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Should N-acetylcysteine be administered orally or intravenously for the
treatment of paracetamol overdose?
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Introduction: Paracetamol is the most commonly used drug in deliberate poisoning. N-acetylcysteine is the
standard antidote for significant acute paracetamol overdose, but the route of administration varies between
countries. This review aimed to find and appraise those comparative studies which would help answer the
following question: in patients who have taken an overdose of paracetamol requiring antidote, is there any
difference between intravenous and oral N-acetylcysteine in mortality, hepatotoxicity, adverse drug reactions
or cost? Methods: A literature search was conducted using Medline and other databases. Relevant papers
were identified and appraised. Results: One animal study and seven comparative clinical studies were identified
and appraised. The quality of the evidence was generally poor, and there was no clear difference in outcomes
between the two routes of administration. Conclusions: Without evidence of advantage for one route over
the other, routine practice should not be changed. However, after 30 years experience, both routes appear to
be effective and safe, and in countries where intravenous administration is the standard, it would be reasonable
to consider the oral route as an alternative when intravenous access is problematic. There is a need for
prospective, randomised trials to determine the relative effectiveness, safety and cost of intravenous and oral

formulations of N-acetylcysteine. (Hong Kong j.emerg.med. 2009;16:106-116)
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Introduction

Paracetamol (acetaminophen, N-acetyl-p-aminophenol,
APAP) is the most commonly used drug in the world,
and the most commonly used drug for deliberate self
poisoning in the United Kingdome (UK), United States
(US) and Hong Kong.>* From 1993 to 2002 there were
approximately 30,000 admissions each year for
paracetamol overdose in England.’ In Hong Kong,
paracetamol poisoning is less common than in the UK
but the incidence is rising. A total of 222 Chinese patients
presented to the Prince of Wales Hospital with
paracetamol poisoning over the six years from 1988 to
1993, which suggests an annual incidence less than
10% of that in the UK.® In 2001 across six Hong Kong
emergency departments, paracetamol was the most
common drug used in deliberate poisoning, and
N-acetylcysteine (NAC) the most frequently used
antidote. In the six months of the study, 109 patients
received NAC.*

Before the availability of effective antidotes in the 1970s,
about 10% of all paracetamol overdoses referred to
hospital resulted in severe hepatotoxicity, defined as a
peak plasma aspartate or alanine aminotransferase (AST
or ALT) >1000 iu/l.* Between 1-3.5% developed
fulminant, and often fatal, hepatic failure."” Plasma
paracetamol levels taken at least 4 hours after a single
acute ingestion indicate the need for antidote to prevent
these sequelae. In the UK and Hong Kong, treatment
nomograms are based on semi-logarithmic plots
connecting plasma paracetamol levels of 200 mg/l at
4 hr with 30 mg/l at 15 hr.%’ Those presenting with
paracetamol levels above this line are considered to have
a "probable risk” of hepatotoxicity (60% if untreated).
The US adapted Prescott's nomogram by adding a
"possible" risk line from 150 mg/l, 25% lower, in view of
the uncertainty over the exact time of overdose and the
reliability of laboratory assays.'” In the UK, if patients
are considered to be high risk because of glutathione
depletion or enzyme induction (e.g. alcoholism,
eating disorders, enzyme inducing drugs, human
immunodeficiency virus) a line from 100 mg/l

is used.

Consensus opinion is that NAC is the antidote of

choice.'!? Oral methionine can also be used as an
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antidote, and is considered a second-line treatment.'?
However, it is rarely used. In the Hong Kong
epidemiological studies referred to above, of
several hundred paracetamol overdoses, NAC was
administered in 133 cases. Methionine was not

mentioned as a treatment option.*”?

NAC is converted to glutathione in hepatocytes, as
well as acting like glutathione directly to detoxify
N-acetyl-p-benzo-quinone imine, a toxic metabolite
of paracetamol. However, there is disagreement over
which route of administration is best. In Europe,
Australasia and Canada, intravenous (IV) NAC is the
standard antidote for significant acute paracetamol
poisoning.' In the US, although the Food and Drug
Administration (FDA) approved the use of an IV
formulation of NAC in 2004, oral (PO) NAC is still
often used.' IV NAC is recommended in Hong Kong®
and most of Asia'® although PO NAC is used in
Taiwan?® and Vietnam, according to information from
their National Poison Control Centre (Nguyen TN,
30th June 2008, email communication). For adults,
IV NAC is administered in the UK and Hong Kong at a
total of 300 mg/kg over 20 hours: 150 mg/kg in 200 ml
of 5% dextrose over 15 minutes, then 500 mg/kg in
500 ml over 4 hours, then 1000 mg/kg in 1000 ml
over 16 hours.! More recently in Australia, the first
dose of 150 mg/kg has been given over 60 minutes
rather than 15 minutes." In children, smaller volumes
of 5% dextrose are recommended to avoid the risk of
hyponatraemia: for children over 20 kg, half the
adult volumes are used; for children under 20 kg, the
three doses are administered respectively in 3 ml/kg,
7 ml/kg and 14 ml/kg of 5% dextrose." The traditional
PO regime in the US administers a total of 1330 mg/kg
over 72 hours: 140 mg/kg loading dose, then 70 mg/kg
every 4 hours for 17 more doses.! Some centres use
an abbreviated form of this regime according to
paracetamol and AST levels."

