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The proper use of acetaminophen
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Acetaminophen (N-acetyl-p-aminophenol, paracetamol [APAP]) 
is the most widely used drug for the treatment of pain and fever 

experienced by children around the world. While APAP is generally 
considered to be safe and effective in doses recommended by the 
manufacturer, concerns have arisen over the past decade as APAP 
has been increasingly recognized as a major cause of acute liver fail-
ure in adults in the United States (US) (1). While APAP is also an 
important cause of acute liver failure in children, it plays a relatively 
smaller role in the etiology of acute liver failure from a global stand-
point (2). Recent reports have revealed that a significant number of 
adults develop elevations in hepatic transaminase levels while 
receiving recommended doses of APAP in a controlled research set-
ting (3). Similar data are not available in children. The present 
review addresses data that have contributed to the growing concern 
about APAP use in children, and highlights knowledge gaps in our 
understanding of APAP use and safety in children.

APAP AvAilAbility And the  
US Food And drUg AdminiStrAtion

APAP is a major component of the paediatric formulary. It is 
widely used in inpatient and outpatient settings for the treatment 
of mild pain and fever. Its widespread use developed, in large part, 
after the reported development of Reye’s syndrome following the 
use of acetylsalicylic acid in children in the 1970s (4). APAP first 
became available in the US in 1955 and in the United Kingdom in 
1956 (5). It is available in multiple formulations including tablets, 
suspensions and rectal suppositories. Intravenous (IV) paraceta-
mol (Ofirmev, Cadence Pharmaceuticals Inc, USA) was approved 
by the US Food and Drug Administration in January 2011 for 
short- term use in relieving mild to moderate pain. An approved 
use of IV APAP is in children two years of age and older for the 
treatment of pain at a dose of 15 mg/kg every 6 h, not to exceed 
60 mg/kg/day. The drug represents an attractive alternative to IV 
opioids and nonsteroidal anti-inflammatory drugs.

With widespread availability of any drug, misuse of the drug is 
more likely. The clinical significance of availability and safety is a 

function of the therapeutic index (also known as the therapeutic 
ratio), which is defined as the ratio of the amount of drug that causes 
a therapeutic effect to the amount that causes death. While this issue 
may have limited clinical significance or safety implications for drugs 
in which the therapeutic index is high, for drugs that have widespread 
availability and a low therapeutic index such as APAP, possible dosing 
errors present greater safety concerns (6). A toxic dose for single acute 
ingestions of APAP in adults is traditionally defined as 150 mg/kg 
or 10 g (7,8). This definition is generally used in children as well, 
although more recent data based on case reports and case series in 
children and pharmacokinetic modelling (9,10) suggest that a higher 
dose definition of toxicity for children with acute overdoses may 
be appropriate. The recommended daily APAP dose for children is 
generally accepted to be 75 mg/kg/day (15 mg/kg/dose, not to exceed 
five doses in 24 h). A dose of 90 mg/kg/day is considered by many 
authorities to be the definition of ‘supra-therapeutic dosing’ (11,12). 
The restriction of IV APAP to hospital settings will likely result in 
relatively lower overall liability for this drug compared with oral 
APAP. Recognition and prevention of 10-fold dose errors with the 
IV formulation – a recognized and common scenario for paediatric-
related hospital medication errors – can help assure that the product 
has a favourable safety profile in the hospital setting.

Many over-the-counter cough and cold remedies containing 
antihistamines and decongestants also include APAP. Failure to 
appreciate that APAP is included in these  over-the-counter rem-
edies may result in excessive APAP dosing and inadvertent toxicity 
when single- ingredient APAP is used with combination formula-
tions containing APAP. A US Food and Drug Administration 
advisory meeting, held in June 2009, reviewed issues related to 
the increased regulation of  over-the-counter combination APAP 
products, prescription combination (APAP-opioid) products, lim-
itations to the amount of APAP contained in prescription com-
bination products, and product confusion among paediatric liquid 
formulations of APAP (13). As a result of this meeting, new US 
regulations will include restrictions on the amount of APAP con-
tained in APAP-opioid combination products, and standardization 
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Acetaminophen (N-acetyl-p-aminophenol, paracetamol [APAP])-
induced acute liver failure is the most common cause of acute liver fail-
ure in adults. In children, APAP accounts for 25% of all cases of acute 
liver failure. The high mortality rate associated with this preventable 
condition makes it vital that paediatricians are aware of the potential 
adverse effects associated with this widely used drug. While APAP is 
generally considered to be safe when used as directed, its inclusion in 
multiple over-the-counter medications, as well as in prescription drugs, 
mandates that physicians promote and educate the general public about 
the proper use of acetaminophen in children. 
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le bon usage de l’acétaminophène

