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Abstract Ibuprofen is the most widely used non-steroidal
anti-inflammatory drug (NSAID) for the treatment of
inflammation, mild-to-moderate pain and fever in children,
and is the only NSAID approved for use in children aged
>3 months. Its efficacy and safety profile have led to its
increasing use in paediatric care, even without medical
prescription. However, an increase of suspected adverse
reactions to ibuprofen has been noted in concomitance with
the raised, often medically unsupervised, consumption of
the drug. The purpose of this work was a critical review of
the paediatric literature over the last 15 years on side
effects and adverse events associated with ibuprofen, in
order to highlight circumstances associated with higher
risks and to promote safe and appropriate use of this drug.
The literature from 2000 to date demonstrates that gas-
trointestinal events are rare, but (when they occur) include
both upper and lower digestive tract lesions. Dehydration
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plays an important role in triggering renal damage, so
ibuprofen should not be given to patients with diarrhoea
and vomiting, with or without fever. Likewise, ibuprofen
should never be administered to patients who are sensitive
to it or to other NSAIDs. It is contraindicated in neonates
and in children with wheezing and persistent asthma and/or
during varicella. Most of the analysed studies reported
adverse events when ibuprofen was being used for fever
symptoms or flu-like syndrome. Ibuprofen should not be
used as an antipyretic, except in rare cases. Ibuprofen
remains the drug of first choice in the treatment of
inflammatory pain in children.

1 Introduction

Ibuprofen is the most widely used non-steroidal anti-in-
flammatory drug (NSAID) for the treatment of inflamma-
tion, mild-to-moderate pain and fever in children and,
thanks to its good tolerability profile, the only NSAID
approved for use in children over 3 months old.

Since its marketing as an oral suspension for paediatric
use, ibuprofen has replaced acetylsalicylic acid for the
treatment of inflammation, avoiding the risk of Reye’s
syndrome. In recent years, various reviews and meta-
analyses have confirmed the good efficacy and tolerability
profile of ibuprofen [1-3], especially when compared to
other NSAIDs [4, 5]. However, precisely because of its
good efficacy and safety, ibuprofen is being increasingly
used in paediatric care, even without medical prescription.

In 2010, the Paediatric Working Group of the Italian
Drugs Agency (AIFA) [6] noted an increase of suspected
adverse reactions to ibuprofen and ketoprofen in con-
comitance with the increased consumption of the respec-
tive products (from 0.7 per 100,000 paediatric packs sold in
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2005 to 1.7 per 100,000 packs sold in the first 9 months of
2010).

The reported adverse reactions included gastrointestinal
tract events, mostly bleeding, and some cases of renal
damage. Cases were particularly related to the use of the
NSAID in alternation or association with paracetamol, and
in the presence of dehydration due to fever and/or other
concomitant conditions such as vomiting and diarrhoea,
often recurring during the influenza season.

According to Italian post-marketing data, the proportion
of packs of ibuprofen for paediatric use bought without a
medical prescription increased from 28% in 2008 to 70% in
2015. This medically unsupervised use of ibuprofen raises
issues concerning the correct use of the drug by par-
ents/caregivers and the risks of its misuse.

In parallel with the growing over-the-counter con-
sumption of ibuprofen, there has recently been an increase
in the number of publications on adverse events occurring
in children taking ibuprofen and other NSAIDs, particu-
larly as antipyretics. Emerging research has shown that the
main side effects of ibuprofen involve the gastrointestinal
system [7] and the kidneys [8], especially in feverish
dehydrated individuals.

As far as infections of the respiratory tract are con-
cerned, some studies indicate that ibuprofen increases the
risk of suppurative complications of pneumonia in children
[9].

In the light of emerging evidence on adverse reactions,
the purpose of this paper was to critically review the lit-
erature on side effects and adverse events associated with
ibuprofen when used as an antipyretic and analgesic in
children, in order to highlight circumstances associated
with higher risks, and to promote safe and appropriate use
of the drug.

1.1 Pharmacodynamic Properties

Like all NSAIDs, ibuprofen inhibits the activity of cyclo-
oxygenase (COX) which, by oxidizing arachidonic acid
released from cell membrane phospholipids, produces
prostaglandins, autacoids that play a key role in the
pathogenesis of inflammation, fever and nociception. At
present, we know that there are two isoforms of COX
(COX-1 and COX-2), which have different active sites for
arachidonic acid and, therefore, different sensitivities to
inhibition by each NSAID.

Ibuprofen is pharmacodynamically active against both
COX-1 and COX-2, although it shows slightly greater
selectivity for COX-1. From a molecular point of view, the
inhibitory action of ibuprofen toward both COX isoforms is
competitive and reversible. This is of relevance not only to
the therapeutic properties of ibuprofen, but also to its side
effects. Indeed, reversibility of inhibition allows full
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recovery of enzymatic activity upon metabolism and
elimination of ibuprofen. This leads to prompt return of
constitutive synthesis of prostaglandins, restoring their
functions in organs such as the stomach and kidneys, thus
reducing the potential side effects of ibuprofen. Interest-
ingly, alongside COX inhibition, an additional mechanism
by which ibuprofen provides analgesia is improved syn-
thesis of endocannabinoids [10].

1.2 Pharmacokinetic Properties

Ibuprofen exists in pharmaceutical and galenic formula-
tions as a diastereo-isomeric mixture of the S(+) enan-
tiomer, which is pharmacologically active as a COX
inhibitor, and the R(—) enantiomer, which is a weaker
COX inhibitor but is endowed with additional anti-in-
flammatory properties [10].

Importantly, conversion of the dextro- into the levo-
isomer occurs through the process called “chiral inver-
sion”, which in general mainly occurs in the liver, even
though for ibuprofen an inversion in the gastrointestinal
tract has also been proposed. As for the clinical implication
of this isomer inversion, in principle it might be respon-
sible for substantial therapeutic effects in different patient
populations. In practice, however, with the exception of
severe hepatic disorders such as liver cirrhosis in which an
increase of the R/S isomer plasmatic ratio has been
reported, alterations of ibuprofen chiral inversion do not
appear to cause significant pharmacotherapeutic problems.
The same is true for children, where pharmacokinetic
parameters of ibuprofen in children are the same as those in
adults (Table 1). Differences, however, are a higher blood
concentration of the S(4) than the R(4) enantiomer, and a
greater half-life variation in children [10].

