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Notable Cases

[1185 mg/kg]). Onset of nausea and inter-
mittent vomiting occurred after a couple of
hours, and about 9 hours later she reported
the exposure to relatives. The woman was
taken to a regional hospital, from where she
was transferred to a tertiary hospital for
management, arriving 14.5 hours post-
A woman with acute poisoning from extended-release paracetamol presented at 14.5 hours post-ingestion. 
The paracetamol’s absorption phase and elimination half-life appeared prolonged, with peak blood 

concentration occurring at 20 hours post-ingestion, requiring an extended course of intravenous 
N-acetylcysteine. Current treatment recommendations, based on experience with a different formulation 

in the United States, may not be appropriate for the Australian formulation. (MJA 2008; 188: 310-311)
Clinical record
A 25-year-old woman, weighing 54 kg and
with no other medical conditions, ingested
96 extended-release paracetamol tablets
with suicidal intent (total dose, 64 g

ingestion.
She was given antiemetics, and an intrave-

nous N-acetylcysteine infusion was immedi-
ately commenced (standard regimen:
150mg/kg over 60 min, then 50 mg/kg over
4 h, then 100 mg/kg over 16 h). A blood
sample collected on admission for laboratory
analyses showed a paracetamol concentra-
tion of 2235 μmol/L. As this concentration is
above the treatment line on the Rumack–
Matthew nomogram (Box, A), the N-acetyl-
cysteine infusion was continued. Given the
limited available data on the pharmacokinet-
ics of extended-release preparations in over-
dose, blood samples were obtained about
every 6 hours to guide treatment.

Changes in the blood paracetamol con-
centration during the patient’s stay are
shown in the Box. The maximum concen-
tration (2487 μmol/L) occurred at about 20
hours post-ingestion, and the apparent
elimination phase appeared biphasic on
visual inspection (Box, B). The apparent
elimination half-life was 9 hours between
20 and 34 hours post-ingestion, decreasing
to 5 hours between 34 and 48 hours post-ingestion, suggesting
that absorption was ongoing during this time. With the exception
of intermittent nausea and vomiting, the patient remained clini-
cally well. After 48 hours, the paracetamol concentration had
decreased to a non-toxic (therapeutic) concentration and results of
liver function tests were normal. The N-acetylcysteine infusion was
ceased, and the patient was transferred to a mental health unit.

Despite the large paracetamol ingestion
and delayed initiation of N-acetylcysteine,
no biochemical evidence of hepatotoxicity
or other markers of significant toxicity
were observed during admission. Mild
coagulopathy was noted at 48 hours post-
ingestion (prothrombin time, 19 s [refer-
ence range (RR), 9–15s]; international nor-
malised ratio, 1.7 [RR, 0.8–1.2]; activated
partial thromboplastin time, 37s [RR, 23–
34s]; fibrinogen, 1.3g/L [RR, 1.5–4.0g/L]),
which is not expected to be significant in this
clinical setting.1 A mild increase in total
bilirubin level (peak, 28μmol/L [RR, 2–
20μmol/L]) was also noted, but other liver
function test results remained within refer-
ence ranges.

Discussion
Ingestion of paracetamol is one of the
most common causes of acute intentional
self-poisoning in Australia. Management
is well described, and includes considera-
tion of gastrointestinal decontamination
and administration of intravenous N-ace-
tylcysteine. The decision to administer
N-acetylcysteine is based primarily on the
plasma concentration of paracetamol and
time of poisoning in relation to the treat-
ment line on the Rumack–Matthew nom-
ogram. Blood paracetamol concen-
trations are obtained 4 or more hours
after ingestion of immediate-release para-
cetamol preparations because absorption
is largely complete by this time. Patients
with a paracetamol concentration above
the treatment line should be treated with

this antidote, while those with a level below the line do not
require treatment.2 N-acetylcysteine is administered as a 20-
hour intravenous infusion in the majority of patients. These
treatment guidelines reflect clinical experience with the standard
immediate-release formulation of paracetamol, with or without
coformulants such as codeine or dextropropoxyphene.

