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Abstract
Objective—To determine if indomethacin used as a tocolytic agent is associated with adverse
neonatal outcomes.

Study Design—We used published guidelines of the Meta-analysis of Observational Studies in
Epidemiology Group (MOOSE) to perform the meta-analysis. The search strategy employed
included computerized bibliographic searches of MEDLINE (1966–2005), PubMed (1966–2005),
abstracts published in Obstetrics and Gynecology (1991–2005), abstracts published in Pediatric
Research (1991–2005) and references of published manuscripts. Study inclusion criteria were
publication in English, >30 deliveries <37 weeks’ gestation, and meeting diagnostic criteria for
individual neonatal outcomes. Exclusion criteria included case reports, case series and multiple
publications from the same author. Meta-analysis was performed using random effects model if there
were > 2 observational studies for a specific outcome. Eggers test was performed to exclude
publication bias. Sensitivity analysis was performed to evaluate the effect of antenatal steroid
exposure, gestation and recent antenatal indomethacin exposure (≤ 48 hours duration between the
last dose and delivery).

Results—Fifteen retrospective cohort studies and 6 case controlled studies met inclusion criteria.
Antenatal indomethacin was associated with an increased risk of periventricular leukomalacia (OR
2.0, 95% CI 1.3 – 3.1). Recent exposure to antenatal indomethacin was associated with necrotizing
enterocolitis (OR 2.2, 95% CI 1.1 – 4.2). Antenatal indomethacin was not associated with
intraventricular hemorrhage, patent ductus arteriosus, respiratory distress syndrome,
bronchopulmonary dysplasia and mortality.

Conclusion— Antenatal indomethacin may be associated with an increased risk of periventricular
leukomalacia and necrotizing enterocolitis in premature infants and, therefore, should be used
judiciously for tocolysis.
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INTRODUCTION
Prematurity is associated with adverse neonatal outcomes, including intraventricular
hemorrhage (IVH), periventricular leukomalacia (PVL), respiratory distress syndrome (RDS),
bronchopulmonary dysplasia (BPD), necrotizing enterocolitis (NEC), and patent ductus
arteriosus (PDA). Tocolytic agents to delay delivery are routinely used. Prostaglandins
modulate the onset and maintenance of labor; indomethacin, a potent inhibitor of prostaglandin
synthesis, has been used as tocolytic agent.1–4 Because indomethacin crosses the placenta
freely, however, indomethacin also can affect the fetus causing adverse neonatal effects.5, 6

Most of the theorized mechanisms for indomethacin-induced adverse neonatal effects are based
on animal studies and are thought to be secondary to inhibition of prostaglandin synthesis.
Antenatal indomethacin (AI) may predispose neonates to NEC and intestinal perforation by
decreasing mesenteric blood flow, blocking autoregulation of terminal ileum oxygen
consumption and altering defense mechanisms in the neonatal gastrointestinal tract.7–10 Renal
dysfunction is explained by indomethacin’s effect on decreasing renal blood flow.11 Similarly,
by decreasing fetal cerebral blood flow, AI may cause fetal central nervous system
hypoperfusion injury resulting in PVL.12 The profound effects of indomethacin on platelet
and neutrophil function may lead to increased incidence of IVH and sepsis.13 AI is associated
with in utero constriction of the fetal ductus arteriosus.14 This initial constriction is associated
with ischemic damage to the intimal layer of the ductal wall and may explain its failure to
respond to oxygen resulting in a PDA.15 The incidence of RDS and BPD may be also increased
by the inhibitory effects of indomethacin on surfactant production and its stimulatory effects
on proinflammatory mediators in the lung.16

Despite biological plausibility, clinical studies have not consistently shown that individual
adverse neonatal effects are associated with the use of AI except for renal dysfunction.17–42
Two recent randomized double blind controlled studies evaluating the effect of AI on neonatal
outcomes were aborted due to recruitment problems.17, 21 A recent meta-analysis of 10
randomized trials involving AI for preterm labor cited several limitations including:1) absence
of neonatal outcome data for PVL, 2) no clear definitions for most outcome measures, 3)
inadequate number of neonates for precise estimations of effect size, and 4) inclusion of
neonates > 34 weeks’ gestation.43 The incidence of adverse neonatal outcomes is inversely
proportional to gestation and is extremely low after 34 weeks’ gestation. For 80% power to
detect a 2-fold increased risk from 1% to 2% in an individual neonatal outcome, 2515 infants
are required in each arm. Similarly, 1239 infants are required in each arm to detect a 2-fold
increased incidence from 2% to 4%. Therefore, most of the published studies on the effect of
AI on neonatal outcomes are observational and include premature infants < 34 weeks’
gestation.

