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A B S TRACT   
Unlike fever, which is often over-treated especially in children, pain is underestimated and under-treated in pediatric age. 
The pharmacological agents approved for treating pain in these patients are few, also considering the recent limitation for 
codeine in children younger than 12 years. Paracetamol and the nonsteroidal anti-inflammatory drug (NSAID) ibuprofen 
are the most used at this purpose. The aim of this overview was to analyze the therapeutic appropriateness of ibuprofen 
in children based on its pharmacological properties. This work is a critical review of the pediatric literature over the last 
20 years on efficacy and adverse events associated with the use of ibuprofen as analgesic in the pediatric population. 
Ibuprofen resulted effective in several pain conditions in children such as musculoskeletal pain, ear pain and acute otitis 
media, toothache and the inflammatory disease of the oral cavity and pharynx. The drug is a reasonable and efficacious 
alternative in postoperative pain, including tonsillectomy and adenoidectomy. It remains the treatment of choice for pain 
in chronic inflammatory diseases such as arthritis. Side effects and adverse events associated with ibuprofen are mild. 
It has the lowest gastrointestinal (GI) toxicity among NSAIDs, although some cases of GI toxicity may occur. Its renal 
effects are minimal, but dehydration plays an important role in triggering renal damage, so ibuprofen should not be given 
to patients with vomiting and diarrhea. Ibuprofen showed a good safety profile and provided evidence of effectiveness 
for mild-moderate pain of different origin in children. In case of fever or pain, the choice about the drug to be used should 
fall on ibuprofen in a clinical context where there is an inflammatory pathogenesis.
(Cite this article as: Barbagallo M, Sacerdote P. Ibuprofen in the treatment of children’s inflammatory pain: a clinical and 
pharmacological overview. Minerva Pediatr 2019;71:82-99. DOI: 10.23736/S0026-4946.18.05453-1)
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Ibuprofen is a nonsteroidal anti-inflammatory 
drug (NSAID). Together with paracetamol, 

ibuprofen is the recommended antipyretic and 
analgesic drug used from young age. Its effec�
tiveness to relieve pain and reduce fever discom�
fort is widely demonstrated by numerous clinical 
trials. Moreover, because of its favorable clinical 
safety data, ibuprofen can be already taken by 
three-months-old newborns.

Pain can be often underestimated and under-

treated during young age. Even though a variety 
of guidelines on pain management are available 
for pediatricians, their application in daily prac�
tice is not yet sufficient. Paracetamol is often 
preferred over ibuprofen, even though numerous 
clinical studies recommend both equally, often 
displaying a better efficacy of the NSAID in the 
management of pain, characterized with inflam�
mation in children, and with no difference safe�
ty-wise.
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The aim of this review is to describe the phar�
macological properties of ibuprofen in terms of 
its efficacy and safety, as well as to underline 
some pathophysiological aspects in clinical con�
ditions such as fever, pain and inflammation.

Considering the ibuprofen fields of applica�
tion, its use as an antipyretic in pediatrics will 
be mentioned, but an in-depth study will be dedi�
cated to clinical conditions characterized by pain 
and inflammation.

Pharmacodynamic characteristics

Ibuprofen is the first member of the propionic 
acid derivatives NSAIDs, synthesized in 1969 as 
a safer alternative to aspirin.1 Over the years, it 
became the most used NSAIDs both as prescrip�
tion drug and as OTC and, regardless the new 
molecular discoveries, it still remains the most 
frequently used and most prescribed NSAIDs in 
both the adult and pediatric population.

Ibuprofen is a stereoisomeric mixture. Half of 
its composition is made of S(+) enantiomer, that 
is the pharmacologically active prostaglandin in�
hibitor, and the other half mass of R(-) ibupro�
fen, less active as prostaglandin synthesis inhibi�
tor (Figure 1). When taken orally, about 40/50% 
of R(-) enantiomer is metabolically transformed 
into the active S(+) form in the intestine and the 
liver.2 However the R(-) isomer may have some 
pharmacological properties that participate es�
pecially in its anti-inflammatory properties, and 
its presence may partially explain the favorable 
safety profile of the drug.

It is known that the efficacy of NSAIDs results 
from their ability to inhibit cyclo-oxygenase-1 
and cyclo-oxygenase-2 (COX-1 and COX-2) en�
zymes, which catalyze the conversion of arachi�
donic acid to prostaglandins. The prostaglandins 

are then involved in the generation of pain, fever, 
and inflammation.1, 3

Both COX-1 and COX-2 use arachidonic acid 
that generate prostaglandin H. A number of en�
zymes further modifies this product to gener�
ate bioactive prostanoids such as prostacyclin, 
thromboxane A2, and prostaglandins D2, E2, and 
F2. These prostanoids influence immune, cardio�
vascular, gastrointestinal, renovascular, central 
nervous system and reproductive function (Fig�
ure 2).4

Ibuprofen is a non-selective balanced inhibitor 
of both the constitutive COX-1 and the inducible 
COX-2 enzymes.1, 5 It is generally believed that 
COX- 1, located in most cells, is responsible for 
the production of prostanoids (PGs, tromboxa�
neA2). Prostanoids control many physiologi�
cal functions, including hemostasis, blood flow, 
gastric and renal function. COX-2, induced by 
cytokines, shear stress and cancer promoters, is 

Figure 1.—Molecular structure of ibuprofen enantiomers.
S(+) ibuprofen is the enatiomer pharmacologically active as 
COX inhibitor.

Figure 2.—Schematic description of arachidonic acid me�
tabolism, and site of action of ibuprofen. Only the main ac�
tivities of the different Prostanoids are reported.
COX: cyclooxygenase; NSAIDs: non steroidal anti-inflam�
matory drugs; PG: prostaglandin; TXA: thromboxane A.
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the pharmacokinetics and antipyretic effect of 
ibuprofen in infants and children and concluded 
that the pharmacokinetics of ibuprofen was not 
significantly influenced by the patient’s age. Ap�
parently, there are no major differences in the 
pharmacokinetics and antipyretic effects of ibu�
profen between children and adults.

When given orally, ibuprofen is well absorbed 
from the upper part of the gastrointestinal (GI) 
tract and peak plasma levels can be reached 
quickly, within an hour in children with an empty 
stomach (45 minutes). If ibuprofen is taken af�
ter meals, the absorption is slower and variable, 
and the peak of plasma concentration is achieved 
between 1 and 2 hours. Recent researches sug�
gest that faster absorption with higher and earlier 
peak concentrations may produce better symp�
tom relief. Therefore, it is important to rethink 
about taking ibuprofen with food, in order to re�
duce the risk of gastric irritation and erosion.11

Ibuprofen is extensively (>98%) bound to 
whole human plasma and purified albumin at 
therapeutic concentrations. The drug has a rela�
tive short plasma half-life (t1/2 of approximately 
2 hours) that has been suggested as one of the 
reason for relative lower risk of GI events than 
with other NSAIDs.1

Elimination half-lives are longer in new�
borns than in children.12 In infants younger than 
6 months of age it has been reported an altered 
conversion of R- to S+, as demonstrated by 
the lower S+ levels measured in comparison to 
adults.13 However, a recent review by Ziesenitz14 
assessed the safety and efficacy just in a pediatric 
population <6 months of age and concluded that, 
despite some differences in pharmacokinetic, the 
drug can be safely administered if dosed consid�
ering the body weight.14

The metabolism of ibuprofen is mostly ac�
complished through P450 cytochrome enzymatic 
complex (Cyp2C8, Cyp2C9 and Cyp2C19), as 
well as with a conjugation with glucuronic acid. 
The metabolites are then cleared through the kid�
ney within 24 hours after the last dose1, 15 None 
of the metabolites have any pharmacological ef�
fect, nor have been found being toxic. This indi�
cates the absence of the risk of active metabolite 
accumulation.

