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ARTICLES

Activated Charcoal Reduces the Need
for N-Acetylcysteine Treatment After
Acetaminophen (Paracetamol) Overdose

Nicholas A. Buckley; lan M. Whyte; Dianne L. O’ Connell;
Andrew H. Dawson

Royal Adelaide Hospital, Adelaide, SA Australia (NAB); University of Newcastle,
Newcastle, Australia (DLO); Newcastle Mater Misericordiae Hospital,
Newcastle, Australia (IMW, AHD)

ABSTRACT

Background: The evidence for efficacy of gastric lavage and activated char coal
for gastrointestinal decontamination in poisoning hasrelied entirely on volun-
teer studiesand/or pharmacokinetic studies and evidence for any clinical bene-
fits or resource savings is lacking. Aim of Study: To investigate the value of
gastrointestinal decontamination using gastric lavage and/or activated char coal
in acetaminophen (paracetamol) poisoning. Patients and Methods: We ana-
lyzed a series of 981 consecutive acetaminophen poisonings. These patientswere
treated with gastric lavage and activated charcoal, activated charcoal alone, or
no gastrointestinal decontamination. The decision as to which treatment was
received was determined by patient cooperation, the treating physician, coin-
gested drugs, and time to presentation after the overdose. Results: Of 981 pa-
tientsadmitted over 10years, 10% (100) had serum concentr ations of acetamin-
ophen that indicated a probable or high risk of hepatotoxicity. Therisk of toxic
concentrations for patientsingesting lessthan 10 g of acetaminophen was very
low. In patients presenting within 24 hours, who had ingested 10 g or more,
those who had been given activated charcoal were significantly less likely to
have probable or high risk concentrations (Oddsratio 0.36, 95% CI 0.23-0.58,
p < 0.0001). Gastric lavage, in addition to activated charcoal, did not further
decrease therisk (Oddsratio 1.12, 95% CI 0.57-2.20, p = 0.86). Conclusions:
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Toxic concentrations of serum acetaminophen (paracetamol) are uncommon
in patientsingesting less than 10 g. In those ingesting mor e, activated char coal
appears to reduce the number of patients who achieve toxic acetaminophen
concentrations and thus may reduce the need for treatment and hospital stay.

INTRODUCTION

The evidence in favor of the use of gastrointestinal
decontamination in poisoning in general, and acetamino-
phen (paracetmol) poisoning in particular, has relied en-
tirely on volunteer studies and/or pharmacokinetic stud-
ies® Controlled trials of gastric emptying in unselected
patients with poisoning have shown no benefits.5® Thus
the use of activated charcoal (AC) aone (without gastric
emptying) has been recommended in most poisonings.>
8 However, despite the wealth of volunteer studies dem-
onstrating reduced absorption of alarge number of drugs
when AC is administered, evidence that the use of AC
leads to any clinical benefits or resource savings is lack-
ing.® The lack of obvious benefits may be due to the
outcome of most poisonings being generaly favorable
with supportive treatment alone. Thusthereisnot general
acceptance that charcoal has clinical efficacy in even the
most severe poisonings.®

Acetaminophen is moderately well adsorbed by char-
cod in vitro and in volunteer studies.>** However, in
many centers in the US, the use of charcoa has been
avoided because it may aso reduce absorption of oraly
administered N-acetylcysteine (NAC).22 The aim of this
study was to assess the impact of gastrointestinal decon-
tamination on the clinical outcome of acetaminophen poi-
soning, in particular the need for treatment with NAC.

