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Abstract In this review we report data available from the literature on the use of non-
steroidal anti-inflammatory drugs (NSAIDs) and the development of nephrotox-
icity in the fetus, neonates and children. Up to the present day, several cases of
severe and sometimes irreversible renal insufficiency have been described in
neonates exposed to indomethacin prenatally or in the first days of life for treat-
ment of patent ductus arteriosus (PDA). Until now, very few studies have been
carried out on alternative treatments for PDA in preterm infants; ibuprofen has
been shown to be as effective as indomethacin in closing the ductus in this patient
group without affecting renal function. In children, NSAID-induced renal failure
is a rare event and is usually reversible after discontinuation of the drug. However,
caution should be taken when NSAIDs are administered to individuals with pre-
existing renal problems or with other potentially nephrotoxic drugs. In these
situations, new approaches such as cyclo-oxygenase-2 selective inhibitors or pro-
stanoid receptor selective antagonists could lead to alternative therapies for use
in paediatrics.
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Nonsteroidal anti-inflammatory drugs (NSAIDs)
are the most widely used drugs in medicine and
their use has dramatically increased in recent years.[1]

Current studies indicate that NSAIDs account for
7% of reported cases of acute renal failure and 35%
of renal failure related to drug therapy in the gener-
al population.[2] In adults, NSAID-induced renal
impairment occurs primarily in patients with pre-

existing renal disease or other conditions associa-
ted with low intravascular volume or low cardiac
output such as congestive heart failure, nephrotic
syndrome, hypertension, sepsis or diabetes melli-
tus.[3,4] Under these conditions, the balance between
the vasoconstrictors and the vasodilators is tipped
in favour of the vasoconstrictors. In fact renal blood
flow is regulated by processes involving prosta-



glandins, vasodilating substances and protective
agents for renal blood flow and glomerular filtra-
tion rate, which work in opposition to vasoconstric-
tors such as catecholamines, angiotensin II, vaso-
pressin and endothelin.[5] Inhibition of
prostaglandins by NSAIDs may provoke renal
damage which may result in acute renal failure
(with or without oliguria), chronic renal failure,
clinically relevant proteinuria, acute interstitial ne-
phritis, fluid metabolism alterations or hyperkalae-
mia.[6] The nephrotoxic effects of NSAIDs are re-
lated to inhibition of the cyclo-oxygenase (COX)
enzyme, of which 2 isoforms are known. COX-1 is
a constitutional enzyme present in most tissues, in-
cluding the kidneys. Although COX-2 has also re-
cently been identified in the kidneys (see section
1), selective inhibition of COX-2 enhances both the
efficacy and safety of NSAIDs.[7]

In this review we report and comment on avail-
able literature regarding the use of NSAIDs and the
development of nephrotoxicity in the fetus, neo-
nates and children. For this purpose, a MEDLINE
search was performed from 1978 to the present day
to identify pertinent English language literature in-
cluding clinical trials, case reports and review arti-
cles; additional literature was obtained from the
reference lists of articles identified through the
search and from a search from 1986 to the present
day of Reactions Weekly™ (Adis International), a
newsletter which summarises information on ad-
verse drug experiences reported in the world’s bio-
medical literature.

1. Prostaglandins, Nonsteroidal
Anti-Inflammatory Drugs (NSAIDs) 
and Renal Function

Prostaglandins act as local mediators that regu-
late a variety of renal functions, such as sodium and
water homeostasis. After oxygenation of arachid-
onic acid by COX to prostaglandin H2 (PGH2), me-
tabolism by secondary enzymes results in 5 pri-
mary bioactive prostanoids: PGD2, PGE2, PGF2α,
PGI2 and thromboxane A2 (TXA2).[8] These lipid
mediators are actively synthesised within the kid-
ney and interact with a family of distinct receptors

that are expressed in highly restricted regions along
the nephron and exert important regulatory effects
on renal function.[9]

In humans, the importance of renal prostaglan-
dins becomes evident during treatment with NSAIDs.
These drugs inhibit the COX enzyme and block pros-
taglandin synthesis, thus precipitating renal failure
in susceptible individuals[10] and causing severe, al-
beit rare, renal complications in infants exposed to
NSAIDs in utero.[11]

Two isoforms of COX, designated COX-1 and
COX-2, have been identified. COX-1 is constitu-
tively expressed in several tissues and is thought to
participate in ‘house-keeping’ functions. COX-2 is
undetectable in most tissues but is induced by a
variety of stimuli and is associated with inflamma-
tion.[7] Constitutive expression of COX-2 has re-
cently been reported in certain tissues including the
kidneys;[12] in particular, the renal medulla dis-
plays one of the highest rates of COX-2 expression,
while COX-1 appears to be predominantly ex-
pressed in collecting ducts.[13] Kömhoff et al.[14]

demonstrated a basal and distinct expression of
both COX isoforms in normal human kidney, sug-
gesting a contribution of COX-2 to the regulation
of glomerular haemodynamics (via production of
PGH2, subsequently metabolised to TXA2) and the
involvement of COX-1 in human nephrogenesis via
production of PGE2. Compared with COX-1, the
glomerular expression of COX-2 occurs much later
in the developmental process of the glomerulus in
the human fetus and is detectable after vascularisa-
tion of glomeruli. Slater et al.[15] studied the ex-
pression of the 2 COX isoforms in human fetal
membranes throughout pregnancy and reported that
an up-regulation of COX-2, rather than of COX-1,
mediates increased prostaglandin synthesis within
the fetal membranes before and during term and
preterm labour. These considerations have led some
investigators to use selective COX-2 inhibitors in
the management of preterm labour; nimesulide,
which may be free of adverse effects caused by
COX-1 inhibition, has been suggested as a poten-
tial tocolytic agent.[16] Other authors have hypo-
thesised that COX-2 selective inhibitors might be
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better alternatives for the fetus than nonselective
COX inhibitors with regards to adverse effects on
the ductus arteriosus, even though in the ductus
arteriosus COX-1 and COX-2 expression showed
some differences among animal species, for exam-
ple, in pigs,[17] baboons[18] and lambs.[19] Since
basal expression of both COX isoforms has been
demonstrated in normal human kidney, we agree
with other authors[14] that the development of a com-
pletely renal-sparing NSAID is unlikely.