Chez les adultes, l’insuffisance hépatique aiguë est induite 
principalement par l’acétaminophène (N-acétyl-p-aminophénol, 
paracétamol [APAP]). Chez les enfants, l’APAP est responsable de 
25 % de tous les cas d’insuffisance hépatique aiguë. En raison du fort 
taux de mortalité associé à cette maladie évitable, il est essentiel que 
les pédiatres connaissent les effets indésirables qui peuvent s’associer à 
ce médicament largement utilisé. Bien que l’APAP soit généralement 
considéré comme sécuritaire lorsqu’il est utilisé conformément aux 
directives, son inclusion dans de multiples médicaments en vente libre 
et sur ordonnance oblige les médecins à informer et éduquer le grand 
public quant au bon usage de l’acétaminophène chez les enfants.
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of paediatric liquid APAP formulations to a single concentration 
(160 mg/5 mL).

APAP overdoSe:  
Children verSUS AdUltS

Historically, children have been considered to be at lower risk for 
the development of toxicity following acute overdoses of APAP 
compared with adults. Data from US poison control centres support 
the association of greater morbidity and mortality rates with APAP 
poisoning cases in adults than in children (14). In the acute over-
dose setting, it is believed that paediatric APAP poisonings are less 
severe than adult APAP poisonings. Presumed reasons for this rela-
tive paediatric resistance to APAP toxicity include a higher likeli-
hood of emesis following ingestion, higher glutathione turnover 
rates in children than in adults, different rates of oxidative metabol-
ism and relatively higher sulfation capacity in children than in 
adults. However, little data support these assumptions, and one of 
the greatest factors associated with this observed relative protection 
may be related to earlier recognition and treatment in children than 
in adults. Ingestion of liquid APAP formulations in children are 
common and, in general, single overdose ingestions with liquid for-
mulations are not associated with toxicity (4,9).

The standard treatment for APAP overdose is dependent on rec-
ognition of the overdose by history and clinical laboratory data. 
Elevation of APAP levels in blood, plotted as a function of the time 
lapse since the APAP ingestion (ie, the Rumack nomogram), is the 
standard toxicity assessment tool used in hospital emergency depart-
ments. Antidotal treatment with N-acetylcysteine (NAC), using 
either the oral or the IV formulation, is initiated for patients deemed 
to be at risk according to the Rumack nomogram. While no con-
trolled prospective clinical trial has compared the efficacy of the two 
NAC formulations, a recent publication compared the efficacy of the 
20 h IV protocol in a Canadian database with the 72 h oral protocol 
in a US database (15). Overall, the efficacy of the two  formulations/
protocols was comparable, but differences in the relative risk of tox-
icity were related to the time of initiation of treatment with NAC. 
The relative risk of hepatotoxicity was lower in patients who received 
IV NAC when the treatment was started within 12 h of the inges-
tion. In contrast, the relative risk of hepatotoxicity was lower in 
patients who received oral NAC when treatment was started 18 h 
after the overdose.

In the acute liver failure literature, APAP accounts for 
approximately 51% of all acute cases in adults (1), and 14% of 
cases in children (2). The results of a population-based study 
representing 3.3 million patients in metropolitan Atlanta, 
Georgia (USA), suggest that APAP-related acute liver failure in 
children (three days to 14 years of age) may be responsible for 
25% of all cases, and all cases in this age group were deemed to 
be unintentional in nature (16). In contrast, data generated in 
Canadian hospitals suggest that APAP- related hospitalizations 
decreased over the period between 1995 and 2004 (17). APAP-
induced acute liver failure has been reported to have a mortality 
rate ranging from 20% to 50% (8,18). Approximately  one-half of 
APAP-induced acute liver failure in adults is related to uninten-
tional overdoses. Concurrent use of two APAP formulations and 
the use of prescription APAP-opioid combination products (eg, 
Vicodin [Abbott Laboratories, USA], APAP/hydrocodone), are 
common covariates in the subset of unintentional APAP over-
doses (1). Covariates of APAP toxicity, such as alcoholism and 
concurrent use of APAP with opioids, are less significant issues in 
children than in adults (1). The predominance of unintentional 
ingestions in APAP-related cases of acute liver failure emphasizes 
the ongoing need to educate the community about the potential 

danger of misuse of APAP through misdosing and use of multiple 
APAP-containing drugs.

