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ABSTRACT

Objectives: To determine whether ceasing acetylcysteine treatment for adults with acute paracetamol overdose after at least 12h
of the two-bag acetylcysteine regimen is non-inferior to providing the full 20-h two-bag regimen.

Study Design: Open label, non-inferiority randomised controlled trial.

Setting: Emergency departments of six Australian metropolitan hospitals (four in Melbourne, two in Sydney), 1 December
2019-31 July 2024.

Participants: Adults who required acetylcysteine treatment following single or staggered paracetamol ingestions whose serum
alanine transaminase (ALT) level was below 40IU/L on presentation, and whose ALT levels were below 40IU/L and serum par-
acetamol concentrations below 20mg/L after 12 h of acetylcysteine treatment.

Intervention: Control group (standard care): two-bag intravenous acetylcysteine regimen (200mg/kg over 4h, followed by
100mg/kg over 16h). Intervention group: Acetylcysteine stopped at least 12h after treatment initiation and the 20-h infusion
period completed with intravenous compound sodium lactate.

Main Outcome Measures: Difference in ALT level between presentation and 20h after acetylcysteine treatment initiation;
non-inferiority was defined as the upper limit of the 95% confidence interval (CI) of the difference between median changes in
ALT level for the intervention and control groups being less than 31U/L.

Results: Of 2830 people who presented with paracetamol overdose, 860 received acetylcysteine treatment; 186 people who met
both the presentation and 12-h acetylcysteine treatment blood test inclusion criteria (median age, 17 years; interquartile range
[IQR], 16-23 years; 162 women [87%]) were randomly assigned to the intervention (93 participants) and control groups (93 partic-
ipants). Median acetylcysteine infusion time in the intervention group was 13h (IQR, 13-13 h). The median change in ALT level
between arrival and 20h after starting intravenous acetylcysteine treatment was similar for the intervention (—11U/L; IQR, —4
to 1IU/L) and control groups (0IU/L; IQR, —2 to 21U/L); the difference in median change (-1IU/L; 95% CI, —2 to 11U/L) was
consistent with the non-inferiority criterion. No patients developed hepatic injury or hepatotoxicity.

Conclusion: An abbreviated acetylcysteine treatment regimen was non-inferior to the standard 20-h two-bag regimen for people
with paracetamol overdose who were at low risk of hepatic failure.

Trial Registration: ACTRN12619001549112 (prospective)

© 2026 AMPCo Pty Ltd.
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Plain Language Summary
The known

A 20- to 21-h acetylcysteine treatment regimen has been
used for more than four decades to treat all people with
paracetamol overdose despite differences in hospital pres-
entation characteristics.

The new

A shorter acetylcysteine regimen was found to be as safe
as the 20-h regimen in a randomised controlled trial.

The implications

The shorter acetylcysteine regimen can be used when
people with paracetamol overdose are at low risk of liver
injury. Future guidelines should consider adopting this
practice.

1 | Introduction

Paracetamol overdose is the pharmaceutical most frequently
implicated in poisoning in developed countries [1]. It is in-
volved in 50% of overdoses in the United Kingdom (100,000
hospital presentations per annum) [2] and is the most frequent
reason for calls to poisons information centres in Australia [3].
Paracetamol overdose is the most frequent cause of acute liver
failure in developed countries [1].

Acetylcysteine (N-acetylcysteine, NAC) is used as an antidote to
prevent hepatotoxicity after paracetamol overdose [4]. For more
than 40years, the intravenous acetylcysteine protocol in these
cases involved three-bag infusion over 20-21h [4]. However,
frequent prescribing and dispensing errors result from dose
calculation errors and incorrect infusion rates; adverse drug re-
actions related to histamine release during the large initial ace-
tylcysteine loading dose (bag 1) are also frequent [5]. A two-bag
acetylcysteine regimen, with the loading dose infused over 4h
but providing the same total acetylcysteine dose, has simplified
the treatment regimen and reduced the incidence of severe his-
tamine reactions from 10% to 4% [6, 7].

