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Abstract Most children with pain are managed by either
acetaminophen or ibuprofen. However, no study has so far
investigated if children are prescribed adequate doses of
acetaminophen or ibuprofen in emergency department.
Aim of this retrospective study was to investigate the prev-
alence of under-dosage of these drugs in children presenting
with pain in emergency department. Children initially pre-
scribed with acetaminophen or ibuprofen for pain manage-
ment were included. The χ2 automatic interaction detection
method was used considering the percentage variation from
the minimum of the appropriate dose as dependent variable
while prescribed drug, age, gender, body weight, type of
hospital (pediatric or general), and availability of internal

guidelines on pediatric pain management in the emergency
department as independent variables. Data on 1471 children
managed for pain were available. Under-dosage was pre-
scribed in 893 subjects (61%), of whom 577 were prescribed
acetaminophen and 316 ibuprofen. The use of acetamino-
phen suppositories, body weight <12 kg or >40 kg, and
the use of oral ibuprofen identified clusters of children as-
sociated with under-dosage prescription.

Conclusion: Prescription of acetaminophen and ibuprofen
was frequently under-dosed. The use of suppositories, lower
and higher body weight, and the use of ibuprofen were asso-
ciated with under-dosage. Under-dosing may reflect prescrip-
tion of anti-pyretic doses.
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Clinical trial registration : Agenzia Italiana del Farmaco–
Observational Study Register (RSO). Registration code:
PIERRE/1

What is Known:
• Pain is frequent in children presented to emergency department.
• International recommendations on pain management are often not
implemented.

What is New:
• Acetaminophen and ibuprofen were frequently underdosed in children
prescribed for pain in the Italian emergency departments.

• Under-dosage may be related to the habit of using acetaminophen and
ibuprofen in the recommended range for fever treatment.
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Introduction

In emergency medicine, acute pain management in-
cludes non-pharmacological and especially pharmacolog-
ical strategies [4, 8]. Recommended drug management
for acute to moderate pain is based on acetaminophen
or ibuprofen [7]. Several data demonstrate that pain is
often not treated [5, 11], but no study has so far inves-
tigated if children are prescribed adequate doses of acet-
aminophen or ibuprofen. Aim of this study was to in-
vestigate the prevalence of under-dosage of acetamino-
phen and ibuprofen for pediatric pain management in
emergency department.

Methods

Four Italian pediatric hospitals and 18 general hospitals
with a separate pediatric emergency room were invited
to participate in a retrospective survey on pain manage-
ment among children with acute pain.

Subjects ≥4 weeks and <14 years of age with acute
pain initially prescribed with acetaminophen or ibupro-
fen were eligible. Exclusion criteria were: simultaneous
(i.e., <10 min apart) prescription of both acetaminophen
and ibuprofen, chronic management with opioids and
pre-existing chronic liver or kidney disease. Patients
without information on body weight, dosage, and pre-
scribed route of administration of acetaminophen or ibu-
profen were also excluded.

Following doses were considered appropriate [12]: for oral
acetaminophen 15–20 mg/kg body weight (1000 mg in chil-
dren ≥50 kg body weight), for rectal acetaminophen 30–
40 mg/kg body weight, for intravenous acetaminophen
7.5 mg/kg body weight (15 mg/kg in children ≥10 kg), and

for oral ibuprofen 10 mg/kg body weight (400 mg in children
≥40 kg body weight).

Data on type of hospital (pediatric or general) and avail-
ability of internal guidelines on pediatric pain management
were also collected. For each prescription, the percentage
variation from the minimum of the appropriate dose was
calculated. Wilcoxon test was used to compare these vari-
ations among children receiving oral, intravenous, rectal
acetaminophen and oral ibuprofen. Furthermore, the possi-
ble factors triggering under-dosage of either acetamino-
phen or ibuprofen were addressed using the χ2 automatic
interaction detection method. This approach involves the
construction of a decision tree that splits the sample into pro-
gressively smaller subsets based on which factor is most
strongly related to the outcome at each split. For this purpose,
the percentage variation from the minimum of the appropriate
dose was considered as dependent variable while prescribed
drug, age, gender, body weight, type of hospital (pediatric or
general), and availability of internal guidelines on pediatric
pain management in the emergency department were consid-
ered as independent variants. Statistical significance was
assigned at P < 0.05. The study protocol was approved by
the ethics committees of the participating centers and was
conducted in accordance with the 1964 Helsinki declaration
and its later amendments.

