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Paracetamol poisoning is the commonest overdose recorded in high
income countries [1-4]. In Sri Lanka paracetamol overdose has exponentially
increased in urban and rural areas [5, 6]. It is responsible for 50% of admissions
due to overdose in the National Hospital of Sri Lanka (National Poisons
Information Center data), and on average two patients are admitted every day
with paracetamol overdose [7]. In the Kurunegala district primary hospitals,
paracetamol was responsible for 18% of overdose admissions in 2012 (South
Asian Clinical Toxicology Research Collaboration cohort data).

Malik Goonewardene MS, FRCOG
Renuka Jayatissa MD, MSc
Udaya K Ranawaka MD, FRCP
Carukshi Arambepola MBBS, MD
Chandu de Silva MBBS, MD
Samath Dharmaratne MSc, MD
Tiran Dias MD, MRCOG
Ranil Fernando FRCS, PhD
Prasad Katulanda MD, DPhil
Sarath Lekamwasam MD, PhD
Senaka Rajapakse MD, FRCP
Sisira Siribaddana MD, FRCP

Paracetamol toxicity is mostly due to the toxic intermediate metabolite
N-acetyl-p-benzoquinone imine (NAPQI) produced by cyctochrome P450
enzymes. This normally binds to sulfhydral groups in gluthathione to form
non toxic metabolites. In overdose, gluthathione stores can become depleted
and NAPQI binds to sulfhydral groups in other proteins causing hepatic and
renal damage. Early administration of sulfhydral donor antidotes such as
methionine or N-acetylcysteine (NAC) significantly reduces the risk of death
or hepatic injury [8-10]. Risk factors for death includes late presentations
(>8 hours), staggered overdoses or unintentional therapeutic excesses
[3,11-14]. In 2012 Sri Lanka spent Rs 41 million on methionine and Rs 126
million for NAC, distributed to both urban and rural areas (Medical Supplies
Division data).
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The international standard for risk assessment following a single
ingestion of paracetamol is to plot the paracetamol concentration on a risk
nomogram. As a small percentage of patients with paracetamol levels below
the nomogram threshold develop some hepatic injury, current research seeks
to define optimal treatment thresholds and dose and duration of antidotes
[15, 16]. This article focuses on some recent developments and discusses the
relevance of the new evidence for managing patients in Sri Lanka.
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Antidote treatment thresholds in different countries
A strong risk benefit ratio favouring treatment and a desire to simplify
the decision process have led to different treatment thresholds internationally,
but the lower thresholds are not supported by evidence from randomized
controlled trials [17, 18]. In Denmark, all patients with suspected paracetamol
overdose receive antidote [19]. In the UK from 1995-2012, the treatment
threshold was based upon a paracetamol concentration measured between
4-16 hours [20]. Two lines were used, the line starting at 200 mg/l at 4 hours
(‘200 mg/l line’), the usual threshold line for treatment and the line starting at
100mg/l at 4 hours (‘100mg/l, line) for those considered to be at high risk of
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hepatotoxicity such as patients on concomitant enzyme
inducing medications, starvation, chronic ethanol misuse,
and dehydration [10]. In North America a treatment line
starting at 150mg/l (‘150mg/l line’) was mandated by the
FDA to provide an added margin of safety [15]. In New
Zealand and Australia a single150 mg/l line was adopted
to simplify management.
In 2012, following the death of a patient with a
concentration below the treatment line, the UK Chief
Medical Officer mandated a reduction in the treatment
threshold [21]. The key changes included using a single
‘100 mg/l treatment line’ for all cases, ceasing risk
assessment; treating all staggered/uncertain ingestions;
and increasing the duration of the initial NAC infusion
from 15 to 60 minutes. Evaluation of effect of changes
have shown that there is no evidence for improved clinical
outcomes but there is a significant increase in costs and
adverse reactions to treatment [22].
Although a low cost paracetamol assay has been
developed and validated in Sri Lanka, it is not available in
routine patient care [23]. Thus treatment decisions are
normally based upon the history of ingested dose [7, 24,
25]. This approach is consistent with international
guidelines which use the ingested dose when paracetamol
concentration is not available, easily interpreted or
appropriate. However using the commonly recommended
ingested dose threshold of 200 mg/kg would result in 41%
of patients receiving antidote unnecessarily [23]. In this
situation there is a strong case for providing effective
lower risk and cheaper treatment. This is addressed by
the 2012 NPIC guidelines and flow charts for management
of paracetamol overdose [26]. For patients who have taken
a potentially toxic dose, intravenous NAC over 20.25 hours
is recommended for admissions more than 8 hours after
acute overdose, staggered overdoses and those having
vomiting and abdominal pain [24]. Oral methionine is
recommended for patients presenting within 8 hours and
not having vomiting or history of liver disease as it is a
more cost effective alternative in the absence of studies
proving superiority of NAC [17, 18, 27, 28].
