Drug Saf 2012; 35 (12): 1119-1125

REVIEW ARTICLE 0114-5916/12/0012-1119/$49.95/0

Adis © 2012 Springer International Publishing AG. All rights reserved.

Balancing the Risks and Benefits of the
Use of Over-the-Counter Pain Medications
in Children

Zeina Bdrzaga Arencibia' and Imti Choonara®

1 Children’s Hospital “Eduardo Agramonte Pifia”, Camagiiey Province, Cuba
2 Academic Division of Child Health, University of Nottingham, Derbyshire Children’s Hospital,
Derby, UK

Contents
Y 1 1 (@ T 1119
1. EffiCaCy Of NSAIDS .« o\t 1120
1T OURIO N e 1120
12 SAlCYIaTES. oo 1120
1.8 DY ONE L o ot 1120
2. Efficacy of Paracetamol (Acetaminophen). . .. .. 1120
3. SAfETY Of NSAIDS . v ot 1121
BT OURIO e L 1121
3.2 SAlCYIOtES. o 1122
3.3 DIDYIONE . o ot 1122
4, Safety Of PAraCetamOl . .. 1122
B DISCUSSION o . ottt 1123
6. CONCIUSIONS . . ottt 1124
Abstract Paracetamol (acetaminophen) and ibuprofen are the most frequently

purchased over-the-counter (OTC) medicines for children. Parents purchase
these medicines for the treatment of fever and pain. In some countries other
NSAIDs such as aspirin (acetylsalicylic acid) and dipyrone are available.

We aimed to perform a narrative review of the efficacy and toxicity of
OTC analgesic medicines for children in order to give guidance to health
professionals and parents regarding the treatment of pain in a child.

Neither aspirin nor dipyrone are recommended for OTC use because of
the association with Reye’s syndrome for the former and the risk of agranu-
locytosis for the latter. Both paracetamol and ibuprofen are effective for the
treatment of mild pain in children. Adverse effects with both medicines are
infrequent. Ibuprofen is an NSAID and therefore there is a greater risk of
gastrointestinal adverse effects and hypersensitivity.

Aspirin and dipyrone should be avoided. Paracetamol is the drug of first
choice for mild pain in children because of its favourable safety profile. For
the treatment of significant musculoskeletal pain, ibuprofen is the drug of
first choice.
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Over-the-counter (OTC) medicines are widely
used in children of all ages. Studies in both Europe
and Australia have shown that paracetamol (acet-
aminophen) and NSAIDs are the most frequently
purchased OTC medicines.'?l Parents purchase
these medicines for the treatment of fever and pain.
Ibuprofen is the most frequently purchased NSAID
OTC. It is important to recognize, however, that in
some countries other NSAIDs, such as aspirin (ace-
tylsalicylic acid) and dipyrone are still available.l>#

The management of pain in children is important.
Historically, children have been undertreated for
pain but there is now widespread recognition
within high-income countries that children should
be given analgesia to treat pain. Most studies on
OTC use of medicines comment on the medicines
purchased. There have been relatively few studies
evaluating why parents have chosen to purchase
particular medicines.! This is of major relevance in
relation to paracetamol and NSAIDs, which can be
used for the treatment of fever as well as pain. A
British study identified that fever and pain were the
two main reasons for purchasing an OTC medi-
cine.’! Fever was the most frequent indication and
pain was the second most frequent. Fever is an ex-
tremely common symptom in children and many
parents will automatically give their child an anti-
pyretic if they have the slightest temperature. The
need for a more rational management of fever in
children focusing on the comfort of the child has
recently been highlighted.[! Within hospitals it has
become standard practice to treat febrile children
with a combination of paracetamol and ibuprofen.
A recent systematic review has highlighted that the
advantages of using combined drug therapy are
insignificant and that it would be more rational
to treat children with a single antipyretic alone.[”)
Fortunately most parents who treat their children
at home will use one antipyretic agent only.

The aim of this narrative review was to review
both the efficacy and safety of OTC analgesic
medicines used in children.

1. Efficacy of NSAIDs

There are many different NSAIDs. They all in-
hibit the conversion of arachidonic acid to cyclic
endoperoxides by the inhibition of the enzyme
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cyclooxygenase. This results in reduced production
of prostaglandins such as PGE, and prostacyclin.
The NSAIDs most likely to be used by parents
for their children as OTC medicines are ibupro-
fen, dipyrone and salicylates. The availability and
use of each of these NSAIDs is determined by
geographical and socioeconomic factors.

