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Nicholas A. Buckleyb,c
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ABSTRACT
Context: Paracetamol is commonly taken in overdose, with increasing concerns that those taking
“massive” overdoses have higher rates of hepatotoxicity and may require higher doses of acetylcys-
teine. The objective was to describe the clinical characteristics and outcomes of “massive” (� 40g)
paracetamol overdoses.
Methods: Patients were identified through the Australian Paracetamol Project, a prospective observa-
tional study through Poisons Information Centres in NSW and Queensland, over 3 and 1.5 years,
respectively, and retrospectively from three clinical toxicology unit databases (over 2.5 to 20 years).
Included were immediate-release paracetamol overdoses � 40g ingested over � 8h. Outcomes meas-
ured included paracetamol ratio[defined as the ratio of the first paracetamol concentration taken
4–16h post-ingestion to the standard (150mg/L at 4 h) nomogram line at that time] and hepatotoxicity
(ALT >1000U/L).
Results: Two hundred paracetamol overdoses were analysed, reported median dose ingested was 50g
(interquartile range (IQR): 45–60g) and median paracetamol ratio 1.9 (IQR: 1.4–2.9, n¼ 173). One hun-
dred and ninety-three received acetylcysteine at median time of 6.3 h (IQR: 4–9.3h) post-ingestion.
Twenty-eight (14%) developed hepatotoxicity, including six treated within 8 h of ingestion. Activated
charcoal was administered to 49(25%), at median of 2 h post-ingestion (IQR:1.5-5 h). Those receiving
activated charcoal (within 4 h of ingestion), had significantly lower paracetamol ratio versus those who
did not: 1.4 (n¼ 33, IQR: 1.1–1.6) versus 2.2 (n¼ 140, IQR: 1.5–3.0) (p< .0001) (paracetamol concentra-
tion measured � 1 h after charcoal). Furthermore, they had lower rates of hepatotoxicity [unadjusted
OR: 0.12 (95% CI: <0.001–0.91); adjusted for time to acetylcysteine OR: 0.20 (95%CI: 0.002–1.74)].
Seventy-nine had a paracetamol ratio �2, 43 received an increased dose of acetylcysteine in the first
21 h; most commonly a double dose in the last bag (100 to 200mg/kg/16h). Those receiving increased
acetylcysteine had a significant decrease risk of hepatotoxicity [OR:0.27 (95% CI: 0.08–0.94)]. The OR
remained similar after adjustment for time to acetylcysteine and paracetamol ratio.
Conclusion: Massive paracetamol overdose can result in hepatotoxicity despite early treatment.
Paracetamol concentrations were markedly reduced in those receiving activated charcoal within 4 h.
In those with high paracetamol concentrations, treatment with increased acetylcysteine dose within
21h was associated with a significant reduction in hepatotoxicity.
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Introduction

Paracetamol is one of the commonest drugs taken in over-
dose and a significant cause of acute liver injury in devel-
oped countries [1,2]. The major risk factor for developing
acute liver injury following paracetamol ingestion is delayed
time to treatment with acetylcysteine. Beyond 8 h post-inges-
tion, the effectiveness of acetylcysteine rapidly decreases.
Rates of hepatotoxicity reported in those receiving treatment
within 8 h range from 0% to 6% compared with those
treated >8–10 h post-ingestion of 8–50% [3–5].

In Australia and many other countries, the standard dose
of intravenous acetylcysteine is 300mg/kg over 20–21 h
given as either a 2 or 3 bag infusion [6]. Although this regi-
men is sufficient for the majority of overdoses, questions
remain as to whether this regimen is optimal in patients with
high paracetamol concentrations [7]. Furthermore, serum
paracetamol concentration has a dose dependent relation-
ship with hepatotoxicity, regardless of time to treatment with
acetylcysteine [8,9].

The practice of increasing acetylcysteine dose varies glo-
bally. The 2015 Australia and New Zealand paracetamol
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guidelines now recommends an increase in acetylcysteine
dose, in those with an initial paracetamol concentration
more than twice the 150mg/L at 4 h nomogram line [6]. An
international survey of clinical toxicologists and poison
centres found that 61% of the 164 respondents would
increase the dose of acetylcysteine in the third infusion, in
those with high paracetamol concentrations. However, the
paracetamol concentration at which the dose would be
increased varied widely between respondents, with 33%
nominating triple the nomogram line [10]. Despite this wide-
spread practice, no supporting evidence for any threshold
has been published.

