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@ Therapeutic Advances in Drug Safety

Review

Novel acetylcysteine regimens for treatment
of paracetamol overdose

W. Stephen Waring

Abstract: Paracetamol (acetaminophen) overdose remains the leading cause of death or
transplantation due to acute liver failure in many parts of the world. Acetylcysteine has long
been recognized as an effective antidote, via oral or intravenous administration, minimizing
the risk and severity of acute liver injury if administered sufficiently early after a paracetamol
overdose. Despite this, its mechanisms of action remain obscure, and there is uncertainty
regarding the optimal dose and duration of treatment. The intravenous infusion protocol was
originally developed as a three-step loading regimen; it causes very high early peak plasma
concentrations of acetylcysteine whereas the later maintenance infusion is associated with
much lower concentrations. This pharmacokinetic profile is associated with two particular
concerns: a high rate of occurrence of adverse effects that occur after the initial loading
infusion, and the possibility that the maintenance phase of treatment might deliver too low a
dose of acetylcysteine for optimum protection against liver injury. Recently described novel
administration regimens offer different rates of intravenous acetylcysteine administration

in both the loading and maintenance phases. These alternative regimens appear to be well
tolerated in small patient groups, but too few clinical data are available to evaluate their
comparative efficacy in preventing paracetamol-induced liver injury.

Keywords: acute liver toxicity, overdose, paracetamol

Background

Paracetamol (acetaminophen) overdose was first
recognized as a cause of acute liver failure in the
1960s [Davidson and Eastham, 1966]. It has
since become the leading cause of death or trans-
plantation due to acute liver failure in the UK, the
USA, and elsewhere, and the occurrence of par-
acetamol liver injury continues to rise [Gow et al.
1999; Brandsaeter et al. 2002; Tessier et al. 2002;
Larson ez al. 2005; Bernal ez al. 2009; Bond ez al.
2012]. Acetylcysteine is highly effective in pre-
venting severe liver injury if administered within
8-10 h after a significant paracetamol overdose
[Prescott ez al. 1979]. However, the standard reg-
imen of intravenous acetylcysteine is associated
with a high rate of occurrence of adverse effects,
and treatment is normally reserved for patients
who have absorbed substantial overdoses of par-
acetamol and who have a significant risk of acute
liver injury [Buckley and Eddleston, 2005; Heard,
2008]. The precise pharmacological basis for the
antidotal properties of acetylcysteine is somewhat

uncertain, and several different mechanisms have
been proposed [Jones, 1998]. Moreover, there is
uncertainty concerning the optimal dose and
duration of acetylcysteine administration and
important international differences exist concern-
ing the precise indications for antidote therapy.
The basis for the prevailing acetylcysteine adminis-
tration protocols is discussed, along with the phar-
macological basis to support recently proposed
novel administration regimens.

Pathophysiology of

paracetamol-induced liver injury

Acute paracetamol administration is associated
with significant depletion of glutathione (GSH),
attributed to covalent binding of an intermediate
paracetamol metabolite, N-acetyl-p-benzoquinone
imine (NAPQI) to critical proteins and enzymes
within hepatocytes. Restoration of intrahepatic
glutathione concentrations in animals mini-
mized the extent of NAPQI covalent binding to

Ther Adv Drug Saf
(2012) 3(6) 305-315

DOI: 10.1177/
2042098612464265

© The Authorl(s), 2012.
Reprints and permissions:
http://www.sagepub.co.uk/
journalsPermissions.nav

Correspondence to:
W. Stephen Waring,
PhD, FBPharmacolS,
FRCP(Edin)

Acute Medical Unit,
York Teaching Hospital
NHS Foundation Trust,
Wigginton Road,

York YO31 8HE, UK
stephen.waringfyork.
nhs.uk

http://taw.sagepub.com

Downloaded from taw.sagepub.com at UNIV OF CO HEALTH SCIENCE CTR on April 22, 2013

305


http://taw.sagepub.com/

Therapeutic Advances in Drug Safety 3 (6)

hepatocytes, and lessened the severity of the bio-
chemical and histopathological changes observed
after paracetamol-induced acute liver injury
[Jollow ez al. 1973; Mitchell ez al. 1973; Potter
et al. 1973,1974]. Therefore, NAPQI has been
implicated as the toxic intermediate responsible
of paracetamol-induced acute liver injury.