The 20-h infusion period, based on the desire to treat the patient
for at least five paracetamol elimination half-lives, was selected
in an era when serum paracetamol concentrations could not
readily be assessed [8]. The treatment duration was therefore the
same for all patients requiring acetylcysteine treatment, regard-
less of the ingested paracetamol dose. Notably, a large group of
patients at low risk of hepatotoxicity may not require such pro-
longed treatment [9]. Few studies have evaluated abbreviated
intravenous acetylcysteine treatment regimens [10, 11].

We undertook a multicentre cluster-controlled pilot study (the
NACSTOP trial) of reducing the duration of the treatment
regimen from 20 to 12h for all people who presented with
paracetamol overdose and were at low risk of developing hepa-
totoxicity [12]. We found that the abbreviation of acetylcysteine
treatment was safe for all patients in the intervention group.
However, larger randomised studies are required to validate
the safety and benefits of the regimen. The aim of the study

we report in this article was to validate the findings of the
NACSTOP trial in a randomised controlled trial that included
a larger study group.

2 | Methods
2.1 | Study Design and Setting

We conducted an open label, multicentre, non-inferiority ran-
domised controlled trial of whether ceasing acetylcysteine
treatment for adults with paracetamol overdose after at least
12h of the two-bag acetylcysteine regimen is non-inferior to
the full 20-h two-bag regimen. We included adults who pre-
sented to the emergency departments of six metropolitan hos-
pitals (Austin Hospital, Monash Medical Centre, Dandenong
Hospital and Casey Hospital in Melbourne; Westmead Hospital
and Blacktown Hospital in Sydney), supported by inpatient tox-
icology units, during 1 December 2019-31 July 2024. The trial
was prospectively registered with the Australian New Zealand
Clinical Trials Registry (ACTRN12619001549112; 11 November
2019). We report our study according to the CONSORT 2025
statement for randomised controlled trials [13].

2.2 | Participant Selection

Adults and children (10years or older) who attended the six
emergency departments with single or staggered paracetamol
overdoses that required acetylcysteine treatment and who met
the inclusion criteria were recruited for the study. Definitions for
ingestion type (single or staggered) and treatment criteria corre-
sponded to Australian and New Zealand paracetamol treatment
guidelines (paracetamol concentration on or above the 150 mg/L
at 4h threshold line of the modified Rumack-Matthew nomo-
gram for single acute ingestions) [14]. Staggered ingestions are
defined as multiple ingestions over more than 2h for the pur-
pose of deliberate self-poisoning. People were recruited during
the first 12 h of acetylcysteine treatment, as initial treatment was
identical for the two treatment groups.

2.3 | Inclusion and Exclusion Criteria

We included people who required acetylcysteine treatment fol-
lowing single or staggered paracetamol ingestions and with
serum alanine transaminase (ALT) levels below 40 IU/L on pre-
sentation, as well as ALT levels below 40IU/L and serum parac-
etamol concentrations below 20mg/L (<132umol/L) after 12h
of acetylcysteine treatment.

We excluded people who presented with a history of repeated
non-intentional supratherapeutic ingestion of paracetamol (as
defined by the Australian and New Zealand paracetamol treat-
ment guidelines: more than 10g over 24h or more than 6 g/day
over 48h) [14]. We also excluded people who had also ingested
alcohol or sedating drugs, had ingested modified release parac-
etamol, people with pre-existing liver disease (history or abnor-
mal liver function test results) and pregnant women. If after 12h
of acetylcysteine treatment the ALT level exceeded 40IU/L or
the paracetamol concentration exceeded 20mg/L (132 pumol/L),
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the patient received the full acetylcysteine course but was ex-
cluded from the study.

2.4 | Participant Consent

All participants provided written consent to participation after
discussion with a study investigator familiar with the study.
People were given the participant information and consent form
to read if they required acetylcysteine treatment and were al-
lowed time to consider their involvement in the trial and fol-
low-up. They provided consent prior to blood collection for tests
undertaken 12h after acetylcysteine treatment initiation.