Activated charcoal is recommended following paracetamol
ingestion within 1–4 h of ingestion, with recommendations
also varying around the world. The evidence for the use of
charcoal is based mainly on non-randomised trials and stud-
ies in healthy volunteers. Activated charcoal given within 2 h
of ingestion appeared to reduce the absorption of paraceta-
mol and need for acetylcysteine [11,12]. However, it is not
known if it improves clinical outcomes such as rates of acute
liver injury. The use of activated charcoal following all over-
doses has declined over the last 20 years, with the American
Association of Poison Control Centres reporting activated
charcoal administration decreasing from 7.7% of all expo-
sures in 1995, to 2.3% in 2013 [13]. There is little data on the
rate of activated charcoal use following paracetamol inges-
tion and whether there is a benefit in large overdoses.

There is no set definition of "massive" paracetamol over-
dose; in Australia, the majority of patients ingest less than
20 g of paracetamol and present within 8 h of ingestion, with
less than half requiring treatment with acetylcysteine [12,14].
Of those that have toxic paracetamol concentrations the
majority are just above the standard (150mg/L at 4 h) treat-
ment nomogram line. Only a small percentage of patients
take overdoses greater than 40–50 g [12]. The objective of
this study was to describe clinical characteristics, treatments
and outcomes of “massive” paracetamol overdose and
whether treatments such as activated charcoal or increased
acetylcysteine dose were associated with an altered outcome.
We arbitrarily used a definition of �40 g of paracetamol,
which is over four times the generally regarded potentially
toxic dose [6,15].

Methods

Design and setting

This was an observational study using four data sources.
One was the Australian Paracetamol Project (APP) which is
an arm of the Australian TOxicology Monitoring (ATOM)
Study. APP is an observational study that recruits patients
prospectively through four toxicology units in Australia and
through calls to the New South Wales (NSW) and
Queensland Poisons Information Centres (PIC). The ATOM
study has ethical approval by Human Research and Ethics
Committees in NSW and QLD to cover all involved institu-
tions and PICs.

The other three data sources were clinical toxicology unit
databases from the Hunter Area Toxicology Service (HATS),

South Eastern Area (Sydney) Toxicology Service (SEATs), and
Princess Alexandria Hospital (PAH). These clinical toxicology
units prospectively collect data on all toxicology patients,
and enter this data into purpose-built databases. These units
are based in NSW and Queensland and treat approximately
800–2000 toxicology patients per year. The SEATs and PAH
clinical databases have ethical approval from their respective
local ethics committees. While the HATS database has
been granted exemption by the local Human Research
Ethics Committee to use de-identified patient information as
an audit.

Selection of participants

Patients were included who ingested �40 g of immediate
release paracetamol over less than 8 h. APP recruited patients
�14 years prospectively from NSW from September 2013
until November 2016 and from QLD from April 2015 to
November 2016. The three toxicology unit databases col-
lected data over varying time periods from 2.5 to 20 years
(Supplementary Table 1), with no age restriction.

Methods and measurements

Data collected from all sources included demographic infor-
mation, overdose exposure (time and dose ingested),
co-ingestions including ethanol, laboratory investigations,
treatments, and outcomes. Patients recruited through APP
had preformatted clinical data sheets collected. The same
data was extracted from the toxicology unit databases. If
there was any missing data, this was obtained from medical
records.

Outcomes

Outcomes recorded included acute liver injury, liver trans-
plant, and death. There are various cut-offs for acute liver
injury, traditionally the main outcome measure is hepatotox-
icity, defined as a peak ALT >1000U/L [16]. However, as vary-
ing definitions are used for acute liver injury, these were also
considered and reported in supplementary data, including
ALT >50U/L (the Australian indication, for continuing acetyl-
cysteine therapy after completion of the initial regimen) [6]
and ALT >150U/L (the UK indication for continuing acetyl-
cysteine therapy after completion of the initial regimen) [17].

To compare paracetamol concentrations between patients,
at different time points, the paracetamol ratio was calculated
for each patient who had a paracetamol concentration taken
between 4 and 16 h post-ingestion.