A key pharmacokinetic feature about the anal�

the most important source of prostanoids in in�
flammation and pain. However, both enzymes 
contribute to the generation of prostanoids with 
important functions in normal physiology. In vi-
tro and in vivo assays have shown that the dose 
range of ibuprofen currently used creates the in�
hibition of both COX-1 and COX-2 >80%. This 
indicates a direct relationship between inhibition 
of the synthesis of prostanoids and the drug ef�
fect.1, 6

However, the inhibitory action of ibuprofen 
towards both cyclooxygenase (COX) isoforms is 
competitive and reversible. This is relevant also 
for side effects. Reversibility of inhibition allows 
recovery of enzymatic activity when ibuprofen is 
metabolized and eliminated, allowing a fast re�
turn to constitutive synthesis of prostaglandins. 
This will restore their functions in organs such as 
the stomach and kidneys, thus, it will reduce the 
potential side effects of ibuprofen.

Pharmacokinetic profile of oral ibuprofen

The pharmacokinetic of ibuprofen has been 
widely evaluated in adults and it has been rela�
tively well characterized also in the pediatric pa�
tients.1, 7 Table I1 reports the main PK parameters 
after oral administration in children. Although 
the physiological development of infants and 
children may have a considerable impact on the 
ADME of drugs, there are no major differences 
in the pharmacokinetics and antipyretic effects 
of ibuprofen between children >3 years and 
adults.8, 9 Changes in half-life, volume of dis�
tribution and clearance of ibuprofen occur pro�
gressively (increasing values) from the neonatal 
stage to children aged 1-3 years, whereupon they 
assume adult values.

Kauffman et al.10 studied the effect of age on 

Table I.—�Pharmacokinetic parameters of oral ibupro-
fen in children (>6 months of age).1

T1/2 (hours) 0.9-2.3
Cmax (mg/mL-1) of (10 mg/kg) 44
Tmax (hours) 1-2
V/F (L/kg) 0.16-0.22
Protein binding 99%
Metabolism Cyp450 2C9, 2C8, 2C19
T1/2: half-life; Cmax: maximum concentration; Tmax: time to Cmax; 
V/F: apparent volume of distribution; CYP450: cytochrome P450.
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of ibuprofen-induced gastrointestinal bleeding is 
higher in patients who take more than one type 
of NSAID simultaneously (because of a syn�
ergistic effect) and/or platelet antiaggregants/
anticoagulants.23, 24 Other predisposing factors 
are a positive history of peptic ulcer or gastroin�
testinal bleeding, Helicobacter pylori infection, 
diverticulosis or chronic inflammatory bowel 
disease.21, 25 In patients with a history of chronic 
inflammatory bowel disease such as Crohn’s dis�
ease or ulcerative colitis, the use of ibuprofen 
must be carefully evaluated.21

Renal effects

The NSAIDS have little effect on the renal func�
tion and blood pressure in healthy pediatrics and 
adults because of the redundancy of systems 
that regulate kidney physiology. COX-2 derived 
PGE2 and PGI increase medullary blood flow 
and inhibit tubular Na reabsorption. Cortical 
COX2-derived PGE2 and PGI 2 increase renal 
blood flow and glomerular filtration through lo�
cal vasodilator effects as part of tubuloglomeru�
lar feedback mechanisms that control renin re�
lease. However, in situations that challenge the 
regulatory system, such as dehydration, hypo�
volemia, chronic kidney disease or other states 
of activation of the renin-angiotensin system 
regulation of renal functions by PG formation 
become crucial.26, 27

Asthma

Aspirin-induced asthma (AIA) is a well-recog�
nized and distinct clinical syndrome of asthma 
and rhinitis affecting up to 5% of asthmatic chil�
dren aged 10 years and older, peaking around the 
third decade of life. Symptoms of asthma and 
rhinitis occur about 30 min to 3 h after inges�
tion of aspirin or other NSAIDs.28 Although the 
name would suggest a direct link solely to aspirin 
exposure, there is cross sensitivity to all classes 
of NSAIDs, which may be relevant to OTC users 
who suffer from asthma and those who prescribe 
it to them.29

The underlying pathophysiologic basis of AIA 
has been proposed to be the inhibitory effect of 
aspirin on the COX pathway of arachidonic acid 
metabolism. By inhibiting the COX pathway, 

gesic and antipyretic actions of ibuprofen is that 
the drug has the ability to penetrate the CNS and 
is present in free (i.e. non-protein bound) con�
centrations in the CSF.16

Safety

Gastrointestinal tolerability

In the stomach, PGE2 and PGI increase mucus 
secretion (cytoprotection), they reduce acid se�
cretion and pepsin content, and they enhance mu�
cosal blood flow. PGE2 also inhibit gastric dam�
age caused by ulcerogenic agents and promote 
healing of gastric and duodenal ulcers. COX-1 is 
the dominant source of cytoprotective PGs under 
physiological condition, and NSAIDs that block 
this isoform may induce a dose-related gastro�
intestinal toxicity.17 Selective COX-2 inhibitors 
are less at risk of GI adverse effects, although an 
important role of COX-2 in gastric healing has 
been demonstrated.17

Another aspect that is often considered when 
administering NSAIDs is also local irritation 
from contact of orally administered NSAIDs 
with the gastric mucosa. However, evidences 
suggest that the contribution of topical effects to 
the overall risk is minimal.11

This aspect is relevant since it shows that there 
is no indication of the assumption of ibuprofen 
with food. In fact, the absorption of the drug is 
significantly slowed in the presence of food de�
laying the onset of the effect.18

Epidemiological studies and controlled clini�
cal trials in the adult population have demon�
strated that ibuprofen is among the NSAIDs 
associated with the lowest risk of severe gas�
trointestinal adverse events.19 The short plasma 
elimination half-life of ibuprofen together with 
the competitive-reversible COX inhibition may 
contribute to the low risk for GI injuries, since 
the ranking of GI complications of NSAIDS was 
directly related to the plasma elimination half 
time.20-22 Moreover, one of the reasons for low 
gastro-ulcerogenicity may relate to the competi�
tion of the inactive R(-) isomer with the active 
S(+) enantiomer for the active site of COX-1 
diminishing the inhibition of PG synthesis in 
the stomach and gut mucosa, before hepatic 
transformation into the active isomer. The risk 
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mediators, cytokines, prostaglandins, leukot�
rienes that further contribute to the inflamma�
tory response and recruitment of other effec�
tor cells. Prostanoids biosynthesis by COX-2 
is significantly increased in inflamed tissue. 
PGE2 and prostacyclin (PGI2) are the primary 
prostanoids that mediate inflammation. They 
enhance leucocyte chemotaxis and endothelial 
adhesion.32

Acute inflammation provides protection by re�
stricting the damage to the localized tissue and 
initiating the process of wound repair. It displays 
a rapid onset and resolves relatively quickly. 
However, in some situations and diseases, (hy�
persensitivity, autoimmune diseases, chronic in�
flammation) it may become chronic, exaggerated 
and with no apparent benefit, leading to progres�
sive tissue destruction.

