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Indomethacin is a nonsteroidal anti-inflammatory
analgesic used in the treatment of disorders such as
rheumatoid arthritis, ankylosing spondylitis, and osteo-
arthritis. Prostaglandins have a significant stimulatory
effect on established labor; because indomethacin is a
potent inhibitor of prostaglandin synthesis, this agent
is also used in the treatment of preterm labor. Like
other prostaglandin synthetase inhibitors, indometha-
cin acts by inhibiting the activity of the cyclo-oxygenase
enzyme necessary for the synthesis of prostaglandins,
prostacyclin, and thromboxane. Unlike aspirin, which
causes an irreversible inhibition of this enzyme, indo-
methacin results in a competitive and reversible inhibi-
tion.

FIRST-TRIMESTER USE
AND TERATOGENICITY

Animal studies of indomethacin use and potential
teratogenicity have produced conflicting results. While
indomethacin has been found to cross the placenta
freely during the second half of human gestation (Trae-
ger et al., ’73; Moise et al., ’90), animal studies have
suggested that early in pregnancy, transplacental pas-
sage of indomethacin is minimal (Klein et al., ’81).
Studies by Klein et al. (’81) reveal that in rats, indo-
methacin does not cross the placenta in pharmacologi-
cally significant quantities until close to parturition.

Most rodent studies have demonstrated no increase
in the frequency of malformations in offspring of mice
and rats treated during pregnancy with indomethacin
in doses ranging up to 100 times those used clinically
(Klein et al., ’81; Kalter, ’73; Randall et al., ’87).
Kusanag et al. (’77) treated pregnant mice with 7.5
mg/kg of indomethacin orally on days 7–15 and pro-
duced an increased incidence of fused ribs and other
skeletal defects in the offspring. Gupta and Goldman
(’86) reported incomplete virilization of the external
genitalia in the male offspring of pregnant mice treated
with 1 mg/kg of subcutaneous indomethacin on days
11–14. In rabbit studies, treatment with 8 or 16 mg/kg/
day of subcutaneous indomethacin from the day of
mating has been shown to cause increased resorptions
of developing embryos with no increase in birth defects
in the survivors (O’Grady et al., ’72).

Data available on first-trimester exposure during
human pregnancy suggest that this drug does not

produce malformations. Aselton et al. (’85) reported
only one congenital defect in 50 women who had taken
indomethacin during pregnancy. Another study re-
ported the outcomes of 8 women treated with 700–1,200
mg of indomethacin over 3–8 days in the first trimester
for ovarian hyperstimulation syndrome. Of the nine
live babies in that report, one had a mild degree of
hypospadias and the remainder had no reported birth
defects (Katz et al., ’84). In a large surveillance study in
Michigan of 229,101 pregnancies from 1985 to 1992,
114 newborns had been exposed to indomethacin dur-
ing the first trimester. Seven (6.1%) major birth defects
were observed (5 expected), 2 of which were cardiovas-
cular (1 expected). No anomalies were observed in 5
other categories reported (oral clefts, spina bifida,
polydactyly, limb reduction defects, and hypospadias)
(Briggs et al., ’94).

COMPLICATIONS OF INDOMETHACIN USE
IN THE SECOND AND THIRD TRIMESTERS

OF PREGNANCY

Indomethacin has been used in the treatment of
preterm labor since 1974 (Zuckerman et al., ’74). Prosta-
glandins promote uterine activity by increasing myome-
trial gap junctions, and by stimulating an increase in
intracellular calcium. In isolated human myometrial
strips that contract with the addition of oxytocin or
prostaglandin F2a, contractions are abolished by the
addition of indomethacin (Garrioch, ’78).

In the second half of pregnancy, indomethacin crosses
the placenta and reaches concentrations in the fetus
equal to those in the mother. In one study of human
pregnancy, investigators treated 26 women at 23–37
weeks gestation with 50 mg of indomethacin and
measured fetal umbilical cord indomethacin levels 6 hr
later. Mean maternal and fetal levels were 218 ng/ml
and 219 ng/ml, respectively, and did not vary over this
gestational age range (Moise et al., ’90). Because prosta-
glandins are important in the regulation of many organ
systems and readily reach the fetus, prostaglandin
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synthetase inhibition with indomethacin has the poten-
tial to cause a number of complications in the fetus and
newborn.

MATERNAL EFFECTS

In nonpregnant adults, prostaglandin synthetase
inhibitors have been reported to cause gastrointestinal
ulceration and perforation, as well as acute renal
failure; interference with renal excretion of water,
sodium, and potassium; interference with antihyperten-
sive and diuretic therapy; acute interstitial nephritis;
nephrotic syndrome; and chronic renal injury. These
renal complications are generally reversible, and can be
attributed to interference with the physiologic actions
of prostaglandins on the kidney (Schlondorff ’93). There
have been several independent reports of transient
renal insufficiency in pregnant women treated with
indomethacin as well (Steiger et al., ’93; Walker and
Cantrell, ’93).

