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Abstract
Aims-To examine the effectiveness of
prophylactic intravenous indomethacin in
reducing the mortality and morbidity
associated with patent ductus arteriosus
and intraventricular haemorrhage in
infants weighing less than 1750 g at birth.
Method-A literature search from 1980
onwards was made of three databases:
Medline; Embase; and the Oxford
Database of Perinatal Trials. Using strict
criteria applied to randomised controlled
trials only, two observers independently
selected 14 studies for inclusion in the
review. The methodological quality of
each study was assessed independently by
two observers using explicit criteria. Data
on relevant outcome measures were
extracted on two separate occasions.
Where appropriate, the results of indi-
vidual trials were combined using meta-
analysis techniques to provide a pooled
estimate of effect.
Results-There is a trend towards reduced
neonatal mortality in infants receiving pro-
phylactic indomethacin, pooled estimate of
risk difference -0 025 (95%/ confidence
interval (CI) -0-061, 0-010). The incidence
ofsymptomatic patent ductus arteriosus is
significantly reduced in treated infants,
pooled estimate of risk difference -0*217
(95°/0 CI -0*275, -0-160), but there is no
evidence that treatment affects respiratory
outcomes. Prophylactic indomethacin
significantly reduces the incidence of
grades 3 and 4 intraventricular haemor-
rhage in treated infants, pooled estimate of
risk difference -0-039 (950/. CI -0-066,
-0.011). However, there is no sound evid-
ence assessing the long term effect of pro-
phylaxis on neurodevelopmental outcome.
Although there is a trend in treated infants
towards an increased incidence of
necrotising enterocolitis, pooled estimate
of risk difference 0*015 (95%/. CI -0*002,
0.033), and some evidence that treatment
may transiently impair renal function,
there is no evidence that haemostasis is
disturbed.
Conclusion-Prophylactic treatment with
indomethacin has several immediate
benefits. However, more data are needed
on the incidence of possible adverse
effects and neurodevelopmental outcomes

before routine use of this therapy can be
recommended.
(Arch Dis Child 1996; 74: F81-F87)

Keywords: overview, pooled estimate, very low
birthweight, intraventricular haemorrhage, patent
ductus arteriosus.

Premature infants with a patent ductus
arteriosus (PDA) are at increased risk of more
prolonged and more severe respiratory distress
syndrome, bronchopulmonary dysplasia, and
death compared with similar infants whose
ductuses have closed.' This prompted surgical
intervention2 and, later, pharmacological treat-
ment using indomethacin3 in an attempt to
improve the outcome in these infants. Because
treatments that closed the patent ductus
potentially influence the pulmonary circula-
tion, the early outcomes examined included
measures of ventilatory support, pneumo-
thorax, chronic lung disease and mortality. It
was subsequently suggested that medical treat-
ment, comprising a variety of mechanisms,-6
might prevent intraventricular haemorrhage
(IVH).
Treatment with prophylactic indomethacin

may, however, be associated with serious
adverse effects. By reducing cerebral blood
flow, indomethacin may increase the risk of
cerebral hypoxia.7 It remains essential, there-
fore, to consider long term neurodevelop-
mental outcomes, as this potential adverse
effect may outweigh any benefit from a
possible reduction in the incidence of intraven-
tricular haemorrhage. Similarly, although
closure of the patent ductus may be expected
to reduce the incidence of necrotising entero-
colitis, this needs to be balanced against any
effect indomethacin might have directly on gut
blood flow.8 Indomethacin may also reduce
renal blood flow, thus impairing renal func-
tion.9 It may interfere with platelet aggrega-
tion, thus impairing haemostasis. I0 If there is a
potential effect on the microvasculature and
cerebral blood flow the incidence of retino-
pathy of prematurity may be affected by treat-
ment. Finally, there has been at least one
report of indomethacin being associated with
an increased risk of sepsis. "I

Potential adverse effects must be consid-
ered, particularly when assessing the overall
effect of prophylaxis. Only some infants will
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ever actually experience a patent ductus
arteriosus and/or intraventricular haemor-
rhage, and it is only this proportion of the
infant population that could benefit from pro-
phylaxis. However, as all infants would be
exposed to the treatment through prophylaxis,
all ofthem would be exposed to possible harm.
Using the evidence of individual trials to date,
neonatologists are uncertain about the bene-
fit(s) of prophylaxis, if any, and remain con-
cerned in case this intervention might, in fact,
do more harm than good.
One method of summarising evidence that

can provide a more accurate and precise esti-
mate of treatment effect, by minimising the
bias and random error which can influence the
results of individual trials, is the systematic
review of all known trials.12 A systematic
search for reviews of prophylaxis in very low
birthweight infants failed to identify any that
provided explicit details ofhow the review was
conducted. This study, therefore, presents the
methods and results of a systematic review
and, where appropriate, meta-analyses of the
evidence examining the effectiveness of pro-
phylactic indomethacin in reducing mortality
and morbidity in infants weighing less than
1750 g at birth.