Again, from a clinical point of view, however, these
differences do not appear to cause substantial therapeutic
effects. Indeed, even the apparent higher antipyretic
potency of ibuprofen in children younger than 6 years,
does not seem related to differences in pharmacokinetic
parameters but to an increased skin area/bodyweight ratio

Table 1 Pharmacokinetics of ibuprofen in children [10]

Oral absorption Tip: 0.3-09 h

Tmax: 1-2h

10 mg kg™" = Cpax: 44 mg L™
Protein binding 99%
Active isomer S(+)

Plasma concentration S(+) children < adults
Metabolism CYP450 2C9 and 2C8

T 09-23h

T, half-life, T, time to Cpax, Cnex Maximum concentration,
CYP450 cytochrome P450
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that favours loss of body temperature. Allelic variants of
CYP2C8 play a key role in the pharmacokinetics and
metabolism of ibuprofen and could explain some of the
side effects in children [11]. Lastly, it is worth noting that a
detailed and reliable plasma concentration/therapeutic
effect relationship for ibuprofen is currently lacking. Such
a relationship might certainly help to understand how a
specific therapeutic regimen and the related plasma con-
centrations translate into therapeutic effects of clinical
relevance.

1.3 Clinical Evidence of Efficacy for Ages as Young
as 3 Months

Ibuprofen is widely used for the treatment of inflammation,
acute and chronic pain and in the management of fever.
Although other NSAIDs, such as ketoprofen, are also
indicated in children, ibuprofen is the only one that can be
used in 3-month old infants because of its efficacy and
safety profile.

In children, ibuprofen was shown to be effective in
shortening duration of and improving relief from fever
[12], as well as in reducing musculoskeletal pain [13],
headache [14] and dental pain [15]. Ibuprofen is also
appropriate for the relief of inflammatory pain in patients
with acute otitis media, pharyngitis and tonsillitis. In a
multicentre randomised controlled trial in 219 children,
Bertin et al. demonstrated the efficacy of ibuprofen in acute
painful inflammation of the middle ear [16]. The same
group confirmed that ibuprofen is also effective in the relief
of painful swallowing in children with tonsillitis or
pharyngitis [17].

In a systematic review of 18 studies on analgesic effi-
cacy in children, no statistically significant differences
were found between paracetamol and ibuprofen in 11
studies; in 6 studies, ibuprofen was superior to paraceta-
mol, whereas in 1 study paracetamol was found to be more
effective than ibuprofen. The review also considered 30
studies on antipyretic efficacy in children; 15 of the studies
reached the conclusion that ibuprofen treatment was better
than acetaminophen treatment, while the remaining 15
studies found no significant differences between the two
treatments. However, it should be considered that only 7 of
the 30 studies were randomized controlled trials with
enough information to calculate a standardized mean dif-
ference [2].

Recently, ibuprofen has also been associated or alter-
nated with paracetamol to boost the analgesic/antipyretic
effects of the latter. Although associations can obviously
show additive or even synergistic effects, currently the
combination of paracetamol and ibuprofen, whether given
alternately or together, is not recommended for the treat-
ment of fever [18]. There is insufficient evidence to state

that combined/alternating treatment in febrile states can be
of more benefit, considering that the clinical efficacy of
15 mg/kg paracetamol monotherapy currently enables
excellent management of the symptom.

Given its anti-inflammatory activity, ibuprofen is the
treatment of choice for pain with an inflammatory com-
ponent, such as that in arthritis. Kermond et al. tested the
efficacy of ibuprofen in transient synovitis of the hip in 36
children aged 1-12 years, who were treated with ibuprofen
(n = 17) or placebo (n = 19) [19]. Although transient
synovitis is a self-limiting condition with spontaneous
resolution within a week, the investigators found that the
treatment with ibuprofen reduced the duration of symp-
toms, without causing serious adverse events. Indeed,
although the disorder resolved within 7 days in 80% of the
patients of both groups, the mean duration of symptoms
was shorter in the group treated with ibuprofen (2 days)
than in that receiving placebo (4.5 days) [19].

The efficacy of ibuprofen was also investigated in a
multicentre, open-label study in 46 children aged between
18 months and 13 years affected by chronic juvenile
arthritis. Disease severity, active joint count and any side
effects were assessed at each clinical visit, usually
monthly. The results of this study showed that after
2 months of treatment there was a statistically significant
reduction in the swollen and/or tender joints. Moreover, as
judged by physicians on a visual analogue scale, there were
statistically significant reductions of disease severity after
1, 2 and 3 months of therapy, compared to the pre-treat-
ment situation. The adverse events were mainly gastroin-
testinal. Overall, the study showed that ibuprofen was a
well-tolerated anti-inflammatory agent for the treatment of
juvenile arthritis [20].

As far as the use of ibuprofen for pain treatment is
concerned, a randomised controlled study was conducted to
compare oral morphine 0.5 mg/kg and oral ibuprofen
10 mg/kg in children with uncomplicated limb fractures.
Results showed that efficacy of the two analgesics was the
same, although patients receiving morphine had more side
effects (56.1 vs. 30.9%, p < 0.01) [21]. In keeping with
evidence of comparable efficacy, the use of ibuprofen is an
effective strategy for reducing the consumption of opioids
for post-operative pain, thus leading to fewer opioid-related
adverse events [22].

The anti-inflammatory properties of ibuprofen also
underlie the rationale for its use in patients with cystic
fibrosis, and this drug should be preferred to corticosteroids
because of its fewer adverse events [23, 24]. Specifically,
ibuprofen was evaluated in a randomised, placebo-con-
trolled, double-blind study in 85 patients with cystic
fibrosis aged between 5 and 39 years. Compared to those
receiving placebo, patients given ibuprofen had a smaller
annual decrease in forced expiratory volume, and reduction
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of inflammation as evidenced by chest X-ray analysis [24].
The conclusions drawn from another recent study in 52
children with cystic fibrosis were that the reduction in
inflammation achieved by ibuprofen can slow the loss of
lung function, while having little effect on renal parameters
[25].