Acute pain associated with tissue injury is 
detected by nociceptors on small myelinated A 
delta fibers, whereas diffuse dull pain is trans�
mitted by a second set of neurons, very small 
unmyelinated C fibers. These fibers are noci�
ceptors that respond to strong mechanical and 
chemical stimulation and are cold/heat sensi�
tive. These nociceptors are activated by numer�
ous chemicals released at the site of cell injury 
and inflammation. These include peptides (e.g., 
cholecystokinin, bradykinin, substance P, CGRP, 
VIP, somatostatin), amines (e.g., histamine or se�
rotonin), and excitatory amino acids (e.g., gluta�
mate or aspartate). Inflammatory mediators such 
as prostaglandin enhance the sensitivity of recep�
tors to tissue damage and ultimately can result in 
more intense pain sensation. Pain messages are 
transmitted along the sensory nerves, reaching 
the dorsal horn of the CNS. Excitation of noci�
ceptive sensory neurons causes neurotransmitter 
release (glutamate and Substance P) from cen�
tral terminals in the spinal cord. The activation is 
then relayed up the spinal cord and registered in 
the pain-sensing areas of the thalamus. It is then 
modified in the rostral ventromedial medulla 
(RVM) and translated in the cerebral cortex into 
a conscious feeling.

Pain messages are also suppressed by a de�
scending system of neurons that originate in 
the gray matter of the midbrain. Noradrenaline, 
serotonin and opioid peptides are the main neu�

aspirin alters the balance between lipoxygenase 
and COX activity in favor of lipoxygenase ac�
tivity. This indirectly causes an increase in the 
production of leukotrienes and subsequent bron�
choconstriction.29

Hepatotoxicity

One of the main concerns with regard to 
paracetamol use is hepatotoxicity due to over�
dose. On the other hand, large pediatric studies 
have not revealed significant adverse hepatic ef�
fects of ibuprofen.1, 30

Efficacy
Fever

The hypothalamus regulates the set point at 
which body temperature is maintained. This set 
point is elevated in fever, resulting from infec�
tion, tissue damage inflammation, graft rejection 
or cancer. All these conditions enhance forma�
tion of cytokines, such as IL-beta, IL-6, TNF and 
interferons which act as endogenous pyrogens. 
The initial phase of the thermoregulatory re�
sponse to such pyrogens may be mediated by the 
release of ceramide compounds in the preoptic 
area of the hypothalamus. The second phase is 
mediated by induction of COX-2 and formation 
of PGE2. PGE2 can cross the blood bran barrier 
and act on specific receptors (EP3 and EP1) on 
thermosensitive neurons. This triggers the hypo�
thalamus to elevate temperature both increasing 
heat generation (i.e. inducing shivering) and a 
decrease in heat loss.31

Inflammation and pain

Inflammation is a physiological response to tis�
sue injury and infection. Within minutes of tis�
sue injury and infection plasma proteins medi�
ate vasodilation and vascular permeability. Va�
sodilation increases blood flow to the damaged 
area resulting in reddening and heating. Fluid 
leakage from the blood vessels into the tissue 
results in swelling. Within a few hours leuco�
cytes arrive at the site of injury. They adhere 
to activated endothelial cells in the inflamed 
region and pass into the tissue. The leukocytes 
phagocyte the pathogens and release soluble 
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As antipyretic ibuprofen has shown rapidity of 
action (acts in just 15 minutes), duration of the 
result up to 8 hours and effectiveness in the relief 
of malaise derived from the body’s temperature 
rise, especially in the first 24 hours.35, 36

Ibuprofen as analgesic

Acute pain is a frequent symptom during pedi�
atric illnesses. Children are particularly suscep�
tible to suboptimal pain management. Untreated 
pain in childhood has been reported to lead to 
short-term problems such as slower healing and 
to long-term issues such as anxiety, hyperesthe�
sia and fear of medical care.37-39 Pain in children 
is often under-diagnosticated and then under-
treated in relation to challenges in its evaluation 
and fear of using relieving drugs. This is true also 
for ibuprofen in which, for example, as shown by 
various data, under-dosage is frequent.

The analgesic efficacy of NSAIDs depends 
both on their anti-inflammatory activity as well 
as their ability to prevent/reverse peripheral sen�
sitization. Nociceptors are specialized peripheral 
terminals of primary afferent fibers that can be 
activated by various stimuli such as heat, pres�
sure, acid. Prostanoids, such as PGe2 and PGI2, 
released by a variety of non-neuronal cells dur�
ing tissue injury and inflammation, reduce the 
thresholds of stimulation of nociceptors, causing 
peripheral sensitization. Reversal of peripheral 
sensitization induced by inflammatory mediators 
represents the basis of peripheral component of 
the analgesic effects of NSAIDS. Therefore, ibu�
profen can act immediately reducing peripheral 
nociceptor sensitization and starting to decrease 
the inflammatory reaction that would lead to fur�
ther pain.40

Moreover, it has been suggested a central role 
for COX-1 and COX-2 in nociception transmis�
sion also in the spinal cord.

The medications used for the treatment of 
acute pain in children are divided into opioids, 
to be reserved for cases of moderate-severe pain, 
and not opioids (paracetamol and NSAIDs), for 
mild-moderate pain. The therapeutic decision 
must consider the duration of pain (acute or 
chronic, episodic or recurrent), its pathophysi�
ology (nociceptive, neuropathic, psychogenic, 
mixed), the associated clinical conditions (de�

rotransmitters of the inhibitory descending path�
ways. Aberrant expression of ion channels, re�
ceptors, and regulatory proteins can contribute to 
abnormal pain signaling.

Following persistent tissue injury or inflam�
mation, the sensory nervous system undergoes 
various adaptive changes that result in pain hy�
persensitivity. In chronic pain such changes in 
sensitivity can become persistent, such that pain 
occurs spontaneously, or non-noxious sensory 
stimuli start to produce pain (called allodynia), 
or the pain response to a nociceptive stimulus is 
amplified (hyper-algesia). The sensitization oc�
curring in chronic pain involves plasticity chang�
es of neurons located in both the peripheral and 
central nervous systems (CNS).33

Efficacy and safety 
of ibuprofen in pediatrics

Ibuprofen in pediatric fever management

Fever is an adaptive physiological reaction. The 
increase in body temperature is a response to 
exogenous and endogenous pyrogens, and it is 
considered useful during infectious, inflamma�
tory and neoplastic diseases as it improves its 
response. Although fever is a common clinical 
sign in pediatric age and its degree does not di�
rectly correlate with the clinical severity and/or 
the relevance of the causative etiology, this is rel�
evant to caregivers, called as fever phobia (over 
30% of requests for child medical examinations 
are attributable to fever). For this reason, in the 
first years of life, the use of drugs is constant in 
case of pyrexia even if guidelines state that an�
tipyretics should be only used in order to allevi�
ate the feeling of malaise (understood as distress/
discomfort) in young patients.34

The only recommended pediatric antipyretics 
are paracetamol and ibuprofen. Acetylsalicylic 
acid is not indicated for the risk of Reye’s Syn�
drome (serious, potentially fatal condition char�
acterized by encephalopathy and liver disease) 
and corticosteroids should not be used as anti�
pyretics for the high cost-benefit ratio, the pos�
sibility of side effects and the risk of masking 
underlying infectious, inflammatory or neoplas�
tic diseases, delaying the diagnosis.
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paracetamol, nonsteroidal anti-inflammatory 
drugs, and opioids, to manage acute nonsurgi�
cal pain in children (<18 years) treated in am�
bulatory settings concluded that ibuprofen and 
paracetamol had similar reported mild adverse 
effects.