Methods
A literature search (English only) was under-
taken in three databases: Medline (at the
National Library ofMedicine, Bethesda, USA)
(1980 to September 1994); Embase (1974-94)
in DIALOG; and the Oxford Database of
Perinatal Trials (ODPT) (Version 1.3, Disk
issue 7, Spring 1992). This strategy identified
86 articles and abstracts. One further abstract
was identified from the author's personal files.
A search by first author of any abstracts was
done in the Science Citation Index to try and
identify any corresponding full manuscripts
published. None was identified. The following
types of articles were excluded: letters; editori-
als/commentaries; reviews; lectures; unpub-
lished studies; and studies in progress. This left
70 articles and abstracts to be assessed for
possible inclusion in the review, of which two
could not be obtained for assessment.
To be included in the review, trials had to

meet each of four criteria
* the study infants had to be newborn with

a maximum birthweight of 1750 g (studies

Table 1 Outcomes on which data are presented

Outcome

Neonatal mortality
Symptomatic patent ductus arteriosus
All patent ductus arteriosus
Pneumothorax
Duration of assisted ventilation
Chronic lung disease
Duration of oxygen dependence
Intraventricular haemorrhage
Intraventricular haemorrhage (grades 3 or 4)
Intraventricular haemorrhage that progresses
Neurodevelopmental outcome
Necrotising enterocolitis
Renal function
Haemostasis
Retinopathy of prematurity
Septic episodes

with a lower weight limit were also included)
* the intervention had to be prophylactic

treatment with intravenous indomethacin
given within 24 hours of birth
* the study had to be a randomised con-

trolled trial
* the study had to include some measure of

at least one of the outcomes listed in table 1
Each of the 68 available articles identified by

the literature search was assessed indepen-
dently, using the inclusion criteria, by the
author and a colleague training in research
methodology. Agreement beyond chance on
which articles to include or exclude was
measured using Cohen's kappa (0 93) statistic
and any disagreement was resolved by discus-
sion. In this way 19 articles/abstracts were
initially selected for inclusion in the review.
As yet, there is no universally accepted way

to assess the methodological quality (validity)
of clinical trials.'3 For this study, having pre-
selected only randomised controlled trials, the
author chose to base validity assessment on
four methodological criteria that can be associ-
ated with significant bias in trials assessing
treatment effect. 14

(1) Was there adequate concealment of
randomisation? (Inadequate concealment
leads to an overestimate of treatment effect.)

(2) Were those caring for the study subjects
blind to treatment group allocation?
(Unblinding leads to exaggerated treatment
effects being seen.)

(3) Were >90% of those initially ran-
domised included in the final outcome analysis
reported? (If, for whatever reason, a significant
proportion of those randomised are not
included, results may be biased in either direc-
tion.)

(4) Were those assessing the outcome
blinded to treatment allocation? (Unblinding
again causes an overestimate of treatment
effect.)
No scoring system is incorporated in this

particular method of quality assessment. The
final interpretation of the validity of the studies
included in the review is, therefore, left to the
individual reader.
On the basis of the four criteria described

above, the same two investigators that selected
the articles for inclusion independently
assessed the methodology reported in each
article/abstract. For each of the four criteria,
agreement beyond chance, measured by
Cohen's kappa, was as follows: method of
treatment allocation, 0-73; blinding of care
giver, 0 90; >90% follow up, 0-51; and blind-
ing of person assessing outcome, 064.
Disagreement was settled by discussion. Sixty
six per cent of disagreement was found to be
due to simple misreading.
Each article was reviewed by the author and

the outcomes measured were recorded, ini-
tially without specific data. On two separate
occasions the data were then extracted from
the articles/abstracts and checked for consis-
tency. Any discrepancies were resolved by a
third data extraction. The data taken from
abstracts were compared with data taken from
full manuscripts by the same author(s) to try
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Table 2 Characteristics of trials included in the review