Indomethacin interferes with platelet function and
has been found to prolong bleeding time in preterm
infants (Corazza et al., ’84) and pregnant women (Lunt
et al., ’94). While use of aspirin in pregnancy has been
associated with increased antepartum and/or postpar-
tum hemorrhage (Briggs et al., ’94), indomethacin does
not appear to lead to increased bleeding during delivery
(Gerson et al., ’90; Lunt et al., ’94). Antipyretic effects of
indomethacin are theoretically possible, and may poten-
tially mask occult maternal chorioamnionitis. While
chorioamnionitis is considered a contraindication to
use of indomethacin (or any other tocolytic), an in-
creased incidence of intra-amniotic infection has not
been reported with the use of this agent.

FETAL EFFECTS OF IN UTERO
INDOMETHACIN EXPOSURE

Indomethacin has profound effects on platelet and
neutrophil function (Friedman et al., ’78), cerebral,
mesenteric, and renal hemodynamics (Meyers et al.,
’91; Gleason, ’87, Rudolph et al., ’78), gastrointestinal
oxygen consumption (Meyers et al., ’91), renal tubular
function (Rudolph et al., ’78), and the functioning of the
ductus arteriosus (Moise et al., ’88; Clyman et al., ’85),
all of which have implications for the fetus. A number of
fetal and neonatal complications have been reported
after prenatal indomethacin exposure, potentially at-
tributable to these effects (Table 1). In the fetus,
indomethacin has been reported to cause constriction of
the ductus arteriosus (Moise et al., ’88) and decreased
urine output (Hickok et al., ’89), frequently resulting in
oligohydramnios (Bivins et al., ’93). In the neonate
born after prenatal indomethacin exposure, reported
complications have included pulmonary hypertension
(Manchester et al., ’76; Csaba et al., ’73), persistent
ductus arteriosus (Norton et al., ’93), necrotizing enter-
ocolitis (Major et al., ’94), ileal perforation (Vanhaese-
brouck et al., ’88a), intracranial hemorrhage (Norton et
al., ’93; Iannucci et al., ’96), cystic brain lesions (Baerts

et al., ’90), and renal dysfunction (Buderus et al., ’93).
The likelihood of these complications may be influ-
enced, in part, by the timing and duration of indometha-
cin administration during pregnancy.

A number of studies have focused on the general
issue of neonatal outcome after administration of indo-
methacin as a tocolytic agent. In four randomized
trials, the efficacy and safety of indomethacin was
compared with that of intravenous b-adrenergic ago-
nists in patients presenting with premature labor
(Morales et al., ’89; Besinger et al., ’91; Eronen et al.,
’94; Kurki et al., ’91). In three studies (Morales et al.,
’89; Eronen et al., ’94; Kurki et al., ’91), the use of
indomethacin was limited to 48–72 hrs, while in the
study by Besinger et al. (’91), mothers received long-
term treatment. In two of these studies, the delay in
delivery was comparable in the indomethacin and
b-adrenergic agonist group (Morales et al., ’89; Be-
singer et al., ’91). By contrast, Kurki et al. (’91) reported
that delivery was delayed .48 hr in 96% of patients
treated with indomethacin, versus 76% of patients
treated with ritodrine, a difference that was statisti-
cally significant. Likewise Eronen et al. (’94) reported
that indomethacin delayed delivery 6.6 weeks versus
4.5 weeks in the b-adrenergic agonist group.

In these four studies, the mean gestational age at the
time of delivery was .34 weeks. Three of the studies
(Morales et al., ’89; Besinger et al., ’91; Kurki et al., ’91)
found no statistical difference in neonatal outcome,
although Besinger et al. (’91) reported 3 cases of
primary pulmonary hypertension in the infants ex-
posed to indomethacin versus none in the control group.
Eronen et al. (’91) reported an increased incidence of
respiratory distress syndrome (82% vs 29%), broncho-
pulmonary dysplasia (73% vs 6%), and necrotizing
enterocolitis or focal intestinal perforation (27% vs 0%)
in the indomethacin-exposed group.

One other randomized trial compared safety of long-
term indomethacin versus oral terbutaline after treat-
ment with intravenous tocolytics for preterm labor
(Bivins et al., ’93). This study of 71 patients found no
difference in neonatal outcome, although these investi-
gators did report a 27% incidence of ductal constriction
and 38% incidence of oligohydramnios in the indometha-
cin group. In the terbutaline group, only one fetus
developed oligohydramnios, in conjunction with intra-
uterine growth restriction. Only fetuses exposed to
indomethacin were specifically investigated for evi-
dence of ductal constriction. The timing of complica-
tions with regard to duration of indomethacin adminis-
tration was random and occurred from 1 to 24 days
after initiation of indomethacin treatment. Although
both the ductal constriction and oligohydramnios re-
solved with discontinuation of therapy, the study was
terminated because of this high incidence of fetal
complications.

