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Purpose of review

Gastrointestinal decontamination in overdose patients remains a controversial problem
in emergency medicine. There has been a significant decrease in the use of single-dose
activated charcoal (SDAC) in recent years based on little new evidence and possibly
because the overall mortality in overdose patients is low.

Recent findings

Human volunteer studies suggest SDAC is effective and this effect occurs for up to 4 h
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after ingestion, but the magnitude of the reduction in area under the curve (AUC)
decreases over time. Two randomized controlled trials including one recent large study
did not find SDAC to be beneficial. Pharmacokinetic and pharmacodynamic studies of

specific drugs in overdose suggest that for most drugs SDAC decreases drug
exposure, but this does not translate to clinical benefit in all cases. The administration of

Although SDAC is unlikely to be beneficial in many overdose patients, for some
subgroups with severe poisoning, the benefits will outweigh the low risk of
administration. The use of SDAC should be based on the potential toxicity of the drug
ingested and the potential benefit of SDAC balanced against the willingness of the
patient to take SDAC and the low risk of administration.
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settings outside the rural tropics and asked for robust
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Introduction

Gastrointestinal decontamination in overdose patients
remains a controversial problem in emergency medicine.
Activated charcoal nonselectively binds to most medium-
sized carbon-based poisons (such as pharmaceuticals).
There has been a significant decrease in the use of
activated charcoal in recent years based on little new
evidence and possibly because the overall mortality in
overdose patients is low. A position statement published
in 1997 questioned the use of single-dose activated
charcoal (SDAC) more than an hour after ingestion which
contributed to a substantial decrease in its use [1]. This
position statement was revised in 2005 but little research
had been undertaken during this time and its recommen-
dations therefore remained unchanged [2°,3]. Recently
alarge RC'T of over 4500 patients in Sri Lanka showed no
advantage of SDAC or multiple-dose activated charcoal
in acute poisoning [4°]. However, this study included
a large proportion of pesticide and oleander seed
poisonings with very different absorption kinetics to most
prescription medications. In addition, the accompanying
editorial cautioned against generalizing this study to
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pharmacokinetics studies to better understand the role of
SDAC in poisoning [5].

The lack of evidence to support SDAC and the low
mortality in overdose patients, particularly with most
prescription medications, suggests that for the majority,
SDAC is probably not warranted. However, the question
remains as to whether there is a subgroup of patients
with severe poisoning in which SDAC will be beneficial.
Currently the use of SDAC in severe poisoning is ad hoc
and in most cases has little scientific basis or support
from clinical trials. Even for less severe poisoning there
may be benefits from SDAC in terms of reduced need
for life support, monitoring and other antidotes. Previous
controlled trials have included heterogeneous groups of
overdose patients [4°,6°], often excluding the most severe
poisoning, so they are unlikely to detect benefit in small
subgroups of patients taking individual drugs or suffering
severe poisoning. There has been some recent work
that has attempted to quantify the effects of SDAC for
individual drugs [7,8°9,10°,11,12] which demonstrate
variable efficacy of SDAC on the pharmacokinetics of
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drugs in overdose and have shown effectiveness against
clinical outcomes for some drugs but not others. Some of
these and previous studies provide enough information to
allow a decision to be made about the use of SDAC for
specific drugs for individual patients [8°,10°,13°,14].

T'he aim of this article is to review the recent literature in
light of changes in the use of activated charcoal over the
last two decades and provide an approach to applying
this information to individual overdose patients. The
review will focus on the initial use of activated charcoal,
SDAC.

Activated charcoal in human volunteers
Studies in human volunteers provide the basis foractivated
charcoal being used in overdose patients, including the
effect of time of administration of SDAC, the amount
of activated charcoal and the role of the volume of
distribution of the ingested drugs [2°,15%,16°°]. Figure 1
provides a scatter plot of the human volunteer studies
included in the position statement in 2005 [2°]. The figure
shows that SDAC is effective in human volunteer studies
and this effect occurs for up to 4 h after ingestion but the
magnitude of the reduction in area under the curve (AUC)
decreases over time. This is similar to a meta-analysis
undertaken by Jurgens ez a/. [15°].