Infants' weight Indomethacin Time of Study size
Author Year Reference (g) dose (mg/kg) Route first dose Frequency Control (treatment+control)

Setzer 1984 22 <1300 0-2;0-1;0-1 IV <12 hours 12 hourly Placebo 59 (29+30)
Mahoney 1985 23 700-1300 0-2;0-1;0 1 IV 12-18 hours 12 hourly Placebo 104 (51+53)
Ment 1985 24 600-1250 0-2;0-1X4* IV 6 hours 12 hourly Placebo 48 (24+24)
Puckett 1985 25 <1400 0-2X3 IV <24 hours 12 hourly Placebo 32 (16+16)
Vincer 1985 26 <1500 0 2X3 IV 12 hours 24 hourly Placebo 30 (15 +15)
Rennie 1986 27 <1750 0-2X3 IV <24 hours 12 hourly Placebo 50 (24+26)
Bandstrat 1987 28 <1300 0-2;0-1;0-1 IV <12 hours 12 hourly Placebo 123 (64+59)
Krueger 1987 29 750-1500 0-2 IV 24hours Stat Placebo 32 (15+17)
Hanigan 1988 30 <1500 0 1X4 IV <12 hours 12 hours between dose

1 and 2 then 24 hourly Placebo 111 (55 +56)
Ment 1988 31 600-1250 0 1X3 IV 6-10hours 12hourly Placebo 36(19+17)
Bandstra 1988 32 <1300 0-2;0-1;0-1 IV <12 hours 12 hourly Placebo 199 (99+100)
Bada 1989 33 <1500 0-2;0-1;0-1 IV 6 hours 12 hourly Placebo 141 (71+70)
Ment 1994 34 600-1250 O-X3 IV 6-12 hours 24 hourly Placebo 61 (27+34)
Ment 1994 35 600-1250 0-lX3 IV 6-12 hours 24 hourly Placebo 431 (209+222)

*Dosage schedule changed to 0 1 mg/kg/doseX 5 early in trial after concern about diminished urine output in treated infants.
tThis abstract reports neurodevelopmental follow up on 123 of the 199 infants enrolled in the trial more fully reported by Bandstra in 1988.

and avoid duplicating data. On the basis of the
date of the study, the size of the treatment and
control groups, and the raw data available, five
abstracts15-19 were thought to provide data
subsequently published in a full manuscript.
All five abstracts, none of which contributed
any unique data, were therefore dropped from
the review.
Dichotomous outcomes are expressed in

three ways. The event rate ratio (ERR) is the
event rate in the treatment group as a propor-
tion of the event rate in the control group. The
event rate difference (ERD) is the difference in
event rate between the treatment group and
the control group. The number needed to treat
(NNT) is the inverse of the event rate differ-
ence, and is the number of subjects that one
expects will need to be treated to prevent one
subject having the adverse outcome. A fixed
effect model is used to calculate the pooled
event rate ratio and the pooled event rate dif-
ference.20 Continuous data are expressed as a
mean difference and weighted mean difference
in the meta-analyses.21 Ninety five per cent
confidence intervals (CI) are provided
throughout.

Results
Fourteen reports were finally selected for
inclusion in the review.22-35 The characteristics
of the trials, as reported, are summarised in
table 2.
The important methodologies used in each

trial are summarised in table 3. From the pub-
lished reports, four of the 14 trials met all four

Table 3 Methodological quality (validity) of trials included in the review

Method of Blinding >90% Blinding of
Author Year Reference randomisation of carer foUlow up outcome assessor

Setzer 1984 22 Not described Yes Yes Yes
Mahoney 1985 23 Phone/coded drugs Yes Yes Yes
Ment 1985 24 Not described Yes Yes Yes
Puckett 1985 25 Not described No
Vincer 1985 26 Not described Yes Yes Yes
Rennie 1986 27 Not described ? Yes Yes
Bandstra* 1987 28 Not described No
Krueger 1987 29 Not described No Yes ?
Hanigan 1988 30 Envelopes Yes Yes Yes
Ment 1988 31 Not described Yes Yes Yes
Bandstra 1988 32 Envelopes Yes Yes Yes
Bada 1989 33 Not described Yes Yes
Ment 1994 34 Not described ? Yes Yes
Ment 1994 35 Phone/coded drugs ? Yes Yes

*This abstract reports unique data from a subset of the infants enrolled in the same trial
described more fully by Bandstra in 1988.

methodological criteria; four met three of the
criteria; three met two; and one trial met only
one of the criteria. Two trials (both reported
in abstract only) did not meet any of the
criteria.
Where appropriate, individual trial results

are presented in table form along with a
pooled estimate of the treatment effect
derived from a meta-analysis. For outcomes
where meta-analysis was not possible, an
overview of the available data is given. The
number of trials, along with the total number
of infants providing data towards any of
the analyses, are found either in the tables or
separately in the text.