1.1 Ibuprofen

Ibuprofen is a derivative of propionic acid and
was initially marketed in the UK in 1969 as a
prescription-only medicine for the treatment of
rheumatoid arthritis. In the 1980s it became avail-
able both in Europe and the US as a suspension
and as an OTC medicine.¥] Ibuprofen has been
shown to be effective in the treatment of pain in
children of all ages. A study in children under the
age of 5 years showed that ibuprofen was effective
as a pre-emptive analgesic for postoperative pain.’!
In 2004, a meta-analysis showed that single doses of
ibuprofen (4-10 mg/kg) were effective for relieving
moderate to severe pain in children.['” More recent
clinical trials have confirmed that ibuprofen is ef-
fective for musculoskeletal trauma and orthodontic
pain in paediatric patients.['!-12]

1.2 Salicylates

Aspirin has been used for many years as an
analgesic and was introduced as a medicine prior
to the necessity for clinical trials to prove efficacy.
It has, however, been used for many years in
children as an analgesic and antipyretic. In many
low-income countries aspirin is still readily avail-
able as an OTC medicine.?#

1.3 Dipyrone

Dipyrone (metamizole) is an analgesic that be-
longs to the pyrazolone group of drugs. Dipyrone is
still widely used in many parts of the world, in-
cluding the Far East, Africa and Latin America.['3]

2. Efficacy of Paracetamol
(Acetaminophen)

The analgesic effect of paracetamol was first
described in 1893, and since the 1960s it has been
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widely available as an OTC medicine.l'¥ It has
been the most widely used analgesic in children
and is the most frequently used OTC medicine in
young children. A meta-analysis of the efficacy
of paracetamol showed that single doses rang-
ing from 7-15mg/kg were effective for relieving
moderate to severe pain in children.!'” This meta-
analysis compared the efficacy of paracetamol
with ibuprofen and found that efficacy for pain
for the two analgesics was similar. Subsequent
clinical trials have suggested that paracetamol is
less effective than ibuprofen following muscu-
loskeletal traumal''l and orthodontic pain.['?
In contrast, a study in children with acute limb
fractures suggested that paracetamol and ibu-
profen had equal analgesic efficacy.['”]

3. Safety of NSAIDs

Adverse effects of NSAIDs in children include
hypersensitivity reactions,['®!71 gastrointestinal
bleeding!'®!”1 and renal impairment.l?*2!l The only
group of medicines more likely to cause hyper-
sensitivity reactions than NSAIDs are B-lactam
antibiotics.??l Although well recognized in adults,
the prevalence in children is uncertain. One group
with an interest in allergy has suggested thatitis a
significant problem in paediatric patients.!'® The
most frequent hypersensitivity reactions are urti-
caria and angioedema. The NSAIDs most fre-
quently reported as causes of skin hypersensitivity
reactions in children were aspirin, ibuprofen and
dipyrone.l'®) A pharmacovigilance programme
within a tertiary children’s hospital in Australia
reported 19 adverse drug reactions (ADRs) to
NSAIDs over a 5-year period.[>31 Ten of these
involved ibuprofen and consisted of a rash in three
children, bronchospasm in two, gastrointestinal
bleeding in three, acute renal failure in one and
streptococcal invasive disease in another.

A national study of upper gastrointestinal bleed-
ing in children in France identified 177 children
over a 2-year period.I'! Eighty-three children
(47%) had taken at least one NSAID in the week
prior to hospitalization. Fifty-eight of the chil-
dren had taken ibuprofen, 26 had taken aspirin
and nine had taken other NSAIDs. Odds ratios
(ORs) were assessed by comparing exposure to
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NSAIDs in the week prior to hospitalization with
exposure between day 21 and day 28 prior to
hospitalization. The adjusted OR was 8.2 (95%
CI 2.6, 26.0) for NSAIDs altogether. It was higher
for ibuprofen [10.0 (95% CI 2.0, 51.0)] than for
aspirin [7.3 (95% CI1 0.9, 59.4)].[18]

Another study looking at spontanecous reports
to the French Pharmacovigilance System re-
ported serious upper gastrointestinal complica-
tions in 61 children.?¥) The NSAIDs associated
with toxicity were niflumic acid (27), ibuprofen
(23) and tiaprofenic acid (11). A retrospective
review of 570 children at an American paediatric
rheumatology centre described a relative risk for
gastroduodenal injury of 4.8 for patients taking
NSAIDs.['1 They felt that the risk of gastro-
duodenal injury in children with arthritis was
similar to that in adults but that hospitalization
or death was uncommon. A review of fatalities
reported to the regulatory agency in the UK that
were thought to be associated with drug toxicity
described four children who died from gastro-
intestinal perforation.[>>) Two of these received
ibuprofen, one mefenamic acid and one diclo-
fenac. Additionally, there were two other children
who died following cerebral and gastrointestinal
haemorrhage. One had received indometacin and
the other aspirin.