This variety in treatment regimes for such an important
problem as paracetamol overdose implies a lack of
evidence-based consensus. Two evidence-based reviews
conducted in 2005, which shared a co-author, found
no clear difference between PO and IV NAC (nor
between different IV protocols) regarding mortality or
hepatotoxicity. No good quality randomised trials were
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identified, and their conclusions were drawn from case-
series alone.>!" Nonetheless, proponents of each route
of administration claim advantages in effectiveness, cost

and safety.

PO NAC, which is said to provide an early high
concentration to the liver through the portal venous
system, is claimed to be more effective than IV NAC,
especially for those presenting after 15 hours, with
allegedly fewer serious adverse reactions."'*"” The drug
itself is often cheaper. Inadvertent NAC overdose, which
has caused two deaths with IV administration,?°
is supposed to be less likely when given PO. PO NAC
can also be used in those with difficult or refused IV access.

Proponents of IV NAC claim increased effectiveness,
in part because the dose is more predictable, especially
as there should be less vomiting and no adsorption by
oral charcoal.”'*'%!" The usual dosing regime is shorter
and should allow earlier discharge and lower costs.'®?!
IV NAC is the only route shown to benefit patients in
established hepatic failure following a paracetamol
overdose.'" Lastly, in Hong Kong, UK and Australasia,

IV administration is more familiar to staff.

With FDA approval of the IV formulation of NAC in
2004, it seemed there was a fresh opportunity for trials
to be conducted in the US directly comparing IV and
PO NAC. Such studies would be unlikely to have
been published in time for the Cochrane review.
Comparative studies published previously but not
included in Cochrane because of insufficient quality,
might also be of use in view of the otherwise limited

evidence.

The purpose of this paper therefore is to find and
appraise those studies which compare IV and PO NAC
in order to answer the following three-part question:
in patients who have taken an overdose of paracetamol
requiring antidote, is there any difference between
intravenous and oral NAC in mortality, hepatotoxicity,
adverse drug reactions, or cost?

Methods

The Ovid interface was used to conduct a literature
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search using Medline (1950 to present), Embase (1947-
2008 week 26), Cinahl (1982-2008 June) and EBM
Reviews (to second quarter 2008).

The search strategy used the following terms: [exp
Acetaminophen/ OR (acetaminophen OR paracetamol
OR APAP).mp] AND [exp Acetylcysteine/OR
(acetylcystein$ OR n-acetylcysteing OR NAC).mp] AND
[exp Administration, Oral/OR oral$.mp] AND [exp
Infusions, Intravenous/OR (intravenous$ OR IV).mp]

The toxicological abstract database Current Awareness
in Clinical Toxicology (CACT) 1997-2008 was also
searched (www.npis.org/archive.htm).

The abstracts of all identified references were assessed
by the reviewer for relevance to the three-part question,
and relevant papers critically appraised.

Results

The search strategies found 51 references in Medline,
138 in Embase, 12 in Cinahl and 3 in EBM reviews.
The CACT database identified one abstract not found

in the other searches.?

From the abstracts of these papers seven clinical

815192225 and one laboratory animal

comparative studies
randomised controlled trial (RCT)?® were identified.

These were appraised and summarised in Table 1.

Discussion

The animal study is of pharmacological interest but
not clinically relevant, especially because cats respond
metabolically to paracetamol very differently from
humans. Paracetamol is extremely toxic to cats as they
lack glucuronyl transferase.?