A number of retrospective reports have also ad-
dressed the issue of neonatal complications after ante-
natal tocolysis with indomethacin. In one report, neo-
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nates who had been exposed to indomethacin in utero
for 24–48 hr were compared with infants exposed to
other or no tocolysis. Infants in this study delivered at a
mean gestational age of 35 weeks, and there was no
excess of neonatal complications in the indomethacin
group (Niebyl and Witter, ’86). Another retrospective
report of maternal indomethacin administration found
no apparent excess of neonatal complications, although
this study had no control group, and a mean gestational
age at delivery of 35.6 weeks (Dudley and Hardie, ’85).
Gerson et al. (’90) reported on long-term maternal
indomethacin use (mean 43.9 days) and also found no
increase in neonatal complications compared with in-
fants exposed to other tocolytics, these infants all
delivered at a mean gestational age of 33 weeks.

Two other retrospective studies have focused specifi-
cally on patients who delivered very preterm infants
(#30 weeks gestation, ,1,500 g) after indomethacin
tocolysis (Norton et al., ’93; Major et al., ’94). Norton et
al. (’93) studied infants born at #30 weeks gestation
after maternal treatment for preterm labor and com-
pared outcomes in those exposed to indomethacin ver-
sus those exposed to other tocolytics. Mothers were
treated with 50–6,000 mg of indomethacin (median 425
mg) over 1–79 days (median 3 days). Most mothers
received their last dose of indomethacin within 24 hr of
delivery. Major et al. (’94) studied infants born at
,1,500 g and also compared outcomes in those exposed
to indomethacin versus those exposed to other or no
tocolytics. In both of these studies, neonates exposed in
utero to indomethacin at 26–27 weeks gestation had a
higher rate of complications as compared with infants
exposed to other tocolytics at the same gestational age.

Norton et al. (’93) found that preterm infants born
after in utero exposure to indomethacin experienced
more necrotizing enterocolitis (29% vs 8%), intracranial
hemorrhage (28% vs 9%), and patent ductus arteriosus
(62% vs 44%) than do unexposed controls of the same
gestational age. More indomethacin-exposed infants
with a patent ductus arteriosus required surgical liga-
tion because of either a lack of initial response or a
reopening of the ductus after postnatal indomethacin
therapy (50% vs 20%). Infants exposed to prenatal
indomethacin also had a lower urine output and higher
serum creatinine concentration during the first three
days of life. Major et al. (’94) focused specifically on the
risk of necrotizing enterocolitis after prenatal indo-
methacin exposure and found the risk to be 20% in
indomethacin-exposed infants versus 7% in controls.
The increased risk of necrotizing enterocolitis was not
present in infants delivering .24 hr after prenatal
indomethacin exposure.

In the study by Norton et al. (’93), indomethacin was
administered within the week prior to delivery in 88%
of cases, while Major et al. (’94) reported that the final
dose of indomethacin was given within the 4 days prior
to delivery in 67% of cases. The adverse outcomes
reported in these very preterm infants may be due to
both their increased vulnerability and the timing of

indomethacin with regard to labor, delivery and perina-
tal adaptation.

Tocolytic agents, including indomethacin, are gener-
ally given for just 48 hours to allow administration of
betamethasone to aid in fetal lung maturation. These
medications are rarely used after 34 weeks gestation,
when the risk of complications of prematurity becomes
very low and the benefit of betamethasone administra-
tion is no longer apparent. This is important to consider
when evaluating the safety of indomethacin and other
tocolytic agents and in comparing data from various
studies of these drugs. In those studies in which the
mean gestational age at delivery is .34 weeks, one
would expect that indomethacin administration was
discontinued, in most cases, several days to weeks prior
to delivery. In those studies that focused on very
preterm infants, most patients were delivered within
several hours or days of indomethacin administration.
It appears from the available data that when indometha-
cin is administered early in pregnancy (,32 weeks) and
delivery occurs near term, the neonate is unlikely to
demonstrate any adverse effects. However, in those
infants who fail tocolysis and deliver despite indometha-
cin administration, the risk of serious sequelae is
significant.

Effects of indomethacin on the fetal
ductus arteriosus

Animal studies have indicated that both prostacy-
cline and prostaglandin E2 are important in maintain-
ing the patency of the fetal ductus arteriosus (Sideris et
al., ’83). Studies in both animals and humans have
demonstrated constriction of the fetal ductus arteriosus
after administration of prostaglandin synthetase inhibi-
tors. In utero constriction of the ductus arteriosus can
lead to tricuspid regurgitation in utero, and has been
reported to result in hydrops and fetal death (Hallack et
al., ’91). In the neonate, antenatal indomethacin has
been associated with primary pulmonary hypertension
(Manchester et al., ’76; Goudie and Dosselor, ’79; Csaba
et al., ’78) and patent ductus arteriosus (Norton et al.,
’93), both attributed to in utero constriction of the
ductus. In addition, ductal constriction in utero can
lead to cardiac decompensation in the presence of
ductus-dependent congenital heart disease (Menahem,
’91).