Overall, ibuprofen is confirmed as the drug of first
choice in the treatment of inflammatory pain in children.

Search strategies and sources on safety and tolerability of ibuprofen

Literature search: PubMed

Keywords: ibuprofen kidney, ibuprofen acute kidney injury,
ibuprofen acute interstitial nephritis; ibuprofen gastrointestinal,
ibuprofen gastro, ibuprofen gut, ibuprofen intestinal, ibuprofen
upper gastrointestinal bleeding, ibuprofen lower gastrointestinal
bleeding; ibuprofen liver, ibuprofen hepatic; ibuprofen lung,
ibuprofen suppurative pneumonic complications, ibuprofen
suppurative pneumonia complications, ibuprofen parapneumonic
empyema; ibuprofen and asthma and children, ibuprofen and
asthma, ibuprofen and varicella, ibuprofen and Stevens—Johnson
syndrome

Article types: clinical trials, reviews, case reports
Publication date: 15 years (2000-2015)
Species: humans

Ages: child (birth to 18 years); infants treated with ibuprofen to
promote the closure of patent ductus arteriosus were excluded

Patent ductus arteriosus. Exploiting its anti-cyclo-
oxygenase inhibitory activity, ibuprofen is effective in
closing patent ductus arteriosus in preterm, low birth
weight, or preterm and low birth weight infants. Ibuprofen
(5 mg/mL solution for injection) is currently considered
the drug of choice, as compared to indomethacin, because
ibuprofen is as effective as indomethacin, but presents
fewer side effects. As a matter of fact, ibuprofen reduces
the risk of transient renal insufficiency and of necrotising
enterocolitis. Oro-gastric administration of ibuprofen
appears as effective as intravenous administration [26].

2 Safety and Tolerability of Ibuprofen

Overall, 55 relevant publications were identified, including
reviews, randomised clinical trials, observational clinical
studies and case reports. In detail, 12 focused on gas-
trointestinal tolerability, 11 on renal tolerability, 7 on
pulmonary tolerability, 12 on ibuprofen and asthma, 5 on
the use of the drug in patients with varicella, 4 on Stevens—
Johnson syndrome, and 4 on hepatic tolerability. Single
studies are presented below, grouped according to system,
organ or condition.
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2.1 Gastrointestinal Tolerability

Epidemiological studies and controlled clinical trials have
demonstrated that ibuprofen is among the NSAIDs asso-
ciated with the lowest risk of severe gastrointestinal
adverse events [10].

NSAIDs can cause damage to both the epithelium and
the micro-vessels of the digestive tract. There are two main
mechanisms of gastrointestinal damage due to NSAIDs: a
local effect related to an alteration of the mucosal barrier
and a systemic effect due to the inhibition of COX with a
consequent reduction in the synthesis of prostaglandins.

Prostaglandins play an important role in protecting the
gastric mucosa from acid-related damage by inhibiting the
production of hydrochloric acid by the gastric parietal cells
and increasing the production of a protective mucus by the
epithelial cells lining the stomach. High doses or repeated,
prolonged treatment with an NSAID can, on the one hand,
remove the inhibition of activation of parietal cells by
gastrin, histamine and acetylcholine and, on the other hand,
decrease the barrier effect of the mucus that protects the
gastric mucosa [27]. In more detail, NSAID-induced gas-
tric lesions are caused by a gradual deterioration of the
superficial layer of muco-phospholipids, which is followed
by damage to the mucosal cells, local microcirculation and
acid-secreting parietal cells. Damage to endothelial cells of
blood vessels is thought to be the consequence of the
release of free radicals, protein oxidation, and inhibited
production of nitric oxide and prostaglandins. These phe-
nomena translate clinically into gastrointestinal tract
bleeding, peptic ulcer and erosive gastritis. In addition, in
the small intestine several mechanisms take place: the
enterohepatic cycle of the NSAIDs conjugated with bile
acids, and their deconjugation by intestinal bacteria with
the release of active molecules and consequent stimulation
of local immunological reactions [28]. The lack of acid, but
presence of both bacteria and bile in this part of the gas-
trointestinal tract, favour the development of ulcers.

From a clinical point of view, the administration of
NSAIDs can hesitate in the onset of a broad spectrum of
symptoms and in organic lesions.

Although the aim of this paper is not specifically
focused on symptoms caused by NSAIDs, it is well known
that vague and nonspecific manifestations are often refer-
red to by patients of any age, including dyspepsia, heart-
burn and nausea [29].

Overall, the side effects of NSAIDs can be divided into
minor and serious [29].

Complications of the upper gastrointestinal tract are
well-recognised problems, whereas the less common but
potentially more severe complications of the lower gas-
trointestinal tract are often overlooked, by patients and
physician, even though the more widespread use of
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technologies, such as video capsule endoscopy and balloon
endoscopy, has increased the feasibility of documenting
mucosal damage throughout the entire digestive tract [30].

The spectrum of possible NSAID-induced lesions is
broad and includes increased intestinal permeability,
anaemia, inflammation, diarrhoea, perforation, diverticuli-
tis, ulcers and stenosis of the gastrointestinal tract [31].

Furthermore, there is clear evidence that prostaglandin
production is increased in patients with active inflamma-
tory bowel disease. Prostaglandin levels correlate with
disease activity and decrease with successful medical
intervention. Disease activity has also been correlated with
COX expression, especially COX-2. In fact, prostaglandins
seem to play a protective role and be involved in tissue
repair processes. Consequently, NSAIDs are contraindi-
cated in chronic inflammatory bowel disease, being
potential co-causes of exacerbations of the disease [32].

Although there are fewer studies on the effects of
NSAIDs on the gastrointestinal tract in children than in
adults, there is substantial body of evidence on this issue in
the paediatric population.

Bianciotto et al. [33] evaluated the risks of upper gas-
trointestinal complications associated with the use of var-
ious drugs (NSAIDs, oral steroids and antibiotics) in
paediatric age. Their study included children admitted to
the emergency room of eight clinical centres for upper
gastrointestinal complications (with endoscopically con-
firmed gastroduodenal lesions or clinically diagnosed
haematemesis or melena); children admitted for neuro-
logical disorders formed the control group. In the period
1999-2010, 486 children with upper gastrointestinal com-
plications and 1930 children with neurological disorders
were enrolled. Recent use of drugs (for brief periods:
1-8 days) was greater in the group with upper gastroin-
testinal complications than in the controls (73 vs. 54%;
p < 0.001). The complications were related to the use of
NSAIDs, oral steroids and antibiotics. The mean duration
of the use of ibuprofen in this study was 4 days, showing
that upper gastrointestinal complications can occur even
during short courses of treatment [33].