2.5 | Randomisation

A randomisation sequence was generated using Stata 15 and
participants were allocated 1:1 to the intervention and con-
trol arms by a trial statistician not involved with recruitment.
Random permuted blocks of sizes 2, 4 and 6 were employed to
ensure approximate balance of treatment allocation within each
arm. Study envelopes with the intervention or control assign-
ment were prepared by a study investigator not involved with
recruitment. Study investigators involved in enrolment did not
have access to the random allocation sequence. Participants
were assigned after it had been established they met the study
inclusion criteria.

2.6 | Blinding

The decision to cease acetylcysteine treatment after parac-
etamol overdose relies on normal biochemical markers (e.g.,
ALT <40IU/L). The primary outcome measured in this
trial was correspondingly based on biochemical testing per-
formed in the pathology laboratory at the respective hospitals,

minimising recording and analytical bias. The pathologists
undertaking testing were blinded to the study and the inter-
ventions. Treating clinicians and participants were not blinded
to treatment, as the treatment infusion changes would have
made blinding difficult. The randomised controlled trial was
therefore undertaken as an open label study. The statisticians
who performed the trial statistical analyses were blinded to
allocation.

2.7 | Interventions

Treatment for all people who met the Australian and New
Zealand treatment guidelines criteria (paracetamol concentra-
tion above the treatment nomogram line [14]) commenced with
the standard two-bag regimen (200 mg/kg acetylcysteine intra-
venous over 4 h, then 6.25mg/kg/h acetylcysteine for up to 16h)
(Figure 1). If after 12h of acetylcysteine treatment their serum
ALT level was below 40IU/L and their serum paracetamol con-
centration below 20 mg/L, the patient, after providing consent to
trial participation, was randomly allocated to treatment in one
of the two trial arms:

« Intervention group: after at least 12h, acetylcysteine infu-
sion was ceased, and 1L compound sodium lactate or 0.9%
sodium chloride solution was administered intravenously
over 8h.

« Control group (standard treatment): patients received ace-
tylcysteine (in 500 mL 0.9% sodium chloride, 6.25mg/kg/h
for up to 8h) to complete 20h of acetylcysteine intravenous
treatment; that is, continuation of the second 16-h infusion
bag.

For safety reasons, if the ALT level exceeded 40IU/L or have
doubled at the end of the 20-h infusion for either group, ace-
tylcysteine infusion was restarted (6.25mg/kg/h) and contin-
ued until acetylcysteine cessation criteria were met [14]. For

Meet inclusion criteria: single or staggered paracetamol overdose requiring acetylcysteine treament.
Both groups receive 200 mg/kg intravenous acetylcysteine over 4 hours, then 100 mg/kg over 16 hours

If paracetamol concentration <20 mg/L (132 pmol/L) and alanine transaminase < 40 IU/L after 12 hours
of acetylcysteine treatment:

Randomised

Intervention group

Acetylcysteine infusion ceased, 1L compound sodium lactate
charted for 8 hours

Control group
Acetylcysteine infusion continued

Both groups: repeat blood tests at 20 hours after initiation of acetylcysteine treatment

FIGURE1 | The NACSTOP-2 trial enrolment and procedure [13].
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people who did not meet the blood test inclusion criteria 12h
after the initiation of acetylcysteine treatment, it was contin-
ued according to the standard treatment protocol (two-bag
20-h regimen).

2.8 | Measurements
Blood was collected for assessment at three time points:

« admission (on arrival): paracetamol concentration, ALT,
electrolytes and creatinine;

« 12h after initiation of acetylcysteine treatment: parac-
etamol concentration, ALT, electrolytes and creatinine lev-
els and international normalised ratio (INR); and

« 20h after initiation of acetylcysteine treatment: parac-
etamol concentration, ALT, electrolytes and creatinine lev-
els and INR.

We attempted to phone all participants 14 days after discharge
from hospital to ascertain that they were alive and to ask about
nausea, abdominal pain and re-presentations to hospital. If the
person had re-presented to hospital, all available related blood
test, and imaging results were recorded. Medical records were
checked for re-presentations to hospital of people who could not
be contacted by phone.

2.9 | Outcomes

The primary outcome was the absolute difference in ALT level
between presentation and 20 h after the initiation of acetylcyste-
ine treatment.