Role of glutathione

GSH is a tripeptide that consists of the amino
acids cysteine, glycine, and glutamate. It pos-
sesses sulfhydryl donor groups and can act as a
powerful intracellular reducing agent and antioxi-
dant whilst being converted to its oxidized form,
glutathione disulfide (GSSG) The contribution
of oxidative stress to drug-induced organ toxicity
and its detection iz vitro and in vivo have recently
been reviewed [Pereira ez al. 2012]. The initial
metabolic step in the synthesis of GSH involves
y-glutamylcysteine synthetase. The rate and
extent of GSH synthesis depends upon the local
availability of cysteine, which is normally found in
comparatively low concentrations in hepatocytes
compared with other tissues [Stipanuk ez al
2006]. L-Cysteine normally does not greatly
increase intrahepatic glutathione due to its rapid
and extensive catabolism within the gut and cir-
culation [Frimpter, 1966]. Nonetheless, its direct
intravenous administration protects against liver
damage after paracetamol overdose in man
[Prescott, 1978]. However, intravenous adminis-
tration of large doses is technically difficult due to
its poor solubility in aqueous media.

Glutathione donors

Early studies explored the efficacy of alternative
sulthydryl-containing agents. One example is
cysteamine, which was shown to prevent paracet-
amol-induced liver injury in animals [Mitchell
et al. 1974]. Prescott and colleagues reported the
successful treatment of paracetamol overdose
patients with cysteamine, and it was more effective
than either penicillamine or methionine [Prescott
et al. 1974, 1976]. However, cysteamine admin-
istration was frequently associated with very
unpleasant adverse effects. Prescott and Matthew
first suggested that N-acetylcysteine, which is
converted into cysteine i vivo, might protect the
liver against paracetamol toxicity [Prescott and
Matthew, 1974]. Acetylcysteine was subsequently
shown to replenish hepatic GSH stores, and to be
more effective than cysteamine and methionine in
preventing paracetamol hepatotoxicity and death

in animals [Piperno and Berssenbruegge, 1976;
Piperno ez al. 1978].

Acetylcysteine: pharmacodynamic properties
Acetylcysteine prevents GSH depletion and mini-
mizes hepatocyte injury caused by a number of
different toxins [Dawson ez al. 1984]. Animal
studies of paracetamol-induced liver injury sug-
gest that a primary mechanism of acetylcysteine is
the provision of cysteine to stimulate replenish-
ment of GSH to allow detoxification of NAPQI
[Vifia ez al. 1980; Lin and Levy, 1981; Massey
and Racz, 1981]. Perhaps more importantly, at a
later stage it can also prevent toxicity by reversing
the oxidation and arylation of critical hepatic pro-
teins and enzymes [Davies et al. 1986]. This
action may contribute to the finding that acetyl-
cysteine may improve liver function and lessen
the severity of acute injury in patients with estab-
lished paracetamol-induced liver failure, even
when administered late after ingestion at a time
when NAPQI concentrations would be expected
to be negligible [Keays er al. 1991]. These find-
ings suggest that the therapeutic mechanism of
acetylcysteine may be more complex than resto-
ration of glutathione alone. The potent electron
donor properties of acetylcysteine and the con-
sequent ability to lessen oxidative stress might
be another independent mechanism that pro-
tects against acute liver injury [Acharya and
Lau-Cam, 2010].

Intravenous acetylcysteine regimen

The early clinical trials of acetylcysteine in par-
acetamol-poisoned patients demonstrated virtu-
ally complete protection against severe liver
damage if it was given within 10 h after the over-
dose [Prescott ez al. 1977]. The intravenous infu-
sion regimen was developed with the objective of
giving the highest tolerated dose as rapidly as pos-
sible in view of the short time window of therapeu-
tic efficacy. No pharmacokinetic data were
available at that time. Subsequently, Prescott and
colleagues noted that ‘the dosage schedule for
intravenous N-acetylcysteine should probably be
modified since adverse reactions invariably occur
early when plasma concentrations are at their high-
est, and liver damage was prevented just as effec-
tively at the lowest as at the highest Cmax’; the
range of Cmax, maximum plasma acetylcysteine
concentrations, were reported as 304-875 mg/liter
[Prescott er al. 1989]. Despite these observations,
the original infusion regimen developed in Edinburgh
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has persisted with virtually no alteration for more
than 30 years.