Grimaldi-Bensouda et al. [34] studied 177 children
(aged between 2 months and 16 years) with upper gas-
trointestinal tract bleeding. Among these 177 children, 83
were prescribed at least one NSAID in the 7 days pre-
ceding the admission (58/73 ibuprofen). The authors con-
firmed that bleeding of the upper gastrointestinal tract is a
rare event; nevertheless, in one-third of the cases, it could
be attributed to exposure to NSAIDs administered at
analgesic or antipyretic doses [34].

The risk of ibuprofen-induced gastrointestinal bleed-
ing is higher in patients who take more than one type of

NSAID simultaneously (because of a synergistic effect)
and/or platelet antiaggregants/anticoagulants [35]. Other
predisposing factors are a positive history of peptic ulcer
or gastrointestinal bleeding, Helicobacter pylori infec-
tion, diverticulosis or chronic inflammatory bowel dis-
ease. With regard to these conditions at risk, Usta et al.
[36] evaluated the respective roles of NSAIDs and H.
pylori infection in the aetiology of upper gastrointestinal
bleeding in 188 children (82 females and 106 males;
mean age 8.43 + 5.24 years) admitted to a paediatric
gastroenterology unit. Endoscopic examination revealed
oesophageal, gastric and duodenal mucosa damage in 37,
58 and 24.5% of the patients, respectively. The exact site
of the bleeding remained unknown in 14.4% of the
cases. In 21.3% of the cases, the patients had taken
drugs prior to their admission to the hospital; in partic-
ular, 47.5% had taken ibuprofen, 35% acetylsalicylic
acid and 17.5% other NSAIDs. H. pylori infection was
found in 20.7% of the children. The authors concluded
that there is a positive correlation between ibuprofen or
acetylsalicylic acid intake and upper gastrointestinal
bleeding, whereas there was no significant connection
with H. pylori, although this bacterium is a well-known
cause of gastritis [36]. Table 2 summarises the literature
regarding ibuprofen-induced gastrointestinal adverse
events over the last 15 years.

Although ibuprofen is one of the NSAIDs associated
with a lower risk of serious gastrointestinal adverse events,
its therapeutic use in children and adults must be accom-
panied by awareness of its possible adverse effects, which
can present throughout the entire gastrointestinal tract. The
most frequent gastrointestinal adverse event is bleeding,
which can be minimised or avoided by limiting the use of
ibuprofen to strict therapeutic indications and co-adminis-
tering appropriate gastroprotection.

In particular, it is indicated to administer ranitidine or a
proton pump inhibitor (PPI), with a superiority of the PPI,
accordingly with several recent studies [37]. Considering the
paediatric age, it is recommended the use of histamine-2
receptor antagonists (H2RAs) or selected PPIs, accordingly
to the European Society for Paediatric Gastroenterology
Hepatology and Nutrition/North American Society for
Pediatric Gastroenterology, Hepatology and Nutrition
(ESPGHAN NASPGHAN) guidelines [38, 39].

It is also essential to consider the patient’s past history,
evaluating possible contraindications to the use of
NSAIDs, such as chronic inflammatory bowel disease or
treatment with antiplatelet agents/anticoagulants. Although
data from children are limited, it has been demonstrated
that NSAIDs can cause gastrointestinal damage even when
taken for a short period; signs and symptoms of possible
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effects on the small bowel and colon should not be
overlooked.

Key points: gastrointestinal tolerability

All parts of the gastrointestinal tract can, potentially, be affected

Damage to the upper gastrointestinal tract is usually mild and
reversible

Damage may occur even with short courses of treatment

It is important to consider possible contraindications to the use of
NSAIDs, such as chronic inflammatory bowel disease

Ibuprofen should not be taken on an empty stomach

2.2 Renal Tolerability

Over the years, nephrologists and paediatricians have
expressed concern regarding the risks of serious renal
adverse effects related to the use of NSAIDs in children
[10], because of the capacity of these drugs to reduce the
renal synthesis of prostaglandins. In euvolaemic states,
prostaglandins have a negligible effect on renal haemody-
namics, but in cases of hypovolaemia, up-regulation of the
renin-angiotensin system, as well as of the catecholamin-
ergic system, causes systemic and renal vasoconstriction,
which leads to production of renal prostaglandins with the
aim of maintaining renal perfusion and glomerular filtra-
tion. This protective effect is inhibited by ibuprofen.
Febrile children are at an increased risk of dehydration
because of greater insensible fluid loss (for example,
sweating) and the commonly present difficulty in con-
suming liquids. The milder forms of dehydration can be
difficult to detect in children and may go unnoticed. The
patient’s clinical conditions can evolve with worsening
dehydration because of the onset of diarrhoea and vomit-
ing. Various authors have recommended not using
ibuprofen in the treatment of pronounced fever or for mild-
to-moderate pain in infants and children who are dehy-
drated or could become so during the course of the disease,
because of an increased risk of acute renal failure [40-42].
In detail, Ulinski et al. reported on 6 patients (including
1 kidney transplant recipient), aged between 4 and
15 years, who developed acute renal failure following
therapeutic doses of ibuprofen. Renal impairment devel-
oped 1-3 days after treatment with ibuprofen, but the
levels of creatinine returned to normal within 3-9 days
following rehydration and withdrawal of the NSAID [40].
Wong et al. also advised against the use of ibuprofen in
preschool infants with fever/pain and dehydration [41].
Leroy et al. reported an increased risk of acute renal failure
in patients with hypovolaemia following treatment with
ibuprofen [42]. Balestracci et al. studied 105 children with
acute gastroenteritis, 46 of whom developed acute kidney

injury: 54% (34/63) of the patients treated with ibuprofen
and 26% (12/46) of those not treated with the NSAID,
demonstrating that ibuprofen treatment is a risk factor for
the development of acute renal injury independently of the
degree of hydration (OR 2.47 [95% CI 1.78-3.42]). The
children who developed acute renal injury tended to be
younger (0.66 vs. 1.74 years; p < 0.001) and had more
frequently taken ibuprofen (74 vs. 49%, p = 0.01). The
authors emphasised that children under 6 months old have
a higher risk of ibuprofen-related renal toxicity [8].