The secondary outcomes were hepatic injury (defined as dou-
bling of serum ALT level and ALT exceeding 100IU/L 20h after
the commencement of acetylcysteine infusion) and the need
for further acetylcysteine treatment; peak INR exceeding 2;
and development of hepatotoxicity (defined as ALT exceeding
10001U/L) recorded before hospital discharge. Adverse reac-
tions to acetylcysteine, including non-allergic gastrointestinal
(nausea, vomiting) or systemic (rash, hypotension wheeze, an-
gioedema) anaphylactic reactions, were assessed and recorded
by nursing staff before hospital discharge.

We also collected information on paracetamol ingestion type
(dose and formulation), other ingested substances (e.g., opi-
oids, antihistamines) and demographic characteristics of par-
ticipants. Information about death within 14days of hospital
discharge was collected by follow-up phone call for a post hoc
analysis. Data were collected in a case report form and trans-
ferred to a secure electronic Excel (Microsoft) spreadsheet, as
were laboratory test results transcribed from electronic hospital
databases (Cerner and Symphony).

The data safety and monitoring board comprised three re-
viewers, independent of the study group, who regularly mon-
itored clinical outcomes and liver enzyme results for each
participant.

2.10 | Sample Size Calculation

In NACSTOP, the mean difference in ALT level between pre-
sentation and 20h after acetylcysteine treatment initiation was
2IU/L (standard deviation (SD), 61U/L; 95% confidence inter-
val [CI], =10 to 141U/L) [12]. As half the upper limit of the 95%
CI was 71U/L, a non-inferiority margin of 7IU/L or less should
be chosen. In NACSTOP 2, the non-inferiority margin of 3I1U/L
used to assess efficacy with regard to the primary outcome and
was found to be a suitable clinical significance boundary. If
there were no difference in outcome between the standard and
intervention treatment groups, 174 participants (87 per group)
would be required for 95% power to detect that the upper limit of
aone-sided 95% CI (equivalent to a 90% two-sided CI) was below
the non-inferiority limit of 3IU/L. Allowing 10% attrition for
failure and non-compliance with the study protocol, we planned
to enrol 200 participants (100 per group).

2.11 | Statistical Analysis

All analyses were performed in SAS 9.4. For the primary out-
come, non-inferiority was established if the upper limit of the
95% CI of the difference between the intervention and control
groups in the median change in ALT level between admis-
sion and 20h after acetylcysteine treatment initiation was less
than the pre-defined non-inferiority margin of 3IU/L. Post hoc
analyses included tests of normality of the continuous ALT
data (Kolmogorov-Smirnov test); as the data were not normally
distributed, we used non-parametric methods for analysis.
Differences in medians (with 95% CI) were calculated using the
Hodges-Lehmann estimator and method.

Pre-defined comparisons of the statistical significance of dif-
ferences in secondary outcomes were performed using the
Student's t-test for normally distributed continuous variables
and the Mann-Whitney U test for non-normally distributed
continuous variables. All analyses were intention-to-treat
analyses.

2.12 | Ethics Approval

The study was approved by the Monash Health Human
Research Ethics Committee (MONH-262715). The study was
conducted in accordance with the Declarations of Helsinki and
Istanbul. Written consent to participation was provided by all
participants.

3 | Results

During the study period, 2830 people presented with parac-
etamol overdose at the six hospitals, of whom 860 received
acetylcysteine treatment (Figure 2). Two hundred people el-
igible for the trial on presentation consented to participation
in the trial. Fourteen were excluded because they did not meet
the 12-h acetylcysteine treatment blood test inclusion criteria
(Supporting Information), and 186 people were randomly as-
signed to the intervention (93 participants) and control groups
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Screened: people presenting with
paracetamol overdose: 2830