Since NSAIDs affect all prostanoids, which of-
ten have opposing actions among themselves, an-
other new approach may be the development of pros-
tanoid receptor-selective antagonists providing
novel physiological and therapeutic tools. The role
of PGD2 and PGF2α and their respective prosta-
glandin D2 and prostaglandin F2α (FP) receptors in
regulating renal function is poorly defined, even
though some authors have suggested that FP recep-
tors may modulate glomerular contraction.[20] Four
prostaglandin E2 (EP) receptor subtypes have been
cloned and characterised.[21] The renal EP1 recep-
tor may contribute to the natriuretic and diuretic
actions of PGE2 and may be present in glomerular
mesangial cells, where it could have a role as a
vasoconstrictor.[22] EP2 receptors exhibit only low
levels of expression in the kidney, but may have an
important role in protecting systemic blood pressure,
perhaps via its vasodilator effect.[21] Relatively
high levels of EP3 receptor expression have been
observed in the kidney[23] and, as observed with
EP1 receptors, it may contribute to the natriuretic
actions of PGE2. Important vasodilator effects of
EP4 receptor activation have been described in re-
nal venous and arterial beds,[24] and a particular
role for this receptor in regulating the perinatal clo-
sure of the pulmonary ductus arteriosus has been
suggested.[25] PGI2, through prostaglandin I2 re-
ceptors, has been shown to be important in the glo-
merular microvasculature[26] as well as in regulat-
ing renin release.[27] Glomerular localisation of
prostaglandin thromboxane A2 (TP) receptors cor-
responds to the vasoconstrictor effects of TXA2 on
glomerular capillaries and the TXA2-induced de-
crease in glomerular filtration rate.[28] Together, all

of these receptors protect the kidney from exces-
sive functional changes during periods of physio-
logical stress, and loss of the combined effects of
these receptors may contribute to the adverse effects
seen with NSAID administration; thus selective
antagonists for these receptors may provide new
therapeutic approaches for the management of
NSAID-induced adverse renal effects.[20]

2. Nephrotoxicity

2.1 Prenatal Exposure to NSAIDs

NSAIDs, like all drugs, should be used with care
during pregnancy. Yet NSAIDs, particularly indo-
methacin, have been used for many years as toco-
lytic agents to prevent premature uterine contrac-
tions[29] and to treat polyhydramnios.[30] However,
the use of these drugs has been associated with
constriction of the fetal ductus arteriosus with se-
rious consequences. The proportion of fetuses de-
veloping ductal constriction increases with gesta-
tional age at the same time of NSAID-exposure
with 100% experiencing constriction at >34 weeks’
gestation;[31] however this is usually reversible
when the drug is stopped.

The underlying mechanisms leading to renal
dysfunction in the fetus are probably the same as
those in postnatal and adult life. The major role of
prostaglandins synthesised by the fetal kidney
seems to be maintenance of adequate renal perfu-
sion, and fetuses with suboptimal circulation, as in
the case of twin pregnancies, have high circulating
levels of angiotensin II and are more susceptible to
the vasoconstricting effects of prostaglandin inhi-
bition.[32]

The occurrence of renal complications seems to
be rare considering the large number of pregnant
women treated with indomethacin or other prosta-
glandin inhibitors;[33-36] however, up to the present
day several cases of severe and sometimes irre-
versible renal insufficiency have been described in
human neonates exposed to indomethacin during
fetal life.

The adverse effects associated with NSAIDs af-
ter prenatal exposure are presented in table I. In a
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case-control study, 57 babies exposed to indometh-
acin prenatally, born at or before 30 weeks’ gesta-
tion, had an increased incidence of intracranial
haemorrhage, necrotising enterocolitis and patent
ductus arteriosus (PDA);[39] a reduction in urine out-
put and a moderate increase in serum creatinine
levels were also observed during the first 3 days of
life in these neonates.[39] A similar study reported
that babies born at less than 31 weeks’ gestation had
an increased incidence of periventricular haemor-
rhage, PDA and renal function impairment when
they were delivered within 48 hours of their last in
utero exposure to indomethacin.[44]

Itskovitz et al.[37] described the occurrence of oli-
gohydramnios, neonatal anuria and perinatal death
in 3 neonates after 1 week’s exposure to indometh-
acin in utero. Other authors[38,42,43,46] observed 3
cases of fatal anuria in fetuses after some weeks of
indomethacin therapy. Five of 23 neonates born af-
ter prenatal exposure to indomethacin developed
transient renal insufficiency.[38] More recently, Van
der Heijden et al.[45] reported that 6 neonates ex-
posed in utero to indomethacin for at least 5 weeks
died of anuria. In another report,[11] renal failure was
associated with prolonged in utero exposure to in-
domethacin in 4 neonates and to ibuprofen in a set

of twins. Pomeranz et al.[41] described transient acute
renal failure in a pair of twins delivered at 34 weeks’
whose mother had received indomethacin in the
last 2 weeks for premature contractions. Finally, a
significantly higher incidence of oliguria was ob-
served in the first 24 hours of life in babies born at
less than 30 weeks of gestation whose mothers were
exposed to indomethacin for preterm labour com-
pared with those exposed to placebo in utero.[40]