Although other NSAIDs are also indicated in 
children, ibuprofen is the only one that can be 
used in 3-month old infants because of its ef�
ficacy and safety profile (e.g. ketoprofen over 
6-years old children).

The recommended dosage of ibuprofen ad�
ministered orally for acute pain, is 10 mg/kg 
every 6 to 8 hours and cumulative daily dose 
should not exceed 30 mg/kg.

Musculoskeletal pain

Acute musculoskeletal traumatic injuries, includ�
ing fractures, bruises, and sprains are among the 
most frequent causes of admission of children to 
Emergency Departments.

In children ibuprofen must be considered as 
very beneficial in the management of post-trau�
matic musculoskeletal pain.

Clark et al.43 compared single oral doses of 

ficiency of metabolization or elimination). The 
expected duration and adaptation properties of 
the child and the family to the prescribed therapy 
are different variables to be taken into consider�
ation. The route of administration should be as 
simple and painless as possible (the oral route is 
always the first recommended choice in pediatric 
age). An important treatment principle is to limit 
as much as possible the occurrence of predict�
able pain, administering, in cases that require it, 
analgesics at fixed time. A pain-relieving plan 
should be arranged, including therapy at regular 
intervals, which will be established according to 
the intensity of the discomfort and the length of 
the pain relieving impact of the medication uti�
lized, and one based on the use of reinforcement 
or rescue doses.41

The use of ibuprofen for the pain control in 
pediatric age is increasing, also considering the 
growing evidence of potential adverse events 
associated to the use of opioids in children (se�
dation, risk of respiratory depression, nausea 
and vomiting, constipation), especially if “rapid 
metabolizers.” The European Medicine Agency 
(EMA), in fact, has limited the use of codeine 
to children older than 12 years, due to reported 
cases of obstructive sleep apnea in children af�
ter tonsillectomy. Moreover, a recent warning 
of FDA recommended that codeine should not 
be used in adolescents aged 12–18 who are 
obese or have conditions such as obstructive 
sleep apnea or severe lung disease, which may 
increase the risk of serious breathing problems.

The most common clinical settings of acute 
pain in children are sore throat, ear pain, head�
ache, toothache, post-traumatic musculoskeletal 
pain, postoperative pain and arthritis. Ibuprofen 
is the most studied NSAID in the management 
of acute pain in children; in general, it showed 
a good safety profile and provided evidence of 
effectiveness (Table II).37, 38, 42-65 In most cases 
it has been reported to be at least as effective 
as paracetamol or even more efficacious, es�
pecially when a sustained inflammatory com�
ponent is present. We must in fact remind that 
paracetamol does not exert any anti-inflamma�
tory action.38 Moreover, the systematic review 
by Hartling et al.,66 that assessed the safety 
profiles of three groups of oral medications, 

Table II.—�Effectiveness of ibuprofen as analgesic in 
pediatric age.

Musculoskeletal pain Poonai et al.,37 2014
Shepherd et al.,42 2009
Clark et al.,43 2007

Ear pain and acute otitis media 
(AOM)

Sjoukes et al.,44 2016
Bertin et al.,45 1996

Sore throat and pharyngotonsillitis Schlachtel et al.,46 1993
Bertin et al.,47 1991

Headache Richer et al.,48 2016
Hämäläinen et al.,49 1997

Toothache and dental procedures Ashley et al.,50 2016
Bradley et al.,51 2007
Moore et al.,52 1985

Post-surgical pain Poonai et al.,53 2017
Kelly et al.,54 2015
Moss et al.,55 2014
Merry et al.,56 2013
Stewart et al.,57 2012
Kokki,58 2003

Arthritis and other rheumatic 
diseases

Kermond et al.,59 2002
Hollingworth,60 1993
Giannini et al.,61 1990
Steans et al.,62 1990

Osteochondrosis Weiser,63 2012
Growing pains Lehman,64 2017
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Ear pain and acute otitis media

Ibuprofen is commonly used to control pediatric 
ear pain. According to the national and interna�
tional guidelines68, 69 during an episode of acute 
otitis media (AOM) is possible postpone antimi�
crobial therapy of 48-72 hours, starting instead 
immediately an analgesic treatment, also consid�
ering that antibiotic treatment does not provide 
symptomatic relief in the first 24 h. Children older 
than 2 years with mono- or bilateral AOM and 
without severe symptomatology, or those between 
the ages of 6 months and 2 years with a monolat�
eral and non-serious form, in fact, can be managed 
with watchful waiting, if approved by the parents 
and in the case in which the possibility of follow-
up is guaranteed. This approach contributes to 
decrease costs and side effects of antimicrobial 
treatment and to reduce bacterial resistance from 
antibiotics.70, 71

Bertin et al.45 enrolled 219 children (age 1-6.75 
years) with otoscopically proven AOM, either uni�
lateral or bilateral, in a DB-RCT. They were ran�
domized into three parallel oral treatment groups. 
Children received for 48 h ibuprofen, acetamino�
phen and placebo, respectively. The authors dem�
onstrated that ibuprofen and acetaminophen deter�
mined the same relief of ear pain.

These data were confirmed by a recent Co�
chrane systematic review of literature that includ�
ed randomized controlled trials (RCTs) compar�
ing the effectiveness of paracetamol or NSAIDs, 
alone or combined, for pain relief in children with 
AOM.44 Using the GRADE approach to rate the 
overall quality of evidence, the review showed the 
equivalence between paracetamol and ibuprofen, 
for short term use, in the control of ear pain at 24 
and 48 hours with no differences regarding the ad�
verse events.

Some data on experimental animals would sug�
gest a better outcome of the AOM caused by Strep-
tococcus pyogenes when ibuprofen is associated to 
antimicrobial treatment. This observation seems to 
be reasonable, considering that damage related to 
this bacterium is mostly caused by elicitation in the 
production by human peripheral blood mononu�
clear cells of substantial amounts of Th1-derived 
proinflammatory cytokines. However, this conclu�
sion must to be demonstrated by clinical trials.

paracetamol (15 mg/kg), ibuprofen (10 mg/kg), 
and codeine (1 mg/kg) administered to 336 chil�
dren 6 to 17 years old with pain from a muscu�
loskeletal injury (to extremities, neck, and back) 
that occurred in the preceding 48 hours before 
presentation in an emergency department. Pa�
tients in the ibuprofen group had a significantly 
better improvement in pain score than those in 
the codeine and paracetamol groups at 60 min�
utes. At 30 minutes, however, there was no sig�
nificant difference among the 3 groups.

In addition, a better pain relief was seen among 
children with fracture (54% of cases), perhaps to 
be ascribed to the anti-inflammatory effects of 
ibuprofen.

Poonai et al.37 randomized in double blindness 
134 children aged 5-17 years who presented to 
the pediatric emergency department (ED) with 
an uncomplicated (nonoperative) extremity frac�
ture to receive orally either morphine (0.5 mg/
kg) or ibuprofen (10 mg/kg) for 24 hours after 
discharge. Both drugs resulted in improved pain 
scores with no significant difference in analge�
sic efficacy. However, the opioid was associated 
with a greater frequency of adverse effects.