PATIENTS AND METHODS

All presentations to our unit who ingested acetamino-
phen between January 1987 and September 1996 were
analyzed. A general description of the unit, data collec-
tion, and some other details of the treatment and out-
comes of these patients have been reported el sewhere. 31
Our usual management of patients presenting within 4
hours who have taken >125 mg/kg of acetaminophen is
to give AC (1-2 g/kg) and intravenous fluids. Gastric
lavageis performed if indicated by coingested substances
or sometimes due to decisions taken by the emergency
physician. However, if patients refuse to cooperate and
if no more toxic substance has been ingested, gastrointes-
tinal decontamination will not be performed. Serum acet-

aminophen concentrations are taken at 4 hours or on pre-
sentation (if thisis later than 4 hours). We compared the
likelihood of having a concentration of acetaminophen
that indicated the need for treatment (based on the 2 main
nomograms used;'*!3 Figure 1) and other characteristics
in those who received AC and in those with no gastroin-
testinal decontamination. We also compared those who
received gastric lavage and charcoa with those who re-
ceived charcoal alone. The possible, probable, and high
risk lines shown in Figure 1 were defined by Prescott et
al. and Rumack et al.*? They are parallel lines with an
origin at 4 hours of serum concentration of 150 mg/L,
200 mg/L, and 300 mg/L, respectively, declining with a
half-life of 4 hours. The probable risk line is generally
used in the UK while the possible risk line is generally
used in the US.

Statistical Methods
Due to the nonnormality of the continuous variables,

medians are presented and the Wilcoxon two-sampl e test
was used to compare groups. For dichotomous variables,

= @ ] ower limit for high risk group

umol/LL Lower limit for probable risk group™| mg/L

sememem [ ower limit for possible risk group#

Paracetamol level
R
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Hours after ingestion

Figurel. Nomogram used to define patientsat possible, prob-
able, or high risk of hepatotoxicity on the basis of serum con-
centrations between 4 and 24 hours postingestion of acetamino-
phen (paracetamol).

* Treatment line used in the US nomogram.?

# Treatment line used in the Prescott (UK) nomogram.*
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Yates' continuity corrected chi-square or Fisher’'s exact
test were performed.

RESULTS

Nine-hundred eighty-one patients were admitted with
suspected or confirmed acetaminophen poisoning. There
were 748 patients with nontoxic serum concentrations,
62 possibly toxic, 51 probably toxic, 49 high risk, and
40 presented >24 hours after ingestion (Figure 1). For
31 patients, the time of ingestion was either unknown or
ingestion was over many hours. Twenty-five percent of
patients had gastric lavage followed by AC, 36% had
charcoal aone, and 39% had no gastrointestinal decon-
tamination.

The risk of toxic concentrations for patients ingesting
less than 10 g was very low (Figure 2). Thus, a cut-off
of 10 g was used to compare methods of gastrointestinal
decontamination. Table 1 compares patients ingesting
=10 g of acetaminophen and presenting within 24 hours
who received none or two different methods of decon-
tamination. Patients who received AC (with or without
gastric lavage) were significantly lesslikely to have prob-
able or high risk concentrations (Odds ratio 0.36, 95%
Cl 0.23-0.58, p < 0.0001) or concentrations above the
US nomogram treatment line (Odds ratio 0.50, 95% ClI
0.33-0.75, p = 0.0007). There were 50 patients whose
gastrointestinal decontamination had preceded the mea-
surement of acetaminophen by less than 1 hour. How-
ever, excluding these from the analysis did not signifi-
cantly alter the proportion with at-risk concentrations
(Oddsratios for probable or high risk concentration: 0.35
95% CI 0.21-0.57, p < 0.0001, and for concentration
above the US nomogram treatment line: 0.52, 95% CI

80+
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70+ °
60+
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0.34-0.79, p = 0.003). Gastric lavage conferred no addi-
tional benefit over charcoal alone (Odds ratios for proba-
ble or high risk concentration: 1.12, 95% Cl 0.57-2.20,
p = 0.86, and for concentration above the US nomogram
treatment line: 0.76, 95% CI 0.44-1.31, p = 0.33).

As would be expected from our treatment guidelines,
those who received decontamination generally presented
earlier (p = 0.0001). They also had a dightly younger
median age and were more commonly female (Table 1).
The effectiveness of charcoal was evident in those pre-
senting within 2 hours with perhaps minor benefits up to
4 hours (Figure 3).

