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Abstract Paracetamol (acetaminophen) is one of the most frequently used analgesics,

and is the most commonly used substance in self-poisoning in the US and UK.
Paracetamol toxicity ismanifested primarily intheliver. Treatment with N-acetyl-
cysteine (NAC), if started within 10 hours from ingestion, can prevent hepatic
damage in most cases.

Pharmacokinetic datarelating plasma paracetamol concentration to time after
ingestion have been used to generate a‘ probable hepatoxicity line' to predict which
cases of paracetamol overdose will result in hepatotoxicity and should be treated
with NAC. However, later studies use a 25% lower line as their ‘ possible hepa-
totoxicity line’. Although adopting the original line may save considerable re-
sources, further studies are needed to determine whether such an approach issafe.

Onthe basi s of the metabolism of paracetamol, several risk factorsfor paracet-
amol toxicity have been proposed. These risk factors include long term alcohol
(ethanol) ingestion, fasting and treatment with drugs that induce the cytochrome
P450 2E1 enzyme system. Although some studies have suggested that these risk
factors may be associated with worse prognosis, the data are inconclusive. How-
ever, until further evidence is available, we suggest that the lower line should be
used when risk factors are present.
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In Canada and the UK, the intravenous regimen for NAC is used almost ex-
clusively; inthe US, an oral regimen is used. Both regimens have been shown to
be effective. Thereis no large scal e study with direct comparison between these
2 therapeutic protocols and controversy still exists as to which regimen is supe-
rior.

During the last few years there has been an increase in the number of reports
of liver failure associated with prolonged paracetamol administration for thera-
peutic reasons. The true incidence of this phenomenon is not known. We suggest
testing liver enzyme levels if a child has received more than 75 mg/kg/day of
paracetamol for more than 24 hours during febrileillness, and to treat with NAC
when transaminase levels are elevated.

Paracetamol overdose during pregnancy should be treated with either oral or
intravenous NA C according to theregular protocolsin order to prevent maternal,
and potentially fetal, toxicity. Unless severe maternal toxicity develops, paracet-
amol overdose does not appear to increase the risk for adverse pregnancy out-

come.

Paracetamol (acetaminophen) is frequently used
by adultsand children asan antipyretic or analgesic
and it isthe most frequently used over-the-counter
medication in childrenin the US.[Y1 Not surprising-
ly, paracetamol is also the most commonly used
substance in self-poisoning in the US and UK .[29]

Despite being used for many years and studied
extensively, the plasma concentrations of paracet-
amol at which treatment with an antidote should be
commenced, the best regimen of treatment, the man-
agement of long term exposure, the risk factorsfor
paracetamol toxicity and the management of para-
cetamol overdose during pregnancy are still contro-
versial. In this review we will focus on these con-
troversies and propose measures to address them.

1. Metabolism

The 2 mgjor metabolic pathways of paracetamal,
glucuronidation and sulphation, take place in the
liver. Glucuronideis provided by UDP-glucuronic
acid, whereas sulphation is dependent on phospho-
adenylylsulphate.[®] At therapeutic concentrations,
the mixed-function oxidase system cytochrome
P450 (CY P) 2E1 participatesin metabolising asmall
fraction of the ingested drug. The metabolism by
this system leads to the formation of the highly re-
active intermediate N-acetyl-p-benzoquinoneimine
(NAPQI).[1 When paracetamol is consumed in
therapeutic dosages, this metabolite is detoxified
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in hepatocyteshby glutathione. In contrast, when the
concentrations of NAPQI exceed the amount of in-
tracellular glutathione, it covalently bindsto hepa-
tocyte molecules, leading to cell death.[®!