Shepherd et al.42 conducted a prospective, 
randomized controlled study in a children’s ED. 
Ninety-four children aged 5-14 years with an 
acute limb fracture were randomized to be pre�
scribed paracetamol 15 mg/kg/dose every 4 h or 
ibuprofen 10 mg/kg/dose every 8 h. Among the 
72 children who completed the study, the two 
drugs showed to be equally effective in child-
reported pain and parent-reported sleep quality.

To determine if exposure to ibuprofen is as�
sociated with an increased risk of bone healing 
complications in children with fractures DePeter 
et al.67 performed a retrospective study of chil�
dren aged 6 months to 17 years who presented to 
the pediatric emergency department (PED) with 
a limb fracture. Of the 808 patients included in 
the final analysis, 338 (42%) were exposed to 
ibuprofen. There was no significant association 
between ibuprofen exposure and the develop�
ment of a bone healing complication despite ad�
justment for potential confounders.

Ibuprofen should be the drug of choice for an�
algesia in children with uncomplicated extremity 
fractures.
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the application of orthodontic spacers performed 
without general anesthesia, the preprocedural use 
of ibuprofen leads to a reduction in postproce�
dural pain of -13.44 (95% CI -23.01 and -3.889 
in two trials, P=0.006) on a visual analogue scale 
(VAS) with a score from 0 to 100.50

A pediatric study (age range 5-12 years) includ�
ing children suffering from toothache showed 
that pain control with ibuprofen was equivalent 
to that determined by the paracetamol/codeine 
association.52 A randomized study compared the 
efficacy of ibuprofen and paracetamol for control 
of pain in pediatric patients aged 12 to 16 years 
undergoing dental procedures: a preprocedural 
dose followed by a second postprocedural of ibu�
profen provided greater pain.51

Post-surgical pain

Publications have shown that untreated surgical 
pain can lead to increase in clinical complica�
tions, prolonged hospitalization and increase in 
mortality. Underestimation of pediatric post-sur�
gical pain may also be counterproductive from 
a psychological point of view. Unfortunately, 
pediatric postoperative pain is treated subopti�
mally in many hospitals, so too many children 
receive less medication following the same type 
of procedure compared with adults. Sagerdahl et 
al.73 found that postoperative pain was the ma�
jor criticism of pediatric patients that underwent 
ambulatory surgery. Many factors contribute to 
inadequate pain relief in children: incomplete 
knowledge of pain pathophysiology, difficulties 
in quantifying pain (especially in newborns and 
infants), lack of training and experience with the 
fear of potential adverse effects, availability of 
a reduced number of approved analgesic drugs 
for pediatric age (compared to adults). However, 
ibuprofen, among NSAIDs approved in pediat�
ric age, is the most studied and showed to have 
the best safety and efficacy profiles. Ibuprofen 
is expected to be more effective in preventing 
pain than in the relief of established pain so the 
proactive approach is to be preferred. When ibu�
profen is administered as early as possible and 
continued on a regular basis for as long as the 
pain is expected to last, the pain management is 
best achieved. This concept is well applicable for 
post-surgical pain.

Sore throat and pharyngotonsillitis

Appropriate analgesic and antipyretic treatment 
(with ibuprofen or paracetamol) is recommended 
by guidelines for the relief of pain or fever as�
sociated with discomfort in children with acute 
pharyngotonsillitis.72 Two double-blind, random�
ized clinical trials (DB-RCTs)46, 47 found that 
paracetamol and ibuprofen were to be equally ef�
fective in treatment of symptoms of tonsillitis and 
pharyngitis in children. This data were confirmed 
by a recent meta-analysis assessing safety and ef�
ficacy of ibuprofen and paracetamol in pediatric 
patients with acute pharyngotonsillitis.

In cases of greater inflammatory component, 
as in exudative pharyngotonsillitis or when 
lymphadenitis is associated, ibuprofen should be 
preferred due to its anti-inflammatory properties.

Headache

In childhood, paracetamol and ibuprofen are the 
most used drugs for the treatment of headache 
during the acute phase. Several studies have 
shown the efficacy of ibuprofen in providing 
pain relief within 2 hours from administration 
to children and adolescents that complain head�
ache.

Eighty-eight children with migraine, aged 4.0 
to 15.8 years, were enrolled in a double-blind 
crossover study by Hämäläinen et al.49 Three 
attacks per child were randomly treated with 
single oral doses of 15 mg/kg paracetamol, 10 
mg/kg ibuprofen and placebo. Ibuprofen allevi�
ated pain in 2 hours and most of the patients be�
came pain-free. Almost as many benefitted from 
paracetamol. Paracetamol, which reaches peak 
plasma levels within 0.5 to 1 hour, tended to be 
more effective at 1 hour than ibuprofen, which 
peaks at approximately 1 to 2 hours. Overall, 
through an intention-to-treat analysis, the study 
indicated ibuprofen as more effective. How�
ever, a recent systematic review of the literature 
has not confirmed superiority of ibuprofen over 
paracetamol in this clinical context.48

Toothache and dental procedures

In pediatric age ibuprofen must to be considered 
very useful for the treatment of toothache due to 
caries or after dental procedures. For example, in 
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randomized to receive ibuprofen (24 mg/kg/
day), paracetamol (48 mg/kg/day) or the combi�
nation of both for 48 hours after surgery. A sub�
stantial equivalence among all three therapeutic 
regimens was showed. Moss et al.55 performed 
a DB-RCT of 161 pediatric patients aged 6-17 
years undergoing tonsillectomy. In this study a 
single dose of intravenous ibuprofen (10mg/kg) 
was compared with placebo, showing lower use 
of fentanyl without any increase in post-surgical 
complications. Kelly and al54 have published a 
DB-RCT on 91 pediatric patients (1-10 years) 
undergoing adenoidectomy and/or tonsillec�
tomy and randomized to receive ibuprofen or 
the combination of paracetamol and morphine. 
Both regimens resulted to be equally effective 
but while the treatment with ibuprofen proved 
to be safe, the other therapeutic intervention was 
associated with statistically significant oxygen 
desaturations.

Adenotonsillectomy is one of the most com�
mon procedures performed on children and 
may have another significant postoperative 
morbidity other than pain, such as bleeding 
(on average between 3% and 5% of pediatric 
tonsillectomy patients suffers hemorrhage after 
tonsillectomy). As previously reported non-
steroidal anti-inflammatory drugs are useful in 
postoperative pain control but some surgeons 
remain doubtful about the risk of postopera�
tive bleeding. The typical NSAID mechanism 
of action results in the inhibition of formation 
of thromboxane A2, and thus, there is poten�
tial for qualitative effects on platelet function. 
Four meta-analyses of the current literature re�
garding post-tonsillectomy bleeding and risk 
with NSAIDs are contradictory in their results. 
However, a Cochrane meta-analysis of 201174 
limited to pediatric patients and inclusive of 
quality studies, showed NSAIDS did not signif�
icantly alter bleeding events requiring surgery 
(OR 1.32, 95% CI: 0.47-3.7) or not requiring 
surgery (OR 1, 95% CI: 0.39-2.53). A recent 
large case series found no increased bleeding 
associated with ibuprofen.75

Therefore, from the current evidence the use 
of ibuprofen can be to be considered effective; 
however, further studies are needed to validate 
its safety and so its use in his clinical context.