The dose of acetylcysteine is based on patient
weight, and the original protocol consists of a
sequential intravenous loading regimen: 150 mg/kg
over 15 min, followed by 50 mg/kg over 4 h, and
then 100 mg/kg over 16 h, so that a total dose of
300 mg/kg is delivered over 20 h 15 min [Prescott
et al. 1979]. Following its original inception, a
wealth of clinical experience has accrued to sup-
port the efficacy of this regimen, and it remains
the standard treatment for paracetamol poisoning
in the UK and elsewhere.

Adverse effects of acetylcysteine

The reported rate of occurrence of adverse effects
varies according to whether data are collected
prospectively or retrospectively. One prospective
study found that around 40% of patients treated
with intravenous acetylcysteine developed signifi-
cant adverse effects; these included nonimmuno-
globulin E anaphylaxis, so-called ‘anaphylactoid’
reactions in 15% and gastrointestinal symptoms
in 25% [Waring er al. 2008b]. Detailed evaluation
of a subset of this patient population found that
anaphylaxis is characterized clinically by symp-
toms of flushing, hypotension, and erythema
[Pakravan ez al. 2008]. Such reactions are around
three times commoner in patients with asthma,
although of similar severity, and wheeze and
laryngeal oedema have been reported in severe
cases [Schmidt and Dalhoff, 2001]. The mecha-
nism appears related to acetylcysteine concentra-
tion-dependent histamine release but, in contrast
to true anaphylaxis, it is independent of tryptase
and immunoglobulin E [Pakravan ez al. 2008;
Coulson and Thompson, 2010]. Occurrence of
anaphylaxis may require that acetylcysteine admin-
istration is temporarily withheld for a sufficient
time to allow plasma concentrations to decline
[Kerr ez al. 2005]. In many cases, the reaction will
resolve spontaneously, although antihistamine
administration is effective and used in more severe
cases. These reactions do not have an allergic
basis, so that acetylcysteine can normally be safely
reintroduced.

Other adverse effects include nausea, vomiting,
generalized malaise, and abdominal pain, which
appear dose dependent and consistent with the
adverse effects observed after other sulphydryl-
containing drugs. Gastrointestinal symptoms
appear attributable to a direct local effect, and are

particularly prominent after oral acetylcysteine
administration, although localized histamine
release may also be important. Gastrointestinal
adverse effects do not normally require specific
intervention, but in severe cases the infusion may
need to be stopped temporarily and an antiemetic
administered. It should be remembered that most
patients with severe paracetamol poisoning will
develop nausea and vomiting, at least in part due
to coingestion of ethanol or opioids [Waring ez al.
2008a; Waring and Benhalim, 2008].

The rate of occurrence of adverse effects depends
on the route and timing of acetylcysteine admin-
istration. For example, gastrointestinal symptoms
were more common after oral than intravenous
administration, 33 of 145 (22.8%) wversus 27 of
306 (8.8%), but anaphylactic reactions were more
common after intravenous administration, 18 of
306 (5.9%) versus 3 of 145 (2.1%) [Bebarta et al.
2010]. Also, the rate of occurrence of anaphylactic
reactions is highest in patients with low paraceta-
mol concentrations, for example those that pre-
sent late after ingestion [Schmidt and Dalhoff,
2001; Waring er al. 2008b].