2. Toxicity

2.1 Epidemiology

Paracetamol is the most frequent subject of in-
quiries to poison centres in the US,19 it is also the
most commonly used substance in self-poisoning
in the UK .[Z4]

In 1999, 141 fatalities attributable to paraceta-
mol overdose (as a single drug or in combination
with other drugs) were reported to poison control
centres in the US.I®! In the US, paracetamol over-
dose account for 20% of cases of acuteliver failure
among patients referred to liver transplant cen-
tred¥ and for 40% of cases of liver failure in pa-
tients admitted to general hospitals.[!9 It is the
leading cause of acute liver failure in the UK as
well asin other western countries.![1]

2.2 Clinical Manifestations

Paracetamol toxicity exhibitsitself primarily in
theliver, whereit can cause fulminant hepatic fail-
ure. Less common manifestations of paracetamol
overdose include nephrotoxicity, either by direct
damage to renal tissue or as aresult of hepatorenal

Drug Safety 2001; 24 (7)
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syndrome,[1Z14 hypokalaemiall® and metabolic
acidosis.[1615] Rare effects such as hypophospha-
taemia resulting from renal loss of phosphate,!1”]
haemolysis in patients with glucose-6-phosphate
dehydrogenase deficiency,!18 pancreatitis1® and
agranul ocytosis20 have also been described.

2.3 Treatment

Involunteer studies, activated charcoal reduced
the absorption of paracetamol when given within
an hour of ingestion.[?2222 |n a study of patients
with paracetamol overdose, those treated with char-
coal werelesslikely to have serum concentrations
predicting a high risk of hepatotoxicity.!23] Other
methods of gastric decontamination, including
syrup of ipecac and gastric lavage, are less effec-
tive and are not usually recommended.[2425]

Hepatic failure may be prevented by timely ad-
ministration of N-acetylcysteine (NAC).[1526-28]
Among 62 patients with paracetamol overdose
treated with NAC intravenously within 10 hours of
ingestion, only 1 had severe liver damage.[!) In
comparison, therate of liver damage among histor-
ical controlstreated only with supportive care was
58%. Oral treatment with NAC was also shown to
be effective in preventing liver injury in cases of
paracetamol overdose.[2627] A |arge multicentre
study evaluated 11 195 cases of paracetamol over-
dose, of which 2023 had concentrations above the
study treatment line (see section 3 for discussion
of ‘treatment lines').[27] The rate of hepatotoxicity
among patients treated with NAC within 10 hours
of ingestion was 6.1%, compared with 26.4%
among patients treated 10 to 24 hours after inges-
tion.

NAC prevents paracetamol toxicity by serving
as a glutathione precursor and by increasing sul-
phate conjugation.[239] |t also has an enhancing
effect on intrahepatic microcirculation.31

Oral methionine, when given within 10 hours of
ingestion, can also reduce the incidence of hepato-
toxicity.[39 Cysteamine has been used in the
past,[33 but it is less effective and exhibits more
adverse effects when compared with NAC,[15] and
is therefore not commonly used.

0 Adis International Limited. All rights reserved.

3. Where to Draw the Line -
Which Patients Should Be Treated?

3.1 Nomograms and Treatment Lines

In 1971, Prescott and colleagues described the
pharmacokinetics of paracetamol in 30 adult pa-
tients with overdose admitted to aregional poison
treatment centre in Scotland during the late
1960s.1141 22 of these patients were femalesand in
10 cases there was co-ingestion of other drugs.
Since at that time there was no known antidote for
paracetamol toxicity, the patients received only
supportive care. The investigators found that
plasma paracetamol concentrations greater than
300 mg/L 4 hours after ingestion were always as-
sociated with severe hepatic damage, whereas
there was no hepatic damage in patients with para-
cetamol concentrationslower than 120 mg/L at that
time. They could not predict the prognosis if the
concentrations fell between these values, and con-
cluded that the plasma paracetamol half-lifeisthe
most reliable early guide to prognosis.

In 1975, Rumack and Matthew(34 suggested a
nomogram to determine which cases of paraceta-
mol overdose would result in hepatotoxicity (fig. 1).
This nomogram was based on the same data pub-
lished by Prescott et al.,[** plus ‘additional cases
from the same centre’, although the number of ad-
ditional cases was not specified.