3.1 Ibuprofen

Ibuprofen is an extremely safe drug. A pro-
spective, randomized clinical trial involving over
80000 children in the US compared ibuprofen
with paracetamol.?? This clinical trial was fund-
ed by a pharmaceutical manufacturer of ibu-
profen and paracetamol, and identified that in
the vast majority of children ibuprofen did not
have significant drug toxicity. Over 50 000 chil-
dren received ibuprofen, and the significant drug
toxicities identified were low white blood cell
count (eight children — observed risk of 14 per
100 000; 95% CI 6.2, 28 per 100 000) and gastro-
intestinal bleeding resulting in admission to hos-
pital (four children — risk of 7.2 per 100000;
95% CI 2, 18 per 100 000). In contrast, there were
no cases of low white blood cell count or gastro-
intestinal bleeding in the paracetamol group.

Drug Saf 2012; 35 (12)
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Despite its excellent safety, it is important that
health professionals are aware of the toxicity.

An unfortunate association with availability
of an OTC medicine is an overdose. This may be
deliberate in the case of adolescents or accidental
in the case of young children. In 1986 a report of
126 cases of ibuprofen overdose was described.[*”)
This included 88 paediatric patients (aged 8 months—
5 years). Six of these 88 children (7%) became
symptomatic. Symptoms in the paediatric patients
included gastrointestinal upset, seizures, apnoea,
hypotension, bradycardia, hepatomegaly and mild
CNS depression. Two of the children had seizures
or apnoea and one child died. Investigators from
the same poison centre subsequently reported an
additional 61 cases of ibuprofen overdose, includ-
ing 39 paediatric patients aged 0.8-3 years.”8! On
this occasion, five (13%) of the paediatric patients
had symptoms. One of the children developed
metabolic acidosis, which has also been reported
by other investigators.[2°-30]

It is well recognized in adults that NSAIDs
can be associated with renal toxicity. Cases of
children developing transient renal insufficiency
in association with ibuprofen have also been
reported. Precipitating factors were either an over-
dose of ibuprofen or the presence of hypovolae-
mia.[?0-31:321 Many of the cases described were
individual case reports. One centre in France,
however, reported seven children (age range
4-15 years) who developed acute renal failure
over a 20-month period.?! Six of the children
had received ibuprofen and one received keto-
profen. Four of the children had gastroenteritis.

3.2 Salicylates

In 1965, the possibility of an association between
Reye’s syndrome and salicylates was raised.[33 It
had been noted that 15 out of 31 cases of Reye’s
syndrome reported had received aspirin prior to
admission.[?3 Subsequently, the association be-
tween the use of salicylates during a viral infec-
tion and the development of Reye’s syndrome
was confirmed following an outbreak of influen-
za A in a school.’¥ The restriction on the use of
salicylates as an OTC medicine led to a dramatic
reduction in the incidence of Reye’s syndrome.[33!
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Within the UK, the initial restriction was for
children aged 12 years and under. Subsequently,
Reye’s syndrome was reported in children be-
tween the ages of 12 and 16 years; therefore sali-
cylates are not recommended routinely as an
OTC medicine for paediatric patients of all ages.

Acute salicylate poisoning can result in meta-
bolic acidosis. A recent case series from South
Africa described 22 children who were admitted
to a single hospital over an 18-month period with
varying degrees of salicylate poisoning, which in
all cases was thought to be due to the use of OTC
aspirin.®

3.3 Dipyrone

Agranulocytosis has been reported following
the use of dipyrone.['3] This is not surprising as
dipyrone is one of the pyrazolones, and other
drugs within this group, such as phenylbutazone
and amidopyrine, have been found to be associated
with the development of agranulocytosis.['3] Di-
pyrone has been banned or withdrawn from the
market in many high-income countries. Studies
have confirmed that agranulocytosis is a rare but
potentially lethal adverse effect of dipyrone.l3!
The incidence of agranulocytosis in association
with dipyrone in Sweden was found to be at least
1 in 1439 (95% CI 1 in 850, 1 in 4684) prescrip-
tions.?® A study in Latin America, however,
suggested that the incidence of agranulocytosis
was lower.[37] This study did, however, detect that
the incidence rate of agranulocytosis was high in
children between the ages of 1 and 9 years; there-
fore one would not recommend the use of dipyr-
one in children. Additionally, other studies where
dipyrone is frequently used have shown that it is
responsible for a greater proportion of ADRs
than paracetamol.[38]

4. Saofety of Paracetamol

Paracetamol has an excellent safety profile.
The most serious adverse effect is hepatotoxicity,
which is a major problem following deliberate
poisoning in adolescents. Fortunately, hepato-
toxicity in younger children following accidental
poisoning is extremely uncommon. Rumack(*’!