2.2 NSAID Exposure in the Neonatal Period

PDA normally undergoes spontaneous physio-
logical closure by the third day of life. In preterm
infants, however, ductal closure is inversely related
to gestational age, and in neonates of less than 30
weeks’ gestation or less than 1000g birth weight
the incidence of nonclosure may be in excess of
75%.[47] Left to right shunting through a PDA
causes several undesirable pulmonary, haemo-
dynamic, renal and gastrointestinal effects and in-
creases the risk of intraventricular haemorrhage
and bronchopulmonary dysplasia. Therefore treat-
ment of PDA with NSAIDs, through the inhibition
of prostaglandin synthesis, is indicated before this
left to right shunting occurs.[48,49] However, this

Table I. Summary of adverse effects occurring after prenatal exposure to nonsteroidal anti-inflammatory drugs

Reference Study design No. of individuals
exposed to active drug

Drug Adverse effects (% of patients)

Itskovitz et al.[37] CR 3 IND Oligohydramnios, fatal anuria

Jacqz-Aigrin et al.[38] NC 23 IND Renal failure (22)

Kaplan et al.[11] CR 6 IND, IBU Renal failurea

Norton et al.[39] CC 57 IND Intracranial haemorrhage (28), necrotising
enterocolitis (29), PDA (62), oliguria, ↑
serum creatinine levels (NR)

Panter et al.[40] RCT 19 IND vs PL Oliguria (32)

Pomeranz et al.[41] CR 2 IND Renal failure, metabolic acidosis, PDA

Restaino et al.[42] CR 1 IND Fatal anuria

Simeoni et al.[43] CR 1 IND Fatal anuria

Souter et al.[44] CC 39 IND Periventricular haemorrhage (27), PDA
(40), ↑ serum creatinine levels (NR)

Van der Heijden et al.[45] CR 6 IND Fatal anuria

Veersema et al.[46] CR 1 IND Fatal anuria

a Occurring with IND and IBU.

CC = case-control; CR = case report; IBU = ibuprofen; IND = indomethacin; NC = noncomparative; NR = not reported; PDA = patent ductus
arteriosus; PL = placebo; RCT = randomised controlled trial.
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type of therapy may itself cause adverse effects such
as nephrotoxicity due either to the immature neo-
natal kidney or to the mechanism of action of the
drugs; in fact, very little is known about the expres-
sion of COX isoenzymes in neonatal tissue.[50] Ad-
verse effects associated with NSAID use during the
neonatal period are presented in table II.

For many years indomethacin has been the drug
of choice in the treatment[47,59,63-65] and prophy-
laxis[55,66-68] of PDA in premature neonates. How-
ever, adverse effects such as transient or permanent
alterations in renal function,[52-54] necrotising en-
terocolitis,[39] gastrointestinal haemorrhage[53,59]

and impairment of cerebral blood flow[69] have been
frequently observed even at low doses (0.2 mg/kg).
Reduction of urinary volume and glomerular fil-
trate are usually reversible within 48 hours after
discontinuation of therapy, although oliguria may
persist for 2 weeks.[51] Strategies to minimise the
adverse renal effects associated with indometha-
cin, such as the administration of furosemide or
low doses of dopamine or the use of prolonged low
doses of indomethacin, have not been success-
ful.[70-73] Other NSAIDs have also been used to treat
PDA in preterm infants but were associated with

adverse effects, as in the case of sulindac[57] and me-
fenamic acid,[74,75] or were less effective than in-
domethacin at closing the duct, as was shown for
aspirin (acetylsalicylic acid).[61]

Ibuprofen has been shown to close the ductus ar-
teriosus in animals.[76] However, in contrast to indo-
methacin, ibuprofen does not seem to affect cere-
bral blood flow and cerebral metabolic rate[77,78] or
intestinal and renal haemodynamics.[79] Ibuprofen
has also been shown to protect neurological function
following oxidative stress in animal models.[80]

Very few studies have been carried out on ibu-
profen for the treatment of PDA in preterm infants.
It was concluded from studies in neonates that
ibuprofen, compared with indomethacin, is effec-
tive at closing the duct and is associated with fewer
cerebral[56,58] and renal adverse effects.[81] Recent-
ly its prophylactic use, although not yet uniformly
accepted, has been advocated. In a phase I trial Var-
varigou et al.[62] observed that, despite the lack of
clinical efficacy of a single dose, administration of
3 doses of ibuprofen lysine (10 mg/kg intravenous-
ly) to 34 premature neonates within 3 hours of birth
reduced the incidence of PDA and the severity of
the respiratory status without affecting renal func-

Table II. Summary of adverse effects of nonsteroidal anti-inflammatory drugs after exposure during the neonatal period

Reference Study
design

Total no. of
individuals studied

Drug Adverse effect (% of patients)

Aranda et al.[51] NC 21 IBU Oliguria

Betkerur et al.[52] RCT 21 IND vs PL Oliguria (45)

Kuo[53] CR 3 IND Gastrointestinal haemorrhage, renal failure

Lin et al.[54] NC 10 IND Renal failure (NR)

Ment et al.[55] RCT 431 IND vs PL None

Mosca et al.[56] RCT 16 IND vs IBU ↓ cerebral blood flow in IND patients (50)

Ng et al.[57] RCT 16 IND vs SUL Oliguria, ↑ serum creatinine in IND
recipients

Patel et al.[58] CSa 33 IND vs IBU ↓ cerebral blood flow in IND recipients

Rennie et al.[59] RCT 50 IND vs PL Gastrointestinal haemorrhage (14), ↑
serum creatinine levels

Van Bel et al.[60] NC 15 IND Renal failure

Van Overmeire et al.[50] RCT 40 IND vs IBU Oliguria (40 for IND; 5 for IBU), ↑ serum
creatinine levels

Van Overmeire et al.[61] RCT 75 IND vs ASP Oliguria in IND recipients (50)

Varvarigou et al.[62] RCT 34 IBU vs PL None

a Trial design not stated.