Paracetamol Ratio

¼
first paracetamol concentration taken

� 4 h post�ingestion ðbut � 16 hÞ
paracetamol concentration on the ð150mg=L at 4 hÞ

standard nomogram line at that time point

Ratios were not done after 16 h because the Prescott
nomogram is validated as predicting risk to 15–16 h [16,18].
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In patients who had more than one paracetamol concen-
tration taken �4 h post-ingestion, the slope of the paraceta-
mol concentration versus time of overdose was calculated.
Slopes were calculated by GraphPad Prism (version 7#2017
GraphPad Software Inc., San Diego, CA) using a semi-log line
of best fit. Slopes were compared in all those patients who
received charcoal within 4 h of ingestion, to indicate if there
was an effect of activated charcoal on subsequent paraceta-
mol concentrations. From negative slope data, a correspond-
ing half-life was estimated.

Statistical analysis

Age, dose, paracetamol ratio, and weight were treated as
continuous variables. Missing weights (n¼ 6) were replaced
with the median weight for Australians with the same age
and sex [19]. If ALT was not measured around 24 h or later,
the ALT was assumed to remain unchanged. There were 24
patients with missing ALT data of which 14 had a paraceta-
mol concentration below the nomogram line. Hence, they
were predominantly patients with low concentrations who
did not require acetylcysteine and rates of hepatotoxicity are
low in this group (<1%) [20].

Descriptive data were reported as means with 95% confi-
dence intervals (CI) for normally distributed data, medians,
and interquartile ranges (IQR) for non-normally distributed
data, and frequencies and percentages for categorical data.
Continuous variables were compared using unpaired t-tests
or Mann–Whitney tests and categorical variables were com-
pared using Fisher’s exact test.

Multivariable analyses were performed to estimate the
effect of activated charcoal on the initial paracetamol ratio,
the risk of hepatotoxicity, and the effect of increased acetyl-
cysteine dose on risk of hepatotoxicity.

For both activated charcoal analyses, patients were div-
ided into those receiving activated charcoal within 4 h post-
ingestion, and those not receiving charcoal or receiving
charcoal later. To assess the association of activated charcoal
administration with initial paracetamol ratio, we used gener-
alized linear models within the log-link and Poisson family so
that the point estimates for the explanatory variables could
be interpreted as factor changes in paracetamol ratio.
Patients were only included in the activated charcoal arm if
there was greater than 1 h between activated charcoal
administration and initial paracetamol ratio. Variables
adjusted for included age, sex, weight, and dose ingested.

Logistic regression models were used to assess whether
activated charcoal within 4 h of ingestion was associated
with decreased risk of hepatotoxicity. We excluded those
treated>16 h post-ingestion, as this group has a very high
risk (�45%) of hepatotoxicity, even with treatment [18,20].
Covariates considered for entry into the model included time
to acetylcysteine, age, sex, weight, co-ingestion of ethanol,
and paracetamol ratio. These were first analysed by bivariable
models and only variables with p< .10 were included in the
multivariable models. Due to the small number of acute
liver injury outcomes, only 1–2 variables were included in

each model. Firth exact logistic regression was used where
there was separation in the data.

Increased acetylcysteine infusion doses are largely con-
fined to those with high paracetamol concentrations (usually
paracetamol ratio of �2) [6,10]. In these patients, logistic
regression analysis was performed to determine if increased
acetylcysteine reduced the risk of acute liver injury.
Multivariable analysis adjusted for time to acetylcysteine, age,
sex, weight, co-ingestion of ethanol, and paracetamol ratio.
These were first analysed using bivariable models; variables
with p< .10 were assessed in the multivariable models and
because of the small number of adverse outcomes only one
covariate was adjusted for at a time.

Statistical analyses were performed using Stata
(StataCorp. 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP.), SAS Software (Version
9.4 Copyright#2013 SAS Institute Inc., Cary, NC), and
GraphPad Prism (version 7#2017 GraphPad Software Inc.,
San Diego, CA).