SAFety oF APAP At reCommended doSeS
Recent reports from the adult literature indicate that doses of APAP 
recommended for use by the manufacturer are associated with eleva-
tion of hepatic transaminase levels in a significant proportion of the 
population. Watkins et al (3) reported that 39% of healthy adult 
volunteers who received APAP at 4 g/day for 14 days had elevations 
of alanine aminotransferase (ALT) that were  threefold above the 
upper limit of normal. Similar studies have not been conducted in 
children. A recent survey by Lavonas et al (11) summarized the 
available literature examining the use of APAP at recommended 
doses in children. In this survey, the authors reviewed published 
studies of children who received APAP as repeated therapeutic dos-
ing (<75 mg/kg/day) for a minimum of 24 h. From this review of 
62 studies involving 32,414 children, the authors reported that none 
of the children exhibited signs or symptoms of liver disease, required 
treatment with the antidote NAC or liver transplantation, or died. 
Limitations of the study design include the lack of standardized 
assessment of hepatic transaminases in the majority of the studies 
covered in this review. It is well known that elevation of hepatic 
transaminase levels may occur without the development of overt 
clinical signs and symptoms of liver injury. An additional review of 
published case reports by Lavonas et al (11) identified 22 cases of 
children who developed liver injury in association with the use of 
therapeutic doses of APAP; for nine of these cases, the association 
between APAP and the liver injury was deemed ‘probable’ accord-
ing to the Naranjo scale.

metAboliSm And toxiCity oF APAP
APAP is the demethylated derivative of the analgesic phenacetin, 
which was withdrawn from the pharmaceutical market in 1983 
because of carcinogenic and nephrotoxicity concerns (19). 
Mechanistic studies to understand the hepatotoxicity of APAP were 
initiated by the US National Institutes of Health in the 1970s after 
the publication of case reports of hepatotoxicity occurring in adults 
following intentional APAP poisonings (5). The mechanism of 
APAP toxicity is a consequence of drug metabolism and has been 
the subject of numerous comprehensive reviews (20,21). Mitchell 
et al (22) and Gillette et al (23) demonstrated that toxicity was 
associated with the depletion of hepatic glutathione. Following a 
toxic dose of APAP, the conjugation pathways of metabolism 
become saturated and an increased proportion of the parent com-
pound is oxidized by the cytochrome (CYP) P450 system, forming 
the toxic reactive metabolite N-acetyl-p-benzoquinone imine 
(NAPQI; Figure 1). From a clinical standpoint, the most important 
CYP P450 isoform is CYP2E1 and, to a lesser degree, CYP1A2 and 
CYP3A4. While NAPQI is normally detoxified by glutathione, in 
APAP overdose, glutathione is depleted and NAPQI binds to the 
amino acid cysteine on hepatic proteins as 3-(cystein-S-yl) APAP. 
Subsequent to their formation in the liver, APAP protein adducts 
are released into the blood when hepatocytes rupture as a result of 
necrosis. Multiple studies conducted in a mouse model of APAP 
toxicity demonstrated the dose dependency of this covalent binding 
of NAPQI to hepatic proteins, and the relationship between adduct 
formation and subsequent hepatocyte lysis (24-26).

Clinical studies using a highly sensitive and specific high- 
performance liquid chromatography with electrochemical detec-
tion (HPLC-EC) assay for the quantitation of APAP-cysteine 
(APAP-CYS) derived from APAP protein adducts showed that 
high levels of adducts were present in the blood of patients from 
well-characterized cases of APAP toxicity resulting in acute liver 
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failure (27,28). In addition, determination of APAP-protein 
adducts using HPLC-EC accurately distinguished between known 
APAP cases and cases of acute liver failure of other known etiolo-
gies (27,29). Correlation analysis between peak adduct levels and 
determinations of peak ALT demonstrated a correlation between 
these two parameters (30). Adducts were found to have a long 
elimination half-life and can be detected in peripheral blood for up 
to 10 days following APAP overdose. In addition, high adduct 
levels (>1.0 nmol APAP-CYS/mL sera) were detected in 19% of 
adults with acute liver failure of indeterminate etiology, indicating 
probable APAP etiology (27,31). In acute poisoning cases involv-
ing children, it was shown that the time to treatment with NAC 
influenced the magnitude of adduct levels in peripheral blood 
(32). Adduct levels were higher in children who received delayed 
treatment with NAC, compared with children who were treated 
within 10 h of APAP overdose. Thus, these clinical and transla-
tional studies demonstrated that APAP protein adducts, which are 
mechanistic biomarkers of APAP toxicity, can identify cases of 
APAP toxicity.