From the summaries of the clinical studies in the table,
it is clear that comparative evidence of benefit of one
route of NAC over the other is lacking. Two of the
studies were not strictly comparative at all.'>* Four of
the other studies were so limited by potential
confounding, bias or chance that any suggestion of
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causality in detected differences cannot be relied
on.”?2242527 Ty addition, two of the studies were
paediatric. As children may metabolise paracetamol
differently, and tend not to use alcohol, extrapolation

to an adult population would be difficult.”*

In view of the weakness of these comparative studies,
the best evidence available seems to be that from
pooling and comparing case-series.>'"'” This evidence
is not level 1, which requires at least one RCT.# These
reviews of case-series excluded those with too few or
selected patients, but there are still large risks of bias,
and not just because the case-series were not directly
controlled. There is the possibility of incorrect timings,
especially when associated with serious intent and
alcohol ingestion. Some PO NAC patients may be
identified as "hepatotoxic" on the basis of a later, slight
elevation which would be missed had they been
discharged earlier after the shorter IV NAC protocol.
Some studies used non-standard protocols of IV or PO
NAC, which also makes comparison difficult. The
authors acknowledge the very high risk of bias in these
studies, and find no evidence for one route over the
other. However, they conclude that IV is the treatment
of choice "until evidence... that oral NAC is as

effective”".!

In terms of mortality and hepatotoxicity, the Cochrane
review!! pooled data from 9 case-series including 1614
PO patients and 637 IV.%!121417-19.2128.29 Because of the
heterogeneity of the series, no comparative statistical
analysis was made. Different studies used different
definitions of adverse drug reactions, and pooling this
data would be misleading. Mortality was very low, with
no deaths at all in those treated with NAC within 10
hours of paracetamol ingestion, and only 1% (PO) and
2% (IV) between 10-24 hours. Mortality overall was
0.6% (PO) and 0.9% (IV). Hepatotoxicity was much
higher when NAC was started late. At 0-10 hours,
hepatotoxicity was 7% (PO) and 4% (IV); at 10-24
hours 27% (PO) and 21% (IV). In the previous edition
of the Cochrane review,!" which didn't include the two
IV studies from 2005,'**" hepatotoxicity in the 10-24
hour IV group was 29%. In the 2002 Cochrane issue
there appeared to be little difference between the two
routes; in the 2006 issue it appears possible that IV
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NAC might have a lower hepatotoxicity rate in the
later treatment group.

This however does not take into account a potential
time bias. Table 2 presents hepatotoxicity data from
the case-series used by Cochrane. The original papers
were consulted for hepatotoxicity rates for patients with
"probably hepatotoxic" paracetamol levels who were
treated with NAC 10-24 hours post-ingestion. This
group was chosen as it represents clearly defined
patients at highest risk of poor outcomes for whom
prompt antidote treatment is most important. One
study did not present sufficient detail to determine
how many patients belonged to this group.?” Smilkstein's
study'” included data from the two earlier papers from
the ongoing National Multicenter Study,'™'® and the
figures presented in Table 2 have adjusted the data
accordingly. From the data presented in the papers,
95% confidence intervals were calculated by this
author. There is no significant difference between the
routes of NAC administration.

As well as demonstrating similar results for each
route, there appears to be a trend of improvement
from the late 1970s for both IV and PO NAC,
although the heterogenecity of these studies
precludes formal analysis. Several reasons could be
hypothesised: the general care of patients may have
improved; there might be less co-ingestion of other
more hepatotoxic drugs; overdose patients might be
younger; there might be more awareness of
paracetamol overdose among ED staff and therefore
earlier treatment. Whatever the reason, a time bias
would prevent reliable conclusions being drawn
from studies that compare new data with historical
controls. A decreasing trend in mortality rates from
poisoning with other drugs (excluding opiates and
drugs of abuse) has also been documented.’

In terms of adverse reactions to NAC, there is no good
evidence either from the comparative papers presented
here, nor from any reviews of case-series. In one such
review, 3-48% of patients treated with IV NAC
experienced some degree of anaphylactoid reaction with
histamine release, including pruritus, rash, nausea and
vomiting, through to angio-oedema, bronchospasm and
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Table 2. Hepatotoxicity rates in high risk paracetamol overdose treated with PO and IV N-acetylcysteine

Author, country Date PO NAC % (95%CI) IV NAC % (95%CI) Notes

Rumack, US® 78 23/51 45 (31-59) -

Prescott, UK 79 - - 20/38 53 (37-69)

Rumack, US" 81 16/40 40 (25-55) - Having subtracted data from Rumack 78

Smilkstein, US" 88 208/844 25 (22-28) - Having subtracted data from Rumack 78
and 811016

Parker, UK?® 90 - - 7120 35 (14-56)