A review evaluated the effectiveness of ibu�
profen in the pain prevention following minor 
surgical corrective procedures on the gastrointes�
tinal and urogenital system (hernia, hypospadias, 
circumcision, hydrocele, orchidopexy) and from 
lumbar puncture.58 Ibuprofen reduced postproce�
dural pain experience and, in some cases, spared 
the use of morphine.

Stewart et al.57 recruiting 107 children (50, 
tonsillectomy; 24, orchidopexy; 31, inguinal her�
nia repair) have recently confirmed these data, 
with ibuprofen that provide adequate analgesia 
after the first postoperative day already.

Following the limitations regarding codeine 
in children and searching for an adequate sub�
stitute, two recent studies have compared the ef�
ficacy and safety of oral morphine with ibupro�
fen in moderate pain following fractures37 and 
for home treatment of postoperative orthopedic 
pain.53 In both studies morphine and ibuprofen 
decreased pain with no apparent difference in ef�
ficacy, but morphine was consistently associated 
with significantly more adverse effects.

Ibuprofen has been considered in the treat�
ment of pain after pediatric tonsillectomy and/
or adenoidectomy in last few years, related to the 
recent limitations on the use of codeine, especial�
ly in this clinical context. Codeine is a pro-drug 
metabolized to morphine in the liver by the cyto�
chrome P450. Its easy-to-use oral and rectal for�
mulations making it a formerly much prescribed 
opioid in pediatric age. Some recent publications 
questioned about the safety of codeine. Postop�
erative respiratory depression and death (most 
post-tonsillectomy) is reported by literature and 
so the European Medicines Agency (EMA) re�
stricted the use of codeine to children over 12 
years of age, because of the risk, in ultra-rapid 
codeine metabolizers, of producing more mor�
phine than the general population, potentially 
leading to overdose.

Furthermore, slow metabolizers transform 
less codeine into morphine with an insufficient 
analgesic effect. So, despite opioids are effec�
tive in relieving postoperative pain, the use of 
other analgesic drugs such as ibuprofen has be�
come most frequent. Merry et al.56 published a 
multicenter DB-RCT that enrolled 154 children 
(6-14 years) undergoing a tonsillectomy and 
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often as deemed necessary by the physician. The 
study demonstrates that ibuprofen is a well-tol�
erated anti-inflammatory agent for children with 
juvenile chronic arthritis, and that the syrup form 
is particularly useful for small children who may 
not be able to swallow tablets.

The use of ibuprofen and other NSAIDs in 
children with arthritis, which are generally as�
sessed differently from adults as they complain 
less of pain, was critically reviewed.60

Salicylates, indomethacin and ibuprofen are 
generally used for the fever of systemic juvenile 
chronic arthritis. For control of joint symptoms, 
diclofenac, ibuprofen, tolmetin and naproxen re�
sulted equal in their efficacy and tolerance: sa�
licylates and indomethacin were no more effec�
tive but more toxic. Children tolerate NSAIDs 
well. Renal toxicity was rare and gastrointestinal 
symptoms appeared to be less common than in 
adults. The pharmacokinetic and pharmacody�
namic characteristics of ibuprofen allow a fast 
onset of action and a very good efficacy profile 
in these clinical contexts. The 20-30 mg/kg daily 
dosage of ibuprofen has proved to be clearly ef�
fective in the treatment of pain and in reducing 
fever in children while the dosage of 30 mg/kg/
die can be safely used in the symptomatic treat�
ment of JIA.

The number of positive clinical trials showing 
at least a comparable efficacy of ibuprofen with 
other NSAIDs in the above indications and its 
worldwide marketing experience in adults and 
children, allow to consider ibuprofen a very ef�
fective product.

Treatment with ibuprofen showed efficacy 
in transient synovitis of the hip, a very com�
mon cause of hip pain in preschool and younger 
school-age children, in which symptoms of limp�
ing, hip pain, refusal to walk, but no fever are 
present.59 Thirty-six children, aged 1–12 years, 
were treated with ibuprofen (N.=17) or placebo 
(N.=19). It was demonstrated that the treatment 
with ibuprofen reduced the duration of symp�
toms of 2.5 days, without serious adverse events.

Osteochondrosis

The term osteochondrosis is used to describe a 
group of disorders that affect patients with an im�
mature skeleton. Osteochondrosis results from 

Arthritis and other rheumatic diseases

Given its anti-inflammatory activity, ibuprofen 
can to be considered the treatment of choice for 
pediatric pain with an inflammatory component.

Juvenile idiopathic arthritis (JIA) is an exam�
ple of a chronic inflammation disease that ben�
efits from the use of NSAIDs. In these diseases, 
inflammation is not the initial cause of disease, 
but it’s the mechanism that maintains the tissue 
damage. Pain, the most common and distressing 
symptom of JIA, has a dramatic impact in physi�
cal, social and emotional functions. Children 
with arthritis continue to experience clinically 
significant pain despite adequate doses of dis�
ease-modifying antirheumatic drugs. Ibuprofen 
has been used for many years in pediatric age in 
this clinical context, in order to manage pain and 
inflammation. Ninety-two children with juvenile 
rheumatoid arthritis were randomly assigned to 
treatment in a multicenter, double-blind, 12-week 
trial designed to compare the efficacy and safety 
of a liquid formulation of ibuprofen at a dosage 
of 30 to 40 mg/kg/day versus those of aspirin at 
a dosage of 60 to 80 mg/kg/day.61 No significant 
intergroup differences in response rates or in the 
amount of improvement in articular indexes of 
disease activity were observed. More children 
treated with aspirin discontinued treatment ear�
ly because of adverse reactions. After this trial, 
84 additional patients with juvenile rheumatoid 
arthritis entered a 24-week, multidose (30, 40, 
and 50 mg/kg/day), open trial of ibuprofen sus�
pension. Favorable response rates for the three 
groups were similar, and continued improvement 
was observed throughout the 24-week period. A 
dose-response relationship was observed with 
respect to adverse reactions of the upper gas�
trointestinal tract. The safety, efficacy and ac�
ceptability of ibuprofen syrup were assessed in 
a multicenter controlled open study in children 
with juvenile chronic arthritis. Forty-six children 
aged 18 months to 13 years (mean 6.8 years) 
were studied.71 Dosage started at 10 mg/kg/day 
and increased to a maximum of 40 mg/kg/day 
depending on condition and individual disease 
control. Follow-up assessments of disease sever�
ity, active joint count and any side effects were 
made at each clinic visit, usually monthly or as 
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ing the night. While their name suggests the pain 
is caused by growing, the cause of growing pains 
is not yet clear. Gently massaging the area and 
using heat treatments like a warm bath or warm 
heat pack, might ease growing pains. Analgesic 
and anti-inflammatory drugs, such us ibuprofen, 
can be used to help reducing pain.64

Safety and tolerability in childhood

Ibuprofen is the most widely used NSAID for 
the treatment of inflammation, 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 pediatric use, 
ibuprofen has replaced acetylsalicylic acid for 
the treatment of inflammation, avoiding the risk 
of Reye’s Syndrome in children, when they have 
a viral illness. According to Italian post-market�
ing data, the proportion of packs of ibuprofen for 
pediatric use bought without a medical prescrip�
tion 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 parents/caregivers and the risks of its 
misuse. As already described above, ibuprofen is 
not a selective COX inhibitor, and therefore, it is 
not free of potential unwanted effects, above all 
involving gastrointestinal systems and kidneys. 
In last years, several reviews and meta-analyses 
showed that ibuprofen can to be considered ef�
fective and the least toxic NSAID in adults; this 
finding has been confirmed in children.21, 65, 76-79 
Dozens of relevant publications, including re�
views, randomized clinical trials, observational 
clinical studies and case reports, demonstrate the 
efficacy and favorable tolerability profile of ibu�
profen as a non-prescription analgesic/antipyret�
ic drug for use in children. Compared to ketopro�
fen, indicated for children over 6 years of age, 
ibuprofen has fewer side effects. Nimesulide is 
contraindicated in patients aged under 12 years 
and ketorolac and acetylsalicylic acid in patients 
younger than 16.