ASP = aspirin (acetylsalicylic acid); CR = case report; CS = comparative study; IBU = ibuprofen; IND = indomethacin; NC = noncomparative;
NR = not reported; PL = placebo; RCT = randomised controlled trial; SUL = sulindac.
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tion. In a prospective randomised study[50] compar-
ing the effectiveness and adverse effects of ibu-
profen and indomethacin in the treatment of PDA
in preterm infants with respiratory distress syn-
drome (RDS), 3 doses of ibuprofen given on the
third day of life (10 mg/kg followed by 5 mg/kg
after 24 and 48 hours) was as effective as indo-
methacin in closing the ductus without decreasing
urinary output or increasing serum creatinine lev-
els. This was also observed by other authors.[82]

2.3 NSAID-Induced Nephrotoxicity 
in Children

Renal failure has been reported to be a rare event
among children exposed to NSAIDs,[83,84] and is
usually reversible after discontinuation of the drug.
Moreover, it is unclear how adult experiences ap-
ply to children who may be more or less susceptible
to renal injury by NSAIDs. Children may be at
lower risk because they are less likely than adults
to have other factors predisposing to acute renal dis-
orders; conversely, they may be at greater risk be-
cause some degree of dehydration is likely to ac-
company fever, the most common indication for
the use of NSAIDs in children.[85]

A number of reports, mainly case reports, have
linked NSAID use to renal complications in chil-
dren. However, case reports do not provide esti-
mates of the rate at which renal failure occurs, and
observational nonrandomised studies cannot pro-
vide valid estimates of risk when the choice of treat-
ment is influenced by the severity of illness.[86,87]

Finally, randomised clinical trials designed to test
the efficacy of NSAIDs in children have typically
been too small to detect even modest increases in the
risk of mild renal impairment.

Adverse effects associated with NSAID use in
children are presented in table III. Three reports have
described renal failure in children younger than 15
years after short term treatment with ibuprofen at
therapeutic doses: a case of acute renal failure with
oedema in a 10-year-old,[96] episodes of acute flank
pain and non-oliguric renal failure in adolescent
girls,[83] and a case of interstitial nephritis docu-
mented by renal biopsy.[84] In another report 4 pa-
tients were admitted to the Children’s Hospital of
Philadelphia, US, between May 1996 and June 1997
with a diagnosis of acute non-oliguric renal failure
following ingestion of unspecified NSAIDs.[94]

Recently, a case of irreversible renal failure was
observed in an adolescent treated with ketorolac.[95]

Table III. Summary of adverse effects of nonsteroidal anti-inflammatory drugs (NSAIDs) after administration to children

Reference Study
design

Total no. of
individuals studied

Drug Adverse effect

Al-Harbi et al.[88] CR 1 IBU Renal failure, metabolic acidosis, hypocalcaemia

Kelley et al.[89] RCT 119 IBU vs PAR vs PL ↑ BUN with IBU and PAR

Kim et al.[90] CR 1 IBU Acute renal failure

Kovesi et al.[91]a CR 4 IBU Acute renal failure

Lesko & Mitchell[92] RCT 83 915 IBU vs PAR None had acute renal failure

Lesko & Mitchell[85] RCT 83 915 IBU vs PAR Slight ↑ BUN with IBU and PAR, ↑ serum
creatinine

Mclntire et al.[83] CR 2 IBU, FBP Acute renal failure, acute flank pain

Moghal et al.a[93] CR 3 IBU Acute renal failure

Schaller & Kaplan[94] CR 4 NSAIDb Acute renal failure

Simckes et al.[95] CR 1 KET Irreversible renal failure

Van Biljou[96] CR 1 IBU Acute renal failure

Wattad et al.[84] CR 1 IBU Interstitial nephritis

a Children had pre-existing renal impairment[93] or were receiving concomitant aminoglycosides.[91]

b Specific NSAIDs not reported.

BUN = blood urea nitrogen; CR = case report; FBP = flurbiprofen; IBU = ibuprofen; KET = ketorolac; PAR = paracetamol (acetaminophen);
PL = placebo; RCT = randomised controlled trial.