DISCUSSION

This study suggests a substantial clinical benefit and
some resource savings from the use of AC in acetamino-
phen poisonings greater than 10 g in patients who present
within 2 to 4 hours. Only 15% of those presenting within
2 hourswho were given charcoal were above the possible
risk line compared to 41% of those who did not receive
gastrointestinal decontamination. Since treatment in our
study was not randomly determined, and a number of
baseline factors (age, gender, time to presentation) were
unequally distributed, it is possible that these may also
have influenced the concentrations obtained. It is possible
that being younger or of female gender would reduce the
acetaminophen concentrations obtained, athough thisis
unlikely as these people weigh less and might receive
a larger dose in mg/kg (body weight was not routinely
measured). In our series, the general trend for those
who had repeat serum concentrations was for the ini-
tially toxic concentrations to become nontoxic.”® Thus,
late sampling of concentrations, per se, when comparing

Non-toxic Possible

Probable High risk

Figure 2. The effect of reported dose of acetaminophen (paracetamol) ingested (median, quartiles, and range), on the expected
risk of hepatotoxicity determined from subsequent serum concentrations (from Figure 1).
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Table 1

Proportion of Patients, Ingesting =10 g of Acetaminophen and Presenting Within 24 Hours, with Probable or High
Risk Concentrations and the Method of Gastrointestinal Decontamination Used

No Gl Char coal Lavage & p Value
Decontamination Alone Char coal (combined
(n = 167) (n = 163) (n = 120) charcoal v none)

Median age (range) 24 (13-89) 23 (14-78) 20 (13-64) 0.02
Female 99 (59.3%) 111 (68.1%) 80 (66.7%) 0.09
Stupor/coma 13 (7.8%) 6 (3.7%) 17 (14.2%) 0.9
Median amount ingested, g (range) 15 (10-75) 12.5 (10-77) 15 (10-70) 0.65
Median time to presentation, min (range) 385 (10-1380) 135 (5-885) 120 (14-840) 0.0001
Concentration above the possible risk line 68 (40.7%) 45 (27.6%) 27 (22.5%) 0.0007
Probable or high risk concentration 50 (29.9%) 21 (12.9%) 17 (14.2%) <0.0001
Median length of stay, hours (range) 22.3 (1-170) 19.2 (2-285) 18.8 (2.7-154) 0.04

Odds ratio need for NAC treatment if charcoal received: Probable or high risk concentration: OR 0.36 (95% Cl 0.23-0.58); Possible

risk concentration: OR 0.50 (95% CI 0.33-0.75).

those not given charcoal to those who received charcoal,
would not account for the higher proportion of toxic con-
centrations in late presentations. However, this does not
exclude the possibility that the late presenters had in-
gested larger doses. Our sample was not sufficiently large
to compare subgroups with significant power in such post
hoc analysis. However, we believe the results are valid
as.

1 -
0o I None

[ Charcoal
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Figure3. Percent of overdoses (95% Cl) with concentrations
in the possible risk range (total n in group) stratified by time
from ingestion and treatment with charcoal.

1. Theeffect withinthe group who received charcoal
was largely confined to the first 2 hours after in-
gestion (Figure 3) and that the groups were simi-
lar after this time.

2. Theresultsarein agreement with in vitro and vol-
unteer studies.>

3. The results make biological sense based on the
pharmacokinetics of acetaminophen.”

4. The proportion of patients developing potentially
toxic concentrations from the total cohort of 981
patientsislower than that reported where charcoal
has been withheld as part of a protocol testing oral
NAC.?