Indications for acetylcysteine

Acute overdose at a single time point

After single time-point ingestion, the extent of
paracetamol exposure is estimated from the serum
paracetamol concentration at a known time after
the overdose, and compared with a standard nom-
ogram. In the UK, the standard treatment nomo-
gram, or so-called ‘200-line’ is drawn from a
paracetamol concentration of 200 mg/liter at 4 h
to 30 mg/liter at 15 h, based on an exponential
decay equivalent to a 4 h half-life. Concentrations
above the nomogram line are associated with a
higher rate of occurrence of acute liver injury,
and this is used as an indicator for acetylcysteine
administration. For theoretical reasons, some
patients may have increased susceptibility to par-
acetamol-induced acute liver injury; namely those
with protein calorie malnutrition, chronic excess
ethanol consumption, or previously receiving drugs
capable of inducing hepatic enzyme activity, includ-
ing St John’s wort, carbamazepine, phenytoin, and
rifampicin. If any of these risk factors is present,
then treatment is more aggressive and acetylcysteine
is administered if paracetamol concentrations are
higher than a nomogram drawn at 50% of the
standard treatment line, the so-called ‘100-line’ or
‘high-risk treatment line’ [Waring, 2012].
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The nomogram was originally validated up to
15 h after paracetamol ingestion, but is widely
extrapolated to 24 h in routine clinical practice.
Discretion is normally applied to take account of
patient reporting error, so that acetylcysteine is
often administered when paracetamol concentra-
tions lie close to the appropriate treatment line,
particularly because the nomogram between 15
and 24 h represents paracetamol concentrations
that are very close to the reported laboratory
detection limits. After more than 24 h, the deci-
sion to administer acetylcysteine is normally
based upon clinical features, presence of risk fac-
tors, the reported dose, detectable paracetamol
concentrations, and biochemical evidence of
established liver injury.

Prolonged or multiple time-point ingestion
['staggered’ overdose)

The nomogram is valid only in patients who pre-
sent soon after paracetamol ingestion at a single
time point, and cannot be applied in other situa-
tions. Specifically, it does not apply to patients
who present after ingestion of multiple paraceta-
mol doses at different time points or ingestion over
more than 1 h, a so-called staggered overdose. In
these circumstances, the decision to administer
acetylcysteine is usually based on the stated par-
acetamol dose in the previous 24 h being greater
than 12 g, or greater than 150 mg/kg if less than
12 g. Acetylcysteine may be administered at a
lower threshold in the presence of risk factors, or
if there are clinical or laboratory indicators of
established acute liver injury, or if the patient his-
tory cannot reliably be ascertained.

An international perspective

In the UK, the decision to use the standard versus
high-risk nomogram is based on a subjective eval-
uation of whether various risk factors are present,
and there are no clinical data to support the valid-
ity of this approach. In the USA and Australasia,
a single nomogram is used to determine the need
for acetylcysteine without any additional risk fac-
tor assessment; this so-called ‘150-line’ is drawn
intermediate to the UK standard and high-risk nom-
ogram lines [Rumack ez al. 1981]. Modifications to
the original ‘200-line’ were based on a conserva-
tive approach, rather than any clinical evidence.
Nonetheless, the general approach to risk assess-
ment is broadly similar in many parts of the world
insofar as the decision to administer acetylcysteine
is based on the extent of paracetamol exposure.

One notable exception is in Denmark, where ace-
tylcysteine is routinely administered to all patients
after paracetamol overdose irrespective of the
extent of drug exposure [Schmidt er al. 2002].
The Danish approach is not widely accepted due
to the very low rate of liver injury after minor par-
acetamol overdose, offset against a higher rate of
occurrence of anaphylactic reactions to acetyl-
cysteine in patients with comparatively low par-
acetamol concentrations [Waring ez al. 2008b].

