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Abstract Ibuprofen is a non-steroidal anti-inflammatory

drug frequently administered to children of various ages for

relief of fever and pain and is approved as an over-the-

counter medication in many countries worldwide.

Although there are extensive data on its efficacy and safety

in children and adults, there are divergent dosing recom-

mendations for analgesia and treatment of fever in infants,

especially in the age group between 3 and 6 months of age.

In this article, we have assessed the safety and efficacy of

ibuprofen use in infants in an attempt to find the optimal

method of pain and fever management in this specific age

group. Based on the current evidence, short-term use of

ibuprofen is considered safe in infants older than 3 months

of age having a body weight above 5–6 kg when special

attention is given to the hydration of the patient. Ibuprofen

should be prescribed based on body weight using a dose of

5–10 mg/kg. This dose can be administered 3–4 times a

day resulting in a maximum total daily dose of 30–40 mg/

kg. The rectal route has been shown to be less reliable

because of erratic absorption, especially in young infants.

Since most efficacy and safety data have been derived from

trials in infants with fever, future studies should focus on

the efficacy of ibuprofen in young infants with pain.

Key Points

There are currently conflicting dosing

recommendations regarding ibuprofen in infants

between 3 and 6 months of age.

We reviewed the currently available data on the

safety and efficacy of ibuprofen in an attempt to find

the optimal method of pain and fever management in

this specific age group.

Based on our assessment, the short-term use (up to

3 days) of ibuprofen for relief of fever or pain is safe

in infants older than 3 months with a body weight

above 5–6 kg when special attention is given to the

hydration of the patient. We suggest using oral

preparations whenever possible because the rectal

route has been shown to be less reliable, especially in

young infants.

1 Introduction

Ibuprofen is a non-steroidal anti-inflammatory drug

(NSAID) frequently administered to children for relief of

fever and pain and is approved as an over-the-counter

(OTC) medication in many countries worldwide. Although

there are extensive data on its efficacy and safety in chil-

dren and adults, there are divergent dosing recommenda-

tions in infants, especially between the ages of 3 and
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6 months. In the US and several European countries,

ibuprofen suspension is approved for use in children older

than 6 months with a body weight of at least 5 kg.

Ibuprofen has been approved in other countries (Australia

and the UK) for children older than 3 months weighing at

least 5 or 6 kg, but is not considered suitable for children

younger than 3 months unless advised by a physician.

In neonates and young infants, renal function is still

impaired and renal elimination processes (glomerular fil-

tration and active tubular secretion) mature during the first

months of life until both reach adult activity by

6–12 months [1]. Since prostaglandins promote renal

development and function, the inhibition of the renal

prostaglandin synthesis by NSAIDS may cause renal

vasoconstriction and temporary reduction of kidney func-

tion [2, 3]. Current evidence, especially from studies in

preterm infants with a patent ductus arteriosus, has shown

that ibuprofen was associated with fewer renal side effects

than indomethacin [4–6].

In an attempt to harmonize dosing recommendations, a

recent public assessment report at the European Medicines

Agency [7] proposed to dose based on body weight and not

to define a lower age limit, but a lower limit of body weight

(5 kg). Unfortunately, due to different regulatory require-

ments in the EU member states, a harmonization of dose

recommendations (solely based on weight) was not possi-

ble, resulting in the current situation where diverging dose

recommendations still exist.

The currently recommended dosing regimen of ibupro-

fen in children is 20–30 mg/kg per 24 h divided in 3–4

doses, resulting in 5–10 mg/kg per dose. Doses exceeding

the maximum daily dose of 40 mg/kg/day may increase the

risk of serious adverse events, such as acute renal failure,

gastrointestinal (GI) ulcers, and/or bleeding [8]. Ibuprofen

is usually used as a 20- or 40-mg/mL suspension [9–11].

Suppositories are available in several countries, such as

Germany, France, Austria, Sweden, Portugal, and Israel.

Considering these variable recommendations based on

patients’ age or weight, we reviewed the currently avail-

able data on the safety and efficacy of ibuprofen in infants

aged 3–6 months in an attempt to find the optimal method

of pain and fever management in this specific age group.

Studies investigating ibuprofen for the treatment of patent

ductus arteriosus in preterm or term neonates were exclu-

ded from the review, although ibuprofen has been shown to

be effective and safe for this indication [12].

