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In this study, dosing instructions in package inserts of all 12 paediatric liquid acetaminophen products
registered in pharmacies in the Kingdom of Saudi Arabia were analysed to determine the potential for
administering a supratherapeutic dose of acetaminophen. Doses in millilitres were calculated as mg/kg
for four age groups: three months old, one year old, six years old, and twelve years old, and based on the
3rd, 50th, and 75th weight percentiles of each age group.

Acetaminophen concentrations in the products varied, and only two products included Arabic lan-
guage instructions. The dosing instructions in eight products included an age overlap. The most affected
age group was the 1-year-old group, with 21 supratherapeutic doses across all 12 products. The least
affected age group was the 12-year-old group, with 8 supratherapeutic doses in total.

The absence of strict supervision and monitoring of labels of paediatric liquid acetaminophen products
increases the risk of liver toxicity in children. Therefore, we call for an immediate standardisation of all
dosing instructions regarding the dose per weight and the inclusion of instructions in Arabic.

© 2022 Publishing services provided by Elsevier B.V. on behalf of King Faisal Specialist Hospital &
Research Centre (General Organization), Saudi Arabia. This is an open access article under the CC BY-NC-

ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Acetaminophen drug has been overused in the treatment of pain
and fever [1]. It exerts its action by centrally inhibiting the synthesis
of prostaglandin E2 by cyclooxygenase-1 and cyclooxygenase-2.
Acetaminophen is metabolised to N-acetyl-4-benzoquinoneimine,
which, if accumulated, leads to complications because of its toxicity
[2]. The recommended single therapeutic dose of acetaminophen is
10e15 mg/kg to be taken every four to 6 h as required [3]. Literature
reports have shown that even a single dose of 15 mg/kg can effec-
tively lower an episodic fever [4,5].

Acetaminophen is available as an over-the-counter drug, on its
own or in combination with medications of different therapeutic
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classes such as sedatives, antihistamines, opioids, and de-
congestants. Ingestion of any form of acetaminophen will result in
an overdose if used incorrectly [6]; even if the correct individual
dose is administered, the total daily dose may exceed the thera-
peutic dose. A chronic intake of acetaminophen overdose is termed
repeated supratherapeutic ingestion (RSTI), which is the toxic dose
ingested over a period of greater than 8 h [7]. As defined by Dart
et al., it is the total intake of at least 200mg/kg acetaminophen over
a single 24-h period, at least 150 mg/kg over a 24-h period in 48 h,
or an intake at least 100 mg/kg acetaminophen over a 24-h period
in 72 or more hours [8]. RSTI of acetaminophen has a considerable
potential to result in hepatotoxicity [9,10]. In the United States,
acute liver failure in paediatric patients per se has been found to be
caused primarily by acetaminophen toxicity [1] A prospective
multi-centre study of 348 paediatric patients with acute liver fail-
ure, conducted by Squires Jr. et al. in 2006 [11], showed that most
cases were a consequence of acetaminophen toxicity.

Patientswho report to the hospital aftermore than 24 h following
an acetaminophen overdose are suspected of having a hepatocellular
injury [12], manifested by increased transaminase enzymes, a pro-
longed coagulation profile, and increased bilirubin levels [13].
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Caregivers typically depend on prescription guidelines when
they administer medications. Variable methods for ensuring that
the correct dose of over-the-counter medication have been used. A
study conducted in Duke Medical Centre showed that the colour-
coded method of labelling is more comprehensible than the
traditional drug labels. Furthermore, using the weight of a child
instead of the child's age, with clear differentiation between doses,
was reported to increase the awareness of caregivers regarding the
correct therapeutic dose in a home setting [14]. The primary
objective of this study was to assess the dosing instructions that are
included in the packages of all the paediatric liquid acetaminophen
products available in the Saudi market.

2. Materials and method

2.1. Data collection and analysis

A total of 50 pharmacies that were registered with the Saudi
Food and Drug Authority were surveyed for all paediatric
acetaminophen-containing liquid products. A total of 12 products
were collected and labelled with numbers 1 through 12, while the
actual names of the products were kept confidential. To prevent the
overlooking of occurrences of supratherapeutic doses, the Saudi
national chart growth for females [15] was used as the standard
chart for weight and percentile measures for all ages. The weight
percentiles for each age were grouped as follows: 3% (lowest), 50%
(medium), and 97% (highest).

The ages that were most commonly mentioned in the dosing
instructions of the package inserts' across all products were divided
into four groups: ‘3 months old’, ‘1 year old’, ‘6 years old’, and ‘12
years old’.