We performed a meta-analysis of observational studies because there remains controversy
regarding the adverse neonatal effects from the use of AI based on inadequately powered
studies. Secondly, we hypothesized that AI’s effect on neonatal outcome may be dependent
on timing of AI before delivery. A meta-analysis of observational and randomized studies on
the effect of AI on neonatal outcomes was published recently.44 This publication concluded
that AI is not associated with adverse neonatal outcomes. However, this report failed to include
two published observational studies, inadvertently included one study with data on postnatal
indomethacin, did not evaluate PVL and RDS and did not use established diagnostic criteria
for neonatal outcomes. We therefore completed a meta-analysis of observational studies to
determine if AI is associated with specific adverse neonatal outcomes including PVL and RDS.
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MATERIAL AND METHODS
We used published guidelines of the Meta-analysis of Observational Studies in Epidemiology
Group (MOOSE) to perform this meta-analysis.45

Eligibility Criteria
Inclusion criteria: 1) > two observational studies for each neonatal outcome, 2) gestational age
<37 weeks at delivery, 3) publication in English, 4) sample size ≥30, and 5) studies met
established diagnostic criteria routinely used for individual neonatal outcomes. Specific
diagnostic criteria included: a) RDS, based on clinical findings and chest x-ray, b) BPD, based
on oxygen requirement at 28 days of life or at 36 weeks post-menstrual age, c) IVH, based on
head ultrasonography performed during the hospital stay and graded based on Papile’s
classification46, d) NEC, based on x-ray findings of pneumatosis intestinalis or intestinal
perforation, e) PVL, based on findings on radiologic imaging, f) PDA, based on
echocardiography. Exclusion criteria: case reports, case series studies, multiple publications
of the same material from the same author, and sample size < 30 infants. The latter criterion
was used because the asymptotic method for meta-analysis tends to overestimate the precision
of small studies which would carry too much weight in a meta-analysis. 47

Identification of studies
Our search strategy sought to identify all published and unpublished completed studies until
December 2005. The search strategy included computerized bibliographic searches of
Cochrane Controlled Trials Register, MEDLINE (1966–2005), PubMed (1966–2005),
abstracts published in Obstetrics and Gynecology (1991–2005), abstracts published in Pediatric
Research (1991–2005) and references of published manuscripts. EMBASE was not included
because it was not accessible through University of Rochester Miner Library. Index terms
included indomethacin, antenatal, pregnancy, complications and infant. The search was
performed by two physicians and a medical school librarian.

Data extraction
Data were collected from each study independently by two physicians using pre-designed
forms including first author, publication year, study design, study matching criteria, gestational
age (GA) of subjects, number of individuals in the AI and control groups, neonatal outcomes
that met diagnostic criteria, raw data using 2×2 tables for each neonatal outcome in the exposed
(AI) and unexposed groups, data on antenatal steroid exposure for both exposed and unexposed
groups, data on the duration of AI and time period from the last dose to delivery, data on whether
indomethacin was used as a single agent or part of combination tocolysis and if used as a
combination tocolysis whether indomethacin was used as a first choice tocolytic agent or for
preterm labor recalcitrant to other tocolytic agents. Each study was assessed with respect to
the definition of the individual neonatal outcome used in reporting that specific outcome.