Reducing adverse effects from intravenous NAC
With the initial loading dose of NAC in the 20.25
hour regimen, up to 60% of patients may experience
dose-related vomiting and/or anaphylactoid reactions,
particularly patients with lower paracetamol concentrations. While these are easily managed, it leads to
treatment interruption and refusal in 20% of patients
[29, 30].
Aiming to reduce adverse events, a clinical trial
published in 2014 evaluated the efficacy and safety of a
shorter 12 hour NAC regimen compared to the standard
20.25 regimen in UK [31]. The trial randomly allocated
patients with acute paracetamol overdose to four arms,
either the standard intravenous NAC regimen or a shorter
12 hour modified protocol, with or without 4 mg of
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ondansetron IV given as pretreatment. The trial protocol
administered 100 mg/kg NAC in 200 ml, over 2 hours
followed by 200 mg/kg in 1l, over 10 hours, giving the
same total amount of NAC as the standard regimen.
The 12 hour modified NAC regimen resulted in less
vomiting, fewer anaphylactoid reactions, and reduced
need for treatment interruption. Although there was no
significant difference in hepatotoxicity, as the study was
not powered to detect non inferiority and had significant
clinical exclusions, further research is required to establish
efficacy of the 12 hour modified NAC regimen over the
standard approach. As there was an unexpected small
increase in aminotransferases, ondansetron probably
should not be used as an antiemetic. In Sri Lanka the
issue of anaphylactoid reactions are important when
intravenous NAC is used but not in situations where
methionine is given orally.
Unintentional and staggered paracetamol overdoses
Staggered paracetamol overdoses are defined as
ingestion of potentially toxic amounts of paracetamol
(>4 g day) within 7 days of presentation [12]. About one
third of staggered overdoses are taken deliberately as a
suicide attempt. Other causes for staggered overdose are
accidental overdose during non-specific systemic illness,
iatrogenic overdose due to medication errors and cognitive
impairment. Staggered overdose is strongly associated
with reduced survival compared with single time point
overdose [12]. Unintentional paracetamol over-dose
(frequently staggered or associated with intoxication) is
also independently associated with reduced survival
compared with intentional overdose [32]. These studies
highlight the need for unintentional and staggered
paracetamol overdoses to be treated as high-risk for
development of multi-organ failure, and to be considered
for antidote treatment irrespective of serum paracetamol
concentration at admission. Sri Lankan guidelines reflect
this approach. There is some evidence that oral NAC is as
effective as intravenous NAC [33]. If this can be confirmed
it would provide additional options for earlier initiation of
treatment in primary care and rural hospitals.
Medication errors in administration of paracetamol and
acute liver failure
Retrospective analysis of paracetamol-associated
paediatric acute liver failure cases during a 10 year period
in Australia and New Zealand, has shown that medication
errors in administration of paracetamol, as the leading
cause of paediatric acute liver failure [34]. Vast majority of
children were under the age of 5 years. Seven children
had received doses in excess of 120 mg/kg/day. Many of
the other children had received either a double dose, or
too frequent administration. The study suggested a review
of regional safety practices surrounding paracetamol use
in children and dosing based on lean body mass.
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Sensitive markers of hepatotoxicity
Most patients present to the hospital soon after drug
ingestion, before acute liver injury (ALI) can be diagnosed,
or confidently excluded, using the current biomarkers
such as alanine transaminase (ALT) or International
Normalising Ratio (INR). Thus a need for new biomarkers
to identify paracetamol-induced ALI early is emphasized
[35, 36]. A recent study investigated the potential of a
panel of novel biomarkers, plasma micro RNA-122 (miR122; having high liver specificity), high mobility group
box-1 (HMGB1; a marker of necrosis), keratin-18 (K18; a
marker of necrosis and apoptosis), and glutamate
dehydrogenase (GLDH; a marker of mitochondrial
dysfunction) at first presentation to the hospital [34, 36].