Misurac et al. studied the relationship between acute
renal injury and NSAID intake in children [43]. They ret-
rospectively analysed the clinical records of 1015 children
with a diagnosis of acute kidney injury: in 27 (2.7%) (aged
between 0.5 and 17.7 years) an association with NSAIDs
was found, and in 18 of these cases the drug involved was
ibuprofen. Of the 27 patients with acute kidney injury, 21
had clinical, laboratory, radiographic and/or pathological
signs of acute tubular necrosis, while 6 had evidence of
acute interstitial nephritis. Ibuprofen was taken alone
(67%) or together with naproxen (7%) or ketorolac (7%).
Children <5 years of age were more likely to require
dialysis (p < 0.001), be admitted to an intensive care unit
(p = 0.013) and stay longer in hospital (p = 0.037). The
authors concluded that NSAIDs, administered at normal
doses, accounted for 2.7% of the cases of acute renal injury
and that damage to the kidneys may be more severe in
younger children [43].

Another side effect of ibuprofen that has been described
is interstitial nephritis. Gallego et al. [44] and Dixit et al.
[45] reported two cases of acute renal failure due to acute
tubulo-interstitial nephritis that developed after adminis-
tration of aspirin and ibuprofen in succession. Krause
described the cases of seven children, aged between 13 and
17.5 years, who developed acute renal failure following
treatment with NSAIDs, including ibuprofen; six of the
seven patients had taken more than one type of NSAID and
none reported previous kidney disease or concomitant
treatment with other drugs [46].

Table 3 summarises the literature regarding ibuprofen-
associated renal adverse events in children over the last
15 years.

In conclusion, ibuprofen-induced acute kidney injury is a
rare but severe occurrence in children and is (fortunately)
usually reversible following suspension of treatment with the
NSAID. Care must be taken when giving ibuprofen to chil-
dren at risk of dehydration (i.e. those with fever, vomiting
and/or diarrhoea), children with pre-existing renal disorders
and to those taking potentially nephrotoxic drugs. Under
these circumstances, NSAIDs should only be used if there
are no alternatives and at the minimum effective dose.
Careful use of NSAIDs is particularly important in children
who were born prematurely or with a low birthweight,
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Table 3 Renal tolerability of ibuprofen in children

Year Author No. of Disorder Treatment Adverse events/risk Clinical
patients outcome
2000 Gallego N 1 Flu-like syndrome Ibuprofen and aspirin Tubulo-Interstitial-nephritis Resolved
[44]
2001 Del Vecchio 1 Febrile seizures Ibuprofen and paracetamol Acute renal failure Resolved
MT [85]
2001 Wong W 1 Diarrhoea, vomiting and Paracetamol as initial Acute renal failure Resolved
[41] fever treatment
Ibuprofen 5 mg/kg/dose 3/day
2004 Moghal NE 1 Flu-like syndrome Ibuprofen (50 mg, 6 doses) Mild cortical necrosis Resolved
[86]
2004 Ulinski T 7 Fever, diarrhoea and Ibuprofen (n = 6): Acute renal failure Resolved
[40] vomiting 11.5-32 mg/kg/day
Ketoprofen (n = 1): 7.5
mg/kg
2005 Krause I[46] 7 Suicide attempt, fractures, Ibuprofen (3 cases): 0.8—-1.6 g Acute renal failure Resolved
headache
2007 Leroy S [42] - Pain and fever Ibuprofen: various doses Acute renal failure -
2008 Dixit MP 1 Fever Ibuprofen and aspirin Acute renal failure Resolved
[45]
2013 Misurac JM 1015 - Ibuprofen: 18 cases Acute kidney injury -
[43] Ibuprofen + naproxen: 2
cases
Ibuprofen + Ketorolac: 2
cases
2014  Yue Z [87] 47,803 - Ibuprofen + paracetamol Increased risk of acute -
renal failure
2015 Balestracci 105 Acute gastroenteritis Ibuprofen Acute kidney injury -

A [8]

because these children have a reduced number of nephrons
and are therefore at higher risk of renal impairment
throughout their life. Chronic use of NSAIDs in such indi-
viduals is a strong risk factor, increasing the already high
numbers developing chronic kidney disease [47].

Key points: renal tolerability

Ibuprofen inhibits the protective effects on prostaglandins on renal
perfusion and glomerular filtration in cases of dehydration

The reduction in glomerular filtration is usually asymptomatic and
reversible once ibuprofen has been suspended; the renal impairment
rarely requires medical intervention or admission to hospital

The use of ibuprofen is contraindicated in children at risk of
dehydration (i.e. those with fever, vomiting and/or diarrhoea)

Care must be taken with ibuprofen when treating children born
prematurely or with a low birthweight because of their reduced
nephron mass and therefore at higher risk of kidney damage

2.3 Pulmonary Tolerability
Various studies have shown that treatment with ibuprofen

may be responsible for the worsening of some respiratory
bacterial infections and the development of severe lung

A\ Adis

infections and complications, possibly as a result of
reduced pulmonary blood flow and decreased production of
inflammatory cytokines [48, 49].

In order to investigate a possible causality between the
intake of NSAIDs and the development of severe bacterial
infections in childhood, Leroy et al. prospectively analysed
5182 children admitted to hospital: of these, 32 had severe
bacterial infections following treatment with NSAIDs in
the 15 days prior to the admission. Bacteriological studies
identified the presence of Staphylococcus aureus, group A
streptococci  (GAS) and Streptococcus pneumoniae.
Ibuprofen, prescribed mainly for the treatment of fever,
was the most frequently used NSAID (94%) [50].