The age classification was selected based on the common age
categories that have been found in different paediatric liquid
acetaminophen-containing products proposed by companies
manufacturing and distributing the products across KSA.

The main problems with the age categories (rather than taking
specific ages) were as follows:

1-Nonspecific for certain weight may include 10 kg child or
20 kg with wide range of doses that make older children dose
might be given to younger kids.
2-Duplication of ages in different groups, which should be
avoided.

For each age group, the required dose in millilitres was calcu-
lated, based on the desired dose in milligrams per body weight and
the concentration of acetaminophen in the product. For example,
product 1 contained 160 mg of acetaminophen in each 5 mL of the
product (160 mg/5 mL). The package inserts instructed that a 5-
year-old child receives 5 mL of the product. In our study, a 5-
year-old child would be randomised to the 6-year-old group, and
accordingly, the dose would be calculated according to the weight
of a 6-year-old child. In our study, a supratherapeutic dose was
defined as a dose higher than 15 mg/kg.

The results are expressed as mean ± standard deviation (SD) for
continuous variables and as percentages for categorical variables.
The variables were compared using a 2-sample t-test, the chi-
square test, and Fisher's exact test.

2.2. Ethical considerations and data availability

The data required for this research were available prior to the
start of the study and were obtained through routine clinical care.

Personal information of patients was kept strictly confidential.
Each patient was assigned a study-specific patient number, and all
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patient data were entered into a designated Excel data sheet
without any patient identifiers.

The data collected for this study and generated by the analyses
in this study were stored in the Paediatric Research Unit, KFSHRC,
and accessed only by the principal Investigator and the assigned
assistant clinical research coordinators.

A waiver of informed consent was obtained.

3. Results

Packages of 12 acetaminophen-containing products were ana-
lysed for an overlap of age and/or weight per dose, the use of
weight to determine the dose, the dose, the concentration of
acetaminophen, and the availability of Arabic instructions (Fig. 1).

In two of the products, acetaminophen was combined with
another medication and an age overlap was found in eight of the
twelve products. For example, according to the package insert of
product 1, children who are 1e5 years old should receive 2.5 mL of
the product, and children who are 5e12 years old should receive
5 mL of the product. In this example, the dose for a 5-year-old child
can be either 2.5 mL or 5 mL, which is not only confusing but may
also result in an incorrect dose being administered to that child.
Only three products included dosing instructions based on weight
and not on age; however, one of them was found to have a weight
overlap. Arabic instructions were included with only two of the
products. The package insert instructions for age-based dose are
detailed in Table 1 and are highlighted in red colour.

The age group that was impacted the most was the ‘1-year-old’
group, which was associated with a total of 21 supratherapeutic
doses across all weight percentiles. The age group that was
impacted the least was the ‘12-year-old’ group, which was associ-
ated with only 8 supratherapeutic doses across all weight percen-
tiles. In addition, whenwe calculated the actual doses to determine
whether theywere supratherapeutic, we noticed that therewas the
likelihood of subtherapeutic doses being administered, most
prominently in the ‘12-year-old’ group. A subtherapeutic dose was
defined as any dose lower than 10 mg/kg.

The package inserts of all products were found to include in-
structions that would result in supratherapeutic doses when the
dose was calculated according to the weight percentile in each of
the age groups. The highest number of supratherapeutic doses, 11,
was associated with two products. The supratherapeutic doses are
summarised for each product in Table 2.

4. Discussion

It not uncommon for parents to administer supratherapeutic
doses of acetaminophen to their children. Alomar et al., in 2011
[16], interviewed 200 caregivers in King Faisal Specialist Hospital
and Research Centre regarding acetaminophen dosage. Thirty
percent of the caregivers interviewed indicated that they have
administered supratherapeutic acetaminophen doses to sick chil-
dren, and nine percent of the caregivers reported having adminis-
tered supratherapeutic doses repeatedly, potentially resulting in
toxicity and liver injury. A similar study by Li et al. in 2000 [17,18],
conducted in the Urban Academic Pediatric Emergency Depart-
ment, showed that 50% of the surveyed caregivers administered
supratherapeutic doses of acetaminophen to children in their care.
The children most affected were those younger than one year of
age. A lower likelihood of inaccurate doses being administered to
children was observed with caregivers who calculated the dose
based on weight rather than on age.

This study showed that all analysed products included in their
package insert dosing instructions that could have led to the
administration of supratherapeutic doses of acetaminophen,



Fig. 1. Demographic data in all products.

Table 1
Total number of supratherapeutic dose (STD) for every product per weight for every percentile per age (mg/kg).