Epidemiological studies and controlled clini�
cal trials have demonstrated that ibuprofen is 
among the NSAIDs associated with the lowest 
risk of severe gastrointestinal adverse events.

abnormal development, injury, or overuse of the 
growth plate and surrounding ossification cen�
ters. Symptoms generally appear between 10 and 
14 years of age and boys are more commonly 
affected because of their greater susceptibility 
to childhood trauma and overuse injuries. Pain 
and disability are common and hip, knee, foot, 
elbow, and back are the areas of the body most 
often affected.

Legg-Calvé-Perthes is the most frequent of 
these conditions and results from a partial in�
terruption of the blood supply to the immature 
femoral head of unknown cause.

Another osteochondrosis is the Osgood-
Schlatter disease, a frequent cause of pediatric 
anterior knee pain. It’s caused by repetitive trac�
tion of the patellar tendon on the tibial tubercle 
ossification center or apophysis, which cause 
secondary inflammation and pain.

Other osteochondrosis are the Sever disease 
(or calcaneal apophysitis), the Sinding-Larsen–
Johansson disease (affecting the inferior pole 
of the patella), the Freiberg disease (disordered 
ossification of the second metatarsal head), the 
Köhler bone disease (osteochondrosis of the na�
vicular bone in the foot), the medial epicondyle 
apophysitis affecting throwing athletes, the Pan�
ner disease (distal humeral ossification center/
capitellum) and the Scheuermann disease (com�
mon cause of back pain with a rigid kyphosis or 
humpback deformity).

Osteoarticular unloading and absolute rest are 
the cornerstone of the treatment. However, the 
use of ibuprofen to exploit its anti-inflammatory 
and analgesic actions is common.63

Growing pains

Growing pains are a mysterious but common 
complaint in young children, usually affecting 
boys and girls aged 3-11 years. These achy pains 
occur in the limbs muscles, not the joints. Grow�
ing pains should not make it hard to walk, run or 
play normally, and no pathological data are de�
tected for the objective examination. The pains 
do not get worse when moving or exercising, 
though some children will find the pain worse af�
ter they have been doing a lot of activity. Grow�
ing pains occur in the afternoon and evening, and 
might be severe enough to wake a child up dur�
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colleagues found no incidences of renal condi�
tions in over 31,000 children treated with either 
ibuprofen or paracetamol.83

There have, however, been rare case reports 
of reversible renal insufficiency in children with 
febrile illnesses treated with ibuprofen or other 
NSAIDs, largely associated with volume deple�
tion.84-86 So caution is recommended with the use 
of ibuprofen in the presence of dehydration due 
for conditions such as vomiting and diarrhea, in 
particular if fever is associated. In these cases, in 
fact, insensible fluid loss (for example, sweating) 
and the commonly present difficulty in consum�
ing liquids, must to be taken into consideration. 
However, the milder forms of dehydration can 
be difficult to detect in children and may go un�
noticed.

Care must be taken with ibuprofen when treat�
ing children born prematurely or with a low 
birthweight because of their reduced nephron 
mass and therefore at higher risk of kidney dam�
age throughout their life. Chronic use of NSAIDs 
in such individuals is a strong risk factor.87

Ibuprofen is not contraindicated in asthmatic 
children. In a randomized 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 ibu�
profen-associated asthma is low.21, 88 Two litera�
ture reviews89, 90 showed that ibuprofen can be 
safely administered to febrile asthmatic children. 
Kauffman et al.91 found little evidence that the 
use of ibuprofen increases morbidity in asthmat�
ic children and concluded that the use of ibupro�
fen is substantially safe in asthmatic children.

Contraindications to the use 
of ibuprofen in children

The use of ibuprofen should be avoided during 
treatment of Kawasaki Syndrome with acetyl�
salicylic acid (ASA), as ibuprofen antagonizes 
the antiplatelet action of the ASA. Kawasaki 
disease is an acute, systemic inflammatory dis�
ease with associated vasculitis. Fever is invari�
ably present and should not be treated with ibu�
profen. Treatment of Kawasaki disease aims to 
reduce inflammation and prevent cardiac com�

In one of the largest surveillance study on the 
safety of drugs, Lesko et al.80 conducted a dou�
ble-blind randomized clinical trial with the aim 
of evaluating the risk of hospitalization because 
of major side events related to the use of ibu�
profen as antipyretic, compared to paracetamol. 
Among 84,192 children (aged 6 months to 12 
years) included in this study, only 1% (N.=795) 
was hospitalized, with no statistically significant 
difference between the two groups. Regarding 
the only 4 cases of gastrointestinal bleeding in 
the ibuprofen group the estimated risk resulted to 
be 7.2 per 100,000 (95% CI: 2-18 per 100,000), 
that not statistically differs from the paracetamol 
group. Moreover, this study showed that the risk 
of hospitalization for renal failure or anaphylaxis 
was not increased following short-term use of 
ibuprofen.

Over the years a lot has been reflected on the 
risks of renal adverse effects related to the use 
of NSAIDs in children because of the capacity 
of these drugs to reduce the renal synthesis of 
prostaglandins. In euvolemic states, the effect 
of prostaglandins on renal hemodynamics is not 
significant but in cases of hypovolemia, up-reg�
ulation of the renin-angiotensin system, as well 
as of the catecholaminergic system, causes sys�
temic and renal vasoconstriction, which leads to 
production of renal prostaglandins with the aim 
of maintaining renal perfusion and glomerular 
filtration. This protective effect can be inhibited 
by NSAIDs: blocked prostaglandin synthesis 
leads to unchecked vasoconstriction of the affer�
ent arteriole, resulting in reduced GFR and even�
tually renal ischemia and acute tubular necrosis.

Based on the medical literature, in children 
with normal kidney function and effective circu�
lating volume, it is very unlikely that ibuprofen 
by itself leads to acute kidney injuries. There 
were no incidences of acute renal failure in a 
large practitioner-based population study which 
included 55,785 children treated with ibupro�
fen80 or in the Boston Collaborative Fever study 
which included 27,065 febrile children random�
ized to assume ibuprofen.81 A further study found 
that, with short-term use of ibuprofen, the risk of 
less severe renal impairment is small and not sig�
nificantly greater than with paracetamol.82 Simi�
larly, a large-scale pediatric study by Ashraf and 
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and 2 had other viral infections, and of these 24 
patients, 22 had taken NSAIDs (18 ibuprofen, 2 
niflumic acid and 2 ibuprofen and niflumic acid 
concomitantly). This study indicates a strong as�
sociation between the use of NSAIDs and severe 
NSTI, in particular in children with varicella. 
The pathogenetic mechanism remains unknown, 
although it is hypothesized that NSAIDs can in�
hibit the functions of neutrophils and/or alter the 
production of cytokines. Perhaps, the greater se�
verity of NSTI in children treated with NSAIDs 
may be due to the masking effects of drugs and 
to the therapeutic delay rather than to the altera�
tion of bacterial defenses. Despite the limitations 
related to a spontaneous reporting system and the 
very low number of cases, comprising only 1.9% 
of all serious skin reactions reported during the 
same period) more caution would be required 
when using ibuprofen in children with varicella 
and impetigo, due to the increased risk of com�
plications.