Sharpe et al. (’75) found that administration of 15
mg/kg of indomethacin orally to pregnant rats and
rabbits was followed by in utero constriction of the fetal
ductus arteriosus. This response also occured at lower
doses (2.5 mg/kg), and the effect increased as gestation
advanced. Arishima et al. (’91) confirmed these findings
with doses as low as 1 mg/kg orally, and Momma and
Takao (’89a) found the ductal constriction to be in-
creased in rats when indomethacin was combined with
betamethasone (1 mg/kg subcutaneously), which is
often administered during tocolysis for preterm labor to
aid in fetal lung maturation (Momma and Takao ’89a).
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It has been demonstrated in rats and sheep that
chronic fetal ductal constriction and occlusion can affect
the right ventricle and lead to morphologic changes in
the pulmonary vasculature and can result in persistent
pulmonary hypertension in the newborn (Momma and
Takao, ’89b; Wild et al., ’89; Morin, ’89). Subendocardial
ischemia and papillary muscle dysfunction have been
observed in fetal sheep within 48 hr of indomethacin-
induced ductal constriction (Levin et al., ’79).

In humans, postnatal indomethacin can cause clo-
sure of the ductus arteriosus, and is used therapeuti-
cally when this structure remains patent in preterm
neonates (Heymann et al., ’76). Ductal constriction can
also occur in utero after maternal indomethacin admin-
istration (Moise et al., ’88). Using fetal echocardiogra-
phy, Moise et al. (’90) described this effect in a study of
women between the gestational ages of 20 and 34
weeks. The ductus became more responsive to indo-
methacin later in pregnancy, with 5–10% of fetuses
displaying ductal constriction at ,27 weeks, 15–20% at
27–31 weeks, 50% at 32 weeks, and 100% at .34 weeks
gestation (Moise, ’93) (Fig. 1).

Constriction of the ductus in utero can lead to a
diversion of right ventricular output either in a retro-
grade fashion through the tricuspid valve (tricuspid
regurgitation) or into the pulmonary arteries. Eronen
et al. (’91) studied 14 women at 24–34 weeks gestation
treated with 50 mg of indomethacin every 6–8 hr for 72
hr. Nine of the 14 fetuses developed ductal constriction,
and 3 of 14 developed tricuspid regurgitation sugges-

tive of congestive heart failure. Increased pulmonary
blood flow due to in utero ductal constriction can result
in pulmonary arterial hypertrophy and pulmonary
hypertension (Moise et al., ’88). After birth, this resul-
tant pulmonary hypertension causes shunting of blood
through the foramen ovale, bypassing the lungs, with
resultant difficulty in adequate oxygenation of the
neonate. Primary pulmonary hypertension has been
reported in neonates after maternal indomethacin
therapy for premature labor (Manchester et al., ’76;
Goudie and Dossetor, ’79; Csaba et al., ’78; Besinger et
al., ’91). Csaba et al. (’78) reported primary pulmonary
hypertension in 5 of 10 neonates exposed to indometha-
cin in utero. Besinger et al. (’91) reported primary
pulmonary hypertension in 3 of 25 neonates born after
prolonged in utero indomethacin exposure. This compli-
cation has been reported primarily in infants delivering
when indomethacin exposure occured after 32 weeks
gestation.

Norton et al. (’93) studied infants born at 24–30
weeks gestation after prenatal exposure to a broad
range of doses of indomethacin (50–6,000 mg). Those
infants exposed to prenatal indomethacin had an in-
crease in patent ductus arteriosus (PDA) (66% vs 44%
in infants exposed to other tocolytics). In addition,
infants exposed to prenatal indomethacin were more
likely to require surgical ligation of their PDA due to
either a lack of response to postnatal indomethacin or a
reopening of the duct after initial closure. The increase
in PDA in the indomethacin-exposed infants was associ-

Fig. 1. Incidence of fetal ductal constriction after maternal indomethacin exposure with advancing
gestational age. From Moise (’93).
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ated with advancing gestational age, consistent with
the gestational age-dependent increase in ductal con-
striction which has been described. Eronen et al. (’94)
also found more failure of postnatal indomethacin to
close the ductus in infants who had been exposed to
prenatal indomethacin, although this difference did not
reach statistical significance (P 5 0.07), and in another
study found that ductal reopening occured more often
after in utero indomethacin exposure (17% vs 0%)
(Eronen, ’93). Studies in sheep have found that after
initial constriction in vivo, the ability of the ductus to
actively constrict in response to indomethacin or oxy-
gen is limited, possibly reflecting early intimal layer
ischemic damage (Clyman et al., ’85). Likewise in
humans, prenatal indomethacin exposure may cause in
utero constriction with resultant damage to the ductus
arteriosus, resulting in an increased incidence of PDA,
as well as in the need for surgical ligation. Again, this
increase in PDA occurs most frequently in infants
exposed to indomethacin after 27 weeks gestation,
consistent with the increased incidence of in utero
ductal constriction that occurs with increasing gesta-
tional age (Norton et al., ’93).