I, | Didnotrequire acetylcysteine

treatment: 1970

Received acetylcysteine
treatment: 860

Excluded: ineligible for trial at time of
— )
. . presentation: 489
Excluded (did not provided consent): 171 o ALT > 40 1U/L: 102
* Declined to partlmpat.e: 53 ¢ History of supratherapeutic paracetamol
* Unable to consent/missed consent: 118 ingestion: 115
Provided consent: * Modified release paracetamol ingestion: 272
Excluded (ineligible at 12-hour blood tests): 14 200 people
e Paracetamol > 20 mg/L (132 pmol/L): 7
e ALT>401U/L: 5 -—
* Paracetamol > 20 mg/L and ALT > 40 U/L: 2
l Randomised participants: l
186 people
Intervention group: 93 people Control group: 93 people
* Alive: 93 ( 14-day follow-up } * Alive: 93
e Contactable by phone: 89 ¢ Contactable by phone: 87
e Hospital presentation related to * Hospital presentation related to
paracetamol overdose: 0 paracetamol overdose: 0

* Symptoms of liver injury: 0 e Symptoms of liver injury: 0

FIGURE 2 | Recruitment and participation of people who presented to six metropolitan hospitals in Sydney and Melbourne with paracetamol
overdose, 1 December 2019-31 July 2024, for the NACSTOP 2 trial. ALT, alanine aminotransferase.

(93 participants). A total of 162 participants were women (87%);
the median age of all participants was 17years (interquartile
range [IQR], 16-23years). The demographic characteristics of
the two groups were similar, as were the median ingested parac-
etamol doses, initial paracetamol concentrations, initial serum
ALT levels, and the proportions who received acetylcysteine
treatment within 8 h of paracetamol ingestion. The median time
to initial serum paracetamol concentration assessment was 5h
(IQR, 4-8h) for the intervention group and 4.5h (IQR, 4-6h) for
the control group (Table 1). The initial paracetamol concentra-
tion was less than double the nomogram line concentration (i.e.,
paracetamol nomogram ratio of 1:2) for 129 participants (70%);
for 57 participants (30%), the paracetamol nomogram ratio was
>2 (Figure 3). All participants were admitted to short stay ob-
servation units for acetylcysteine treatment, and adherence to
the treatment protocol was excellent (i.e., all participants ad-
hered to the study protocols).

3.1 | Primary Outcome

The median change in ALT level between arrival and 20h
after starting intravenous acetylcysteine treatment was simi-
lar for the intervention group (-11U/L; IQR, —4 to 11U/L) and
the control group (0IU/L; IQR, -2 to 2IU/L) (Figure 4); the
difference in median change (-1IU/L; 95% CI, -2 to 11U/L)
satisfied our non-inferiority criterion, indicating that the inter-
vention was non-inferior to standard care with respect to this
parameter.

3.2 | Secondary Outcomes

The median 20-h ALT level was similar for the intervention
(151U/L; IQR, 11-231U/L) and the control groups (16 1U/L; IQR,
12-211IU/L). Doubling of ALT level was not measured in any
participants; none developed hepatic injury or hepatotoxicity,
died, or received liver transplants.

The difference in median 20-h INR was the same for the inter-
vention and control groups (1.2; IQR, 1.1-1.3); peak INR did not
exceed 2 for any participants.

The median time from overdose to initiation of acetylcysteine
treatment was 7h (IQR, 6-9h) in the intervention group and 7h
(IQR, 5-8h) in the control group. The median duration of ace-
tylcysteine treatment was 13h (IQR, 13-13 h) in the intervention
group and 20h (IQR, 20-20) for participants who received the
full course. No participants required extension of acetylcysteine
treatment. The 174 participants who did not require inpatient
psychiatric admission were discharged home, with community
follow-up planned.

The most frequent adverse reactions to acetylcysteine infusion
were gastrointestinal reactions (nausea or vomiting); their inci-
dence was similar for the two study groups (intervention, three
people; control, five people). One person in the intervention
group and three people in the control group developed rashes.
Serious systemic reactions (hypotension, wheeze, angioedema)
were not reported in either group.
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TABLE1 | Demographic, paracetamol overdose, and hospital treatment characteristics for 186 participants in the NACSTOP?2 trial.
Characteristic Intervention group Control group
Participants 93 93
Demographic characteristics