Results

Demographics

Two hundred cases were identified, 123(62%) were female,
median age of 29 years (IQR: 20–41). The median time
to presentation was 3.5 h (IQR: 1.8–7.8 h), with a median
dose ingested of 50 g (IQR: 45–60 g). Patient demographic
data, co-ingestions and treatments are shown in Table 1.
Data from the four different sites were comparable
(Supplementary Table 1). One hundred and seventy-three
(87%) patients had a paracetamol concentration between 4
and 16 h post-ingestion, with a median paracetamol ratio of
1.9 (IQR: 1.4–2.9). Of these, 79(40%) had an initial paraceta-
mol concentration more than double the 150mg/l at 4 h
nomogram line.

Outcomes

Twenty-eight (14%) patients developed hepatotoxicity, with a
further 9(5%) having a peak ALT between 150 and <1000U/L.
Those who developed hepatotoxicity had a significantly lon-
ger time to treatment than those who did not, 13.9 h (n¼ 28,
IQR: 9.1–23.9 h) versus 6 h (n¼ 165, IQR: 3.8–7.6) (p¼< .0010).
Six patients (3%) who developed hepatotoxicity had treat-
ment commenced within 8 h of ingestion, their paracetamol
ratios were 2.7, 3.3, 3.4, 3.5, 3.5, and 5.8. Four of these six
had acetylcysteine commenced within 4 h of ingestion. One
patient required a liver transplant, despite acetylcysteine
being commenced 2.5 h post-ingestion. There was one death
which was unrelated to paracetamol ingestion.

Activated charcoal

Activated charcoal was administered in 49(25%), of which 13
had charcoal >4 h post-ingestion. Five patients received acti-
vated charcoal greater than 24 h post-ingestion because of a
delayed or double paracetamol peak. Median time to
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activated charcoal was 2 h (IQR: 1.5–5.0 h). Those who
received activated charcoal within 4 h of ingestion subse-
quently had a significantly lower paracetamol ratio versus
than those who did not, 1.4 (n¼ 33, IQR: 1.1–1.6) versus 2.2
(n¼ 140, IQR: 1.5–3.0) (Figure 1(A,B)).

Figure 2 shows a flowchart of numbers utilised for the
multivariable analyses comparing those patients receiving or
not receiving activated charcoal, looking at both paracetamol
ratio and rate of hepatotoxicity. Activated charcoal and age
were found to be independent risk factors affecting the para-
cetamol ratio (Table 2). Receiving activated charcoal within
4 h of ingestion was associated with a decrease in paraceta-
mol ratio of 45% (adjusted risk ratio 0.55, 95% CI: 0.43–0.69,
n¼ 33), after adjustment for other variables and compared
with those not receiving charcoal or receiving charcoal >4 h
post-ingestion.

Activated charcoal within 4 h of ingestion was associated
with lower risk of hepatotoxicity; unadjusted odds ratio (OR):
0.12 (95% CI: <0.001–0.91). The effect was reduced when
adjusted for time to acetylcysteine [adjusted OR was 0.20
(95% CI: 0.002–1.74)] and adjusted for paracetamol ratio
[adjusted OR 0.18 (95% CI: 0.001–1.46)] (Figure 3). This sug-
gests some but not all effects of activated charcoal were
reflected in the paracetamol ratio and time to treatment.
Similar results were seen for the various other cut-offs of
acute liver injury (peak ALT >50U/L and peak ALT >150U/L)
(Supplementary Figure 1).

Age, increased paracetamol ratio, and time to acetylcys-
teine were all associated with an increased risk of hepatotox-
icity (Figure 3). Higher paracetamol ratio was associated with
an increased risk of hepatotoxicity [OR: 1.30 (95% CI:
1.10–1.54)], with an adjusted OR for time to acetylcysteine

Figure 1. Effect of activated charcoal on initial paracetamol concentration. (A) Initial paracetamol concentration stratified per those who received activated charcoal
�4 h post-ingestion and had a paracetamol concentration �1 h after charcoal administration versus those that did not. Note four patients whom had no activated
charcoal had an initial paracetamol level <10mg/L. (B) Box and whiskers plot comparing median paracetamol ratio in those who received activated charcoal �4 h
post-ingestion and had a paracetamol concentration measured �1 h post-activated charcoal compared with all other patients who had a paracetamol concentration
taken within 16 h. Activated charcoal group stratified per time activated charcoal given post-ingestion. Circles: activated charcoal �2 h. Squares activated charcoal
between 2 and 4 h post-ingestion. (Box and whiskers plot bar is the median value, box represents the 1st and 3rd quartile, bars the 10th and 90th centiles and indi-
vidual points are the outliers).