14 Cuzzolin et al.

© Adis International Limited. All rights reserved. Drug Safety 2001; 24 (1)



Renal failure has also been reported in 2 healthy
2-year-old children after an overdose of ibupro-
fen.[88,90]

In a clinical trial involving 119 febrile children,
increases in blood urea nitrogen (BUN), although
not statistically significant, were observed after ad-
ministration of a single dose of ibuprofen (5 to 10
mg/kg), but no increase in creatinine levels was
observed either for ibuprofen or paracetamol (ace-
taminophen) recipients.[89] In a randomised trial
involving 83 915 children (of whom 55 785 were
treated with ibuprofen for fever), no renal impair-
ment was observed. The authors compared short
term ibuprofen use with paracetamol and did not
find significant differences between the 2 treat-
ments in the risk of renal failure.[92] In another pa-
per concerning the same population, [85] the same
authors found that the risk of less severe renal im-
pairment in the 795 of 83 915 patients who re-
quired hospitalisation (1%), as reflected by BUN
and serum creatinine values, was small and not sig-
nificantly greater for ibuprofen than it was with
paracetamol use. The prevalence of BUN levels
greater than 18 mg/dl and creatinine levels higher
than 0.7 mg/dl were slightly higher in the 108 chil-
dren with a concomitant diagnosis of dehydration,
both for ibuprofen and paracetamol.

Finally, caution should be taken when NSAIDs
are administered to individuals with pre-existing
renal problems or in association with other poten-
tially nephrotoxic drugs. Moghal et al.[93] reported
3 cases of renal impairment of varying degrees in
children treated with ibuprofen for fever (1 child
had a pre-existing renal condition), and transient
renal failure was reported in children with cystic
fibrosis receiving aminoglycosides and ibuprofen
simultaneously.[91]

3. Conclusions

Drug-induced renal injury remains an important
clinical problem in paediatric medicine, particu-
larly in neonates, in whom the functionally imma-
ture kidney may exert a significant effect on the
disposition of the drugs.[97]

Although the overall occurrence of renal failure
due to NSAID administration appears to be rare
among children,[83,84] severe renal complications
during fetal life and in neonates have been repor-
ted.[11,52,54,60] However, relatively little informa-
tion is available about the use of NSAIDs in preg-
nancy and in paediatrics. However, information on
the adverse renal effects affecting the fetus, neo-
nates and children after NSAID use is sparse. In
recent years, the use of new COX-2-selective inhi-
bitors with fewer adverse renal effects has been
advocated;[98] moreover, the discovery of prostan-
oid receptors could provide novel targets for mod-
ulating renal function without producing adverse
effects.[20] These new approaches may lead to al-
ternative therapies in paediatrics, although further
functional and biochemical studies are needed to
elucidate the roles of prostaglandin receptors and
COX isoforms in human nephrogenesis and paedi-
atric renal physiology.

References
1. Kennedy TL. NSAIDs and their effect on renal function. Pediatr

Adolesc Med Alert 1999; 1 (6): 41-8
2. Garella S. Drug-induced renal disease. Hosp Pract 1993; 15:

129-40
3. Clive DM, Stoff JS. Renal syndromes associated with non-

steroidal antiinflammatory drugs. N Engl J Med 1984; 310:
563-72

4. Murray MD, Brater DC. Adverse effects of nonsteroidal anti-
inflammatory drugs on renal function. Ann Intern Med 1990;
112: 559-60

5. Dubose TD. Grand round: nephrotoxicity of non-steroidal anti-
inflammatory drugs. Lancet 1994; 344: 515-8

6. Schlondorff D. Renal complications of non-steroidal drugs.
Kidney Int 1993; 44: 643-53

7. Bennett W, Henrich W, Stoff JS. The renal effects of non-
steroidal antiinflammatory drugs. Summary and recommen-
dations. Am J Kidney Dis 1996; 26: S56-62

8. Smith W. Prostanoid biosynthesis and mechanism of action. Am
J Physiol 1992; 263: F181-91

9. Narumiya S, Sugimoto Y, Ushikubi F. Prostanoid receptors:
structures, properties and functions. Physiol Rev 1999; 79:
1193-226

10. Palmer BF. Renal complications associated with the use of non-
steroidal anti-inflammatory agents. J Invest Med 1995; 43:
516-33

11. Kaplan BS, Restaino I, Raval DS, et al. Renal failure in the
neonate associated with in utero exposure to non-steroidal
antiinflammatory agents. Pediatr Nephrol 1994; 8 (6): 700-4

12. Crofford LJ. COX-1 and COX-2 tissue expression: implications
and predictions. J Rheumatol 1997; 49: 15-9

NSAID-Induced Nephrotoxicity in Paediatrics 15

© Adis International Limited. All rights reserved. Drug Safety 2001; 24 (1)



13. Guan Y, Chang M, Cho W, et al. Cloning, expression and regu-
lation of rabbit cyclooxygenase-2 in renal medullary intersti-
tial cells. Am J Physiol 1997; 273: F18-26

14. Kömhoff M, Gröne H, Klein T, et al. Localization of cyclo-
oxygenase-1 and –2 in adult and fetal human kidney: impli-
cation for renal function. Am J Physiol 1997; 272: F460-8

15. Slater D, Dennes W, Sawdy R, et al. Expression of cyclo-
oxygenase types-1 and –2 in human fetal membranes through-
out pregnancy. J Mol Endocrinol 1999; 22: 125-30

16. Sawdy R, Slater D, Fisk N, et al. Use of a cyclo-oxygenase
type-2-selective non-steroidal anti-inflammatory agent to
prevent preterm delivery. Lancet 1997; 350: 265-6

17. Guerguerian AM, Hardy P, Bhattacharya M, et al. Expression
of cyclooxygenases in ductus arteriosus of fetal and newborn
pigs. Am J Obstet Gynecol 1998; 179: 1618-26

18. Clyman RI, Chan CY, Mauray F, et al. Permanent anatomic
closure of the ductus arteriosus in newborn baboons: the roles
of postnatal constriction, hypoxia and gestation. Pediatr Res
1999; 45: 19-29