Francois et al. studied 767 children admitted to hos-
pital because of pneumonia: 90/767 had complications
such as empyema and/or lung abscesses. Multivariate
analysis of the data revealed that ibuprofen was the only
pre-admission treatment independently correlated with
suppurative complications. The authors did, however,
recommend caution in interpreting this information
because it was not certain whether administration of the
NSAID had preceded the development of the complica-
tion in all cases [9]. Elemraid et al. also investigated
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Table 4 Pulmonary tolerability of ibuprofen in children

Clinical

Adverse events/risk

Treatment

No. of Disorder

Author

Year

outcome

patients

Resolved

Lethargy and apnoea

Ibuprofen 7.2 g (600 mg/kg)
Ibuprofen and other drugs

1 Accidental overdose

85

2000 Oker EE [88]

Slows progression of respiratory

disease

Respiratory disorders in cystic fibrosis

2002 Jaffe A (Review)

[52]
2005 Baird JS [89]

Resolved

Massive pulmonary embolism

Ibuprofen: 600 mg qid for 3 days

Chest pain

1
1

Resolved

Allergic reaction

Ibuprofen (3 doses) and paracetamol

Allergic rhinitis, juvenile rheumatoid

2005 Iancovici Kidon

(1 dose)
Ibuprofen (100 cases)

arthritis, fever and oral ulcers

M [90]
2010 Frangois P [9]

Increase of suppurative complications

Complicated and uncomplicated

767

pneumonia

Severe bacterial infections

Ibuprofen

32 Pain and fever

160

2010 Leroy S [50]

Empyema

Ibuprofen

Pneumonia

2015 Elemraid MA

[51]

possible risk factors for the development of pleural
complications in 160 children with community-acquired
pneumonia and concluded that pre-admission adminis-
tration of ibuprofen was associated with a higher risk of
developing pleural empyema [51].

Table 4 summarises the data on adverse pulmonary
events in children taking ibuprofen.

The published data on the use of ibuprofen in children
with cystic fibrosis [52] are more reassuring in that it
seems that the NSAID slows disease progression notably,
without causing serious adverse events.

2.3.1 Asthma

Hypersensitivity cross-reactions to ibuprofen in children
sensitive to aspirin have been reported [10]. The intake of
ibuprofen can trigger bronchospasm and exacerbate the
asthmatic symptoms of children with aspirin-induced
asthma [53].

Valkhoff et al. [54] analysed various European data-
bases (Germany, UK, The Netherlands and Italy) con-
taining information on the demographics, diagnosis and
pharmacological prescriptions of 7.7 million children and
adolescents, of whom 17.3% had taken one of 45 NSAIDs
for at least 1 day. The aim of the study was to evaluate the
use of NSAIDs and related adverse events in the paediatric
population. The authors found misuse of prescriptions for
NSAIDs in all four countries; however, only for ibuprofen
(the most widely prescribed NSAID) was it possible to
identify an association (RR = 2) between consumption of
the drug and exacerbation of asthma [54]. Sordillo et al.
[55] investigated the potential correlation between anti-
pyretic use during pregnancy or infancy and an increased
risk of asthma in 1490 mother-child pairs. The multivariate
analysis, including type of drug, its dose and period of
intake, and presence of infection, showed an increased risk
of asthma, particularly in infancy, in those individuals who
had been exposed to ibuprofen (OR 1.35; 95% CI
1.19-1.52). However, adjusting for the presence of respi-
ratory tract infection, this association appeared strongly
attenuated (OR 1.19; 95% CI 1.05-1.36) [55].

In another randomised controlled, double-blind trial in
100 schoolchildren with mild-to-moderate asthma, only
2% of the cases had ibuprofen-induced bronchospasm
leading the authors to conclude that the prevalence of
ibuprofen-associated asthma is low. Nevertheless, taking
into account the prevalence of asthma among children, it is
important to consider the possibility of ibuprofen-induced
bronchospasm, especially in those children treated with
ibuprofen during acute viral infections that can exacerbate
asthma [56]. The hypothesis that short-term use of
ibuprofen increases the risk of asthma attacks was inves-
tigated in a double-blind, randomised controlled trial by

A\ Adis
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Lesko et al, who concluded that there was no proof that
ibuprofen is less safe in asthmatics than in control children
[57].

Two literature reviews conducted by Kader et al. [58]
and Body et al. [59] showed that ibuprofen can be safely
prescribed to febrile asthmatic children. Likewise, Kauff-
man et al. [60] found little evidence that the use of
ibuprofen increases morbidity in asthmatic children and
concluded that, although cross-reactions with aspirin and
NSAID-induced asthma are possible, the use of ibuprofen
is substantially safe in asthmatic children [60]. Another
large review of the literature (472 articles) demonstrated
that not only is there a low risk of ibuprofen-induced
asthma in children, but that the drug might have protective
and therapeutic effects [61]. Interestingly, it was recently
suggested that ibuprofen reduces the late response to
specific bronchoprovocation with allergens and could,
therefore, have a protective effect in allergen-induced
asthma [62], but further evidence is required.

Table 5 summarises the data on ibuprofen use and
asthma in children.

3 Tolerability Profiles in Other Conditions
3.1 Varicella

Particular circumstances, such as viral infections and fever,
seem to be associated with a higher rate of adverse events
in people being treated with an NSAID.

Varicella is a viral infection that occurs especially in
children who, inappropriately, have not been vaccinated.
Recently, there has been an increase in complicated cases
of varicella. The most frequent complications are bron-
chitis, pneumonia and superinfections of the skin. The

which are also responsible for necrotising fasciitis (pro-
gressive necrosis of fascia). The risk of developing com-
plications seems to be increased in people who have taken
NSAIDs. This risk has been analysed in various clinical
studies.

Lesko et al. [63] investigated the risk factors implicated
in the development of necrotising fasciitis by studying 224
subjects with varicella (aged <19 years), of whom 52 with
varicella complicated by a GAS infection and 172 with
uncomplicated varicella, these latter patients forming the
control group. Among the 224 children, 123 had taken
ibuprofen or paracetamol (alone or in combination). The
authors found that the use of ibuprofen was not associated
with a higher risk of developing soft tissue necrosis, while
the probability of a GAS infection was higher in subjects
who had taken ibuprofen alone. The authors did, however,
caution against uncritical interpretation of these statistical
findings because of the risk of potential confounding fac-
tors. The subgroup that took both drugs also had a higher
probability of a developing a GAS infection [63].