2 Ibuprofen Pharmacokinetics in Children

Ibuprofen is a racemic mixture of two enantiomers [R(-)-

ibuprofen and S(?)-ibuprofen]. The inactive R(-) isomer

is unidirectionally converted into the active S(?) isomer,

which is responsible for the therapeutic effects of ibuprofen

[13, 14]. Ibuprofen has a high oral bioavailability [15, 16].

Peak plasma concentrations are usually reached within 90

min after administration. Ibuprofen is highly bound to

plasma proteins (90–99%), and mainly metabolized by

CYP2C8 and CYP2C9 to inactive metabolites, which are

excreted into the urine [15–17].

The plasma concentrations of S(?) ibuprofen have been

found to be lower in infants 6–18 months old due to either

a slower conversion rate of R(-)- to S(?)-ibuprofen, or an

increased clearance of S(?)-ibuprofen, indicating that

infants might need higher doses for achieving analgesia

compared with adults [18, 19]. This phenomenon, however,

has not been confirmed in older or in younger children.

Enantiomer-specific effects of genetic polymorphisms of

CYP2C9 on the clearance of S(?)- and CYP2C8 on the

R(-)-ibuprofen clearance have been reported in adults

[20, 21]. In contrast, Garcia-Martin et al. found a non-

enantioselective influence of CYP2C8 (CYP2C8*3) and

CYP2C9 (CYP2C9*3) polymorphisms [22].

Pharmacokinetics (PK) studies of ibuprofen in 254

children are described in Table 1a–c. Five studies included

at least 18 infants younger than 6 months.

2.1 Ibuprofen Pharmacokinetics in Infants Younger

Than 6 Months

Only two studies reported PK separately for children under

6 months of age [23, 24], and one of these studies included

only one patient in that age group [23]. Kyllonen et al.

demonstrated that there is no difference in the PK of

ibuprofen suppositories between different age subgroups of

infants in their first year of life [24]. Kauffman and Nelson

found no correlation between age and PK in children aged

3 months to 10 years [25].

2.2 Pharmacokinetics of Rectal Ibuprofen

Orifice rejection of drugs is rather the rule than the

exception in pediatric drug therapy, which poses a clini-

cally relevant problem, as seen in the study by Kyllonen

et al., since several young infants expelled the suppository

[24]. Expulsion of the suppository resulted in incomplete

dosing and consecutively poor analgesic efficacy of the

drug (Table 1c). Kyllonen et al. found similar AUC (area

under the concentration–time curve) values in all age

groups, suggesting that ibuprofen can be given according to

the above-mentioned weight-based dosing scheme to

infants between 1 week and 12 months of age and AUC

ratios of R(-)- and S(?)-ibuprofen did not differ signifi-

cantly in these young infants. This was in contrast to Rey

et al., who found a lower exposure towards S(?)-ibuprofen

after oral dosing [18]. In adults, considerably lower
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ibuprofen plasma concentrations were observed after rectal

administration of a suppository (maximum concentration

[Cmax] 22.6 ± 5.6 mg/L, time to maximum concentration

[tmax] 1.85 ± 0.34 h, half-life [t�] 1.88 ± 0.51 h, AUC

86.9 ± 28.9 mg*h/L) versus oral administration of diluted

ibuprofen syrup (Cmax 48.4 ± 15.9 mg/L, tmax

0.67 ± 0.29 h, t� 1.80 ± 0.41 h, AUC

137.6 ± 52.0 mg*h/L, all except t�, p\ 0.05), resulting in

a relative bioequivalence of 63% [26]. Thus, while

ibuprofen suppositories can contribute to fever and pain

management, they should ideally be administered only

when the oral route is not available.

If the rectal route is the only available route of admin-

istration, a possible mitigation strategy could be adminis-

tering a higher dose (e.g., 10 mg/kg) compared with the

oral route (e.g. 7 mg/kg) to produce comparable ibuprofen

plasma concentrations and clinical effects. This should,

however, only be performed within the recommended

maximum daily dose, since the unpredictability of the

dose–concentration relationship after rectal administration

warrants caution and an increase in dose might result in

higher bioavailability.