Statistical analysis
Meta-analysis was performed for each individual neonatal outcome using Stata 8.0 (Stata
Corporation, TX). Briefly, the analysis software produces Forrest plots as a schematic
description of the meta-analysis results. Summary random effect estimates are reported using
pooled odds ratios (OR), and 95% confidence intervals (CI) were calculated around each
summary effect estimate. The random effect model assumes that analyzed studies are a random
sample of a hypothetical population of studies. Heterogeneity testing using Q statistics was
performed to evaluate variance between the studies. If the between-study variance was large
(i.e. when there is heterogeneity) enough to make the test of heterogeneity significant (p <
0.05), random effects models are considered most appropriate. As these tests of heterogeneity
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are relatively insensitive, a more conservative p-value of < 0.10 was used. Each of these studies
was examined for sources of clinical heterogeneity because these studies may differ in design
and in subject characteristics such as GA at birth, antenatal steroid exposure, and duration and
timing of AI exposure that can modify the incidence of each neonatal outcome. Reasons for
clinical heterogeneity were explored for each neonatal outcome using sensitivity analysis.
Sensitivity analysis included evaluation of effects of AI on neonatal outcomes by performing
meta-analysis on the following: 1) retrospective cohort studies, 2) observational studies that
reported matching of cases and controls for antenatal steroid exposure and gestation, and 3)
observational studies that reported that the AI exposed group was recently (≤ 72 hours before
delivery) exposed. Finally, Begg’s funnel plot was produced and Eggers test was performed
to exclude publication bias. A p-value < 0.05 was considered significant for publication bias.

RESULTS
Meta-analysis of Observational Studies

Twenty one observational studies met inclusion criteria (Table I). Of these 21 studies, 15 were
retrospective cohorts and six were case-control studies. Two case series, 10 case reports, and
4 studies involving only renal insufficiency were excluded (the latter because of nonuniform
definition).6, 48–52 Data from one research project were published twice and therefore one of
the manuscripts was excluded.53 As shown in table I, a majority of the studies (n =13) used
indomethacin for preterm labor recalcitrant to other tocolytic agents. Table II lists the studies
(reference) that met diagnostic criteria for each neonatal outcome. Five studies (589 infants)
met diagnostic criteria for BPD as defined by oxygen requirement at 28 days of life, 11 studies
(2700 infants) met criteria for NEC, 14 studies (2936 infants) met criteria for PDA, 12 studies
(1677 infants) met criteria for IVH, 12 studies (4226 infants) met criteria for severe IVH (Grade
III and IV), five studies (950 infants) met criteria for PVL, 10 studies (1927 infants) met criteria
for RDS and 11 studies (1942 infants) reported information on mortality. Seven studies reported
neonatal outcomes following recent exposure to antenatal indomethacin. Of these seven
studies, six(27,31,32,35,37,41) reported exposure to AI within 48 hours of delivery while one
study (Norton et al23) reported exposure to AI within 72 hours of delivery with more than 80%
exposed within 48 hours of delivery.

Significant heterogeneity between studies was noted for all neonatal outcomes except PVL and
BPD (Table II). There was no evidence of publication bias for any of the neonatal outcomes
(Table II, Figure 1, Figure 2).

Effect of AI on NEC
Meta-analysis demonstrated a non-significant positive trend associating AI and NEC (OR 1.4,
95% CI 0.91 – 2.3, Figure 3). There was statistical heterogeneity (Q = 16.57, P = 0.08).
Regarding sources of clinical heterogeneity, the two studies demonstrating the largest positive
association involved premature infants <30 weeks’ gestation. 23, 27 while the two studies that
demonstrated the largest negative association involved less-premature infants (32–34 weeks).
28, 36 Because NEC is uncommon in less-premature infants, the GA difference between the
subjects between the positive and negative studies could explain the heterogeneity. On
sensitivity analysis including only the retrospective cohort studies (n = 10, Table III), the non-
significant positive trend associating AI and NEC persisted. The association between AI and
NEC was significant (OR 2.23, 95% CI 1.16 – 4.25) when including only retrospective cohort
studies with recent exposure to AI (n = 5, Table IV).. On sensitivity analysis including only
observational studies with the AI and control groups matched for antenatal steroid exposure
and gestation at birth (n = 6, Table V), the trend for positive association remained but was not
statistically significant (OR 1.47, 95% CI 0.9 – 2.3). On sensitivity analysis including only
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observational studies with AI used as the first tocolytic agent (n =3), AI was not associated
with NEC (OR 1.52, 95% CI 0.6–3.8).