Combination of ibuprofen 
and paracetamol

Recently, in the daily clinical practice, ibuprofen 
is associated or alternated with paracetamol for 
treating febrile children. There is some evidence 
that both alternating and combined antipyretic 
therapies may be more effective at reducing tem�
peratures than monotherapy alone. In their Co�
chrane meta-analysis Wong et al. showed that, 
compared to administering a single antipyretic 
alone, administering combined paracetamol and 
ibuprofen to febrile children can result in a lower 
mean temperature at 1 and 4 hours after treat�
ment.95

Approximately, 5-10% of paracetamol is oxi�
dized by CYP450-dependent pathways (mostly 
CYP2E1 and CYP3A4) to a toxic, electrophil�
ic metabolite, N-acetyl-p-benzoquinone imine 
(NAPQI). NAPQI is detoxified by glutathione 
and eliminated in the urine or bile. The NAPQI 
that is not detoxified may bind to hepatocytes and 
produce cellular necrosis. Usually, because of the 
relatively small amount of NAPQI formed and 
the adequate supply of glutathione, paracetamol 
has an excellent safety profile. The inhibition of 
prostaglandin synthesis by ibuprofen could result 

plications. Guidelines recommend administra�
tion of intravenous immunoglobulin in combi�
nation with high-dose ASA (80 to 100 mg/kg 
per day divided into 4 doses). After fever sub�
sides for 48 to 72 hours, the guidelines recom�
mend reducing the dose of ASA to 3 to 5 mg/kg 
once daily for 6 to 8 weeks. If coronary abnor�
malities such as stenosis or aneurysms develop 
and persist, low-dose ASA might be required 
for life. Aspirin owes its action, in this clinical 
context, to the acetylation of the platelet COX-
1 that lead to its irreversible inhibition. Unlike 
aspirin, NSAIDs as ibuprofen behave like re�
versible COX-1 inhibitors, but competing with 
ASA for the platelet COX-1, may reduce its an�
tiplatelet effect.92

Some reports evidenced that varicella seem 
to be associated with a higher rate of adverse 
events in people treated with a NSAID. One of 
the most common complication of varicella is 
the superinfection of the skin, caused by group 
A β-hemolytic streptococci (GAS), which is also 
responsible for necrotising fasciitis (a rapidly 
progressive inflammatory infection of the fascia, 
with secondary necrosis of the subcutaneous tis�
sues). Lesko et al. conducted a prospective mul�
ticenter, case-control study to test the hypothesis 
that NSAID use increases the risk of invasive 
GAS infection, with a primary interest in nec�
rotizing infections, in children with varicella.93 
Cases were defined as children, 19 years old who 
were hospitalized with necrotizing soft tissue 
infections (NSTI) or other invasive GAS infec�
tion within 2 weeks of onset of primary varicella. 
Among the 224 children, 123 had taken ibupro�
fen or paracetamol (alone or in combination). 
The authors observed no association between the 
use of ibuprofen, the only NSAID used in these 
children, and NSTI, 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 poten�
tial confounding factors. Souyri et al. identified 
38 cases of NSTI in the database of the Spon�
taneous Reporting System in France: 12 infants 
(0-23 months), 16 children (2-15 years) and 10 
adults (>15 years).94 They selected 228 matched 
controls. Of the 28 children, 26 had varicella 
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drug to be used, should fall on ibuprofen when 
you are in a clinical context where there is an in�
flammatory pathogenesis, such as acute pharyn�
gotonsillitis and acute otitis media. The advan�
tages of ibuprofen compared to other NSAIDs 
are the best demonstrated tolerability and safety 
in children. A large amount of data in the litera�
ture shows a low incidence of gastrointestinal, 
hepatic and renal side effects. Ibuprofen is not 
contraindicated in children with asthma, except 
for the established cases of paracetamol- or 
NSAID-induced asthma. Ibuprofen is safe even 
on an empty stomach, thus achieving high plas�
ma concentrations in less time. This method of 
administration determines a greater effect, more 
precocious and more lasting, translating into a 
lower total recourse to the drug itself. Ibuprofen 
showed a rapid onset (15 minutes) and longer 
duration (8-12 hours) antipyretic activity, when 
compared with paracetamol, with the obvious 
advantage, therefore, of less frequent adminis�
tration. Furthermore, some studies would seem 
to demonstrate greater efficacy in febrile illness, 
especially in the first 24 hours.

With regard to the analgesic effect, some tri�
als show greater efficacy than paracetamol (and 
equal to the paracetamol/codeine association) 
in cases of post-traumatic musculoskeletal pain, 
toothache and headache, especially in the first two 
hours after starting the therapy. Post-surgical pain 
has also been extensively studied in pediatrics, 
and ibuprofen has been shown to be effective and 
safe (children undergoing adenotonsillectomy 
have not presented an increased risk of bleeding).
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in a reduction of glutathione production and in a 
reduction of renal perfusion during hypovolemic 
conditions (in febrile children dehydration signs 
can be more difficult to detect), which might lead 
to an impairment of the detoxification capacity of 
NAPQI. The association of all these pathophysi�
ological aspects makes as biologically plausible 
a risk of renal and hepatic toxicity of combined 
use of paracetamol and ibuprofen. So, as far as 
the available studies provide evidence of good 
effects and relative safety of the combination of 
the two drugs for short periods, the guidelines 
did not recommend this practice in the manage�
ment of the fever in pediatric age.34, 96 Moreover, 
the combination of antipyretics can be confusing 
in caregivers, can increase the risk of errors in 
the drug administration and overdose and, final�
ly, this alternate use of antipyretics encourages 
the fever phobia.

Conclusions

The guidelines produced over the years indicate 
unanimously ibuprofen as a drug of choice, like 
paracetamol, in the management of fever and 
mild-moderate pain in children, at a daily dose 
of 20-30 mg/kg bodyweight, divided 3 times a 
day at intervals of 6-8 hours.

For younger pediatric patients (e.g. birth to 
8 years) who are unable to swallow capsules or 
tablets liquid formulations (including solutions, 
syrups, suspensions and emulsions), are most 
appropriate. Suspensions may be very useful for 
formulation of substances with poor taste charac�
teristics; as by minimizing the amount of drug in 
solution, the palatability of the formulation can 
be improved.97 The syrup formulation (100 mg/5 
mL) can be used from 5.6 to 43 kg of bodyweight 
(age 3 months-12 years). A further advantage is 
the use of oral formulations with a single concen�
tration of ibuprofen, lowering the risk of errors in 
dosage. A better compliance can be reached em�
ploying a taste making technology, that is coating 
ibuprofen particles in order to improve the flavor 
without considerable impact to the release ot the 
active ingredient. The use of pleasing flavors (for 
example banana and honey) increases children’s 
agreement.

In case of fever or pain, the choice about the 
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