It seems that above the age of 6 months, age does not

have significant effects on absorption, plasma concentra-

tion, volume of distribution and elimination half-life of

ibuprofen and PK is comparable to adults, but clearance is

enhanced in children up to the age of 5 years

[13, 15, 18, 25, 27, 28]. Also, the rectal route is less reliable

than oral administration. Therefore, the oral route should

be preferred for ibuprofen dosing.

3 Efficacy and Safety of Ibuprofen in Children

Safety and efficacy of ibuprofen has been assessed in many

pediatric clinical trials. The most common (C1 and\10%)

side effects occur in the GI tract and include nausea, dys-

pepsia, abdominal pain, diarrhea or constipation, flatu-

lence, and vomiting. Very rare (\0.01%) in children, but

potentially life-threatening adverse events are peptic

ulcers, gastric hemorrhage or gastric perforation.

Acute renal failure, interstitial nephritis, and papillary

necrosis, the latter especially with long-term use, are very

rare (\0.01%) renal side effects of NSAIDs. Acute kidney

failure may occur in children, as described in a series of

seven children aged 4–15 years hospitalized for that com-

plication after ibuprofen (n = 6) or ketoprofen (n = 1) for

a maximum of 5 days [15, 29]. Five of these patients had

risk factors predisposing them to renal toxicity, such as

dehydration, pre-diagnosed kidney disease (renal trans-

plantation), and concomitant therapy with other nephro-

toxic drugs. The true incidence of renal adverse events in

children has not been systematically investigated [30, 31].

Therefore, pre-diagnosed kidney disease is the most

compelling contraindication, while the concomitant use of

other nephrotoxic substances is a relative contraindication

for ibuprofen therapy [19, 27, 28]. Special attention has to

be paid to prevent and treat pathologic conditions such as

dehydration, hypovolemia, and hypotension when initiating

ibuprofen therapy. In dehydrated febrile infants, acet-

aminophen may be the primary drug of choice for

antipyresis.

In addition, hypersensitivity reactions have been fre-

quently reported and may consist of non-specific allergic

reactions, various skin reactions, such as pruritus or urti-

caria, angioedema or anaphylaxis, and respiratory tract

reactivity [11, 32]. Other unspecific side effects include

dizziness and headache.

Ibuprofen should not be combined with acetyl salicylic

acid because of interference with platelet aggregation. This

pharmacodynamic interaction has only been observed in

adults but might play a role in infants with congenital heart

disease (e.g. with stents or vascular grafts) [33, 34].

In contrast to acetaminophen, ibuprofen was shown not

to affect the immunogenicity of a 10-valent pneumococcal

conjugated vaccine, and could therefore be considered as

the primary antipyretic during vaccination courses [35].

A possible association between ibuprofen and invasive

group A streptococcal infections in children with varicella

was reported but there is a lack of data supporting a causal

relationship [30].

3.1 Ibuprofen Efficacy and Safety in Infants

Younger Than 6 Months

Eleven studies with a total of 39,293 patients, which

included data from at least 207 children younger than

6 months, are summarized in Table 2a, b. The most com-

mon underlying pathological condition was fever treated in

the outpatient setting. No studies were exclusively per-

formed in children younger than 6 months. There were no

efficacy studies investigating the analgesic effect con-

ducted in children younger than 6 months. In older children

(age 6–17 years), efficacy of ibuprofen has been proven for

pain after musculoskeletal trauma and ibuprofen was

superior to codeine or acetaminophen [36]. Efficacy has

been proven for fever relief in children of several age

groups, including infants younger than 6 months [37–40],

in several studies and confirmed by meta-analyses [41–45].

Some studies attributed slightly more benefits in fever

relief to ibuprofen than to acetaminophen [15, 27, 44, 45].