NEONATAL MORTALITY
The results shown in table 4 show there is no
significant difference in neonatal mortality
between the treatment and placebo groups.
However, the confidence intervals around the
pooled estimates suggest a trend toward a
reduction in mortality in those infants treated
with prophylactic indomethacin.

PATENT DUCTUS ARTERIOSUS
Prophylactic indomethacin reduces the
incidence of 'symptomatic' PDA (PDA associ-
ated with signs/symptoms of congestive heart
failure) (table 5). The incidence of echo-diag-
nosed PDA - that is, the sum of all patent duc-
tuses whether symptomatic or not, is reduced
even further by prophylactic indomethacin
(five trials,24 31 32 34 35 623 infants); pooled
ERR=0-304 (95% CI 0-220, 0-417), pooled
ERD=-0-289 (95% CI -0 353, -0.225),
NNT=4.

PULMONARY OUTCOMES
The pooled results of three trials,27 30 32 (360
infants) reporting the incidence of pneumo-
thorax show no significant difference between
the treatment and placebo groups; pooled
ERR=0-790 (95% CI 0'490, 1-271); pooled
ERD=-0 022 (95% CI -0093, 0 048). The
pooled mean difference, -3-179 (95% CI
-7-170, 0-81 1), in the duration of ventilation
(days) required between the treatment and
placebo groups is not significant (three
trials,233033 356 infants). Only one trial, by
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Table 4 Results and meta-analysis of trials providing outcome data on neonatal mortality

Outcome

Author Year Reference Treated Control ERR (95% CI) ERD (95% CI) NNT

Puckett 85 25 3/16 3/16 1 000 (0-236, 4 232) 0 000 (-0-270, 0 270)
Ment 85 24 1/24 4/24 0-250 (0 030, 2 076) -0-125 (-0-294, 0 044)
Mahoney 85 23 10/51 10/53 1-039 (0 473, 2 85) 0 007 (-0-144, 0-158)
Vincer 85 26 3/15 2/15 1-500 (0-291, 7 737) 0-067 (-0-200, 0 334)
Rennie 86 27 2/14 8/26 0-677 (0-257, 1-786) -0 099 (-0 340, 0-142)
Krueger 87 29 2/15 4/17 0-567 (0-121, 2 667) -0-102 (-0-367, 0-163)
Hanigan 88 30 13/56 8/56 1-625 (0 730, 3-615) 0-089 (-0 054, 0 232)
Bandstra 88 32 10/99 9/100 1-122 (0-476, 2 642) 0 011 (-0-071, 0 093)
Ment 88 31 0/19 1/17 0-299 (0-013, 6 867) -0-060 (-0-209, 0 089)
Bada 89 33 9/1 12/70 0 739 (0-332, 1-644) -0-045 (-0-163, 0 073)
Ment 94 34 7/27 5/34 1-763 (0-629, 4-943) 0-112 (-0-092, 0-316)
Ment 94 35 16/209 29/222 0-586 (0-328, 1-047) -0 054 (-0111, 0-003)
Pooled estimate 0-870 (0-660, 1-145) -0-025 (-0-061, 0-010) 40

Mahoney,23 looked at the duration of oxygen
dependence (days): the difference between the
two groups, -3-0 (95% CI -18-13, 12-13), is
not significant. The incidence of chronic lung
disease seen in trials reporting this outcome
(however defined)does not differ among the
groups (six trials,26 27 29 32 33 35 827 infants);
pooled ERR= 1-056 (95%/o CI 0-882, 1 262);
pooled ERD=0 007 (95%/o CI -0 049, 0 063).