Effect of AI on PVL
There was a statistically significant association between AI and greater incidence of PVL (OR
2.08, 95% CI 1.38 – 3.14; Q = 2.0, p = 0.98, Table II, Figure 4), without evidence of
heterogeneity. On sensitivity analysis including only the retrospective cohort studies (n = 3,
Table III), the positive association between AI and PVL persisted (OR 1.9, 95% CI 1.01 –
3.58). There were only 2 studies (Table IV) with recent exposure to AI and PVL, 2 studies
matched for gestation and antenatal steroid exposure (Table V) and only one study with
exposure to AI as a first choice tocolytic agent and PVL, therefore, sensitivity analyses were
not performed.

Effect of AI on IVH
There was no significant effect of AI on severe IVH. (Table II) On exploring for the sources
of heterogeneity (Table II), the study with the largest negative association involved a small
sample size and more mature infants (< 34 weeks’ gestation) 28 compared to the study with a
strong positive association that involved infants < 28 weeks’ gestation.30 The difference in
GA of study subjects may explain heterogeneity. On sensitivity analysis, there was no
statistically significant effect of AI on severe IVH when including studies (n = 5, Table IV)
with recent exposure to AI, including studies (n = 6, Table V) matched for GA and antenatal
steroid exposure and including studies (n =3) with AI used as a first choice tocolytic agent (OR
0.8, 95% CI 0.46 – 1.41).

There was also no significant association between AI and any IVH (n = 12, Table II). On
sensitivity analysis, there was no statistically significant effect of AI on any IVH when
including studies (n = 6, Table IV) with recent exposure to AI, including studies (n = 7, Table
V) matched for GA and antenatal steroid exposure and including studies (n = 3) with AI used
as a first choice tocolytic agent (OR 1.83, 95%.CI 0.86 – 3.9).

Effect of AI on PDA
There was no significant effect of AI on PDA (Table II). On sensitivity analysis, there was no
effect of AI on PDA when including studies (n = 6, Table IV) with recent exposure to AI,
including studies (n = 7, Table V) matched for GA and antenatal steroid exposure and including
studies (n = 3) with AI used as a first tocolytic agent (OR 1.5, 95% CI 0.45 – 5.02). Examining
for sources of heterogeneity, however, the studies by Norton et al (AI-to-delivery interval, 1–
79 days) and Souter et al (AI-to-delivery interval, 1–10 days) with positive association had
longer exposure to AI compared to the studies by Vermillion et al with negative associations
that had - <3 days AI-to-delivery.23, 31, 32 This may explain the heterogeneity between the
studies.

Effect of AI on RDS
There was no significant effect of AI on RDS. The study by Neibyl et al demonstrating a
positive association between AI and RDS had no subjects exposed to antenatal steroids (which
are known to prevent RDS). 22 Niebyl differed from studies by Sorya et al., Souter et al. and
Gardner et al. with negative associations in which subjects received antenatal steroids.29, 31,
35 The differences in antenatal steroid exposure between positive and negative studies may
explain the heterogeneity.

On sensitivity analysis, there was a non-significant trend for positive association between AI
and RDS when including studies (n = 4, Table IV) with recent exposure to AI (OR 2.2, 95%
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CI 0.94 – 5.12). However, when including studies (n = 5, Table V) matched for GA and
antenatal steroid exposure, AI was associated with a non-significant trend for protective effect
on RDS (OR 0.69, 95% CI 0.39 – 1.2). There were only two studies with AI as first choice
tocolytic agent and RDS, therefore, sensitivity analysis was not performed.

Effect of AI on BPD
There was no significant effect of AI on BPD. There was no statistically significant effect of
AI on BPD when including studies (n = 3, Table V) matched for GA and antenatal steroid
exposure. There were only 2 studies with recent exposure to AI and one study with AI used as
first choice tocolytic agent, therefore, sensitivity analyses were not performed.

Effect of AI on Mortality
There was no significant effect of AI on mortality. On sensitivity analysis, there was no
statistically significant effect of AI on mortality when including studies (n = 6, Table IV) with
recent exposure to AI and including studies (n = 6, Table V) matched for GA and antenatal
steroid exposure.