Age (years), median (IQR) 18 (16-25) 17 (15-21)
Sex (women) 78 (84%) 84 (90%)
Paracetamol overdose characteristics
Alcohol co-ingested 5(5%) 1 (%)
Other drugs co-ingested 40 (43%) 31 (33%)
Opiates 6 5
Antihistamines 1 1
Ingestion type
Single 87 (94%) 85 (91%)
Staggered 6 (6%) 8 (9%)
Dose ingested paracetamol (g), median (IQR) 15 (10-20) 17 (12-24)
Time from ingestion to treatment less than 8h 49 (52%) 66 (71%)
Laboratory findings
Alanine aminotransferase (IU/L), median (IQR)
Initial 16 (12-21) 15 (12-21)
20h after acetylcysteine initiation 15(11-23) 16 (12-21)

Paracetamol serum concentration (mg/L), median (IQR)
Initial
12h after acetylcysteine initiation
20h after acetylcysteine initiation
International normalised ratio (INR), median (IQR)
20h after acetylcysteine initiation
Treatment

Time from overdose to initial paracetamol assessment (h),
median (IQR)

Time from overdose to acetylcysteine treatment initiation (h),
median (IQR)

Acetylcysteine treatment duration (h), median (IQR)
Hospital stay and disposition

Length of stay for medical treatment (excluding psychiatric ward
admission) (days), median (IQR)

Disposition after acetylcysteine treatment
Discharged home

Admitted to psychiatric ward

157 (126-193) 161 (142-201)

5(4-10) 6 (3-10)

Below limit of detection?® Below limit of detection?

1.2(1.1-1.3) 1.2(1.1-1.3)
5(4-8) 4.5 (4-6)
7 (6-9) 7(5-8)
13 (13-13) 20 (20-20)
1(1-1) 1(1-1)
88 (95%) 86 (92%)
5 (5%) 7 (8%)

Abbreviation: IQR, interquartile range.
2Limit of detection: 1 mg/mL.

Fourteen days after discharge from the hospital, 176 participants
(95%) could be contacted by telephone for follow-up. None re-
ported persisting gastrointestinal symptoms. Review of medical

records identified that all 10 people who could not be contacted by
phone were alive and that none had re-presented to hospital with
symptoms related to the paracetamol overdose or liver injury.
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FIGURE 3 | Serum paracetamol concentrations on initial presenta-
tion for 186 participants in the NACSTOP?2 trial. Shaded area: First 4h
after paracetamol ingestion, during which paracetamol is absorbed, and
the nomogram cannot be interpreted. The dark line (150mg/L at 4h)
marks the paracetamol treatment nomogram; the dotted line indicates
levels that are twice the paracetamol treatment line concentrations.
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FIGURE4 | Blood alanine transaminase concentrations for 186 par-
ticipants in the NACSTOP?2 trial, on admission and 12 and 20h after
initiation of acetylcysteine treatment. Depicted are the median values
with interquartile ranges (boxes) and overall range of values (whiskers).
The admission values are closest in time to the initiation of acetylcys-
teine treatment.

4 | Discussion

Improvements in risk stratification following paracetamol over-
dose [9, 15-17] and the wide availability of rapid and accurate

paracetamol testing can facilitate individualised acetylcysteine
dosing. It has long been recognised that the acetylcysteine treat-
ment threshold is very conservative [8, 18, 19]. In addition, many
people are treated within hours of acute overdose and have con-
sistently normal liver function, including paracetamol elimina-
tion [15, 17]. This knowledge underpinned the trial described in
this article and the NACSTOP pilot trial [12].

In our study, clinical and biochemical outcomes for participants
with normal serum ALT values at the start of and after 12h of
acetylcysteine treatment, and for whom serum paracetamol con-
centrations fell to the therapeutic range within 12h of treatment
initiation, were similar with the abbreviated and the complete
two-bag acetylcysteine regimen. This finding also applied to the
considerable proportion of participants with initial paracetamol
concentrations more than double the treatment nomogram level.
In addition, there were no differences between the treatment
groups in secondary outcomes, including doubling of serum
ALT value, peak INR or hepatic injury.