Issues with the existing infusion
regimen

Inadequate acetylcysteine delivery in late
treatment phases

In a pharmacokinetic study of 17 patients with
severe paracetamol poisoning treated with the
standard Prescott regimen the mean volume of
distribution of acetylcysteine was 0.5 liter/kg and
the mean elimination half-life was 5.7 h [Prescott
et al. 1989]. Confirmatory data using the same
regimen in paracetamol overdose patients found
that peak plasma acetylcysteine concentrations
occur soon after the initial 15 m loading infusion
and then progressively decline despite mainte-
nance administration (Figure 1). The pharma-
cokinetic profile is associated with progressively
declining plasma concentrations despite the 16 h
maintenance infusion part of the treatment regi-
men. This raises a concern that acetylcysteine
administration at 6.25 mg/kg/h might be insuffi-
cient to fully replenish liver glutathione stores and
to offer complete protection in the later phases of
treatment. Whilst paracetamol concentrations are

o 4 A
N N [e)} oo o N D
L L ) ) I N |

o

12 16 20 24
Time (h)

Plasma [acetylcysteine] (mg/liter)

o
N
o]

Figure 1. Plasma acetylcysteine concentrations in 22
patients treated with the standard Prescott regimen
after paracetamol overdose, presented as median
and 95% confidence intervals [Pakravan et al. 2008].
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usually significantly diminished towards the end
of the 20 h 15 min infusion, this does not neces-
sarily indicate a lesser need for acetylcysteine at
that time. NAPQI is highly reactive and is expected
to disappear soon after paracetamol concentra-
tions have fallen. Nonetheless, paracetamol pro-
tein adducts are noted to be more persistent than
paracetamol itself, and their clearance is enhanced
by acetylcysteine administration [James ez al
2009]. Somewhat paradoxically, in one study it
was found that very high acetylcysteine concentra-
tions were associated with impaired recovery from
paracetamol-induced acute liver injury, suggesting
that a therapeutic range of desirable acetylcysteine
concentrations might exist [Yang ez al. 2009].

Uncertainty regarding the correct

acetylcysteine dose

The optimal acetylcysteine concentrations to pro-
tect against acute liver injury are unknown. Novel
data from preclinical and clinical studies are
required to define the target therapeutic range and
so allow a more rational approach to determining
an effective acetylcysteine administration regimen.
Soon after the intravenous regimen was imple-
mented in the UK, an oral formulation of acetyl-
cysteine was being explored as an antidote in the
USA in a prospective multicentre open-label
study. The US Food and Drug Administration
(FDA) stipulated that a lower nomogram line be
used to provide a safety factor, and this was
redrawn 25% lower than in the original Prescott
nomogram [Rumack ez al. 1981]. Moreover, the
FDA considered the 20 h 15 min protocol too
short because a paracetamol half-life of up to 12 h
had been observed and, therefore, a study dura-
tion of 72 h was stipulated. On the basis of this
open-label study, oral acetylcysteine was approved
in the USA for the treatment of paracetamol over-
dose in 1985. The prolonged duration of therapy
was questioned, and treatment for 20-48 h in
selected patients proved equally effective [Betten
et al. 2007]. Oral acetylcysteine is delivered in
high concentrations to the liver, but lower con-
centrations in the blood due to first pass metabo-
lism, and it is unclear whether portal or systemic
drug delivery is most important in determining
antidote efficacy. The intravenous regimen is
associated with a shorter duration of treatment
and shorter hospital duration than the oral admin-
istration regimen [Blackford ez al. 2011].

The original 20 h 15 min intravenous infusion
protocol involved a total dose of 300 mg/kg total

dose, infused as 150 mg/kg over 15 min (600 mg/
kg/h), then 50 mg/kg over 4 h (12.5 mg/kg/h), and
then 100 mg/kg over 16 h (6.25 mg/kg/h). In con-
trast, the oral administration protocol involved
a total dose of 1330 mg/kg over 72 h, adminis-
tered as 35 mg/kg/h for 4 h and then 17.5 mg/kg/h
for 68 h. The Canadian Acetaminophen
Overdose Study examined outcomes in 2086
patients in Canadian hospitals who received
intravenous acetylcysteine and compared these
with a historical control group of 1962 patients
treated with oral acetylcysteine in the USA.
Among patients who commenced treatment
less than 12 h after overdose, the intravenous
regimen was associated with a lower occur-
rence of acute liver injury (alanine transami-
nase >1000 Ulliter), whereas in patients
treated more than 18 h after overdose the oral
regimen was more effective; the rate of acute
liver injury was similar for patients who pre-
sented between 12 and 18 h. The bioavailabil-
ity of oral acetylcysteine is around 80%, but
too few data exist to allow comparison of
plasma or liver concentrations achieved by
intravenous or oral administration [Holdiness,
1991]. The study design was limited by the
lack of an effective control group. Nonetheless,
it raises the prospect that more intense acetyl-
cysteine treatment might improve clinical out-
come in those at greatest risk of acute liver
injury [Yarema et al. 2009].