An extended-release formulation of paracetamol was recently
marketed in Australia under three proprietary labels. Each tablet
contains 665 mg paracetamol; 31% of the dose is released immedi-

Linear (A) and logarithmic (B) 
paracetamol concentration–time 
profiles after ingestion of extended-
release paracetamol, with reference to 
the treatment line on the Rumack–
Matthew nomogram

t1/2 = apparent elimination half-life (determined using 
non-linear regression with a monophasic decay, with 
GraphPad Prism, version 4.03 for Windows 
[GraphPad Software, San Diego, Calif, USA]). ◆
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ately, while the remaining 69% is released over 6–8 hours at
therapeutic doses.3

To determine whether N-acetylcysteine is required in an acute
overdose of an extended-release formulation, the manufacturer
recommends obtaining an initial paracetamol concentration either
on admission or at 4 hours post-ingestion. If this concentration is
below the treatment line on the nomogram, a repeat concentration
should be determined 4–6 hours later. A 20-hour infusion of N-
acetylcysteine is recommended if either concentration is above the
treatment line.3

This approach to risk assessment is similar to that recommended
for a different extended-release preparation marketed in the
United States (650 mg paracetamol; 50% released immediately).4

In volunteer studies of simulated overdose with this US formula-
tion (75 mg/kg orally), the time of peak concentration was similar
to the immediate-release formulation, occurring within 4 hours.5,6

However, a study of simulated acute overdose in volunteers using
the Australian product (mean dose, 73 mg/kg) found that the
absorption phase is prolonged — compared with the standard
immediate-release formulation, the time until the maximum con-
centration occurred was delayed for the extended-release formula-
tion (0.94 v 2.83 hours).7 These differences in absorption kinetics
between the Australian and US formulations might influence
treatment guidelines.

Reported cases of acute overdose with the US formulation have
noted that the peak concentration may actually occur up to 12
hours post-ingestion, suggesting that the pharmacokinetics of
extended-release paracetamol change substantially in acute over-
dose.8-12 To our knowledge, no cases of acute poisoning with the
Australian formulation of extended-release paracetamol have pre-
viously been reported. It is therefore not known whether the
current recommendations for treatment are appropriate.

Absorption may be sufficiently prolonged in acute overdose of
extended-release paracetamol that the peak plasma concentration
occurs around 20 hours post-ingestion. In this patient’s case, the
only data point earlier than this was at 14.5 hours, when the
concentration was already extremely high (Box). Given the amount
ingested, it seems likely that at least one of the blood samples that
the manufacturer recommends obtaining within 8–10 hours of
ingestion would have prompted treatment with N-acetylcysteine.
However, due to the lack of data during this period for our patient,
this cannot be confirmed.

Of importance in this case is the prolonged apparent elimination
half-life of paracetamol, such that the concentration remained
elevated for 48 hours post-ingestion. This required the N-acetyl-
cysteine infusion to be administered beyond the usual 20-hour
protocol that is recommended by the manufacturer and used for
immediate-release preparations. The duration of N-acetylcysteine
infusion in this patient was guided by the serial blood samples
taken about every 6 hours. In the absence of more informative
pharmacokinetic data, it seems reasonable that serial blood samples
(every 6–12 hours) should be obtained from patients presenting
with ingestion of the extended-release formulation, to guide
duration of treatment.

The absorption kinetics observed in this patient suggest that the
ingested tablets formed an aggregate (a pharmacobezoar) in the
gut from which absorption is very slow. Therefore, administration
of activated charcoal and, potentially, whole bowel irrigation might
be considered, even in cases of delayed presentation.13

On the basis of this case, the treatment of acute poisoning with
the extended-release formulation of paracetamol differs from
recommendations developed for the immediate-release formula-
tion. While it appears reasonable to continue to use the Rumack–
Matthew nomogram for determining which patients require N-
acetylcysteine, more than one blood sample may be required to
confirm that an exposure is non-toxic. Intravenous N-acetyl-
cysteine infusion can be initiated according to the standard
regimen, and should be continued until the paracetamol concen-
tration has decreased to a therapeutic level (less than 120 μmol/L
or 20 mg/L) if the transaminase concentrations remain normal. If
the transaminase levels are rising, N-acetylcysteine should be
continued. This can be determined by blood samples taken every
6–12 hours, depending on the time of day, location of the patient,
laboratory services available, and compliance of the patient. If the
infusion is required for longer than 20 hours, this should be done
by continuing the final phase of the regimen (ie, N-acetylcysteine
100 mg/kg bodyweight in 1000 mL of 5% dextrose over 16 hours)
until a therapeutic paracetamol concentration is achieved.

More experience in the management of acute poisoning with the
extended-release formulation of paracetamol is required to better
determine the optimal treatment.
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