Table 1. Patient demographic ingestion and treatment data.

All patients (n¼ 200)

% Females 123 (62%)
Median Age (years) (IQR) 29 years (20–41)
Median weight (kg) (IQR) 70 kg (60–89) (n¼ 193)
Median Dose ingested (grams) (IQR) 50 g (45–60)
Median dose ingested (g/kg) (IQR) 0.7 g/kg (0.56–0.90) (n¼ 193)
Co-ingested gut slowing medications 66 (33%)
Co-ingested Ethanol 53 (27%)
Median time to presentation (hours)(IQR) 3.5 h (1.8–7.8h)
Received Activated Charcoal 49 (25%)
Median time to activated charcoal (hours)(IQR) 2 h (1.5–5.0 h)
Median Paracetamol Ratio (IQR)b 1.9 (1.4–2.9) (n¼ 173)
ALT at presentation not elevated (< 50 U/L or at their baseline) 171 (86%)
Commenced on acetylcysteine 193 (97%)
� Median time to acetylcysteine (hours)(IQR) 6.3 h (4–9.3 h)
� Completing at least 21 h of acetylcysteine 183 (95%)a

� Adjustment to standard acetylcysteine dosing in the first 21 h of treatment 59 (31%)a

� Prolonged acetylcysteine required beyond standard 20.5 h infusion 75 (39%)a

aPercentage of those commenced on acetylcysteine (n¼ 193).
bParacetamol ratio was only calculated in those patients who had a paracetamol concentration measured between
4 and 16 h post-ingestion.
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and administration of activated charcoal of 1.16 (95% CI:
0.97–1.40) (Figure 3).

The slope of the paracetamol concentration versus time
post-ingestion was determined in those with more than one
paracetamol concentration (Supplementary Figure 2). The
median slope in those receiving activated charcoal within 4 h
was significantly different �0.08 (n¼ 23) from those not
receiving charcoal within 4 h of ingestion �0.06 (n¼ 70)
(p¼ .013). This corresponds to a median paracetamol half-life
in these two groups of 3.8 h and 5.0 h, respectively
(Supplementary Figure 3).

Acetylcysteine treatment

Acetylcysteine was commenced in 193(97%) patients, at a
median time of 6.3 h (IQR: 4–9.3 h), with 137 (71%) treated
within 8 h. One hundred and eighty-three patients completed
at least a 21 h course of acetylcysteine. Of these, 59 (32%)
received an increased dose of acetylcysteine within the
first 21 h, most commonly a doubling of the dose in the
100mg/kg/16 h bag to 200mg/kg/16 h. Four patients received
standard acetylcysteine for the first 21 h and had an increased
dose of acetylcysteine after this time. Seventy-five (41%)

Figure 2. Flowchart of numbers utilised for activated charcoal analysis of hepatotoxicity and paracetamol ratio.
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received acetylcysteine beyond 21 h, 42 because of an ALT
>50U/L (current Australian recommendations), and 33 justi-
fied by paracetamol assay results near completion of the
standard 21 h acetylcysteine infusion (median paracetamol
concentration of 38mg/L (IQR: 19–167mg/L, range:
3–1142mg/L).

Figure 4 shows a flowchart of those with a paracetamol
ratio �2 (within 16 h of ingestion), comparing those who
received standard versus increased acetylcysteine (within
the first 21 h of treatment) and the numbers utilised for
the linear logistic regression analysis looking at rates of
hepatotoxicity. Figure 5 shows the initial paracetamol con-
centration and outcomes of those receiving the standard
regimen versus an increased acetylcysteine dose. Results of
the multivariable analysis are shown in Table 3; due to the
small number of outcomes, adjustments were performed
singularly. Increased acetylcysteine doses were associated
with a significantly lower risk of hepatotoxicity [OR: 0.27
(95% CI: 0.08–0.94)] this remained similar when adjusted for
time to acetylcysteine [adjusted OR: 0.27 (95% CI:
0.07–0.98)] and paracetamol ratio [adjusted OR: 0.23 (95%
CI: 0.06–0.86)]). Similar results were seen for the other two
cut-offs levels (peak ALT >50U/L and peak ALT >150U/L)
(Supplementary Table 2).