In Australia (and many other countries), this largely
supports current clinical practice.’* However, the use of
charcoal is not routine in acetaminophen poisoning in the
US where there appears to be some controversy largely
related to the restriction on the use of intravenous (1V)
preparations of NAC. This has lead to some recommen-
dations to avoid charcoal asit reduces oral NAC absorp-
tion, although this position has come under recent criti-
cism. It has been proposed that charcoal could be given
followed by either the usua or an increased dose of oral
NAC.'*8 This seems more reasonable than to withhold
charcoa as has been recommended previously, but the
clinical consegquences of such changes in the established
NAC protocol have not been determined. The use of
NAC IV avoids these concerns.’® Our study supports the
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routine use of AC up to 2 hours after overdose. Beyond
thistime, selected patients who may have delayed gastric
emptying dueto opioids or anticholinergic drug ingestion
may still benefit, as may those ingesting sustained or de-
layed release preparations.®2

10.

REFERENCES

Vale JA. Position statement: Gastric lavage. American
Academy of Clinical Toxicology; European Association
of Poisons Centres and Clinical Toxicologists. J Toxicol
Clin Toxicol 1997;35:711-7109.

Chyka PA. Multiple-dose activated charcoa and en-
hancement of systemic drug clearance: Summary of stud-
iesin animals and human volunteers. J Toxicol Clin Tox-
icol 1995;33:399-405.

Vale JA, Proudfoot AT. How useful is activated char-
coal? BMJ 1993;306:78-79.

Palatnick W, Tenenbein M. Activated charcoal in the
treatment of drug overdose. An update. Drug Saf 1992;
7:3-7.

ChykaPA, Seger D. Position statement: Single-dose acti-
vated charcoal. American Academy of Clinical Toxicol-
ogy; European Association of Poisons Centres and Clini-
cal Toxicologists. J Toxicol Clin Toxicol 1997;35:721—
741.

Kulig K, Bar-Or D, Cantrill SV, Rosen P, Rumack BH.
Management of acutely poisoned patients without gastric
emptying. Ann Emerg Med 1985;14:562—-567.

Merigian KS, Woodard M, Hedges JR, et al. Prospective
evaluation of gastric emptying in the self-poisoned pa-
tient. Am J Emerg Med 1990;8:479-483.

Pond SM, Lewis-Driver DJ, Williams GM, Green AC,
Stevenson NW. Gastric emptying in acute overdose: A
prospective randomised controlled trial. Med J Aust 1995;
163:345-349.

Demaziere J, Saissy M, Vitris M, et al. Effets du diaze-
pam sur la mortalite des intoxications aigues par la chlo-
roquine. Ann Fr d Anesth Reanim 1992;11:164—167.
Rose SR, Gorman RL, Oderda GM, Klein-Schwartz W,
Watson WA. Simulated acetaminophen overdose: Phar-
macokinetics and effectiveness of activated charcoal. Ann
Emerg Med 1991;20:29-33.

REPRINTS

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

757

Chamberlain JM, Gorman RL, Oderda GM, Klein-
Schwartz W, Klein BL. Use of activated charcoal in a
simulated poisoning with acetaminophen: A new loading
dose for N-acetycysteine. Ann Emerg Med 1993;22:45—
49.

Smilkstein MJ, Knapp GL, Kulig KW, Rumack BH. Ef-
ficacy of oral N-acetylcysteine in the treatment of acet-
aminophen overdose: Analysisof the national multicenter
study (1976 to 1985). N Engl J Med 1988; 319:1557—
1562.

Buckley NA, Whyte IM, O’ Connell D, Dawson AH. Oral
or intravenous N-acetylcysteine: Which is the treatment
of choice for early paracetamol (acetaminophen) poison-
ing? J Toxicol Clin Toxicol 1999;37:759—-767.

Buckley NA, Dawson AH, Whyte IM, McManus P, Fer-
guson N. Six years of self poisoning in Newcastle 1987—
1992. Med J Aust 1995;162:190—-193.

Slattery JT, Levy G. Acetaminophen kinetics in acutely
poisoned patients. Clin Pharmacol Ther 1979;25:184—
195.

Vae JA, Proudfoot AT. Paracetamol (acetaminophen)
poisoning. Lancet 1995;346:547—-552.