3 months of age 1 year of age 6 years of age 12 years of age

3rd % 50% 97% 3rd % 50% 97% 3rd % 50% 97% 3rd % 50% 97%

Product 1 26a 21 17 32 25 20 15 12 9 n/a n/a n/a
Product 2 16 13 10 19 15 12 15 12 9 n/a n/a n/a
Product 3 n/ab n/a n/a 16 13 10 11 9 7 12 9 5
Product 4 27 22 17 32 25 20 30 24 18 16 12 7
Product 5 27 22 17 24 19 15 15 12 9 8 6 4
Product 6 13 11 8 16 13 10 n/a n/a n/a n/a n/a n/a
Product 7 n/a n/a n/a 17 13 10 16 12 9 8 6 4
Product 8 n/a n/a n/a n/a n/a n/a 8 6 5 8 6 4
Product 9 n/a n/a n/a n/a n/a n/a 20 16 12 21 16 10
Product 10 35 29 23 43 34 27 40 32 24 21 16 10
Product 11 35 29 23 43 34 27 40 32 24 21 16 10
Product 12 55 37 36 50 40 31 31 25 18 17 12 8
c 7 6 6 10 6 5 6 5 4 5 3 0
d 19 21 15 8

Supratherapeutic dose (STD) is defined any dose above 15 mg/kg.
a Doses of twelve products inmillilitres were transformed intomilligrams perweight in kilograms for each of the ages: 3months, 1 year, 6 years, and 12 years for percentiles

3rd, 5th and 75th as per the Saudi Female Growth Chart for weight.
b n/a: not available; age not available in the package of the identified product.
c Total STD in all products for every age per percentile.
d Total STD in all products per age.

Table 2
Total number of supratherapeutic doses per product for age.

3 months 1 year 6 years 12 years Total number of STD per product

Product 1 3* 3 0 n/ab 6
Product 2 1 1 0 n/a 2
Product 3 n/a 1 0 0 1
Product 4 0 1 n/a n/a 1
Product 5 n/a n/a n/a 2 2
Product 6 n/a n/a 0 0 0
Product 7 n/a 1 1 0 2
Product 8 n/a n/a 2 2 4
Product 9 3 3 3 2 11
Product 10 3 3 3 1 10
Product 11 3 2 0 0 5
Product 12 3 3 3 1 10

a Total number of supratherapeutic doses for every age per product.
b n/a: not available; age not available in the package of the identified product.
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irrespective of the weight or the age of the child. Some of these
instructions suggested higher doses than other instructions, with a
potential to cause hepatic injury. In addition, instructions recom-
mending the administration of doses within the subtherapeutic
range could also lead to an increased risk of RSTI, if the caregiver did
64
not observe the desired therapeutic effect of the administered dose
on pain or fever, and administered additional doses until relief was
achieved, potentially resulting in the ingestion of a supra-
therapeutic dose.

An overlap of a particular age between two age groups in the
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dosing instructions is a common cause of confusion among care-
givers and a potential cause of acetaminophen toxicity in children,
who may receive higher doses than needed. It is especially
important for the caregiver to understand that a child at a specific
age could weigh different from another who is of the same age. In
paediatrics, doses of medications are calculated according to either
the child's weight or the surface area of the child's body. Accord-
ingly, dosing instructions in the package insert should provide the
dose per weight that is required to reach the most accurate actual
dose, irrespective of the child's age. This method of calculation is
also easy to use for caregivers. Instructions in the Kingdom of Saudi
Arabia should generally be in Arabic, given that this is the local
language, and including Arabic instructions should reduce the
likelihood of the instructions being misunderstood. Moreover,
acetaminophen concentrations should be standardised across all
paediatric acetaminophen products. Caregivers and medical staff
may not know what the concentration of acetaminophen in a
particular product is, which presents another risk of supra-
therapeutic dose administration. Some products may have a high
concentration of acetaminophen, such as 500 mg/5 mL, while
others may have a lower concentration of 125 mg/5 mL. Combi-
nation products of acetaminophen and another drug cause addi-
tional concerns due to the likelihood of incorrect calculation.
Therefore, the use of combination products should be discouraged.

5. Conclusion

Acetaminophen has the potential to induce hepatotoxicity at
supratherapeutic doses. This study showed that it is common for
dosing instructions in package inserts of paediatric acetaminophen
products to recommend doses that are supratherapeutic. These
findings highlight an urgent need for a national standard for safe
dosing instructions that will serve as a guide for parents for safe
administration of acetaminophen to their children and ensure that
liver injury is prevented.
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