Table 2. Generalized linear model results (Poisson family and log link) for
paracetamol ratio response.

Unadjusted Adjusted
Variable Risk ratio (95% CI) Risk ratio (95% CI)

Age (10 year increments) 1.25 (1.14–1.37) 1.23 (1.13–1.33)
Dose (10 g increments) 1.03 (0.97–1.10) 1.02 (0.97–1.09)
Weight (10 kg increments) 0.96 (0.91–1.01) 0.94 (0.88–0.99)
Sex (female) 0.95 (0.71–1.25) 0.93 (0.69–1.23)

Time post-OD activated charcoal administered: (categories)
None or >4 h 1.0 (ref) 1.0
Charcoal 0 to �4 h (n¼ 33) 0.50 (0.39–0.65) 0.55 (0.43–0.69)

0.125 0.25 0.5 1 2 4 8

Adusted for paracetamol ratio

Adjusted for time to acetylcysteine (h)

Unadjusted

Age

Adjusted #

Unadjusted

Time to Acetylcysteine (hours)

Adjusted *

Unadjusted

Paracetamol Ratio

Adjusted for paracetamol ratio

Adjusted for time to acetylcysteine (h)

Unadjusted

Activated Charcoal ≤ 4h post ingestion

Co-ingestion of ethanol

Weight (10kg increments)

Dose (10g increments)

Sex (Female)

Odds Ratio (95%CI) for hepatotoxicity

Outcome: Hepatotoxicity

Square: unadjusted odds ra�o 

Circle: adjusted odds ra�o 

*adjusted for �me to acetylcysteine and charcoal administra�on 

# adjusted for paracetamol ra�o and charcoal administra�on 

Figure 3. Forest plot of odds ratio (95% CI) from the logistic regression model, for risk of hepatotoxicity.
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All models were re-analysed excluding the 24 patients
with missing weight data and ALT at completion of treat-
ment or after 20 h and there was no substantial change in
our results or conclusions (analyses not shown).

Four patients in this study had a double paracetamol
peak (Figure 6(A)) with the second peak >24 h in all four
patients. Three of these patients had co-ingested opioids
and the other had T4 quadriplegia. None of these patients
received activated charcoal within the first 24 h post-

ingestion. A further seven patients had a documented
peak paracetamol concentrations >6 h post-ingestion, three
had co-ingested codeine (Figure 6(B)). Only one of these
patients had received activated charcoal at 5 h post-
ingestion.

Three patients in this series were dialysed because of
extremely elevated paracetamol concentrations with an asso-
ciated lactic acidosis and a reduced level of consciousness.
The decision to dialyse was made by the treating physician.

Figure 4. Flowchart of numbers utilised for increased acetylcysteine analysis.
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Figure 5. Paracetamol concentration versus time post-ingestion for patents presenting within 16 hours and an initial paracetamol ratio �2 (300mg/L at 4 h nomo-
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Two of these patients were dialysed because of a delayed or
double paracetamol peak concentration.

Discussion

This study of "massive" paracetamol overdose highlights the
prolonged absorption and persistently high concentrations in
these patients. Further, some patients demonstrated altered
pharmacokinetics of paracetamol with double or delayed
paracetamol peak concentrations out to 60 h, suggesting
pharmacobezoar formation. Activated charcoal within 4 h was
associated with a large reduction in subsequent paracetamol
concentrations. There were probable benefits of both

Table 3. Bivariable and multivariable logistic regression model results for
those patients with a paracetamol ratio �2 (within 16 h of ingestion).

Variable
Outcome: hepatotoxicity

(Peak ALT >1000)

Unadjusted odds ratio (95% CI)
Age (10 year increments) 1.27 (0.88–1.82)
Paracetamol ratio (continuous) 1.13 (0.95–1.34)
Time to IV acetylcysteine (hours) 1.2 (1.00–1.42)
Receipt of increased acetylcysteine dose# 0.27 (0.08–0.94)

Adjusted odds ratio (95% CI)
Increased acetylcysteine dosea adjusted for

time to acetylcysteine
0.27 (0.07–0.98)

Increased acetylcysteine dosea adjusted for
paracetamol ratio

0.23 (0.06–0.86)

aReceipt of increased acetylcysteine defined as any patient receiving greater
than the standard regimen of 300mg/kg of acetylcysteine over 21 h.
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activated charcoal and higher doses of acetylcysteine in
reducing the risk of hepatotoxicity.