Additional studies have been conducted to determine the pos-
sible presence of APAP protein adducts in patients receiving stan-
dard therapeutic doses of APAP. Low adduct levels (ie, <0.6 nmol 
APAP-CYS/mL sera) were detected in adults receiving APAP 1 g 
every 6 h; no adducts were detected in placebo- treated patients 
(33). Similar adduct levels were detected in alcoholic individuals 
who received standard doses of APAP over a 10-day period (31). 
The clinical significance of low adduct levels in patients receiving 
standard doses of APAP is uncertain, but one interpretation of the 
data is that the presence of APAP protein adducts in peripheral 
blood is similar to the presence of elevated hepatic transaminase 
levels – an indication of the release of cellular contents from dying 
hepatocytes. In this context, APAP adducts can be considered to be 
an APAP- specific indicator of liver toxicity, in contrast to the non-
specific indicator ALT. This interpretation is consistent with the 
time course and appearance of adducts in peripheral blood in rela-
tion to hepatocellular lysis (25). While the correlation between 
adducts and ALT levels in the low-dose exposure studies is rela-
tively low (31), the data may reflect different kinetic profiles 
between ALT and adduct release at low-dose (ie, therapeutic) 
exposures. Alternatively, the data may reflect differences in the 
sensitivity and precision of the analytical HPLC-EC assay (29), 
which measures a specific compound, and the standard ALT assay 

performed by hospital clinical laboratories, which measures enzyme 
activity. Another factor is that changes in ALT levels are superim-
posed on baseline levels, whereas APAP-protein adducts are toxicity 
specific and, thus, are absent before APAP exposure.

neW APProACheS to StUdy drUg toxiCity
The role of glutathione depletion in the development of APAP 
toxicity has been well characterized in a mouse model of APAP 
toxicity (34). Until recently, relatively noninvasive analytical 
approaches were not available to enable an accurate assessment 
of glutathione status in patients. With the development of new 
analytical approaches, such as sensitive online nuclear magnetic 
resonance spectroscopy and ultra-pressure liquid chromatography-
mass spectrometry, it is now possible to study the relationship 
of glutathione synthesis and turnover (35) to identify potential 
mechanisms of susceptibility for individual patients and  ‘at-risk’ 
groups. ‘Pharmacometabolomics’, defined as the contribution 
of the individual’s metabolic capacity to the subsequent drug 
response (36), represents a new science that has emerged as a 
result of recent advances in analytical technology. Ongoing stud-
ies of APAP in both preclinical models and human subjects will 
generate new data regarding the relationship between antioxidant 
reserves and other pathways of endogenous metabolism that may 
influence the development of toxicity (37,38).

New data generated in experimental models of APAP toxicity 
have highlighted future potential avenues for clinical and transla-
tional research that may help to clarify our understanding 
regarding the overall safety of APAP in the general population, 
including in children. Potential risk factors that are frequently 
cited, but have not been addressed in clinical studies, include the 
potential impact of nutrition, fasting states, pharmacogenetics and 
glutathione depletion on possible susceptibility to APAP toxicity 
(39). In addition, data generated in the mouse model of APAP 
toxicity have emphasized the contribution of reactive oxygen and 
nitrogen species, mitochondrial injury and the inflammatory 
response as mechanisms important in the development of toxicity. 
(40,41). Few studies have systematically examined the role of 
these mechanisms as determinants of toxicity in humans.

USe oF APAP And the role 
oF the PAediAtriCiAn

Paediatricians and practitioners caring for children must continue 
to educate parents and caregivers about the safe and proper use of 
APAP. Education should emphasize the responsibility of parents 
and caregivers to monitor  over-the-counter and prescription drugs 
for APAP content. Adherence to paediatric- specific formulations 
and dosing devices is another key point for education. The avail-
able data suggest that short-term use of APAP for pain and fever is 
safe for the vast majority of patients. Additional data are required 
to delineate the pharmacokinetics of APAP in certain subpopula-
tions of children. For example, little research has examined the 
disposition of APAP in children with pre-existing liver disease in 
which the use of nonsteroidal anti-inflammatory drugs may be 
contraindicated for the treatment of pain and fever (eg, bleeding). 
Similarly, little data are available to guide dosing of APAP in pre-
mature infants (<32 weeks’ gestation) who may benefit from the 
use of APAP as a nonopioid approach to the treatment of pain.

In addition, hospital pharmacies and medication safety pro-
grams must respond to the widespread availability of APAP by 
directed monitoring of APAP prescribing and administration. For 
physicians, a review of safe APAP dose and drug administration 
practices should be a component of each fever-related ‘sick visit’ 
involving a child. Ongoing education of parents, caregivers and 
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educators about the beneficial aspects of fever as a component of 
the body’s response to infection is also critical (12). Responsible 
advertising and clear product labelling by pharmaceutical compan-
ies may also help to combat the issue of ‘fever phobia’ that persists 
in the lay community. Education of families about the potential for 
overdosing with the use of multiple APAP-containing medications 
is another important component of the treatment plan for chil-
dren with febrile illnesses.
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