According to the Rumack and Matthew(34 no-
mogram, hepatotoxicity will probably occur if
paracetamol concentrations fall above the ‘ probable
hepatotoxicity line’, a semilogarithmic plot join-
ing 200 mg/L at 4 hours and 30 mg/L at 15 hours.
The nomogram was extended to 24 hours postin-
gestion by extrapolating the line without any addi-
tional data. The investigators suggested caution
when using the nomogram, sinceitisgenerally dif-
ficult to obtain the precise time of ingestion.
Whether or not the extrapolation to 24 hours is
valid is not clear. For example, 31% of patients
withinitial concentrations abovethetreatment line
may have ‘nontoxic’ concentrations in subsequent
measurements, whereas 10% of patients with ini-
tial nontoxic concentrations may have concentra-

Drug Safety 2001; 24 (7)
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Fig. 1. Treatment lines for paracetamol (acetaminophen) hepa-
totoxicity. The upper (broken) line is the line suggested by
Rumack and Matthew,34 also known as the ‘probable hepato-
toxicity line’. The lower (solid) line is the ‘possible hepatotoxicity
line’, arbitrarily drawn 25% lower in order to allow for possible
laboratory errors and inaccuracy in history taking (reproduced
from Smilkstein et al.,[2with permission).

tions above the treatment line in subsequent meas-
urements.[3®!

Six studies!15:26-28,35,36] have assessed the effica-
cy of NAC in preventing liver damage in patients
with paracetamol overdose. In 2 of these studies,[1539
patientswere treated if paracetamol concentrations
were abovetheline suggested by Rumack and Mat-
thew.[34 Patients with lower paracetamol serum
concentrations were not treated with NAC and the
outcome of these patientsisnot reportedin 1 of these
studies.[’® In the second study, although it was
stated that treatment with NAC was started if con-
centrations were abovetheline suggested by Rum-
ack and M atthew,[3¥ most of the patients with con-
centrations higher than the ‘ possible hepatotoxicity
line' (see below) were also treated with NAC.[3]

0 Adis International Limited. All rights reserved.

The other 4 studied?6-28.36] ysed a lower treat-
ment line (fig. 1). This line joins 150 mg/L at 4
hours and 30 mg/L at 12 hours and is extended to
24 hours. This line, as stated by Rumack et al.,[28]
was arbitrarily drawn 25% |lower than the origina
one, and iscalled the‘ possible hepatotoxicity line'.
It was introduced in order to accommodate poten-
tial errorsin obtaining the exact time of ingestion
as well as potential laboratory errors. In the study
by Smilkstein and colleagues,!?! all deaths related
to paracetamol toxicity occurred in patients with
concentrations above the the (lower) study proto-
col line. Theincidence of hepatotoxicity in 189 pa-
tients with paracetamol concentrations higher than
the study protocol line and below the original line
suggested by Rumack and M atthew!34 was not dif-
ferent from that in patients with paracetamol con-
centrations above the Rumack and Matthew!34
line.

A recent study used a computerised model for
the pharmacokinetics of paracetamol after inges-
tion of paracetamol syrup.3”1 The authors sug-
gested that peak concentrations are achieved prior
to 4 hours after ingestion and that treatment strate-
gies can be based on concentrations taken after 2
hours. However this model has not been validated
prospectively and at this point there are not enough
datato support its use.

Among patients with initial concentrations
abovethe ‘possible hepatotoxicity line', 32 to 37%
had concentrations that were lower than the * prob-
able hepatotoxicity line’ (the original line sug-
gested by Rumack and Matthew(34).126271 A deci-
sion not to treat these patients can save considerable
resources. Yet, sincethelargest studies showing the
efficacy of NAC used the ‘ possible hepatotoxicity
line' as their treatment line, before such an ap-
proach is adopted one has to ensure that it will not
result in increased morbidity and mortality.

4. Risk Factors

We suggest that the ‘ possible hepatoxicity line’
should be used for cases where the exact time of
ingestion cannot be determined or when risk fac-
tors are present. These risk factors include long

Drug Safety 2001; 24 (7)
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term alcohol (ethanol) ingestion, fasting and treat-
ment with drugs that induce the CY P2E1 enzyme
system. (e.g. isoniazid).