Smilkstein, US'® 91 - - 23/85 27 (18-37) Used 48 hour IV NAC protocol

Spiller, US™ 94 6/36 17 (4-29) - 9-16 hours post-ingestion; "possibly
hepatotoxic" paracetamol levels

Buckley, Australia® 99 - - 3/37 8 (0-17)

Woo, US?! 00 4/19 21 (3-39) - Some patients received shorter PO
protocols if not hepatotoxic

Kerr, Australia' 05 - - 11/112 10 (4-15) Including both 15 min and 60 min
loading doses IV NAC; may have
included some patients with lower
paracetamol levels

Total 2571990 26.0 64/292 21.9 P=0.16

(23.3-28.8) (17.4-27.2)

IV=intravenous; NAC=N-acetylcysteine; PO=oral

shock.”® Merl et al noted that adverse drug reaction
(ADR) rates were higher (42-48%) in prospective
studies than in retrospective studies (4-9%). In their
own study, the rate was 12%, with "major" ADR
0.6% (hypotension and angio-oedema).?® There are also
two case-reports of death occurring from inadvertent
over-administration of IV NAC, and one in an
asthmatic.? PO NAC is most commonly associated with
vomiting and abdominal pain, up to 63% in one series,
as well as rarer anaphylactoid reactions.’!

It seems reasonable to accept that there might be
increased vomiting with PO NAC, and more
anaphylactoid reactions with IV NAC. As the
Cochrane review suggested, PO NAC has more risk of
less significant reactions, and IV NAC a much smaller
risk of much more significant reactions.'' However,

without knowing how frequent and severe these

reactions are, we cannot conclude that one route is
preferable or cheaper.

Cost is also an important factor in the decision to use
one or the other route for administration of NAC. The
studies presented in this review were not of sufficient
quality to determine whether one route is more cost-
effective.®? In the US, the IV formulation is more
expensive than PO. However, the total IV dose
administered is usually less, as is the duration of
treatment with possible savings from reduced bed-stay.
Costs of treating adverse reactions must also be

considered.?

Ideally, an RCT would establish the best route and
regime for NAC administration. In those treated early,
the very low incidences of death and hepatotoxicity

would require very large numbers of patients to power
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such a study. It would be difficult to achieve this in
Europe or Australia where IV treatment is well
established, and the recent Australian RCT
demonstrated the difficulty of recruiting even 200
patients over a few years.'* However, it should still be
feasible to conduct a RCT comparing ADRs and cost-
effectiveness.

It is an important question to answer, as PO NAC
might be a welcome addition to our armamentarium
in Hong Kong and elsewhere. If both routes were safe
and effective, it might allow the occasional use of PO
NAC in cases of difficult or refused IV access, or when
IV NAC might be a particular risk. In a questionnaire
survey of all Emergency Medicine specialists and senior
trainees in Wales in June 2006, only 57% had heard
of PO NAC and 4% had seen it used. If it were
available however, 71% said they would consider using
it. The most commonly suggested advantages for PO
NAC were ease of administration and avoidance of IV
cannulation in difficult cases such as patient refusal,
needlephobia, or poor access.

Lastly, comment must be made regarding the option
of methionine. Although methionine is an accepted
second-line oral alternative to NAC, there is little
experience of its use. There has been no randomised
controlled trial comparing methionine with NAC, and
the Cochrane review found only four case series of
treatment with methionine. These dated from the late
1970s and early 1980s, and demonstrated very
similar efficacy to NAC in terms of mortality
and hepatotoxicity, but included a total of only 197
patients.!’ Rather than recommending as second-line
a drug for which there is little international experience,
and for which the evidence of effectiveness is based on
a small series of patients from nearly 30 years ago, it
would seem more prudent to use PO NAC which has
been used extensively as first-line treatment in the US
and elsewhere with similar results to IV NAC, in case
series now totalling nearly 4000 patients.?

Conclusion

There is insufficient evidence to decide between the
IV and PO routes for the administration of NAC, in
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terms of effectiveness, safety or cost. Lack of evidence
of difference does not mean there is no difference, but
any difference is unlikely to be large. After 30 years of
US experience, it does seem clear that the PO regime
is also effective and safe. It would seem reasonable to
use PO NAC when IV access is problematic, or there
is concern about possible severe reactions. It could also
be considered for units that do not use IV infusions,
such as psychiatric wards. However, without good
evidence to change we should continue to use IV NAC
as our usual, standard practice for most patients. There
is a need for good prospective, randomised trials to
determine the relative effectiveness, safety and cost of

intravenous and oral formulations of N-acetylcysteine.
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