3.2 Safety of Oral Ibuprofen

The largest available safety study is the Boston University

Fever Study, a randomized practitioner-based trial in
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84,192 febrile children younger than 12 years that com-

pared ibuprofen and acetaminophen [46]. In this study, a

total of 17,938 children younger than 2 years including 207

children younger than 6 months (1.2%) received ibuprofen

(5 vs 10 mg/kg) suspension for fever relief [47]. No chil-

dren were hospitalized for acute renal failure, anaphylaxis,

or Reye’s syndrome. Three children, who had all been

treated with ibuprofen, were hospitalized with gastroin-

testinal bleeding. Although the risk of hospitalization with

gastrointestinal bleeding during ibuprofen therapy was

estimated at 17/100,000 (95% CI 3.5–49/100,000), it was

not significantly greater than the risk in the control group

who received acetaminophen. The study concluded that for

short-term treatment with a median duration of 6–10 doses

of ibuprofen over 3 days, the risk of serious adverse clin-

ical events among children\2 years old is low. Although

this study included the largest sample of children younger

than 6 months (n = 207) and the safety results were

reassuring in general, the power of this study to detect

serious adverse events in this subgroup was limited.

The Boston University Fever Study [47] and an addi-

tional analysis in 1997 [31] assessed the renal side effects

of short-term ibuprofen use in children younger than

12 years (median age 22 months, with a 5th to 95th per-

centile of 7–113 months in the 5-mg/kg dose group and

with a 5th to 95th percentile of 6–105 months in the

10-mg/kg dose group). Children with severe dehydration

(C10% of body weight), or known chronic kidney, endo-

crine or neoplastic disease, however, were not eligible for

participation. No differences in creatinine or blood urea

nitrogen levels were seen between treatment groups, sug-

gesting that the risk of severe renal impairment from short-

term ibuprofen treatment in children without known renal

disease is small. The study results, however, are not rep-

resentative for all patients presenting to the hospital due to

exclusion of patients at risk of renal side effects.

The second largest safety study that compared the safety

of ibuprofen and actaminophen in children with fever and/

or pain was the Children’s Analgesic Medicine Project, an

open-label, multi-center, prospective study that enrolled

children between 1 month and 18 years of age [48]. There

were 20,111 children treated with ibuprofen, of which 7381

(36.7%) were younger than 2 years and 12,730 (63.3%)

were between 2 and 12 years old. Adverse events relating

to the gastrointestinal tract comprised abdominal pain and

others, which were not reported separately. There were no

serious adverse events recorded, such as anaphylaxis,

Reye’s syndrome, renal failure, gastrointestinal bleeding or

perforation, or necrotizing fasciitis.

A recent retrospective analysis of the FDA’s Adverse

Event Reporting System database in 2014 concerning

adverse event reports in children aged 0–12 years descri-

bed an increased risk of acute kidney injury in children

who were taking ibuprofen and acetaminophen simultane-

ously [49]. The reporting odds ratio (ROR) in this case was

4.01 (95% CI 2.96–5.43), compared with either acet-

aminophen alone (ROR 1.53, 95% CI 1.18–1.97) or

ibuprofen alone (ROR 2.14, 95% CI 1.59–2.88). It was

concluded that the concomitant use of these drugs might be

associated with an increased risk of acute kidney injury.

While the relative risk (RR) of upper gastrointestinal

complications during ibuprofen therapy has been reported

as 1.84 (95% CI 1.54–2.20) in a meta-analysis in adults,

besides case reports there are limited data available in

children. The risk of upper gastrointestinal complications

such as hematemesis, melena, or endoscopically confirmed

gastroduodenal lesion during ibuprofen therapy was

assessed in a case-control study in children aged

15–71 months [50]. An association between the short-term

use (1–8 days) of NSAIDs, oral steroids, and antibiotics

and an increased risk for upper gastrointestinal complica-

tions was found. The adjusted odds ratio (OR) for

ibuprofen was 3.7 (95% CI 2.3–5.9) compared with acet-

aminophen (OR 2.0, 95% CI 1.5–2.6), NSAIDS overall

(OR 2.9, 95% CI 2.1–4.0), and oral steroids (OR 2.9, 95%

CI 1.7–4.8), which did not differ significantly. Due to the

study design, an incidence of upper gastrointestinal com-

plications could not be calculated, but the overall risk was

low (estimated 2.4 per 10,000 children). The population

investigated in this case-control study, however, did not

reflect the typical pediatric patient population receiving

NSAID treatment. There has been no study conducted in

children assessing the influence of ibuprofen administration

together with food on the gastrointestinal side effects of the

drug.

While the concomitant use of proton pump inhibitors

during long-term NSAID treatment in adults is established,

there are no data on the efficacy and safety of this drug

combination available in children.