Within 8 hours, miR-122, HMGB1, and K18 identified the
development of liver injury with a high degree of accuracy
and may be used in risk stratification of patients in future
[37]. ALT alone or in combination with new markers is a
good negative predictor of adverse outcome [38].
Tools used for prognostication in ALF
A systematic review found that the original King’s
College Criteria (KCC) without addition of arterial lactate
levels remain well-validated with high prognostic accuracy
in paracetamol induced ALF [39]. Many alternative
prognostic variables to the KCC have subsequently been
proposed. Sequential organ failure assessment (SOFA)
scores utilise features of extra-hepatic organ injury in an
attempt to predict outcome following paracetamol
hepatotoxicity [40]. The model for end-stage liver disease
(MELD) score, incorporates INR, serum bilirubin and serum
creatinine [41]. Although the SOFA score was reported to
be superior to MELD score in predicting spontaneous
survival, a systematic review of prediction models for poor
outcome in patients with acute liver failure concluded that
all studies on prognostic models for ALF show
methodological and reporting limitations [42, 43].
Influence of Cytocrome P 450 inducing drugs on
hepatotoxicity
The only drugs for which there is evidence of the
potential for an increased risk of hepatotoxicity in patients
with paracetamol overdose are phenobarbital, primidone,
and isoniazid [44]. There is no evidence that other drugs
often quoted as increasing risk, such as carbamazepine,
phenytoin, primidone, rifampicin, and rifabutin, should be
considered as risk factors for hepatotoxicity in patients
presenting with acute paracetamol overdose.
Impact of pack size reduction on paracetamol overdose in
UK and Ireland
In UK, legislation came into effect in September 1998
to restrict pack sizes of paracetamol sold over the counter
Vol. 60, No. 3, September 2015

[45]. Maximum of 32 tablets could be dispensed from
pharmacies and 16 from non-pharmacy outlets. In Ireland,
similar legislation was introduced in October 2001 with
lower tablet numbers; a maximum of 24 tablets from
pharmacies and 12 tablets from non-pharmacy outlets [46].
Beneficial effects, seen in England and Wales with reduced
sizes of overdoses and numbers of deaths and liver
transplantations was not seen in Scotland [47]. In Ireland,
changes appeared to have resulted in smaller overdoses
(i.e. reduced number of tablets taken) in the first two years
after the legislation. However the difference in paracetamol
pack size legislation between England and Ireland did not
appear to have resulted in a major difference in sizes of
overdoses [48]. In Sri Lanka any meaningful changes in
pack size would have to reflect the lower body weight of
Sri Lankans.
Therapeutic paracetamol dose and acute liver injury
Acute liver failure occurring after administration of
paracetamol at the maximum recommended daily dose in
adults with lower body weight and chronic medical
conditions has been reported [49, 50]. A recent study
suggests considering paracetamol in therapeutic dosages
in the causality assessment of non-alcoholic patients with
liver injury [50].
Hepatotoxicity in Asians
The metabolism of paracetamol in Asians is thought
to differ from that of Westerners. Data on over 1000
patients including Malays, Chinese and Indians concluded
that paracetamol-induced hepatotoxicity rates in a multiethnic Asian population was low at 7.3% and mortality
and morbidity were non-existent despite high doses of
paracetamol ingestion and delayed presentation [51].
Relevance of recent developments for Sri Lanka
Since vast majority of paracetamol overdoses are
managed without using paracetamol levels, which
treatment line should be used is not practically important
in Sri Lanka. The superiority of the 12 hour NAC regimen
over the existing regimen remains to be proven although
it is simpler and has less potential for less medication
errors. Although incidence of paracetamol overdose has
increased in Sri Lanka, since the overall mortality due to
poisoning has come down, a campaign to reduce the
incidence by reducing pack sizes perhaps may not be
justified. Reducing the pack size may not be effectively
implemented in Sri Lanka and it may also lead to increased
mortality due to a shift towards poisoning with more
toxic substances.
As higher mortality in accidental and repeated supra
therapeutic ingestions has been repeatedly confirmed and
medication errors in administering paracetamol has been
79
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identified as the most common cause of liver failure,
education of prescribers, mothers, and public, emphasizing
safe use of paracetamol is needed.
We also should be cautious in using maximum doses
of paracetamol in adults during febrile illnesses, common
during fever epidemics, particularly in patients with lower
body weight. It may be appropriate to use paracetamol
doses adjusted for weight in such patients.
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