19. Clyman RI, Hardy P, Waleh N, et al. Cyclooxygenase-2 plays a
significant role in regulating the tone of the fetal lamb ductus
arteriosus. Am J Physiol 1999; 276: R913-21

20. Breyer MD, Breyer RM. Prostaglandin receptors: their role in
regulating renal function. Curr Opin Nephrol Hypertens 2000;
9: 23-9

21. Boye Y, Stocco R, Sawyer N, et al. Molecular cloning and char-
acterization of the four rat prostaglandin E2 prostanoid recep-
tor subtypes. Eur J Pharmacol 1997; 340: 227-41

22. Ishibashi R, Tanaka I, Kotani M, et al. Roles of prostaglandin
E receptors in mesangial cells under high-glucose conditions.
Kidney Int 1999; 56: 589-600

23. Regan JW, Bailey TJ, Pepperl DJ, et al. Cloning of a novel
human prostaglandin receptor with characteristics of the phar-
macologically defined EP2 subtype. Mol Pharmacol 1994;
46: 213-20

24. Coleman RA, Smith WL, Narumiya S. International union of
pharmacology classification of prostanoid receptors: proper-
ties, distribution and structure of the receptors and their sub-
types. Pharmacol Rev 1994; 46: 205-29

25. Segi E, Sugimoto Y, Yamasaki A, et al. Patent ductus arteriosus
and neonatal death in prostaglandin receptor EP4-deficient
mice. Biochem Biophys Res Commun 1998; 246: 7-12

26. Bolger PM, Einser GM, Ramwell PW, et al. Renal action of
prostacyclin. Nature 1978; 271: 467-9

27. Bugge JF, Stokke ES, Vikse A, et al. Stimulation of renin release
by PGE2 and PGI2 infusion in the dog: enhancing effect of
ureteral occlusion or administration of ethacrynic acid. Acta
Physiol Scand 1990; 138: 193-201

28. Wilkes BM, Solomon J, Maita M, et al. Characterization of
glomerular thromboxane receptor sites in the rat. Am J Phys-
iol 1989; 256: F1111-6

29. Moise KJ, Huhta JC, Sharif DS, et al. Indomethacin in the treat-
ment of premature labor. N Engl J Med 1988; 319: 327-31

30. Mamapoulos M, Assimakopoulos E, Reece EA, et al. Maternal
indomethacin therapy in the treatment of polyhydramnios.
Am J Obstet Gynecol 1990; 162: 1225-9

31. Moise KJ. Effect of advancing gestational age on the frequency
of fetal ductal constriction in association with maternal indo-
methacin use. Am J Obstet Gynecol 1993; 168: 1350-3

32. Gleason CA. Prostaglandins and the developing kidney. Semin
Perinatol 1987; 11: 12-21

33. Dudley DKL, Hardie MC. Fetal and neonatal effects of indo-
methacin used as a tocolytic agent. Am J Obstet Gynecol
1985; 151: 181-4

34. Niebyl JR, Witter FR. Neonatal outcome after indomethacin
treatment for preterm labor. Am J Obstet Gynecol 1986; 155:
747-9

35. Morales WJ, Smith SG, Angel JL, et al. Efficacy and safety of
indomethacin versus ritodine in the management of preterm
labor: a randomized study. Obstet Gynecol 1989; 74: 567-72

36. Wurtzel D. Prenatal administration of indomethacin as a toco-
lytic agent: effect on neonatal renal function. Obstet Gynecol
1990; 76: 689-92

37. Itskovitz J, Abramovi H, Brandes JM. Oligohydramnios, meco-
nium and perinatal death concurrent with indomethacin treat-
ment in human pregnancy. J Reprod Med 1980; 24: 137-40

38. Jacqz-Aigrin E, Guillonneau M, Boissinot C, et al. Effets
maternels et néonatals de l’indomethacine administrée pen-
dant la grossesse. Arch Fr Pediatr 1993; 50: 307-12

39. Norton ME, Merrill J, Cooper BA, et al. Neonatal complications
after the administration of indomethacin for preterm labor. N
Engl J Med 1993; 329: 1602-7

40. Panter KR, Hannah ME, Amankwah KS, et al. The effect of
indomethacin tocolysis in preterm labour on perinatal out-
come: a randomized placebo-controlled trial. Br J Obstet
Gynecol 1999; 106: 467-73

41. Pomeranz A, Korzets Z, Dolfin Z, et al. Acute renal failure in
the neonate induced by the administration of indomethacin as
a tocolytic agent. Nephrol Dial Transplant 1996; 11: 1139-41

42. Restaino I, Kaplan BS, Kaplan P, et al. Renal dysgenesis in a
monozygotic twin: association with in utero exposure to in-
domethacin. Am J Med Genet 1991; 39: 252-7

43. Simeoni U, Messer J, Weisburd P, et al. Neonatal renal dysfunc-
tion and intrauterine exposure to prostaglandin synthesis in-
hibitors. Eur J Pediatr 1989; 148: 371-3

44. Souter D, Harding J, McCowal L, et al. Antenatal indomethacin
– adverse fetal effects confirmed. Aust NZ J Obstet Gynecol
1998; 38: 11-6

45. Van der Heijden BJ, Carlus C, Narcy F, et al. Persistent anuria,
neonatal death and renal microcystic lesions after prenatal
exposure to indomethacin. Am J Obstet Gynecol 1994; 171
(3): 617-23

46. Veersema D, De Jong PA, Van Wijck JAM. Indomethacin and
the fetal renal non function syndrome. Eur J Obstet Gynecol
Reprod Biol 1983; 16: 113-21