4.1 Alcohol

Long term alcohol consumption induces the
CY P2E1 enzyme system, and therefore more para-
cetamol is transformed into the toxic metabolite
NAPQI. In contrast, short term alcohol ingestion
may block the CY P system and reduce the amount
of NAPQI formed. In an animal model[38! and in
humans,[28! short term alcohol consumption re-
duced the severity of paracetamol-induced hepa-
totoxicity, whereas long term alcohol exposurein-
creases the severity of hepatotoxicity in a rat
model.[3% Whether the prognosis of long term al-
cohol usersisworse after paracetamol overdose,
as compared with other patients with similar para-
cetamol plasma concentrations, is controversial.
Schiodt et al.[1% found that long term al cohol abuse
was more common among patients with accidental
paracetamol overdose when compared with pa-
tients who had taken paracetamol as part of a sui-
cide attempt. These patients had more severe dis-
ease when compared with the suicidal patients
despite taking smaller amounts of paracetamol. In
aretrospective review of 79 cases of paracetamol
overdose, acohol consumption was associated with
worse prognosis.[4? Zimmerman and Maddrey!4!!
describe acase series of 67 patientswho devel oped
hepatic injury after ingestion of paracetamol with
therapeutic intent. All were regular users of alco-
hol. Doses of paracetamol were in the nontoxic
range (<4 g/day) in 40% of the group.

I'n contrast with these findings, Makin and Wil-
liamg“42 published the outcome of 553 patients
with paracetamol overdose. There were 168 pa-
tientswho consumed moderate to large amounts of
alcohol. Therewereno differencesin survival rates
or inillness severity between the patients who had
consumed a cohol and those who had not. Thisre-
port isin agreement with the report by Whitcomb
and Block,!“3 who found that paracetamol toxicity
is more likely to be associated with recent fasting
than with alcohol use.

0 Adis International Limited. All rights reserved.

Thedifferences among the results of the various
studies may be related to differencesin patient se-
lection, ethnic distribution or differencesin length
of exposure to paracetamol in the accidental over-
dose groups.

In arecent review article, Prescott44 suggested
that *athough the possibility that acute alcoholics
are at increased risk of paracetamol hepatotoxicity
can by no means be excluded, the available evi-
dence does not support claims for a magjor toxic
interaction between alcohol and paracetamol in
man’. This statement, as well as previous studies
indicating alcohol as arisk factor in cases of para-
cetamol overdose, should be tested in further clin-
ical studies.

Until additional data are available, we suggest
adopting a conservative approach in the assess-
ment and treatment of alcohol users, using the ‘ pos-
sible hepatotoxicity line’ for cases of acute inges-
tion and in cases of long term exposure checking
liver enzyme levels if more than 4 g/day of para-
cetamol has been consumed.

4.2 Fasting

During catabolic metabolism, such asinfasting,
hepatic metabolic pathways are directed toward
gluconeogenesis, thus reducing the amount of glu-
cose precursors available for glucuronidation.[3]
Hepatic sulphur stores may aso be depleted after
starvation.!“8! Asaresult, alarger portion of para-
cetamol ismetabolised through the mixed-function
oxidase system, producing larger amounts of the
toxic metabolite NAPQI. Under normal circum-
stances NAPQI isdetoxified through reaction with
glutathione; however, fasting also depletes in-
trahepatic glutathione,[*/48! thus increasing the
risk of hepatic toxicity.

Limited information is available on the clinical
significance of fasting as arisk factor for paracet-
amol toxicity. Fasting has been associated with in-
creased risk for hepatotoxicity after prolonged
treatment with supratherapeutic dosages of para-
cetamol.[43] Eating disorders may cause severe
malnutrition, thus increasing the risk for hepato-
toxicity. The reported cases of paracetamol over-

Drug Safety 2001; 24 (7)
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dose in patients with anorexia have described both
favourable and fulminant courses.!*95% Although
clinical dataarelimited, they arein agreement with
theoretical reasoning, leading us to suggest to con-
sider patients with prolonged fasting or malnutri-
tion as being at a higher risk for paracetamol hep-
atotoxicity.

4.3 Drug Interactions

Prolonged treatment with drugs that induce the
CY P system may increase therisk for hepatotoxic-
ity after paracetamol overdose. Although in some
animal model streatment with phenobarbital poten-
tates paracetamol hepatotoxicity,[552 it did not do
so in other animal models.[53-5%

Case reports have described patients treated
with carbamazepinel5%58] and phenytoinl>" who
experienced liver injury after paracetamol over-
dose despite having paracetamol serum concentra-
tions below the treatment line. Bray et al.[58 de-
scribed higher mortality after paracetamol overdose
in 18 patientswho had been taking anticonvul sants
when compared with patients who had not been
treated with anticonvul sants.