Byington et al. investigated the risk of empyema in
subjects with pneumonia and a recent varicella infection by
analysing the clinical records of 1093 children aged
<19 years, of whom 540 (49%) met the criteria for com-
munity-acquired pneumonia. In 153 of these patients, the
pneumonia was complicated by empyema. The authors
concluded that the risk of developing empyema was higher
in children with varicella (OR 14.0; 95% CI 2.3-86.5;
p < 0.0001) and in those treated with ibuprofen (OR 4.0;
95% CI 2.5-6.5; p < 0.0001) [64].

Mikaeloff et al. [65] followed-up subjects with varicella
(n = 140,111) or zoster (n = 108,257) for 2 months after
the diagnosis, in order to evaluate the development of skin
or soft-tissue complications. There were 386 complications
in the varicella group (mean age 10.7 & 14.5 years): cel-

pathogens involved in these secondary infections are GAS, lulitis (n = 271, 70.2%), abscess (n = 107, 27.7%),
Table 6 Ibuprofen and varicella
Year Author No. of Disorder Treatment Adverse events/risk
patients
2001 Lesko SM 224 Varicella Ibuprofen alone or with GAS infections and necrosis of soft
[63] paracetamol tissues
2002 Byington 540 Varicella and pneumonia Ibuprofen Empyema
CL [64]
2008 Mikaeloff 140,111 Varicella Ibuprofen (and other NSAIDs)  Cellulitis, abscess, fasciitis and
Y [65] necrosis
2008 Souyri C 266 Varicella and other viral Ibuprofen (and other NSAIDs)  Serious necrotising soft-tissue
[66] infections infections
2015 Durand L 3 Varicella NSAIDs, including ibuprofen Superinfection
[67]

Pleurisy-pneumonia

GAS group A streptococci, NSAIDs non-steroidal anti-inflammatory drugs
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fasciitis (n =7, 1.8%) and a single case of necrosis
(0.3%). Of these 386 subjects, 3.11% had been treated with
NSAIDs (RR 4.9; 95% CI 2.1-11.4), with ibuprofen being
the most commonly used drug (85%). On the basis of these
data, the authors recommended caution when prescribing
NSAIDs to people with varicella [65].

Souyri et al. [66] evaluated the contribution of NSAIDs
to the development of severe necrotising soft tissue
infections (NSTI) in 38 subjects with NSTI and 228
healthy subjects. The 38 subjects with NSTI were divided
into three groups on the basis of age: 12 infants
(0-23 months), 16 children (2-15 years) and 10 adults
(>15 years). Among the group with NSTI, 25 patients had
been prescribed ibuprofen (OR 31.38; 95% CI
6.40-153.84) and 24 had varicella (OR 17.55; 95% CI
3.47-88.65). This study indicates a strong association
between the use of NSAIDs and severe NSTI, in particular
in children with varicella [66]. In conclusion, it is worth
being extremely cautious when prescribing ibuprofen to
children with varicella because of the increased risk of
complications [67].

Table 6 summarises the data on ibuprofen use in chil-
dren with varicella.

Clinical
outcome
Sequelae
Resolved
Resolved

Severe ocular involvement, toxic epidermal necrolysis, SJS, sepsis,
pneumonia and genitourinary complications

Skin rashes, purplish macules, erythema, multiple bullae and SJS

Urticaria, angioedema, toxic epidermal necrolysis and SJS

Aphthae of oral mucosa, SIS

Adverse events/risk

3.2 Stevens—Johnson Syndrome

Stevens—Johnson syndrome (SJS) is considered a cell-
mediated delayed hypersensitivity reaction (type IV) to
some drugs [68]. Clinically, SJS is manifested by variably
severe cutaneous and mucosal lesions (ranging from
papules and skin rashes to blisters and bullae), usually
preceded by non-specific prodromal symptoms, such as
fever, malaise, itchy eyes and dysphagia, which last for
1-14 days. In more severe cases, affected subjects may
develop hypoalbuminaemia, electrolyte imbalances,
increased azotaemia and glycaemia because of massive
transdermal loss of fluid and a hypercatabolic state with
sepsis and septic shock due to bacterial skin infections.
With regards to pathophysiological mechanisms, the skin
lesions seem to be due to widespread apoptosis of ker-
atinocytes, although the way certain drugs induce necrosis
of the epidermis is not yet understood. The blisters have
been found to contain numerous CD8+ cytotoxic T cells
and natural killer T cells which, through a variety of
cytotoxic proteins and cytokines, such as soluble Fas
ligand, perforin/granzyme and tumour necrosis factor-a,
could induce apoptosis of keratinocytes [68]. It has also
been found that there is a genetic predisposition to the
development of SJS: polymorphism of the CYP2C19 gene
that codes for a particular cytochrome P450 isoform can
increase the risk [68].

Numerous drugs have been implicated as possible cau-
ses of SJS. In a study of 32 children with SJS (aged

Ibuprofen (alone or with
azithromycin)

Ibuprofen (and other drugs)

Ibuprofen (together with
amoxicillin/ clavulanic acid

Treatment
Ibuprofen

tract infection
inflammation

Otitis media with
fever

Disorder

Mainly fever
Upper respiratory
Pain/fever/

patients
32

1

1

Markovi¢ M
[70]
2015 Blanca-Lopez N

[71]

Author
2015 Belver MT [68]

Table 7 Ibuprofen and Stevens—Johnson syndrome (SJS)
No. of

2007 Dore J [69]
2013 Atanaskovié-

Year
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between 0 and 17 years), Dore et al. found an association
between treatment with ibuprofen (alone or in combination
with azithromycin) and the development of toxic epider-
mal necrolysis (p < 0.05) [69]. Atanaskovi¢-Markovic¢
et al. reported the case of a 9-year-old girl who, after
4 days of treatment with ibuprofen because of an upper
respiratory tract infection, developed SJS with a skin rash,
purplish macules, erythema and bullae. Six months later,
the girl showed a positive reaction to a patch test with
ibuprofen [70]. Belver et al. described the case of an
11-year-old boy with aphthae of the oral mucosa who was
diagnosed with SJS following treatment with amoxi-
cillin/clavulanic acid and ibuprofen. The SJS was con-
firmed by biopsy findings and in the acute symptomatic
phase by a patch test and a lymphoblastic transformation
test, which were both positive for ibuprofen [68].
Numerous hypersensitivity reactions to anti-inflammatory
drugs are due to immunological mechanisms involving
specific IgE antibodies or T cells. Blanca-Lopez et al.
concluded that ibuprofen is among the drugs that most
frequently elicit IgE-mediated reactions, while T-cell-me-
diated reactions in children seem to be mainly associated
with the intake of ibuprofen, naproxen and dipyrone [71].