47. Clyman RI. Medical treatment of patent ductus arteriosus in
premature infants. In: Long WA, editor. Fetal and neonatal
cardiology. Philadelphia: WB Saunders, 1990: 682-90

48. Cotton RB, Stahlman MT, Bender HW, et al. Randomized trial
of early closure of symptomatic patent ductus arteriosus. J
Pediatr 1978; 93: 647-51

49. Stefano JL, Abbasi S, Pearlman SA, et al. Closure of the ductus
arteriosus with indomethacin in ventilated neonates with re-
spiratory distress syndrome: effects on pulmonary compli-
ance and ventilation. Am Rev Respir Dis 1991; 143: 236-9

50. Van Overmeire B, Follens I, Hartmann S, et al. Treatment of
patent ductus arteriosus with ibuprofen. Arch Dis Child 1997;
76 (3): 179-84

51. Aranda JV, Varvarigou N, Beharri K, et al. Pharmacokinetics
and protein binding of intravenous ibuprofen in the premature
newborn infants. Acta Pediatr 1997; 86 (3): 289-93

16 Cuzzolin et al.

© Adis International Limited. All rights reserved. Drug Safety 2001; 24 (1)



52. Betkerur MV, Yeh TF, Miller K, et al. Indomethacin and its
effect on renal function and urinary kallikrein excretion in
premature infants with patent ductus arteriosus; Pediatrics
1981; 68: 99-102

53. Kuo CY. Treatment of patent ductus arteriosus with low-dose
indomethacin in very low birth weight neonates with impair-
ment of renal function: report of three cases. J Perinatol Med
1996; 24 (6): 657-60

54. Lin YJ, Tsai YJ, Chen JS, et al. Renal effects and urinary excre-
tion of prostaglandin following indomethacin therapy in pre-
mature infants with patent ductus arteriosus. Acta Pediatr Sin
1995; 36: 104-7

55. Ment LR, Oh W, Ehrenkranz RA, et al. Low dose indomethacin
and prevention of intraventricular hemorrhage: a multicenter
randomized trial. Pediatrics 1994; 93: 543-50

56. Mosca F, Bray M, Lattanzio M, et al. Comparative evaluation
of the effects of indomethacin and ibuprofen on cerebral per-
fusion and oxygenation in preterm infants with patent ductus
arteriosus. J Pediatr 1997; 131 (4): 549-54

57. Ng PC, So KW, Fok TF, et al. Comparing sulindac with indo-
methacin for closure of ductus arteriosus in preterm infants.
J Pediatr Child Health 1997; 33 (4): 324-8

58. Patel J, Marks KA, Roberts I, et al. Ibuprofen treatment of
patent ductus arteriosus. Lancet 1995; 346: 255

59. Rennie JM, Doyle J, Cooke RWI. Early administration of indo-
methacin to preterm infants. Arch Dis Child 1986; 61: 233-8

60. Van Bel F, Guit GL, Schipper J, et al. Indomethacin-induced
changes in renal blood flow velocity waveform in premature
infants investigated with color Doppler imaging. J Pediatr
1991; 118: 621-6

61. Van Overmeire B, Brus F, Van Acker KJ, et al. Aspirin versus
indomethacin treatment of patent ductus arteriosus in preterm
infants with respiratory distress syndrome. Pediatr Res 1995;
38 (6): 886-91

62. Varvarigou A, Bardin CL, Beharry K, et al. Early ibuprofen
administration to prevent patent ductus arteriosus in prema-
ture newborn infants. JAMA 1996; 275 (7): 539-44

63. Yeh TF, Luken JA, Thaliji A, et al. Intravenous indomethacin
therapy in premature infants with persistent ductus arteriosus:
a double-blind controlled study. J Pediatr 1981; 98: 137-45

64. Merritt TA, Harris JP, Roghmann K, et al. Early closure of the
patent ductus arteriosus in very low birth weight infants: a
controlled trial. J Pediatr 1981; 99: 281-6

65. Gersony WM, Peckham GJ, Ellison CR, et al. Effects of indo-
methacin in premature infants with patent ductus arteriosus:
results of a national collaborative study. J Pediatr 1983; 102:
895-906

66. Mahony L, Carnero V, Brett C, et al. Prophylactic indomethacin
therapy for patent ductus arteriosus in very-low-birth-weight
infants. N Engl J Med 1982; 306: 506-10

67. Cotton RB, Haywood JL, Fitzgerald GA. Symptomatic patent
ductus arteriosus following prophylactic indomethacin. Biol
Neonate 1991; 60: 273-82

68. Krueger E, Mellander M, Bratton D, et al. Prevention of symp-
tomatic patent ductus arteriosus with a single dose of indo-
methacin. J Pediatr 1987; 111: 749-54

69. Laudignon N, Chemtob S, Bard H, et al. Effect of indomethacin
on the cerebral blood flow velocity of premature newborns.
Biol Neonate 1988; 54: 254-62

70. Yeh TF, Wilks A, Singh J, et al. Furosemide prevents renal
side-effects of indomethacin therapy in preterm infants with
persistent ductus arteriosus. J Pediatr 1982; 101: 433-7

71. Rennie JM, Cooke RWI. Prolonged low dose indomethacin for
persistent ductus arteriosus of prematurity. Arch Dis Child
1991; 66: 55-8

72. Hammerman C, Aramburo MJ. Prolonged indomethacin ther-
apy for the prevention of recurrences of patent ductus arteri-
osus. J Pediatr 1990; 117: 771-6