INTRAVENTRICULAR HAEMORRHAGE
The incidence of IVH of all grades is signifi-
cantly reduced in infants who receive prophy-
lactic indomethacin (table 6). An analysis of
the trials providing data on grades 3 and 4
haemorrhage shows this effect is still present
and the incidence of severe IVH is reduced in
the treatment group by about 40%/o (table 7).
There is no evidence, however, that prophy-
lactic indomethacin reduces the incidence of
intraventricular haemorrhage (grade 1) that
progresses (two trials,33 34 83 infants); pooled
ERR=0-805 (95%/o CI 0-441, 1-467); pooled
ERD=-0-081 (95%/o CI -0-292, 0.130).

NEURODEVELOPMENTAL OUTCOME
The effect of prophylactic indomethacin on
long term neurodevelopmental outcome has
been described only by Bandstra (abstract).32
There is no evidence of a significant difference
between the treatment and placebo groups
when assessed using the Bayley Mental and
Physical Developmental Index at between 12
and 24 months, although Bandstra reported a
trend toward a lower incidence of abnormal
physical scores in the indomethacin group.

NECROTISING ENTEROCOLITIS
The pooled estimates of the effect on the inci-
dence of necrotising enterocolitis do not quite

Table 5 Results and meta-analysis of trials providing outcome data on symptomatic patent ductus arteriosus

Outcome

Author Year Reference Treated Control ERR (95% CI) ERD (95% CI) NNT

Vincer 85 25 1/15 5/15 0 200 (0-026, 1-515) -0-267 (-0 537, 0-003)
Mahoney 85 v 22 2/51 11/53 0-189 (0 044,0-811) -0-168 (-0-290, -0-046)
Rennie 86 26 1/24 8/26 0-135 (0-018, 1001) -0-266 (-0-460, -0 072)
Krueger 87 28 1/14 9/16 0-127 (0-018, 0 882) -0-491 (-0-769, -0-213)
Bandstra 88 31 11/99 42/100 0-265 (0-145, 0 485) -0 309 (-0-425,-0-193)
Hanigan 88 29 5/56 15/55 0-327 (0-128, 0 838) -0-183 (-0-322, -0-044)
Bada 89 32 12/71 18/70 0-656 (0 343, 1-259) -0-088 (-0-223, 0 047)
Pooled estimate 0 309 (0-215, 0-443) -0-217 (-0-275, -0-160) 5

reach significance (eight trials,23 24 26 29 31-33 35
1047 infants); pooled ERR= 1 387 (95% CI
0*753, 2.554); pooled ERD=0-015 (95% CI
-0-002, 0 033). However, the individual trial
results are clinically heterogeneous and, when
examined independently, the data from these
studies might suggest an increased risk of
necrotising enterocolitis in infants treated with
prophylactic indomethacin.

RENAL FUNCTION
Rennie and Ment have reported the number of
infants with decreased urine output. The
pooled results show a small significant differ-
ence, suggesting the incidence of oliguria is
increased in infants who receive prophylactic
indomethacin (five trials,24 26 31 34 35 624
infants); pooled ERR= 1- 126 (95% CI 1 084,
2-748); pooled ERD=0-051 (95% CI 0 009,
0 092); NNT=20. Ment has also reported the
number of infants in each group whose creati-
nine rose above 159 pimol/l. The pooled results
show no difference between the groups (two
trials,34 35 492 infants); pooled ERR=0-924
(95% CI 0-298, 2853); pooled ERD=-0 001
(95% CI -0-028, -0 025). Mahoney23
reported mean serum sodium, potassium, and
creatinine on day 3 as well as mean urine out-
put over the first four days. There is no signifi-
cant difference between the groups in any of
these measures. Vincer26 reported mean serum
sodium concentrations over the first seven
postnatal days and points to a significantly
higher concentration in the treatment group on
days 3 and 4. In addition to reporting reduced
urine output in the treatment group, Rennie27
reported significantly higher peak creatinine on
days 1 and 2 following treatment with
indomethacin, but no significant difference in
serum sodium concentrations. Krueger29
reported a significant reduction in urinary out-
put (as measured by the input:output ratio)
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Table 6 Results and meta-analysis of trials providing outcome data on intraventricular haemorrhage