Complexity of preparing and

administering acetylcysteine

The dosing regimen for intravenous acetyl-
cysteine is complicated and prone to errors in
preparation and administration. The proprie-
tary acetylcysteine solution is 10 mg/ml, and may
be subject to potentially hazardous administra-
tion of inadequate dosages, and 10-fold excess
dose calculation errors [Little ez al. 2005; Dart
and Rumack, 2012]. Inadvertent administration
of a fivefold higher dose during the first and sec-
ond treatment bags was associated with hae-
molysis and acute kidney injury in a 21-year-old
woman [Mullins and Vitkovitsky, 2011].
Elsewhere, massive inadvertent acetylcysteine
overdose was followed by cerebral oedema and
seizures [Heard and Schaeffer,2011].ST-elevation
myocardial infarction and subsequent death due
to heart failure followed a 10-fold dose adminis-
tration error in a 49-year-old man with no pre-
vious history of cardiac disease [Elms ez al.
2011].
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Modifications to the original
infusion regimen

Extended duration of infusion

Based on an average paracetamol half-life of 4 h,
paracetamol concentrations might be expected to
have fallen to negligible or undetectable concen-
tration by around five half lives, or 20 h. However,
there is inter-individual variability and the half-
life of paracetamol is prolonged in patients who
develop liver injury. Thus, acetylcysteine admin-
istration may need to be continued for longer
than proposed in the original infusion regimen. It
is routine practice in the UK and elsewhere to
check clinical status, liver biochemistry, and
coagulation after completion of the standard
20 h 15 min infusion, and if there is any clinical
or laboratory evidence of liver injury, then further
acetylcysteine is administered at the same rate as
the ‘third bag’, namely 6.25 mg/kg/h, until a sig-
nificant trend indicating recovery, liver transplant
or death [Keays et al. 1991; Yip ez al. 1998]; a
retrospective study found that administration of
acetylcysteine was beneficial, even if delayed to
when liver injury had already occurred [Harrison ez al.
1990]. Elsewhere, liver biochemistry and coagu-
lation are not routinely rechecked if acetylcysteine
is commenced within 8 h of acute paracetamol
ingestion [Daly ez al. 2008].

‘Slow loading’ regimen

In the USA, an intravenous formulation of acetyl-
cysteine was approved in 2004. The FDA approved
an infusion regimen based on that of Prescott and
colleagues, but subject to minor modification in
that the initial 150 mg/kg loading infusion should
be administered over 60 rather than 15 min, result-
ing in a 21 h infusion regimen. This slower loading
regimen was intended to minimize the occurrence
of early adverse effects thought to be attributable
to high peak acetylcysteine concentrations. Few
comparative data exist between the ‘slow loading’
and standard Prescott regimen. In a randomized
controlled, prospective study, adverse effects were
analysed at predetermined time points during both
infusion regimens and no difference was found
[Kerr er al. 2005]. However, a limitation was the
lack of data collection in the very early period after
commencement of the infusion.

Maximum weight-based dose
A second and more recent modification in the
UK is that the 300 mg/kg dose includes a

maximum body weight of 110 kg to take into
account the theoretical consideration that ace-
tylcysteine is distributed predominantly within
the aqueous compartment, and this is unlikely
to increase in proportion to body weight
beyond a certain point [Thanacoody ez al.
2008].