In our cohort, only 25% received activated charcoal. A
common rationale for not giving charcoal is that charcoal
in massive overdose is unlikely to decrease the ultimate
need for acetylcysteine, with an underlying assumption that
early acetylcysteine will be universally effective. Our data
directly challenges the validity of this viewpoint. Several
patients treated with acetylcysteine within hours of the
overdose still developed severe liver injury. This did not
occur in any patients receiving early activated charcoal.
Charcoal within 4 h was associated with a significantly
reduced initial paracetamol concentration and may have
also interfered with subsequent absorption or increased
clearance. We confirm results of others that very high early
paracetamol concentrations are an independent risk factor
for hepatotoxicity, even when acetylcysteine is given [8,9].
Our unadjusted and multi-variable analysis suggests char-
coal also reduced hepatotoxicity, and this is the most likely
explanation for that benefit.

This study complements the recent observations of both
Cairney et al. and Marks et al. that quantified a concentra-
tion-dependent relationship with hepatotoxicity in early NAC-
treated paracetamol poisoning. Cairney et al. observed that
patients treated with acetylcysteine within 8 h of ingestion
with a paracetamol ratio of 1.33–2 had a 3.6% risk of acute
liver injury (ALT >150U/L), increasing to 12.5% in those with
a paracetamol ratio between 2 and 3.3 [8]. While Marks et al.
looked at ingestion of �30 g or those with an extrapolated
4-h plasma paracetamol concentrations >250mg/L, they
similarly found that those with a paracetamol concentration
greater than the 300mg/L at 4 h nomogram line were an
increased risk for liver injury even if treated within 8 h [9].
Noting our numbers were smaller, we similarly found in our
selected high-dose cohort that all those patients who devel-
oped hepatotoxicity (ALT >1000U/L) despite treatment with
IV acetylcysteine within 8 h had a paracetamol ratio > than
the 300mg/L at 4 h nomogram line. Even when adjusted for
time to acetylcysteine, those with a higher initial paracetamol
ratio were found to be at an increased risk of hepatotoxicity
(Figure 3).

Such patients have driven debate about whether the
standard 300mg/kg acetylcysteine regimen is adequate for
all paracetamol overdoses [7]. The current intravenous acetyl-
cysteine regimen is adequate to detoxify an ingested para-
cetamol dose of 15.9 g [7]. The current regimen has a large
loading dose followed by the third infusion of 100mg/kg
over 16 h (6.25mg/kg/h) resulting in acetylcysteine concen-
trations of 40mg/L. Rumack and Bateman theoretically pro-
posed that a patient who ingested 47.7 g of paracetamol
warranted this third infusion to be increased to 17.5mg/kg/h
[7]. Even this analysis assumed standard kinetics, rather than
very delayed or double peaks. Thus, there are good theoret-
ical reasons to question whether the standard acetylcysteine
dose in the third infusion is adequate to detoxify the NAPQI
produced in those with prolonged high paracetamol concen-
trations. In our study, those receiving increased acetylcysteine
had a much lower incidence of hepatotoxicity especially if
treated within 8 h of ingestion (Table 3). Those patients with

an initial paracetamol ratio of �2 who received increased
acetylcysteine had a significantly decreased risk of hepatotox-
icity [OR: 0.27 (95%CI: 0.08–0.94)]. The odds ratio remained
similar after adjustment for time to acetylcysteine and para-
cetamol ratio. This has yet to be demonstrated in other
studies.

Further evidence is required to more clearly identify the
concentrations at which this is warranted, and to determine
if doubling of NAC dose is sufficient. There is a negligible risk
from modest increases in acetylcysteine dose in those with a
high paracetamol ratio. The alternate risk from not changing
practice while awaiting further evidence is apparent. In this
study, if a patient presented within 16 h of ingesting �40 g
paracetamol and received "standard" treatment that is, no
activated charcoal and the standard acetylcysteine dose, the
rate of hepatotoxicity in this group was 11% (n¼ 10/87). In
comparison when you combine all those patients who
received either activated charcoal or increased acetylcysteine
dose, their rate of hepatotoxicity was 5% (n¼ 4/87). Hence
we propose “standard” care should involve administering
activated charcoal within 4 h of ingestion in eligible patients
and increase acetylcysteine dose in those with an initial para-
cetamol concentration �2.