Outcome

Author Year Reference Treated Control ERR (95% CI) ERD (95% CI) NNT

Vincer 85 26 11/15 8/15 1-375 (0-783, 2-413) 0-200 (-0-137, 0-537)
Ment 85 24 6/24 14/24 0-429 (0 199, 0 927) -0 333 (-0-596, -0-070)
Mahoney 85 23 12/51 17/53 0 734 (0 390, 1-380) -0-085 (-0-256, 0-086)
Puckett 85 25 15/16 10/16 1-500 (1-006, 2 237) 0-312 (0.047, 0-577)
Rennie 86 27 10/24 9/26 1-204 (0-592, 2 448) 0-071 (-0-198, 0 340)
Krueger 87 29 4/14 5/16 0-914 (0 394, 2-750) -0-027 (-0-254, 0 300)
Hanigan 88 30 6/56 11/55 0-536 (0-213, 1-349) -0-093 (-0-226, 0-040)
Bandstra 88 32 43/99 62/100 0-701 (0 534, 0-921) -0-186 (-0-323, -0 049)
Ment 88 31 2/19 8/17 0-224 (0-055, 0-913) -0-365 (-0-639, -0-091)
Bada 89 33 27/1 37/0 0-719 (0-496, 1-041) -0-148 (-0-311, 0-015)
Ment 94 35 25/209 40/222 0-664 (0-418, 1-055) -0-061 (-0-28, 0 006)
Pooled estimate 0-741 (0-632, 0 867) -0-083 (-0-129, -0 038) 12

affecting the treatment group in the 24 hours
immediately following treatment. This differ-
ence is no longer apparent in the subsequent
24 hour period. In 1988, Ment reported no
clinically important renal abnormalities but
provides no data.3' Bada33 provided data that
show significant changes in plasma creatinine
and sodium concentrations, osmolalities, and
urine output, but comments that these differ-
ences were not abnormal - that is, not clini-
cally important.

HAEMOSTASIS
Ment reported the number of infants whose
platelet count fell to <50x 109/l. The pooled
result shows no evidence of a difference
between the treatment and placebo groups
(two trials,34 35 492 infants); pooled
ERR=0-502 (95% CI 0d113, 2-221); pooled
ERD=-0 009 (95% CI -0030, 0.012). In
the same two trials Ment also reported the
number of infants who had 'excessive bleeding'
and again the pooled result suggests no differ-
ence: pooled ERR=0-860 (95% CI 0 397,
1-856); pooled ERD=-0004 (95% CI
-0-042, 0 032). Setzer22 provided data show-
ing that platelet count is reduced and bleeding
time prolonged following both active treatnent
and placebo. The data are analysed within
subjects only and do not permit a reliable com-
parison between groups. Rennie27 suggested
that treatment with indomethacin prolonged
bleeding time. However, no direct comparison
between the indomethacin group and the
control group is offered and the data given do
not permit further analysis.

RETINOPATHY OF PREMATURITY
There is no evidence of a difference in the rates
of retinopathy of prematurity between treat-
ment and placebo groups (three trials,23 24 32

Table 7 Results and meta-analysis of trials providing outcome data on grades 3 and 4 intraventricular haemorrhage

Outcome

Author Year Reference Treated Control ERR (95% CI) ERD (95% CI) NNT

Ment 85 24 1/24 2/24 0 500 (0 049, 5-151) -0-042 (-0-179, 0-095)
Krueger 87 29 1/14 5/16 0-229 (0 030, 1-734) -0-241 (-0 506, 0-024)
Ment 88 31 0/19 3/17 0-128 (0-007, 2-310) -0-174 (-0 374, 0-026)
Hanigan 88 30 3/56 3/55 0-982 (0-207, 4 656) -0-001 (-0-085, 0 083)
Bandstra 88 32 19/99 26/100 0-738 (0-438, 1-243) -0-068 (-0-184, 0-048)
Bada 89 33 10/61 15/70 0-765 (0-371, 1-577) -0-050 (-0-183, 0 083)
Ment 94 35 3/209 11/222 0-290 (0-082, 1-025) -0-039 (-0-068, -0-002)
Pooled estimate 0-601 (0-415, 0-868) -0-039 (-0-066, -0 011) 26

306 infants); pooled ERR= 1a 185 (950/o CI
0-695, 2-018); pooled ERD=0-032 (95% CI
-0-046, 0-111).

SEPTIC EPISODES
There is no evidence that prophylactic
indomethacin has a significant effect on the
incidence of septic episodes (two trials,23 32
303 infants); pooled ERR=0-743 (95% CI
0-478, 1-154); pooled ERD=-0 059 (95%
CI -0 150, 0030).