As the median interval from overdose to acetylcysteine treat-
ment initiation was 7h, ALT measurements 20h after its ini-
tiation were undertaken more than 24h after the paracetamol
overdose. All 20-h ALT measurements were normal; the ALT
level has normally risen by this time point in patients who de-
velop hepatic injury [17]. Clinical practice guidelines recom-
mend monitoring transaminase levels for 20 h after the initiation
of acetylcysteine treatment and ceasing it if they are within the
normal range [13, 19]. This monitoring was performed for both
groups in this trial, and participants were followed up by phone
14 days after discharge from hospital.

Abbreviated paracetamol treatment regimens with different
protocols have been reported [20, 21]. A randomised clini-
cal trial [21] of 300mg/kg acetylcysteine over 12h (Scottish
Newcastle Acetylcysteine Protocol) reported the reduced inci-
dence of adverse reactions; the protocol required a third acetyl-
cysteine bag if further treatment was indicated. Conversely, the
protocol in our study foresaw continuing acetylcysteine treat-
ment without needing an infusion change if the serum ALT
level started to rise or the serum paracetamol concentration was
still high after 12h of treatment. In addition, the larger loading
dose provided by our regimen (200 mg/kg) maintains normal
protocol dosing, which can be useful after massive paracetamol
ingestions [22]. Other examples of abbreviated dosing include
a retrospective review of outcomes for people after suprathera-
peutic paracetamol ingestions treated according to an 8-h ace-
tylcysteine regimen; none of the 46 patients in whom the ALT
level was below 501U/L on presentation developed liver injury
[10]. NACSTOP2 also expands and supports the findings of the
NACSTOP pilot trial [12].

A recent Australian study [11] found that a 12-h acetylcysteine
treatment regimen for people at low risk of hepatic injury (people
with single acute ingestions of less than30g paracetamol who
presented to hospital within 8 h of overdose) was non-inferior to
the standard two-bag 20-h regimen, supporting the findings of
our study. In addition, the NACSTOP and NACSTOP 2 trials also
found that outcomes were also good for people who presented
late (more than 8h after paracetamol overdose), with staggered
ingestions, or with initial serum paracetamol concentrations
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more than double the nomogram treatment threshold if they had
met the acetylcysteine treatment cessation criteria.

In practice, about half the people who require acetylcysteine
treatment in Australia could be eligible for the abbreviated
NACSTOP?2 regimen (Figure 1). Eligibility would be greater in
countries with lower treatment thresholds [23], particularly in
countries in which all paracetamol overdoses are treated, re-
gardless of serum paracetamol concentration [24].

The benefits of reduced duration of medical treatment for people
with paracetamol overdoses include the earlier opportunity for
mental health assessment and interventions, and fewer hospi-
talisations. In addition, it may allow treatment of more patients
in busy hospitals and emergency departments by reducing bed
occupancy duration, increasingly important as crowded emer-
gency departments and hospital access block are major prob-
lems [25, 26].

Our findings confirmed the very low rate of non-IgE-mediated
anaphylactoid reactions when modifying initial loading to
200mg/kg acetylcysteine infused over 4h. Several other studies
have also reported lower adverse event rates during acetylcys-
teine treatment using this administration regimen [6, 7, 27, 28];
however, some studies have reported higher rates of gastrointes-
tinal reactions during acetylcysteine treatment [6, 21]. One rea-
son for the low gastrointestinal reaction rate in our study could
be that in a large proportion of participants, the initial parac-
etamol concentrations were high, which is associated with lower
rates of adverse reactions to acetylcysteine treatment [5].

4.1 | Limitations

Although the study was open-label, the primary endpoint was a
biochemical test result, and consequently unlikely to be subject to
bias. However, the nurses who recorded adverse reactions to ace-
tylcysteine treatment were not blinded to study allocation. As we
could not follow-up all people by phone, we checked the hospital
medical records of those we could not contact and found no sub-
sequent presentations related to paracetamol toxicity; however,
presentations to hospitals not involved in the study were possible.

4.2 | Conclusion

An abbreviated acetylcysteine treatment regimen was non-
inferior to the standard 20-h two-bag regimen for people with
paracetamol overdose at low risk of hepatic failure, confirm-
ing that acetylcysteine treatment can be safely stopped early in
these cases.
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