Earlier initiation, two-step regimens

Simulation of different intravenous acetyl-
cysteine regimens using published pharmacoki-
netic data has suggested different approaches to
delivering the same overall dose. Two schemes
were proposed to allow lower initial concentra-
tions to be maintained for longer periods
[Prescott ez al. 1989]. Shen and colleagues
recently suggested that rather than waiting for
paracetamol concentrations, treatment could be
commenced immediately using one of two pos-
sible strategies [Shen er al. 2011]. Firstly, intra-
venous administration of 110 mg/kg over the
first 5 h (22 mg/kg/h) followed by the last two
phases of the conventional regimen: 12.5 mg/kg/h
for 4 h then 6.25 mg/kg/h for 16 h. Second,
intravenous administration of 200 mg/kg over
9 h (22.6 mg/kg/h) followed by the last phase of
the conventional regimen; 6.25 mg/kg/h for
16 h. Both of these regimens might result in a
similar area under the concentration—time curve
as the standard regimen, and would dramati-
cally reduce the early peak acetylcysteine con-
centrations (Figure 2). The latter might also
offer a simpler regimen to prepare and adminis-
ter, thereby reducing dose administration error.
Earlier initiation of acetylcysteine is associated
with a lesser occurrence of anaphylactic reac-
tions in patients with paracetamol poisoning
[Zyoud ez al. 2010].

Increased maintenance infusion

Another approach was the administration of the
conventional ‘first bag’ 150 mg/kg loading dose
over 1 h, but then followed by an infusion of
14 mg/kg/h for 20 h. Implementation of this
regimen over a 2-year period at a single institu-
tion resulted in fewer treatment interruptions
than might have been expected with the stand-
ard regimen, and a similar rate of liver injury in
both groups. This modified regimen delivered
a higher overall dose of acetylcysteine than the
standard regimen (430 mg/kg rather than
300 mg/kg), but the treatment was well toler-
ated [Johnson ez al. 2011].
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Figure 2. Schematic representation of several acetylcysteine administration regimens that are in widespread
clinical use: (a) [Prescott et al. 1977], (b) [Rumack et al. 1981], and (c) [Schmidt and Dalhoff, 2001]. Recently
proposed regimens shown in panels (d) and (e] [Shen et al. 2011], (f) [Johnson et al. 2011], and (g) [Oakley et al.
2011].
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Two-step infusion in children

A two-stage infusion was also explored in 40 chil-
dren with paracetamol overdose: administration
of intravenous acetylcysteine 150 mg/kg over 1 h
was followed by a continuous infusion of 10 mg/kg/h
for 20 h [Oakley et al. 2011]. This two step regi-
men involved a much less complex preparation
and administration schedule than the standard
infusion. It also delivered a higher overall dose of
acetylcysteine (350 mg/kg versus 300 mg/kg) but
again this was well tolerated, and no differences in
liver toxicity were observed.

Conclusion

Over the past few decades the availability of ace-
tylcysteine has substantially improved the out-
come in patients with major paracetamol
overdose. However, there has been comparatively
little recent progress towards defining its precise
mechanisms of action or identifying the optimal
dose and duration of therapy. Treatment with
intravenous acetylcysteine is associated with rela-
tively frequent adverse effects, and these could
undoubtedly be lessened by minor modification
of the infusion protocol to avoid very high early
peak concentrations. There is also concern that
the maintenance administration rate of 6.25 mg/kg/h
might be inadequate in patients who present late
after paracetamol overdose, and alternative regi-
mens that deliver higher maintenance infusion
rates have been proposed. A particular limitation
is that the current antidote regimen takes no
account of the paracetamol dose ingested. Future
research should seek to establish the optimal ace-
tylcysteine dose and duration of treatment that
minimizes the occurrence or severity of acute liver
injury, whilst avoiding unnecessary hospital-based
therapy.

Although the original dosage regimen for intrave-
nous acetylcysteine may have stood the test of
time, there is now a strong case for modification
to reduce the incidence of adverse effects and to
increase the ease of administration. Many of the
novel regimens are derived from the Prescott regi-
men, involving administration of 300 mg/kg over
20 h 15 min; no dose-response data are available
to inform the optimum dose. The apparent
acceptability of the original regimen and its sub-
sequent modification might suggest that the exist-
ing dose is excessive, but the available data involve
too few patients to allow meaningful comparisons
of safety between the regimens. Clinical outcome
measures from novel administration regimens

need further evaluation in much larger patient
numbers to ensure that they are at least as effica-
cious as existing protocols.
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