HETEROGENEITY AMONG TRIALS
Some degree of clinical heterogeneity would
not be unexpected, given that most of the
studies reviewed are relatively small and there
is obvious variation in study design (parti-
cularly birthweight eligibility criteria, the
indomethacin dosage regimes used, and some
of the outcome definitions). In fact, when con-
sidering the main apparent benefits of
indomethacin - reduced incidence of IVH and
PDA, the results of the trials examined seem,
clinically, fairly homogeneous. The results on
potential adverse effects of prophylaxis are
more heterogeneous, however, suggesting
caution should be used when interpreting any
pooled estimates.

Discussion
This review and meta-analysis involved an
extensive literature search and followed a
rigorous protocol throughout. Several method-
ological and clinical issues are worth noting.

Although three electronic databases were
searched, 67 of the 70 reports assessed for
inclusion and all 14 of those finally included in
the review were found in either the ODPT
(40 reports), or Medline (33 reports), or both
(16 reports). Only 14 reports were found in
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Embase ofwhich just three were unique to that
database. None of these three unique reports
was ultimately included in the review. In this
study, therefore, Embase was not a sensitive
database for identifying randomised controlled
trials in neonatology.

Using strict criteria, two investigators inde-
pendently and under blind conditions, selected
and assessed the quality of articles for inclusion
in this review. This technique, particularly
when associated with a high degree of agree-
ment between the investigators as in this study,
greatly strengthens the validity of the results
of systematic reviews. The same methodology
or a similar approach should be a standard
requirement in all scientific overviews.
No attempt was made to trace unpublished

data and this is a potential source of bias in the
review. In addition, even after combining trials
where appropriate, the number of infants pro-
viding data on certain outcomes reported
remains very small. As a result, although no
evidence of a significant difference can be
shown for some outcomes, this may be because
of a lack of statistical power rather than the
absence of a true treatment effect. This is
reflected in the very wide 95% confidence
intervals around some of the pooled estimates.
On the other hand, achieving significance does
not necessarily equate with clinical impor-
tance, and some of the significant differences
seen between the treatment and placebo
groups, especially in renal function para-
meters, are of doubtful clinical importance.
The methodological quality of the trials con-

tributing to this review varied. Although eight
of the studies fulfilled more than two of the
four validity criteria, two (both reported in
abstract only) did not fulfil any. No account of
this was taken in the analyses presented here
and future work might include using tech-
niques in the meta-analysis that try to adjust
for this variation. It is also not clear what effect
the inclusion of abstracts has on any pooled
estimates of treatment effect, regardless of
their methodological quality as reported.
Three abstracts were included in this review,
two of which contributed data towards pooled
estimates. Although both were reporting rela-
tively small studies and might, therefore, be
expected to have relatively little impact on the
relevant pooled estimates, this needs to be
confirmed. The trials also vary considerably
in the total dose of indomethacin used
(0O2 mg/kg-0 6 mg/kg). If higher doses were
found to be more effective, it might also be that
higher doses were associated with more
adverse side effects. This may then have impli-
cations when trying to determine the overall
impact of treatment and needs further investi-
gation.

Clinically, using the number needed to treat,
this study suggests that if 100 infants were to
be treated with prophylactic indomethacin,
one might expect to see eight fewer infants
with intraventricular haemorrhages (four of
grades 3 or 4), 24 fewer infants with a PDA (20
of which were symptomatic), and possibly a
reduction in overall neonatal mortality. This
apparent benefit would be at the 'expense' of

having five 'extra' infants with an episode of
reduced urine output and, perhaps, an increase
in the incidence (indeterminate at this time) of
necrotising enterocolitis. Unfortunately, there
are virtually no data reporting long term out-
comes. Just one study (reported in abstract
form) provides data on neurodevelopmental
outcome on babies at between 12 and 24
months of age. The results are inconclusive
and very difficult to interpret given the small
number of infants contributing data and the
nature of the report.

Conclusion
Although there is evidence to suggest immedi-
ate benefit, prophylactic indomethacin cannot
yet be recommended for routine use. More
data are needed on long term neurodevelop-
mental outcomes and possible adverse effects,
especially the incidence of necrotising entero-
colitis and clinically important episodes of
impaired renal function. Future investigation,
either new trials or further assessment of
infants enrolled in previous studies, should be
specifically directed at collecting these data as
well as determining an optimal dosage regi-
men. Subgroup analyses on the basis of birth-
weight, gestation, and perhaps initial illness
severity would also be worthwhile.
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