COMMENTS
Although AI may provide enough time for antenatal steroids to improve fetal maturation, the
results of our meta-analysis of observational studies suggest that these benefits may come with
a price. Our study suggests that AI used as a tocolytic agent is associated with PVL in premature
infants. The results also suggest that exposure of AI within 72 hours prior to delivery is
associated with NEC in premature infants. AI does not appear to be associated with PDA, RDS,
BPD, IVH and mortality in premature infants.

Although meta-analysis on randomized studies is a gold standard, the recent meta-analysis of
randomized studies evaluating the effect of AI on neonatal outcomes cited several limitations
and was inconclusive because of small pooled numbers and lack of clear definitions used for
each neonatal outcome.43, 44 Moreover, the neonates studied with randomized studies usually
were >35 weeks’ gestation when the neonatal adverse outcomes of interest are rare. The
observational studies performed to date involved premature infants <35 weeks’ gestation to
study neonatal effects secondary to AI usage, but have shown conflicting results.22–41 Some
of these studies were insufficiently powered to evaluate the association of AI usage with
individual adverse neonatal outcomes. For these reasons, we chose to analyze observational
studies.

Compared to Loe’s published meta-analysis on observational studies44, we used strict
diagnostic criteria for each neonatal outcome in order to determine true association between
exposure to AI and neonatal outcome. In addition, we conducted sensitivity analysis to evaluate
the effect of possible confounding variables, such as antenatal steroids, gestational age of the
infant, use of indomethacin as first choice tocolytic agent and timing of antenatal indomethacin
prior to delivery. Another notable difference is that we evaluated the effect of antenatal
indomethacin on PVL and RDS in addition to the neonatal outcomes reported by Loe. We did
not include the effects of AI on pulmonary hypertension and renal insufficiency because there
are no uniform criteria available for these diagnoses in premature infants. There is increased
risk of ductal constriction and secondary pulmonary hypertension after 32 weeks’ gestation
and, therefore, use of AI is limited < 32 weeks’ gestation.54 In addition, fetal echocardiography
is recommended to detect any evidence of ductal constriction if indomethacin is continued for
more than 72 hours. 54 All the studies reporting on renal insufficiency employed differing
criteria.49–51 The current literature suggests that AI may be associated with renal insufficiency
in premature infants.
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Recent exposure to AI was associated with NEC which can be explained based on its effect on
mesenteric blood flow10. A possible increased risk of NEC (OR 2.43, 95% CI 0.73–8.03) was
also suggested by the meta-analysis of randomized clinical trials but failed to reach statistical
significance because of small sample size.44 Antenatal indomethacin was associated with an
increased risk of PVL that can be explained by its known effect on cerebral blood flow.12 The
trend for an increased risk of RDS with recent exposure to antenatal indomethacin can be
explained by its known inhibitory effect on surfactant production.16 The trend for a protective
effect on RDS when including studies that controlled for antenatal steroid exposure and
gestation at birth suggest that the inhibitory effect on surfactant production may be an acute
effect and is probably mitigated by the use of antenatal steroids.

Similar to Loe44, we found no effect of antenatal indomethacin on PDA, BPD, IVH and
mortality. The inclusion of studies that met established diagnostic criteria for neonatal
outcomes in our meta-analysis may explain differences in effect size for individual neonatal
outcomes between the two meta-analysis of observational studies. For example, compared to
Loe44, we did not include Ojala et al., Abbasi et al., and Vermillion et al. in our meta-analysis
for BPD because these studies did not define BPD.25, 32, 35 Moreover, we included five
additional studies, two of which were not included in the published meta-analysis and three of
which were reported after the published meta-analysis.33, 36–38, 42 Also, we did not include
a study that reported neonatal outcomes secondary to the use of postnatal indomethacin and
was inadvertently included in Loe’s meta-analysis of AI. 44, 55