Table 7 summarises the data on ibuprofen use and SJS
in children.

Key points regarding pulmonary tolerability, use in patients with
varicella and immunological consequences

Great care is needed when prescribing ibuprofen to children with
severe infections of the upper or lower respiratory tract because of
the risk of septic complications

Care is required when prescribing ibuprofen to children with asthma.
In relation to the possibility of an exacerbation, patients should be
advised to use salbutamol immediately

Ibuprofen should not be prescribed to patients with varicella, in order
to avoid the risk of bacterial superinfections

The possibility of IgE-mediated or cell-mediated allergic reactions,
including Steven—Johnson syndrome, should be considered

3.3 Hepatic Tolerability

Special attention should be paid to the risk, albeit low, of
hepatic toxicity in children. Large paediatric studies have
not revealed significant adverse hepatic effects [72].
However, Taghian et al. [73] and Kim et al. [74] described
cases of vanishing bile duct syndrome as a possible com-
plication of ibuprofen treatment for fever. Zaffanello et al.
reported a case of combined acute renal and hepatic failure
in a 5-year-old girl admitted to hospital for febrile seizures
and vomiting who was given oral ibuprofen (5 mg/kg/dose

Table 8 Hepatic tolerability of ibuprofen in children

Clinical

Adverse event/risk

Treatment

No. of Disorder

Year Author

outcome

patients

Resolved

Vanishing bile duct syndrome

Ibuprofen 30 mg/kg/day

Rhino-pharyngitis

1

2004 Taghian M

and fever

[73]
2009 Zaffanello

Resolved

Hepatic and renal toxicity

Paracetamol per os: 11 mg/kg/dose, for a total of two doses in 5 h

Hyperthermia and

1

Ibuprofen per os: 5 mg/kg/dose every 8 h for a total of three doses,

alternated with paracetamol

dehydration

M [75]

Low risk of hepatic complications

Ibuprofen per os: 5-10 mg/kg/dose every 6-8 h

Pain and fever

2012 Argentieri

J[72]

2014 Kim H

Resolved

Vanishing bile duct syndrome and toxic

Ibuprofen

Fever and

epidermal necrolysis

One dose of 10 mg/kg, 3 months before admission

erythematous rash

[74]

30 mg/kg/day, 2 days before admission

Per os taken orally
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every 8 h, for a total of three doses) in alternation with
paracetamol [75]. In all the above-described cases, the
complications resolved without leaving clinical sequelae.

Table 8 summarises the data on the hepatic tolerability
of ibuprofen in children.

4 Conclusions

The efficacy profile of ibuprofen has been extensively
documented in the literature, with this NSAID being
extremely effective in the treatment of pain, particularly in
disorders with an inflammatory component, such as ton-
sillitis, pharyngitis and sore throat [17], acute otitis media
[16], hip synovitis [19], and juvenile arthritis [20].

The daily dose is chosen on the bases of the age and
weight of the child; the optimal analgesic dose of ibupro-
fen, administered orally, is 10 mg/kg every 8 h. The
cumulative daily dose should not exceed 30 mg/kg.

This review summarises the main adverse reactions to
ibuprofen given as monotherapy or in association with
other drugs for the treatment of fever and pain, as reported
in the paediatric literature in the last 15 years. It must be
considered that findings may be associations not neces-
sarily causal and not giving an overall idea of incidence in
light of the population use of ibuprofen.

The most frequents adverse reactions involve the gas-
trointestinal, renal and respiratory systems.

The literature from 2000 to date demonstrates that
gastrointestinal events are rare, but clinically relevant
given that ibuprofen can cause intestinal in addition to
gastric toxicity [7, 33].

Dehydration plays an important role in triggering renal
damage by NSAIDs. Indeed, ibuprofen should not be given
to children with profuse diarrhoea and vomiting, with or
without fever. Some authors suggest that ibuprofen should
not be given to children with fever, recommending the use
of paracetamol because of its better tolerability profile
[42, 76]. The combination of two NSAIDs (especially if
off-label) can increase the risk of adverse renal events.

In patients with respiratory tract infections, ibuprofen
should be suggested only as treatment for pain [6].

Ibuprofen should never be administered to patients who
are allergic to NSAIDs, because of the possible risk of
hypersensitivity cross-reactions. It is contraindicated in
infants and in children with bronchospasm and persistent
asthma and/or during varicella. The use of ibuprofen
should also be avoided during treatment of Kawasaki
syndrome with acetylsalicylic acid, because of excessive
anti-platelet activity.

In 52% (29/55) of the analysed studies, ibuprofen was
used for the treatment of febrile and flu-like symptoms.
Considering that for some of the studies it is not possible to
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determine the reason for which the drug was administered,
it is likely that treatment of fever accounted for more than
52%. Therefore, the proportion of risk of adverse events
due to use of the drug as an antipyretic could be even
greater than apparent.

Currently, there is large consensus that ibuprofen should
be used as an antipyretic only in those children not
responding to paracetamol. The tenet that, with rare
exceptions, fever per se is not harmful and should be
treated only if above 37.5 °C in association with general
malaise, should always be kept in mind [77]. Still,
ibuprofen is the safest NSAID for use in the paediatric
population. Compared to ketoprofen, indicated for children
over 6 years of age, ibuprofen has fewer side effects [6].
Nimesulide is contraindicated in patients aged under
12 years and ketorolac and acetylsalicylic acid in patients
younger than 16.

In conclusion, in the light of evidence emerging from
recent literature, ibuprofen is the drug of choice for the
treatment of inflammatory pain. Caution should be exer-
cised when using ibuprofen in those conditions, such as
febrile states, predisposing to a risk NSAID-induced side
effects.
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