“Massive” paracetamol overdose can result in extremely
high paracetamol concentrations and in many cases a
delayed or double paracetamol peak. Four patients had a
second paracetamol peak>24 h following ingestion. This
phenomenon of a double peak has been reported previously
following massive overdoses, with a second paracetamol
peak occurring as late as >30 h post-ingestion in some.
Furthermore, many of these patients developed hepatotox-
icity, despite early acetylcysteine [21,22]. In the majority of
these cases, patients had ingested large amounts of para-
cetamol >40 g and/or co-ingested gut slowing medications
such as opioids or anti-cholinergic agents. Hence, the likely
cause of this double peak is a pharmacological bezoar and/or
ileus [21]. Furthermore, none of these patients received
decontamination in the first 24 h. It is likely that these
patients would have benefited from activated charcoal
beyond 4 h post-ingestion. A concern in these cases is that
the decrease in dose of acetylcysteine after the initial loading
dose and/or the cessation of acetylcysteine after the standard
21 h protocol is too early and likely contributes to increased
rates of hepatotoxicity [21,22]. This is further highlighted by
the three patients with peak concentrations >800mg/L
around 24 h (Figure 6(A,B)), who developed a lactic acidosis,
became sedated and required intubation. Patients who ingest
large amounts of paracetamol and do not receive activated
charcoal should be closely monitored and have paracetamol
concentrations repeated before acetylcysteine is ceased.

In our study, increasing age was an independent risk for
higher paracetamol ratio with an increased risk of hepatotox-
icity that when adjusted for time to treatment with acetylcys-
teine decreased. The higher ratio does not have an obvious
mechanism, and requires confirmation in other cohorts.
Interestingly, there is a previous report that age >40 years
increased risk of development of fulminant hepatic failure
and death or liver transplant following paracetamol overdose.
The authors attributed this to a higher rate of alcohol abuse
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and later presentation [23]. Our data similarly suggest that
later treatment is a factor; however, there may also be a
pharmacokinetic explanation.

There are several limitations to this study, first it is an
observational study and treatments such as activated charcoal
or increased acetylcysteine dose were not randomly allocated.
Hence, there are differences in baseline characteristics; care
directed by the treating physician and data collected between
patient groups. Furthermore, data collected in this study such
as dose and time of ingestion relies on the patient’s report.
However, generally these are carefully recorded as they drive
treatment decisions. Cases identified through poisons centres
may be biased, for example towards cases with higher initial
concentrations. However, the majority of these patients pre-
sented early and calls were usually before a paracetamol con-
centration result was available. Statistical power was limited
by the small numbers of patients who develop hepatotoxicity
despite early acetylcysteine treatment. This constrained the
capacity to simultaneously adjust for multiple factors in the
multivariable analysis, or to explore time/dose thresholds.
Furthermore, it should be noted that there are limitations in
interpreting the slope and half-life data. In this study, we sim-
ply compared slopes in a subset of patients; however, we did
not adjust for other factors that might influence half-life such
as dose ingested or acute liver injury. Using slope data to cal-
culate half-life is an over simplification and assumes the elim-
ination process is mono-exponential. However, by calculating
the slope, it allows us to estimate the effect of activated char-
coal on clearance.

Conclusion

This observational study of "massive" immediate release para-
cetamol overdose found that activated charcoal within 4 h of
ingestion led to significantly lower paracetamol concentra-
tions and risk of hepatotoxicity. High initial paracetamol con-
centrations increased risk of developing hepatotoxicity
despite acetylcysteine treatment. An increased acetylcysteine
dose significantly decreased the odds of developing hepato-
toxicity in those with an initial paracetamol concentration
more than double the nomogram line.

The evidence of benefit is limited and leaves many ques-
tions unanswered. There is uncertainty about the dose/time
thresholds that justifies activated charcoal, or increased ace-
tylcysteine dose. There is more uncertainty about the optimal
increase in acetylcysteine dose and duration. These can only
be resolved by further research. However, we believe that
this evidence is sufficiently compelling to change standard
practice in "massive" paracetamol overdose.
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