Isoniazid also causes liver CYP2E1L induction.
Cases of liver injury in patients treated with isoni-
azid who took normal doses of paracetamol have
been reported.[59.60]

There are no controlled trials that have evalu-
ated the true risk associated with the use of drugs
capable of liver enzyme induction in patients with
paracetamol overdose. We recommend erring on
the side of caution in such cases, adopting the ‘ pos-
sible hepatotoxicity line' as atreatment line.

5. Intravenous or Oral
N-Acetylcysteine?

In Canada and the UK, theintravenous regimen
for NAC is used ailmost exclusively and delivers a
total dose of 300 mg/kg over 20 hours. This is
based on the high rate of nausea and vomiting
among these patients and the use of charcoal, which
may decrease the absorption of NAC.[61 |ntrave-
nous administration of NAC may be associated with
anaphylactoid reactions in 5 to 14% of the pa-

0 Adis International Limited. All rights reserved.

tients.[3562.63] A|though in most cases the adverse
reactions to intravenous NAC are mild, case re-
ports of severe adverse reactions, including respi-
ratory arrest and seizures, have also been de-
scribed.[6465] Most adverse effects related to NAC
treatment were described while patients were re-
ceiving the loading dose of 100 mg/kg which orig-
inally was given over 15 minutes.[*® Giving the
loading dose over 1 hour may result in fewer ad-
verse reactions,[3® although it is not clear whether
it prevents the rare but more severe adverse reac-
tions.

Inthe US, the oral regimen isused, and delivers
atotal dose of 1330 mg/kg administered over 72
hours. Although there have been concerns about
the efficacy of such treatment, mainly because of
vomiting associated with paracetamol poisoning,!1!
this regimen has been shown to be an effective
treatment strategy.[2]

Other protocols have been suggested(28:36] put
not widely accepted. A recent meta-analysi 3o
combined the results of 4 different studies of intra-
venous NAC for paracetamol overdose and com-
pared it with the results of oral NAC treatment ob-
tained by Smilkstein and colleagues.[2”] The author
found similar rates of hepatotoxicity among pa-
tients treated with intravenous and oral NAC. The
validity of this meta-analysis is questionable be-
cause of the different study protocols and patient
populations among those studies.

The rate of liver injury is higher if treatment
is delayed, and an early report suggested that
NAC has no effect if treatment is started more than
15 hours postingestion.['® However, later stud-
iesl27:35.36] indicated that even when given 16 to 24
hours after the ingestion, NAC can reduce the rate
of liver injury. The differencesin the results of late
treatment are unlikely to be due to the route of
NAC administration or the protocol used, but are
probably attributable to differences in patient se-
lection among different series. Thisissuggested by
the fact that the rate of liver injury was decreased
both with intravenous NAC at 20 or 48 hours/35:36]
and with oral NAC.[271 Moreover, retrospectivel6el
and prospectivel®’ studies suggested that NAC

Drug Safety 2001; 24 (7)
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may improve the outcome even in cases of estab-
lished liver failure attributable to paracetamol
overdose.

Controversy still exists as to which regimen is
superior. A large-scale study with direct compari-
son between these 2 therapeutic protocols will be
the only way to resolve this controversy.

6. Long Term Exposure in Children

During the last few years there has been an in-
crease in the number of reports of liver failure as-
sociated with prolonged paracetamol administra-
tion given for therapeutic reasons.[®874 Heubi et
al.l"3 described 47 children with paracetamol
treatment overdoses, of whom 53% died, with an
additional 3 surviving after liver transplantation.
Five of the children in this series received only 50
to 75 mg/kg/day of paracetamol. Accidental para-
cetamol overdose was the most common cause for
fulminant hepatic failure among 18 Australian
children referred to aliver transplant service.[”4

It has been suggested that fasting may facilitate
paracetamol toxicityl*¥l and since many children
do not eat well when they are sick, they might be-
come more sensitive to paracetamol toxicity.