Brent J. Are activated charcoal-N-acetylcysteine interac-
tions of clinical significance? Ann Emerg Med 1993;22:
84-86.

Spiller HA, Krenzelok EP, Grande GA, Sdfir EF, Dia
mond JJ. A prospective evaluation of the effect of
activated charcoal before oral N-acetylcysteine in acet-
aminophen overdose. Ann Emerg Med 1994;23:519—
523.

Dhawan A, Sorrell MF. Acetaminophen overdose: Need
to consider intravenous preparation of N-acetylcysteine
in the United States. Am J Gastroenterol 1996;91:
1476.

Heading RC, Nimmo J, Prescott LF, Tothill P. The de-
pendence of paracetamol absorption on the rate of gastric
emptying. Br J Pharmacol 1973;47:415-421.

Nimmo WS, Heading RC, Wilson J, Tothill P, Prescott
LF. Inhibition of gastric emptying and drug absorption
by narcotic analgesics. Br J Clin Pharmacol 1975;2:509—
513.

Tighe TV, Walter FG. Delayed toxic acetaminophen level
after initial four hour nontoxic level. J Toxicol Clin Tox-
icol 1994;32:431-434.

MaRcEL DEKKER, INC. ﬂ
270 Madison Avenue, New York, New York 10016 o

Copyright © Marcel Dekker, Inc. All rights reserved.



Request Permission or Order Reprints|nstantly!

Interested in copying and sharing this article? In most cases, U.S. Copyright
Law requires that you get permission from the article’ s rightsholder before
using copyrighted content.

All information and materials found in this article, including but not limited
to text, trademarks, patents, logos, graphics and images (the "Materials"), are
the copyrighted works and other forms of intellectual property of Marcel
Dekker, Inc., or itslicensors. All rights not expressly granted are reserved.

Get permission to lawfully reproduce and distribute the Materials or order
reprints quickly and painlessly. Simply click on the "Request
Permission/Reprints Here" link below and follow the instructions. Visit the
U.S. Copyright Office for information on Fair Use limitations of U.S,
copyright law. Please refer to The Association of American Publishers
(AAP) website for guidelines on Fair Use in the Classroom.

The Materials are for your personal use only and cannot be reformatted,
reposted, resold or distributed by electronic means or otherwise without
permission from Marcel Dekker, Inc. Marcel Dekker, Inc. grants you the
limited right to display the Materials only on your personal computer or
personal wireless device, and to copy and download single copies of such
Materials provided that any copyright, trademark or other notice appearing
on such Materialsis also retained by, displayed, copied or downloaded as
part of the Materials and is not removed or obscured, and provided you do
not edit, modify, alter or enhance the Materials. Please refer to our Website

User Agreement for more details.

Order now!

Reprints of this article can also be ordered at
http://www.dekker.com/servlet/product/DOI/101081CL T100102452


http://www.copyright.gov/fls/fl102.html
http://www.publishers.org/conference/copyguide.cfm
http://www.dekker.com/misc/useragreement.jsp
http://www.dekker.com/misc/useragreement.jsp
http://s100.copyright.com/AppDispatchServlet?authorPreorderIndicator=N&pdfSource=Dekker&publication=CLT&title=Activated+Charcoal+Reduces+the+Need+for+N-Acetylcysteine+Treatment+After+Acetaminophen+%28Paracetamol%29+Overdose&offerIDValue=18&volumeNum=37&startPage=753&isn=0731-3810&chapterNum=&publicationDate=11%2F18%2F1999&endPage=757&contentID=10.1081%2FCLT-100102452&issueNum=6&colorPagesNum=0&pdfStampDate=07%2F28%2F2003+10%3A00%3A45&publisherName=dekker&orderBeanReset=true&author=Nicholas+A.+Buckley%2C+Nicholas+Buckley%2C+Ian+M+Whyte%2C+Dianne+L+O%27Connell%2C+Andrew+H+Dawson&mac=buA3Qetf8y347ty5CgJTXQ--