Although it has been reported previously that

ibuprofen might exacerbate asthma or bronchospasm

[51–53], it has been shown in a recent multicenter,

prospective, randomized, double-blind, parallel-group

trial in young children [54] that there was no difference

in incidence of asthma exacerbations or worse asthma

control between patients taking as-needed ibuprofen

or as-needed acetaminophen. The patients aged

12–59 months were pre-diagnosed with mild persistent

asthma and assigned to receive either ibuprofen or

acetaminophen for antipyresis or analgesia for a period

of 48 weeks. The relative rate of asthma exacerbations

between the acetaminophen and the ibuprofen group was

0.94 (95% CI 0.69–1.28; p = 0.67), but the study did not

include a control group [55, 56]. Similar results have

been found in earlier studies, such as the Boston

University Fever Study, and reviews [57, 58].
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3.3 Safety of Rectal Ibuprofen

One study described in Table 2b used the rectal route of

drug administration in children between 3 months and

10 years of age and assessed tolerability and parents’ sat-

isfaction with ibuprofen suppositories [59]. Although the

study lacked a control group with oral preparations or

placebo suppositories, only a few mild and self-limited

adverse events were reported. While rash and shivering do

occur after oral ibuprofen administration, side effects such

as diarrhea and rectal burning can probably be attributed to

rectal rather than to oral dosing.

In children aged 4–12 years undergoing ophthalmic,

orthopedic or general surgery, rectal ibuprofen was studied

in the perioperative setting [60, 61]. There were no dif-

ferences in incidence of side effects between ibuprofen and

placebo groups. In particular, rectal ibuprofen has been

shown in the perioperative setting to reduce postoperative

pain scores in children aged 1–4 years using a maximum

daily dose of 40 mg/kg without increasing the incidence of

bleeding [60, 62]. Furthermore, a retrospective study in

tonsillectomy patients did not show an increase in post-

tonsillectomy bleeding events between children treated

with ibuprofen versus a combination of acetaminophen and

codeine (readmission: OR 0.932, 95% CI 0.707–1.228,

p = 0.617; reoperation: OR 0.887, 95% CI 0.618–1.272,

p = 0.513) [63].

In summary, when used within the recommended dose

range, rectally administered ibuprofen has an excellent

safety profile and a low risk of causing severe gastroin-

testinal adverse events [27, 64].

4 Discussion and Future Considerations

In this review, we tried to summarize the available

knowledge and to offer an overview of PK, efficacy,

safety, and dosing of ibuprofen in infants aged

3–6 months in a comprehensive manner. The use of

ibuprofen in infants younger than 6 months is of great

clinical relevance considering the frequency of condi-

tions which can be treated with ibuprofen. In everyday

clinical practice, many pediatricians already prescribe

ibuprofen in infants aged between 3 and 6 months.

Therefore, available data should be analyzed and further

studies should be performed.

A limitation of this review is that the summarized

studies on the use of ibuprofen in young infants are

heterogeneous regarding population, study design, and

endpoints. Unfortunately, currently available literature is

limited and more data are undeniably needed.

The question of how to optimally dose ibuprofen in

young infants (3–6 months old) for the purpose of fever

and pain management still has to be answered, but more

data have become available on ibuprofen safety and effi-

cacy over recent years, suggesting that the current dosing

recommendations can also be applied for this age group.

Weight-based dosing should be preferred over age-based

dosing, because efficacy and safety of the treatment may be

increased due to a higher precision in drug dosing. While

some studies suggested an optimum ibuprofen dose of

7–10 mg/kg [42], the current dosing guidelines should be

followed that recommend a single dose of 5–10 mg/kg

given 3–4 times a day and a maximum daily dose of

30–40 mg/kg.

Short-term use (up to 3 days) of ibuprofen for relief of

fever or pain is safe in infants older than 3 months with a

body weight above 5–6 kg when special attention is given

to the hydration of the infant. Prevention or treatment of

hypovolemia and hypotension will reduce the risk of renal

function impairment. The rectal route has been shown to be

less reliable, especially in young infants, therefore we

suggest using oral preparations whenever possible. When

using the rectal route, higher single doses per kg body

weight may be administered (e.g., 10 mg/kg) compared

with the oral route, but not exceeding the general dosing

recommendations.
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