73. Fajardo CA, Whyte RK, Steele BT. Effect of dopamine on fail-
ure of indomethacin to close the patent ductus arteriosus. J
Pediatr 1992; 121: 771-5

74. Fujiwara T. Closure of PDA with mefenamic acid. In: Robert-
son B, Van Golde LMG, editors. Pulmonary surfactant. Am-
sterdam: Elsevier Science Publishers, 1984: 495

75. Sakhalkar VS, Merchant RH. Therapy of symptomatic patent
ductus arteriosus in preterms using mefenamic acid and indo-
methacin. Indian Pediatr 1992; 29: 313-8

76. Coceani F, White E, Bodach E, et al. Age-dependent changes
in the response of the lamb ductus arteriosus to oxygen and
ibuprofen. Can J Physiol Pharmacol 1979; 57: 825-31

77. Chemtob S, Beharry K, Rex J, et al. Prostanoids determine the
range of cerebral blood flow autoregulation of newborn pig-
lets. Stroke 1990; 21: 777-84

78. Chemtob S, Beharry K, Barna T, et al. Differences in the effects
in the newborn piglet of various nonsteroidal antiinflamma-
tory drugs on cerebral blood flow but not on cerebrovascular
prostaglandins. Pediatr Res 1991; 30: 106-11

79. Malcom DD, Segar JL, Robillard E, et al. Indomethacin com-
promises hemodynamics during positive-pressure ventila-
tion, independently of prostanoids. J Appl Physiol 1993; 74:
1672-8

80. Chemtob S, Roy MS, Abran D, et al. Prevention of post-
asphyxial increase in lipid peroxides and retinal function de-
terioration in the newborn pig by inhibition of cyclooxygenase
activity and free radical generation. Pediatr Res 1993; 33:
336-40

81. Aranda JV, Varvarigou N, Beharry K, et al. The effect of early
intravenous ibuprofen on renal function in premature new-
borns [abstract]. Pediatr Res 1994; 37: 361A

82. Gupta P. Ibuprofen vs indomethacin for treatment of PDA in
preterm infants. Indian Pediatr 1998; 35 (3): 292-3

83. McIntire SC, Rubenstein RC, Gartner JC, et al. Acute flank pain
and reversible renal dysfunction associated with nonsteroidal
antiinflammatory drug use. Pediatrics 1993; 92: 459-60

84. Wattad A, Feehan T, Shepard FM, et al. A unique complication
of nonsteroidal antiinflammatory drug use [letter]. Pediatrics
1994; 93: 693

85. Lesko SM, Mitchell AA. Renal function after short term
ibuprofen use in infants and children. Pediatrics 1997; 100 (6):
954-7

86. Slone D, Shapiro S, Miettinen OS, et al. Drug evaluation after
marketing: a policy perspective. Ann Intern Med 1979; 90:
257-61

87. Mitchell AA, Lesko SM. When a randomized controlled trial is
needed to assess drug safety: the case of pediatric ibuprofen.
Drug Saf 1995; 13: 15-24

88. Al-Harbi NN, Domrongkitchaiporn S, Lirenman DS. Hypo-
calcemia and hypomagnesemia after ibuprofen overdose.
Ann Pharmacother 1997; 31: 432-4

NSAID-Induced Nephrotoxicity in Paediatrics 17

© Adis International Limited. All rights reserved. Drug Safety 2001; 24 (1)



89. Kelley MT, Walson PD, Hayes JR, et al. Safety of paracetamol
and ibuprofen in febrile children. Drug Invest 1993; 6: 48-55

90. Kim J, Gazarian M, Verjee Z, et al. Acute renal insufficiency in
ibuprofen overdose. Pediatr Emerg Care 1995; 11: 107-8

91. Kovesi TA, Swartz R, MacDonald N. Transient renal failure due
to simultaneous ibuprofen and aminoglycoside therapy in
children with cystic fibrosis. N Engl J Med 1998; 338 (1):
65-6

92. Lesko SM, Mitchell AA. An assessment of the safety of pediat-
ric ibuprofen: a practitioner-based randomized clinical trial.
JAMA 1995; 273: 929-33

93. Moghal NE, Hulton SA, Milford DV. Care in the use of
ibuprofen as an antipyretic in children. Clin Nephrol 1998; 49
(5): 293-5

94. Schaller S, Kaplan BS. Acute nonoliguric renal failure in chil-
dren associated with nonsteroidal antiinflammatory agents.
Pediatr Emerg Care 1998; 14 (6): 416-8

95. Simckes AM, Chen SS, Osorio AV, et al. Ketorolac-induced
irreversible renal failure in sickle cell disease: a case report.
Pediatr Nephrol 1999; 13: 63-7

96. Van Biljou G. Reversible renal failure associated with ibuprofen
in a child: a case report. S Afr Med J 1989; 76: 34-5

97. Fanos V, Cataldi L. Antibacterial-induced nephrotoxicity in the
newborn. Drug Saf 1999; 20 (3): 245-67

98. Vane JR, Botting RM. Mechanisms of action of anti-inflamma-
tory drugs. In: Vane JR, Botting RM, Botting G editors. Im-
proved non-steroid anti-inflammatory drugs: COX-2 enzyme
inhibitors. Dordrecht: Kluwer Academic, 1996: 1-27

Correspondence and offprints: Dr Vassilios Fanos, Depart-
ment of Pediatrics, University of Verona, Policlinico Borgo
Roma, 37134 Verona, Italy.
E-mail: vafanos@tin.it

18 Cuzzolin et al.

© Adis International Limited. All rights reserved. Drug Safety 2001; 24 (1)



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFA1B:2005
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