A limitation of meta-analysis involving observational studies is that it is difficult to control for
the confounding factors and selection bias often associated with observational studies.
However, the majority of studies matched on two of the most important confounding factors,
GA and antenatal steroid exposure. We conducted sensitivity analysis to control for
confounding variables that could affect the neonatal outcomes. Although there are statistical
reasons to control for confounding variables in individual observational studies, adjusting for
gestation at birth in studies using AI tocolysis could lead to an underestimate of benefit
associated with postponing preterm delivery. It is more appropriate to adjust for gestation at
onset of preterm labor. However, the information on the age at onset of preterm labor is not
reported for most observational studies involving AI. It is unlikely that the results would have
differed if the findings were adjusted for gestation at the onset of labor since majority of
observational studies included in this meta-analysis used AI for recalcitrant labor. In the face
of recalcitrant labor, prolongation of pregnancy for a few hours to days allows time to
administer antenatal steroids, a confounding variable, which was adjusted in most of the
observational studies included in this analysis.

The other limitation of our meta-analysis is that the results mainly reflect the effect of AI when
used for recalcitrant labor. A potential cause for recalcitrant labor could be overt or silent
chorioamnionitis56 which has recently been associated with PVL, NEC and BPD.57, 58 Most
observational studies did not provide information on silent chorioamnionitis. Whether the
adverse neonatal effects are secondary to recent exposure to AI or to underlying silent
chorioamnionitis, a marker of recalcitrant labor, remains to be answered. In addition, the few
studies using indomethacin as the first agent for tocolysis prevented the performance of a
sensitivity analysis evaluating the risk of PVL and BPD after its exposure.

Another limitation is that we were not able to evaluate the independent risk of a spontaneous
intestinal perforation after exposure to AI. Most observational studies included in this meta-
analysis did not elaborate on their definition of NEC so that a spontaneous intestinal perforation
was not differentiated from an intestinal perforation that accompanied NEC.
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Since not every computer assisted search will be exhaustive, there is a possibility of missing
important publications. However we did not find publication bias for any of the neonatal
outcomes studied in this meta-analysis. Despite all these limitations, meta-analysis can improve
the conclusions of multiple small studies, especially if individual studies are not powered
sufficiently to independently study neonatal outcomes and provide meaningful conclusions. In
this context, the findings of this meta-analysis allow investigators to derive more accurate
conclusions than those from individual studies or non-quantitative systematic reviews. We
conclude that AI used for recalcitrant labor may be associated with PVL and NEC in premature
infants and recommend that AI be used judiciously as a tocolytic agent. There is a need to
conduct well designed randomized trials to confirm the findings of our meta-analysis.
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ABBREVIATIONS
PVL  

periventricular leukomalacia

IVH  
intraventricular hemorrhage

RDS  
respiratory distress syndrome

BPD  
bronchopulmonary dysplasia

NEC  
necrotizing enterocolitis, and PDA, patent ductus arteriosus

GA  
gestational age

OR  
odds ratio

CI  
confidence interval

AI  
antenatal indomethacin
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Figure 1.
Begg’s funnel plot (with pseudo 95% CI) of the log odds ratio versus the standard errors of
log odds ratio in studies that evaluated the effect of antenatal indomethacin on NEC. There
was no publication bias (no asymmetry).
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Figure 2.
Begg’s funnel plot (with pseudo 95% CI) of the log odds ratio versus the standard errors of
log odds ratio in studies that evaluated the effect of antenatal indomethacin on periventricular
leukomalacia. There was no publication bias (no asymmetry).
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Figure 3.
Forrest plot showing individual and combined effect size estimates and 95% CIs in the studies
that evaluated the effect of antenatal indomethacin on NEC. The weighting ( ) given to the
study in the overall pooled estimate, taking into account the number of subjects and the amount
of between-study variation (heterogeneity). Error bars (−) indicate 95% CIs. The rhombus
indicates combined effect size of 1.4.
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Figure 4.
Forrest plot showing individual and combined effect size estimates and 95% CIs in the studies
that evaluated the effect of antenatal indomethacin on periventricular leukomalacia. The
weighting ( ) given to the study in the overall pooled estimate, taking into account the number
of subjects and the amount of between-study variation (heterogeneity). Error bars (−) indicate
95% CIs. The rhombus indicates combined effect size of 2.08.
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