The true incidence of paracetamol intoxication
attributable to repeated supratherapeutic doses is
not known.[”® Since many parents are worried
when their child has feverl7677] and only an esti-
mated 30% of caregiversareableto givetheir child
over-the-counter medication correctly,[78! the true
incidence of long term paracetamol overdose may
be higher than reported. It isimportant to note that
all the above mentioned studies are case reports or
case series and there are no published population-
based cohort or case-control studies. It is possible
that in some of these casesthe agtiol ogy of theliver
injury is the infectious disease itself and not the
exposure to paracetamol.

Itisalso not clear what isthe safe maximal daily
dosage of paracetamol in young children. Until
further data become available, one should not
prescribe paracetamol at a dosage exceeding 75
mg/kg/day to young febrile children.

0 Adis International Limited. All rights reserved.

The Rumack and Matthew(3¥ nomogram is
based on the pharmacokinetics of short term in-
gestion and does not help in predicting which pa-
tient will develop liver injury in cases of long term
exposure. Smilksteinld suggests testing liver en-
zyme levels if a child received more than 75
mg/kg/day of paracetamol for more than 24 hours
during febrileillness, and to treat with NAC when
transaminase levels are elevated, even if paraceta-
mol concentrations are below the treatment line of
the Rumack and Matthew!34 nomogram. This ap-
proach hasnot been evaluatedin clinical trials. Yet,
based on the above-mentioned reports of toxicity
with repeated supratherapeutic doses, we would
recommend adopting this approach.

7. Paracetamol Overdose in Pregnancy

Paracetamol is one of the most common over-
dosed drugsin pregnancy.!8 The drug crossesthe
human placental8 and hence the fetus is theoreti-
caly at risk when maternal overdose occurs. Para-
cetamol can betransformed in the fetusto itstoxic
metabolite, since oxidative capacity of fetal mi-
crosomes is present by 14 weeks of gestation.[82

Placental transfer of NAC in asheep model was
low.[83] Placental transfer of NAC in humans was
demonstrated in 4 women treated with NAC for
paracetamol overdose during labour. NAC blood
concentrationsin the fetuses were within the range
resulting from therapeutic doses of NAC adminis-
tered to adults.[84

Fetal toxicity and neonatal death after large
(350) paracetamol overdose has been reported, 83!
but others have reported favourable fetal out-
come.[86:87]

A large case series investigated the outcome of
pregnancy in 300 women who had paracetamol
overdose.[88] 118 cases occurred during the first
trimester, 103 in the second trimester and 79 in the
third trimester. 49 of these mothers were treated
with specific antidote (33 with NAC and 16 with
methionine). The rate of congenital malformations
was not higher than inthe general population. Nine
women were treated with NAC during the first tri-
mester, and there were 2 elective terminations, 2

Drug Safety 2001; 24 (7)
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spontaneous abortions and 5 healthy babiesin this
group.

Paracetamol overdose during pregnancy should
be treated with either oral or intravenous NAC ac-
cording to the regular protocolsin order to prevent
maternal, and potentially fetal, toxicity. Unless se-
vere maternal toxicity devel ops, paracetamol over-
dose dose not appear to increase the risk for birth
defects or adverse pregnancy outcome.

8. Conclusions

Treatment with NAC given within 10 hours af-
ter paracetamol overdose has been shown to pre-
vent severe liver damage in most cases. However,
there is no consensus as to the serum paracetamol
concentration at which treatment should be started.
An integrated approach, in which all risk factors
are considered, as well as the accuracy of the his-
tory regarding the dosetaken and thetime of inges-
tion, may allow one to choose the ‘ probable hepa-
totoxicity line' in cases where no risk factors are
present. Such approach should beevaluatedin clin-
ical studies. The' possiblehepatoxicity line’ should
be used for cases when the exact time of ingestion
cannot be determined or when risk factorsare pres-
ent. Both oral and intravenous NAC are effective
in preventing liver injury, although controversy
still exists as to which regimen is superior. Young
children treated with supratherapeutic doses during
febrile disease may develop liver injury. Clinicians
should be aware of this phenomenon and should
avoid exceeding the maximal daily dosage when
prescribing paracetamol.
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