The effects of indomethacin on the fetal ductus occur
at typical clinical doses, and the lower limit of indo-
methacin exposure at which this phenomenon occurs is
unknown (Moise et al., ’88; van den Veyver et al., ’93b).
Constriction of the ductus is gestational age dependent
and is seldom seen at ,27 weeks, with a dramatic
increase in the response to 50% at 32 weeks and 100%
at 34 weeks gestation (Eronen et al., ’91; Moise, ’93).

Effects of indomethacin on fetal
gastrointestinal tract

Indomethacin has significant effects on the mesen-
teric circulation. Gastrointestinal complications, includ-
ing intestinal perforation, are known side effects of
indomethacin therapy in adults and newborn infants
(Alpan et al., ’85; Cassady et al., ’89). Both prenatal and
postnatal exposure to indomethacin have been impli-
cated in an increased risk of necrotizing enterocolitis
and isolated intestinal perforation in preterm infants
(Norton et al., ’93; Major et al., ’94; Nagaraj et al., ’81).

In animals and preterm infants, indomethacin has
been shown to decrease mesenteric blood flow (Cronen
et al., ’82; Feigen et al., ’81), block autoregulation of
terminal ileum oxygen consumption (Meyers et al., ’91)
and increase the risk of bowel necrosis after temporary
ischemia (Krasna et al., ’92). Cronen et al. (’82) treated
dogs with 0.25–1.25 mg/kg of indomethacin per rectum,
and found a significant decrease in blood flow to the
stomach as well as the mid- and terminal ileum. Feigen
et al. (’81) also found that in dogs, intravenous indo-
methacin (2.5 mg/kg) produced severe, acute vasocon-
striction in the mesenteric vascular bed. This indo-
methacin-induced vasoconstriction occured at doses as
low as 0.25 mg/kg IV. Krasna et al. (’92) studied the
effect of indomethacin on rates of bowel necrosis in mice

after temporary ischemia. These investigators occluded
the superior mesenteric vessels for 15 min, and com-
pared rates of intestinal necrosis on three groups of
mice: those treated with indomethacin (0.4 µg/kg IV
daily for 3 days after intestinal occlusion or sham
surgery), those treated with 15 min of intestinal occlu-
sion only, and those treated with both indomethacin
and intestinal occlusion. Sixty-one percent of those
treated with both developed bowel necrosis, versus 8%
in the intestinal occlusion-only group and 0% in the
indomethacin-only group. They concluded that in the
shocked preterm infant who may have suffered tempo-
rary intestinal ischemia, exposure to indomethacin
may significantly increase the risk of developing necro-
tizing enterocolitis.

Some studies in preterm infants have suggested that
postnatal indomethacin given for treatment of PDA
increases the risk of necrotizing enterocolitis and iso-
lated ileal perforations (Nagaraj et al., ’81; Alpan et al.,
’85; Cassady et al., ’89). There are case reports of
similar complications after in utero indomethacin expo-
sure (Vanhaesebrouck et al., ’88a), and recent evidence
indicates that prenatal indomethacin may in fact in-
crease the rate of necrotizing enterocolitis as well as
isolated intestinal perforations in preterm infants (Nor-
ton et al., ’93; Major et al., ’94; Eronen et al., ’94). Three
controlled studies have found the incidence of necrotiz-
ing enterocolitis to be 20–29% in preterm infants
exposed in utero to indomethacin, versus 8–9% in
unexposed controls (Norton et al., ’93; Eronen et al., ’94;
Major et al., ’94). Most infants in these three studies
were exposed to 450 mg of indomethacin over a 48-hr
period, although the range included 50–6,000 mg over
several weeks. Neither total dose nor duration of expo-
sure was associated with an increased risk of necrotiz-
ing enterocolitis. However, those infants delivered
within 48 hr of maternal indomethacin administration
had an increased incidence of necrotizing enterocolitis,
while those born .48 hr after maternal indomethacin
did not. As suggested by animal studies, it appears that

TABLE 1. Reported fetal and neonatal
complications after maternal indomethacin

therapy for preterm labor

Fetal
Constriction of ductus arteriosus
Tricuspid regurgitation
Decreased urine output
Oligohydramnios
Hydrops
Fetal death

Neonatal
Pulmonary hypertension
Patent ductus arteriosus
Failed response of patent ductus arteriosus to medical

therapy
Necrotizing enterocolitis
Ileal perforation
Intraventricular hemorrhage
Cystic brain lesions
Renal dysfunction
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preterm infants, who may suffer temporary hypoxic
insults during labor, delivery, and the early perinatal
period, have a great increase in the risk of significant
sequelae of those hypoxic insults (i.e., necrotizing enter-
ocolitis) when they have been exposed to indomethacin
just prior to delivery. The stresses of preterm labor and
delivery may be less well-tolerated without the benefit
of regulatory prostaglandins.