Results

A total of 17 centers (including the four children’s hospi-
tals) accepted to participate (12 with and 5 without inter-
nal pain management guidelines). Data of 1471 children
managed for acute pain between January 1, 2013 and
October 31, 2014, were available. Among them, the pre-
scribed dose was appropriate (N = 518) or even slightly
(by ≤10%) excessive (N = 60) in 578 (39%) and insuffi-
cient in the remaining 893 (61%) cases. Among the latter,
577 children (333 males and 244 females) with a median
age of 6.0 (interquartile range 2.0–10.5) years were pre-
scribed acetaminophen, while 316 children (189 males
and 127 females) with a median age of 5.8 (interquartile
range 2.0–10.0) years were prescribed ibuprofen.

The percentage variation from the minimum of the appro-
priate dose (Table 1) was on average equal for oral and intra-
venous acetaminophen (20%) and significantly higher for rec-
tal acetaminophen (47%, P < 0.001) and oral ibuprofen (30%,
P < 0.05).

The χ2 automatic interaction detection analysis identified the
following terminal nodes: (1) rectal prescription of acetamino-
phen (N = 130, mean variation from the minimum appropriate
dose 15%), (2) body weight <12 kg (N = 121, mean variation
from the minimum appropriate dose 14%) and >40 kg (N = 160,
mean variation from the minimum appropriate dose 18%), and
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(3) use of oral ibuprofen (N = 196, mean variation from the
minimum appropriate dose 22%). The remaining variables
(age, gender, type of hospital, and availability of internal guide-
lines) did not identify any terminal node.

Discussion

The results of this study point out that >60% of children with
acute pain presented to an emergency department are pre-
scribed an under-dose of acetaminophen or ibuprofen.
Under-dosing occurs especially in patients prescribedwith rec-
tal acetaminophen, in patients with a body weight <12 kg or
>40 kg and in patients prescribed with oral ibuprofen. Finally,
under-prescription was similar in general and pediatric centers
with and without internal guidelines for pain management.

Dose errors are common in pediatric pharmacotherapy [3]. In
this study, under-dosing occurred significantly more often in
children prescribed with rectal acetaminophen and oral ibupro-
fen. The lack of available adequate formulations likely accounts
for under-dosing of the former. Furthermore, concerns about tox-
icity of non-steroidal anti-inflammatory agents probably under-
lay under-dosing of oral ibuprofen [10]. Patients weighing
<12 kg or >40 kg were also prescribed under-dosage of acet-
aminophen and ibuprofen (a similar tendency was observed for
children prescribed with antimicrobials and opioids) [9]. The
similar prevalence of dose errors in both pediatric and general
centers with and without internal guidelines for acute pain man-
agement confirms that physicians often do not adhere to guide-
lines based on review of evidence-based medicine [1]. Poor
awareness or familiarity with guidelines account at least in part
for this observation [2]. Furthermore, acetaminophen and ibupro-
fen are, in addition to pain, usually prescribed for fever manage-
ment [6]. Currently recommended dosing regimens are lower by
30%ormorewhen treating fever as compared to pain [6]. Hence,
we speculate that the prescription of insufficient doses of these
drugs for acute pain management may reflect, in many cases,
prescription of anti-pyretic doses.

One limitation of the study is that it only considered
weight-based regimens, while in some circumstances (e.g.,
excessive body mass index) other methods for dose scaling
might be more appropriate. Furthermore, the findings are lim-
ited to the prescribing stage and do not consider potential
errors during dispensing of drugs.

In conclusion, this study shows that >60% of children pre-
sented to Italian emergency departments with acute pain are
prescribed an insufficient dose of acetaminophen or ibupro-
fen. Defining clinical practice guidelines on acute pain man-
agement is only one step in the process of developing
evidence-based care for children. An appropriate next step is
to devise effective methods for their implementation empha-
sizing that recommended doses of acetaminophen and ibupro-
fen are different when managing fever or pain.
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Table 1 Percentage variation from the minimum of the appropriate
dose in 893 children (522 males and 371 females) prescribed with oral,
rectal, or intravenous acetaminophen, respectively oral ibuprofen. Data
are given as absolute values or median and interquartile range

Number of patients Variation from the minimum
of appropriate dose (%)

Acetaminophen

Oral 414 20 [20–27]

Intravenous 33 20 [7–33]

Rectal 130 47 [37–54]**

Ibuprofen, oral 316 30 [20–40]*

*P < 0.05, **P < 0.001
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