-grade IVH in their cohort. Schmidt et al12 reported a 41% incidence
of all-grade IVH and a 9% incidence of severe IVH in their cohort of infants treated with
indomethacin. They did not exclude infants with preexisting IVH in their cohort, but did
exclude those in whom indomethacin administration within 6 hours of birth was not
possible.12

Our findings do not confirm our primary hypothesis that initiating indomethacin prophylaxis
before 6 hours of age was associated with a lower incidence of IVH. The incidence of all-
grade IVH was identical in the <6-hour (29%) and >6-hour (29%) indomethacin
administration groups. The incidence of severe IVH also did not differ between the 2 groups
(12% for <6 hours vs 14% for >6 hours).

In the present study, the incidences of all-grade IVH and severe IVH were significantly
higher in males than females in the <6-hour prophylaxis group. Human and animal studies
have identified male sex as an important risk factor for higher risk for and greater severity of
IVH, as well as for more severe neurologic impairment in the perinatal period.23,28–31 A
male predominance for IVH was not evident in our >6-hour prophylaxis group, however.
The lack of difference in IVH incidence between male and female infants in the >6-hours
group could be a reflection of the small group size.

Indomethacin prophylaxis had a greater effect in reducing the risk of IVH in male infants
than in female infants.32,33 Consequently, we expected the beneficial effects of early
indomethacin prophylaxis to be associated with a greater reduction in IVH rate in the male
infants. Contrary to this expectation, however, the effect of early indomethacin prophylaxis
appears to be associated with a lower incidence of severe IVH in the female infants. This
association was persistent even after adjusting for the confounding variables. The
mechanistic basis for the sex-specific beneficial effects in the <6-hour indomethacin
prophylaxis group cannot be determined from our data. The lower incidence of severe IVH
in the female infants in the <6-hour group was accentuated at lower GA (<27 weeks). In our
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cohort, a larger proportion of female infants received indomethacin at <6 hours (84%) than
>6 hours (16%). Therefore, we cannot rule out the possibility that the larger number of
female infants who received indomethacin before 6 hours of life compared with after 6
hours of life could have contributed to these findings.

Our study has some other limitations as well. Although our cohort spanned 8 years and
included 868 infants, sample sizes were small in some of the subgroup analyses. Our power
analysis was done conventionally to address the primary hypothesis, and thus whether
sample size could be a significant factor in interpreting the interesting findings related to our
secondary hypothesis is unclear. We used deidentified data from the NRN’s Generic
Database, and thus a chart review was not feasible. Although the times of indomethacin
administration were available, the time of onset of IVH could not be ascertained. Infants
with preexisting IVH at the time of treatment were not identified, and thus we cannot
exclude them to demonstrate the exclusive effects of the timing of indomethacin
administration.

We conclude that administration of prophylactic indomethacin before the first 6 hours of life
was not associated with a lower incidence of IVH in infants with birth weight ≤1250 g
compared with later administration (>6 hours).
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Figure 1.
Study subjects. IP, indomethacin prophylaxis.
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Figure 2.
Number of infants (y-axis) by time of life, hours (x-axis) (n = 868).
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Figure 3.
A, Incidence of IVH, all grades. Number of patients who received indomethacin prophylaxis
<6 hours after birth: 120 males and 89 females; number who received indomethacin
prophylaxis >6 hours after birth: 20 males and 20 females. B, Incidence of severe IVH.
Number of patients who received indomethacin prophylaxis <6 hours after birth: 57 males
and 31 females; number who received indomethacin prophylaxis >6 hours after birth: 8
males and 12 females. *P < .05. Values are percent of IVH.
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Figure 4.
Forest plot for female infants, with severe IVH on the y-axis plotted against the OR (95%
CI) on the x-axis.
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Figure 5.
A, Males receiving indomethacin prophylaxis <6 hours after birth: GA <25 weeks, 29 of 92;
GA 25–27 weeks, 23 of 184; GA >27 weeks, 5 of 87. Males receiving indomethacin
prophylaxis >6 hours after birth: GA <25 weeks, 3 of 16; GA 25–27 weeks, 3 of 34; GA >27
weeks, 2 of 18. B, Females receiving indomethacin prophylaxis <6 hours after birth: GA
<25 weeks, 8 of 67; GA 25–27 weeks, 16 of 177; GA >27 weeks, 7 of 123. Females
receiving indomethacin prophylaxis >6 hours after birth: GA <25 weeks, 7 of 14; GA 25–27
weeks, 5 of 22; GA >27 weeks, 0 of 34. *P < .05. Values are percent of severe IVH.
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Table I

Maternal characteristics

Time of indomethacin
prophylaxis

Characteristic <6 h (n = 730) >6 h (n = 138) P value

Age, years, mean ± SEM 28.3 ± 6.5 28.6 ± 7.2 .64

Diabetes, n (%) 38 (5) 7 (5) .98

Hypertension, preeclampsia/eclampsia, n (%) 172 (24) 37 (27) .41

Chorioamnionitis, n (%) 47/455 (10) 9/63 (14) .34

Antenatal steroids, n (%) 672 (92) 107 (78) <.001

Cesarean delivery, n (%) 490 (67) 101 (73) .16
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Table II

Neonatal characteristics

Characteristic

Time of indomethacin
prophylaxis

P
value<6 h (n = 730) >6 h (n = 138)

GA, weeks, mean ± SEM 26.3 ± 1.9 26.7 ± 2.3 .03

Birth weight, g, mean ± SEM 861 ± 208 885 ± 225 .21

Male sex, n (%) 363 (50) 68 (49) .92

White race, n (%) 623 (86) 120 (88) .53

Outborn, n (%) 25 (3) 28 (20) <.001

5-minute Apgar score <5, n (%) 102 (14) 21 (16) .64

Resuscitation in labor and delivery room, n (%)

  Intubation 527 (72) 105 (77) .28

  Chest compressions 38 (5) 12 (9) .10

  Epinephrine 11 (2) 4 (3) .24

Respiratory support in the first 24 hours, n (%) 716 (98) 132 (96) .08

Surfactant use, n (%) 590 (81) 117 (85) .27

Pneumothorax, n (%) 39 (5) 14 (10) .03

Neonatal seizure, n (%) 30 (4) 8 (6) .37
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Table III

Effect of indomethacin prophylaxis timing on IVH by GA and sex

IVH, all grades

GA, wks Sex <6 h >6 h P value

<25 Male (n = 108) 55/92 (59.8) 8/16 (50) .46

Female (n = 81) 31/67 (46.2) 8/14 (57.1) .45

25–27 Male (n = 218) 55/184 (29.8) 8/34 (23.5) .45

Female (n = 199) 40/177 (22.6) 7/22 (31.8) .33

>27 Male (n = 105) 10/87 (11.4) 4/18 (22.2) .22

Female (n = 157) 18/123 (14.6) 5/34 (14.7) .99

Values are n/total n (%).
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