Renal effects of indomethacin

The kidney synthesizes several prostaglandins impor-
tant in the regulation of renal function. These prosta-
glandins (primarily PGI2 and PGE2) affect modulation
of renal blood flow, glomerular filtration rate, renin
release, the concentration mechanism and excretion of
sodium and potassium. In adults, these prostaglandin-
mediated effects are primarily important only during
activation of vasoconstrictor systems. Nephrogenesis in
the premature infant is not complete until 36 weeks
gestation, however, and studies in rats have suggested
that prostaglandins may also play a role in renal
development (Pace-Asciak, ’75).

In animals, long term administration of indometha-
cin has resulted in structural as well as functional
abnormalities. Structural renal changes, including en-
largement of the Golgi bodies and an increase in
inclusion bodies in the cytoplasm and rough endoplas-
mic reticulum of the podocytes, have been observed in
the rat after administration of 4 mg/kg of intraperito-
neal indomethacin for $8 days (Sessa et al., ’73). In
another study, eight pregnant rhesus monkeys were
treated with indomethacin according to the following
schedule: days 150–165, the dose was 10–15 mg/kg/day;
thereafter, the dose was increased to 21–28 mg/kg/day
until delivery (days 171–187). Treatment with indo-
methacin was associated with oligohydramnios in 7 of 8
monkeys, with a 50% fetal mortality rate. In the fetuses
who died, the mean weight of the kidneys was 38% less
than average (Novy, ’78).

Transient renal dysfunction has been reported as a
complication of indomethacin in adults, newborns, pre-
term infants, and fetuses (Seyberth et al., ’83; Gersony
et al., ’83, Goldenberg et al., ’89; Gleason, ’87). A
dramatic decline in hourly fetal urine output was
demonstrated by Kirshon et al. (’88) as soon as 5 hr
after the beginning of maternal indomethacin treat-
ment (25 mg orally every 4 hr) (Fig. 2). This response
was not correlated with maternal serum indomethacin
levels, and completely resolved 24 hr after indometha-
cin was discontinued. Decreases in fetal urine output
have been reported with the long-term and short-term
use, defined as greater than or less than 48 hrs,
(Kirshon et al., ’88, ’91), and occur in up to 82% of cases
(Hickok et al., ’89). The mechanism may be an alter-
ation in prostaglandin-mediated tubular function, as
renal blood flow does not appear to be changed (Mari et
al., ’90). Although Goldenberg et al. (’89) reported a
single case suggesting that this response is dose depen-
dent, the rapid reversibility of the phenomenon, irre-

spective of the total maternal dose, is consistent with
the pharmacokinetic action of indomethacin: an en-
zyme inhibition process without a dose-response asso-
ciation (Brash et al., ’81).

When indomethacin is administered shortly before
delivery, the renal effects can persist into the newborn
period. A number of studies have documented an in-
creased serum creatinine and decreased urine output
during the first 3 days of life in preterm infants born
after maternal treatment with indomethacin in the 24
hr preceding delivery (Norton et al., ’93; Vanhaese-
brouck et al., ’88b).

The decrease in fetal urine output seen following
maternal indomethacin administration can result in
oligohydramnios (Besinger et al., ’91; Goldenberg et al.,
’89; Uslu et al., ’92; Itskovitz et al., ’80; Vanhaesebrouck
et al., ’88a; Novy, ’78; Gleason, ’87; Kirshon et al., ’91),
with an incidence in reported series of 10–38% (Morales
et al., ’89, Bivins et al., ’93). Although both the de-
creased urine output and oligohydramnios are usually
reversible (Goldenberg et al., ’89), several cases of
severe and sometimes irreversible renal insufficiency
have been described in human neonates exposed to
indomethacin during fetal life (Cantor et al., ’80; Itsko-
vitz et al., ’80; Veersema et al., ’83; Vanhaesebrouck et
al., ’88a; Simeoni et al., ’89; Gubler et al., ’91; Restaino
et al., ’91; Jacqz-Aigrin et al., ’93; Buderus et al., ’93). In
one case series, van der Heijden et al. (’94) described six
infants exposed in utero to 150–400 mg of indomethacin
daily for 2–11 weeks prior to delivery who were born
with persistent anuria and unusual renal cystic lesions.
These fetuses were exposed at 23–32 weeks gestation
and were born at 29–37 weeks gestation. All six infants
died of renal failure.

Cerebrovascular effects of indomethacin

Indomethacin has been shown to have a significant
effect on cerebral hemodynamics in the fetus and
neonate, as well as in adults. Altshuler et al. (’79)
demonstrated that in rats and mice, maternal treat-

Fig. 2. Fetal urine output in four patients before, during and after
indomethacin therapy (25 mg orally q6h). From Kirshon et al. (’88).
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ment with 4 mg/kg of indomethacin during the last 3
days of gestation caused an increased incidence of
neuronal necrosis in the diencephalon of live born
fetuses. At 2 mg/kg, this neuronal necrosis was not
observed.