Drug Saf 2012; 35 (12)
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described 417 children aged 5 years or younger
who had taken an overdose of paracetamol. Only
three of the children had significantly raised plasma
concentrations of liver enzymes.[3! A subsequent
American study reviewed 322 paediatric patients.[*0!
Overall, 140 adolescents deliberately ingested
paracetamol, of whom 26 developed liver toxicity.
Only one of the 172 young children who acci-
dentally ingested paracetamol developed problems
and this consisted of elevated plasma concentra-
tions of liver enzymes only. Additionally, dosing
error was reported in ten patients, of whom one
patient developed liver toxicity. It is thought that
the altered metabolism of paracetamol in young
children protects them from hepatotoxicity. The
metabolism of paracetamol involves glucuronida-
tion and sulphation. Infants and young children
have a greater capacity for sulphation, which is the
most likely explanation for the reduced hepato-
toxicity of paracetamol in young children.[']

More recently, however, there have been sev-
eral case series describing young children who
have received repeated doses of paracetamol
over several days who have experienced hepato-
toxicity.[*#? Many of these children received
overdoses of paracetamol following miscalcula-
tion by parents. The two large case series were
from the US. In contrast, experience in Canada
suggested that hepatotoxicity in young children
following overdosing was extremely rare.[*3] In-
dividual case reports of young children receiving
therapeutic doses of paracetamol resulting in liver
failure have also been reported.[**! Unfortunately,
in these cases either deliberate harm by parents or
miscalculation of dosing cannot be excluded.

It is important to note that as well as inducing
hepatotoxicity, paracetamol following an over-
dose can cause renal toxicity.*3 It is of interest
that in several of the case reports that described
renal damage following ibuprofen the children
also received paracetamol.[#6-47]

There is some evidence that paracetamol is a
weak NSAID.I'648] Hypersensitivity reactions to
paracetamol are rare and those individuals who
are hypersensitive to paracetamol are usually also
hypersensitive to NSAIDs.[4]

More recently it has been suggested that in-
gestion of paracetamol in early life may be a
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predisposing factor for the development of atopy
and asthma in particular. One large study sug-
gested exposure to paracetamol in the first year
of life increased the risk of asthma by the age of
6 years (OR 1.46; 95% CI 1.36, 1.56).5% Other
studies have also suggested that there is an asso-
ciation between the use of paracetamol and the
subsequent development of asthma.l’! It is im-
portant to note that most of the studies asked
parents about the use of paracetamol as an anti-
pyretic not as an analgesic. Since the systematic
review and meta-analysis,>!! there have been other
articles published using a similar questionnaire
design which have suggested an association be-
tween the use of paracetamol as an antipyretic
and the subsequent development of asthma.[3%33
It has, however, been suggested that it was the
viral respiratory infection and not its treatment
with paracetamol that resulted in the increased
risk for asthma.P*3 It is well recognized that
such infections are a risk factor for the develop-
ment of asthma.[3%>7 Others, by adjusting for the
frequency of respiratory infections, found no as-
sociation with the early use of paracetamol and
the risk of asthma.l®® It is worth noting that it
had previously been suggested that antibiotic use
in early life resulted in asthma in children at a later
age.’”! Subsequent prospective studies, however,
showed that antibiotic use was not associated
with the subsequent development of asthma in
childhood but rather it was the presence of a
lower respiratory tract infection that was asso-
ciated with the development of asthma.[®0]

5. Discussion

The two most widely used OTC analgesics are
paracetamol and ibuprofen. Both of these medi-
cines appear to be exceptionally safe; however,
there is controversy regarding the role of para-
cetamol and the development of asthma.[l°'l The
possible association with frequent paracetamol
use and the development of asthma is in relation
to its use as an antipyretic agent. It is important
that parents and health professionals recognize
that children should only be given antipyretics to
improve their comfort.[®! As has recently been
highlighted, fever is a symptom and not a disease.

Drug Saf 2012; 35 (12)
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In contrast, it is important to treat pain appro-
priately. This will usually involve administration
of an analgesic but in other circumstances mea-
sures such as distraction or comforting a child are
equally appropriate. The main concerns with ibu-
profen relate to its associations with hypersensitiv-
ity reactions, gastrointestinal bleeding and renal
impairment. These are all uncommon but are more
likely in an NSAID than with paracetamol.

6. Conclusions

Salicylates and dipyrone, as OTC medicines,
should not be used in children. Paediatric pharma-
covigilance studies suggest that paracetamol is safer
than the NSAID ibuprofen. One would therefore
recommend paracetamol as the first-line analgesic
for young children. However, for the treatment of
significant musculoskeletal pain, ibuprofen would
be the drug of choice because of its greater efficacy.
It is important for parents to recognize that pyrexia
is considerably over-treated and the routine ad-
ministration of either analgesic is inappropriate.
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