In humans, Baerts et al. (’90) reported an increase in
cystic brain lesions in infants born before 30 weeks
gestation after prenatal indomethacin treatment when
compared with infants treated with other or no tocolyt-
ics. At least two studies in preterm infants have linked
maternal indomethacin treatment with an increased
risk of intracranial hemorrhage in the neonate. Norton
et al. (’93) found a 28% incidence of intracranial hemor-
rhage in preterm infants born after in utero indometha-
cin exposure versus 9% in gestational age-matched
controls. Iannucci et al. (’96) also found the incidence of
significant intracranial hemorrhage to be increased in
very preterm infants whose mothers had received tocoly-
sis with indomethacin. This finding contrasts with data
that indomethacin may protect against neonatal intra-
ventricular hemorrhage when given postnatally (Ment
et al., ’88).

Local cerebral blood flow is believed to be controlled
in part by prostaglandins synthesized by the cerebral
microvasculature (Moncada et al., ’79; Wolfe, ’79). In
adults, indomethacin has been shown to cause a reduc-
tion in cerebral blood flow of 40–50% (Wennmalm et al.,
’81). Preterm infants treated for PDA with 0.1–0.2
mg/kg of IV indomethacin after delivery have also been
demonstrated to have a fall in cerebral blood flow
(Cowan, ’86), as well as decreases in oxygen delivery,
blood volume, and the reactivity of blood volume to
changes in arterial CO2 tension (Edwards et al., ’90).
These effects seem to be greater in the presence of
increased arterial PCO2 (Wennmalm et al., ’81; Cowan,
’86), and studies have suggested that they are due to a
drug-induced cerebral vasoconstriction.

Following maternal indomethacin use, the fetal
middle cerebral artery pulsatility index can be in-
creased in association with ductal constriction and
tricuspid regurgitation (van den Veyver et al., ’93b).
The described changes in cerebral oxygen delivery as
well as the disruption of cerebrovascular control might
compromise cellular oxygen availability, particularly in
regions of the brain where the arterial supply is precari-
ous (Edwards et al., ’90). In addition, indomethacin
inhibits platelet aggregation, and studies have indi-
cated an association between intracranial hemorrhage
and hemostatic disorders (Friedman et al., ’78; McDon-
ald et al., ’84). Maternal ingestion of other nonsteroidal
anti-inflammatory drugs (NSAIDs) has been associated
with an increased incidence of intracranial hemorrhage
in preterm infants (Rumack et al., ’81). In the fetus
exposed to indomethacin during the 24 hr prior to
delivery, disruption of cerebrovascular control, and the
fluctuation in intracranial pressure during active labor
combined with platelet dysfunction may contribute to
an increased risk of intracranial hemorrhage.

Respiratory effects of indomethacin

A recent randomized trial has linked antenatal indo-
methacin with an increased risk of bronchopulmonary
dysplasia and respiratory distress syndrome (Eronen et
al., ’94). Two other retrospective trials did not find an
increase in respiratory complications in preterm in-
fants after antenatal indomethacin (Norton et al., ’93;
Major et al., ’94). Eronen et al. (’94) theorized that the
inhibition of cyclooxygenase by indomethacin leads to
an increased availability of leukotrienes with vasocon-
strictor and proinflammatory properties (Shore et al.,
’89). In addition, laboratory and animal data indicate a
significant decrease in alveolar luminal volume and a
delay in the development of lamellar bodies and surfac-
tant components after exposure to indomethacin, which
may contribute to an increased risk of respiratory
complications (Acarregui et al., ’90; Bustos et al., ’78).
In the two studies in which respiratory distress syn-
drome was not increased (Norton et al., ’93; Major et al.,
’94), the majority of indomethacin-exposed infants had
also received antenatal corticosteroids, while most in-
fants in the study by Eronen et al. (’94) had not.
Possibly this treatment was sufficient to overcome any
adverse effect of indomethacin on surfactant produc-
tion.

Clinical efficacy of indomethacin
for preterm labor

A number of retrospective and/or uncontrolled series
have been reported on use of indomethacin as a toco-
lytic agent, in which the authors have concluded that
this drug is safe and effective (Zuckerman et al., ’74, ’84;
Dudley and Hardie, ’85; Niebyl and Witter, ’86; Gamis-
sans et al., ’78; Katz, ’83; Gerson et al., ’90). Fewer
prospective, randomized, controlled trials have been
reported (Niebyl et al., ’80; Morales et al., ’89; Kurki et
al., ’91; Besinger et al., ’91; Bivins et al., ’93; Eronen et
al., ’94), and results of these trials have been conflict-
ing. Kurki et al. (’91) and Eronen et al. (’94) both
randomized women in preterm labor to indomethacin
versus nylidrin, a b-adrenergic agonist. Delivery was
delayed longer in the indomethacin-treated women
than in those treated with nylidrin.

Other randomized trials have not found indometha-
cin to have greater efficacy than b-adrenergic agents.
One small prospective, randomized, placebo-controlled
trial found that while contractions were arrested more
quickly in patients treated with indomethacin, delivery
occurred at the same gestational age in the indometha-
cin- and placebo-treated groups (Niebyl et al., ’80).
Morales et al. (’89) randomized 106 women in preterm
labor to indomethacin versus ritodrine and found no
difference in the number of women who had delivery
delayed for .48 hr or for .1 week. These investigators
did report significantly fewer maternal side effects and
lower costs with indomethacin than with ritodrine.
Besinger et al. (’91) randomized patients to indometha-
cin versus ritodrine for long term treatment of preterm
labor, and found an equivalent delay in delivery of
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greater than one week and an equivalent gestational
age at delivery. Bivins et al. (’93) randomized women to
long-term tocolysis with indomethacin or terbutaline
after successful intravenous tocolysis and found an
equal number of women delivered at .34 weeks in both
groups.

In conclusion, while some investigators have con-
cluded that indomethacin may be superior to b-ad-
renergic agonists in the treatment of preterm labor,
most of the available data do not demonstrate improved
efficacy of this agent. The most obvious benefits are the
decreased maternal side effects and maternal costs of
administration, as indomethacin can be given orally
and does not require monitoring necessary with b-ad-
renergic agonists.

SUMMARY

Indomethacin freely crosses the placenta and can
interfere with fetal prostaglandin production and alter
the normal physiology of the fetal cardiovascular sys-
tem (Moise et al., ’90). It has long been recognized that
indomethacin should be avoided in pregnant women at
.32 weeks gestation, as the risk of pulmonary hyperten-
sion in the neonate is significant. More recent data have
demonstrated that pulmonary hypertension results
from in utero ductal constriction, which occurs in close
to 100% of fetuses exposed to indomethacin at .32
weeks gestation. Neonatal complications due to in
utero indomethacin exposure are uncommon—provided
that delivery is successfully delayed—and occurs well
after indomethacin treatment has been discontinued.
When discontinued at $1 week or more prior to deliv-
ery, neonatal complications from indomethacin are not
expected, as it causes a reversible enzyme inhibition.
However, when treatment for preterm labor fails and
delivery occurs within 48 hr of maternal indomethacin
administration, the risks to the fetus of numerous
complications of prematurity appear to be increased.

Although the statement is frequently made that a
short course of indomethacin is safe, there are no data
demonstrating a difference in outcome between short-
and long-term treatment. Complications of indometha-
cin use appear to be idiosyncratic and have been
reported in patients receiving a single dose, while series
of patients on long-term indomethacin have demon-
strated no increase in neonatal complications when
indomethacin is discontinued several weeks prior to
delivery, and delivery occurs near term. Most neonatal
complications appear to be due to effects of prostaglan-
din synthetase inhibition that occur proximate to pre-
term delivery, robbing the immature fetus of these
protective mechanisms during the many cardiovascu-
lar changes and stresses of labor and delivery. Espe-
cially under pathophysiologic conditions, the function
and integrity of various organs may become dependent
on vasodilatory prostaglandins. When given immedi-
ately prior to delivery, antenatal indomethacin appears
to have profound effects during perinatal transition
which may increase the risk of neonatal complications.

The major justification for tocolysis is to decrease the
risk of neonatal complications associated with prematu-
rity. However, infants exposed to indomethacin have a
higher risk of complications than their unexposed
controls when tocolysis fails (Norton et al., ’93; Eronen
et al., ’94). Eronen et al. (’94) found that preterm infants
exposed to antenatal indomethacin required more inten-
sive care and had more serious morbidity despite
increased gestational ages. It does not appear that the
efficacy indomethacin as a tocolytic is sufficient to
outweight the risk of complications when treatment
fails.

The use of indomethacin may be appropriate in
situations in which preterm delivery is unlikely, such as
prophylactic use prior to cerclage placement or intraab-
dominal surgery performed during pregnancy. Preg-
nant patients receiving indomethacin should be moni-
tored for the development of fetal ductal constriction or
oligohydramnios. Antenatal indomethacin should be
avoided when delivery seems imminent, after 32 weeks
gestation, or when ductus dependent congenital heart
disease is present.

GENETIC COUNSELING

Indomethacin, when taken in the first trimester of
pregnancy, does not seem to increase the risk of fetal
malformations. However, use of indomethacin later in
pregnancy may increase the risk of fetal or neonatal
complications, or both. Risks to the fetus include con-
striction of the ductus arteriosus and tricuspid regurgi-
tation, potentially leading to heart failure, hydrops,
and fetal demise. Complications that may be increased
in the infant exposed to indomethacin in utero include
pulmonary hypertension, patent ductus arteriosus, re-
nal dysfunction, necrotizing enterocolitis, intestinal
perforation, intracranial hemorrhage, and cystic brain
lesions. The chance of developing any of these complica-
tions is influenced in part by the gestational age at
administration of indomethacin and timing of indo-
methacin in relationship to timing of delivery. Maternal
ingestion of indomethacin increases the risks to the
fetus and neonate when taken after 32 weeks preg-
nancy, or within several days of preterm delivery.
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