Human volunteer studies have measured the effect of
SDAC on the AUC of the drug and although this is most
commonly interpreted as a reduction in the absorption
of drug, it may also be due to an increase in clearance or
a combination of both increase in clearance and decrease
in absorption. This is seen in Eq. (1).

Dose x F
AUC = ——— 1
uC aL (1)

Key points

e Single dose activated charcoal is unlikely to be
beneficial in the majority of overdose patients.

e 'There is probably benefit of activated charcoal in a
subgroup of patients with severe poisoning.

e The decision to give activated charcoal should be
based on ingested drug toxicity and potential
benefit of charcoal, balanced against the willingness
of the patient to take charcoal and its low risk
of administration.

AUC is directly proportional to the bioavailability (/) and
inversely proportional to clearance (CL). Hence either
an increase in clearance or a reduction in bioavailability
can decrease the AUC. Overall the change in the AUC
that was seen in all the above studies can only be
determined to the level of the ratio of bioavailability
and clearance as shown in Eq. (2).

AUC  F
Dose CL

(2)

Although studies of SDAC conducted in the healthy
volunteers support the hypothesis that SDAC reduces
AUC and hence drug exposure, they do not determine
if this is due to a decrease in fraction absorbed or due to an
increase in clearance, or if extraneous variables or cov-
ariates affect this. One recent study in human volunteers
given supratherapeutic doses (50 mg/kg) of acetamino-
phen found that increasing doses of SDAC decreased
the half-life of acetaminophen from 2.5h for a 5g dose
of SDAC to 1.9h and 1.6h for 25 and 50g of SDAC,
respectively, which was statistically significant [17]. This
supports that SDAC can also increase clearance and
perhaps this effect is more important with larger doses
of SDAC which can absorb larger amounts of drug.

Figure 1 Summary of the human volunteer studies from the position statement on single dose activated charcoal
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The meta-analysis by Jurgens ez a/. [15°] also showed that
the effect of SDAC increases with the dose of charcoal
given. However, the recent human volunteer study of
paracetamol ingestions only provided weak evidence to
support this and that a recommendation of a 10: 1 ratio of
SDAC to ingested drug mass appears to be reasonable.
The reduction in AUC due to SDAC is also associated
with the volume of distribution of the ingested drug and
is greater with drugs with large volumes of distribution
[15°].

Evidence from pharmacokinetic and
pharmacodynamics studies in overdose
patients

Human volunteer studies continue to be done with
SDAC and although more recent studies have used
supratherapeutic amounts of drug [17-19], they are
still far below the amounts ingested by most over-
dose patients and only provide information on the
pharmacokinetics in therapeutic or supratherapeutic
amounts. What is required are studies of the effect
of SDAC on the pharmacokinetics of drugs in overdose
and more importantly if the effect of SDAC on the
pharmacokinetics translates to an effect on the pharma-
codynamics of drugs in overdose, that is of clinical
benefit.
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A series of studies on citalopram overdose explored the
effect of SDAC on the pharmacokinetics and pharmaco-
dynamics of citalopram, to attempt to develop clinical
guidelines. The initial study was a population pharma-
cokinetic study of citalopram overdoses that showed
that SDAC almost doubled the clearance and reduced
the fraction absorbed by 22% and in the study the
majority of patients received SDAC 2—-4 h after ingestion
[20]. The second study of the pharmacodynamics of
citalopram in overdose showed that this effect of
SDAC on the pharmacokinetics translated into a reduced
probability of the patient developing an abnormal QT [7].
Using the pharmacokinetic—pharmacodynamic model
developed, simulations were then used to explore a range
of patient presentations based on dose ingested, SDAC
and the QT interval to propose clinical guidelines
for citalopram overdoses (Fig. 2) [21°]. Finally a second
dataset of patients was used to test the assertion that
SDAC reduced the probability of QT prolongation in
citalopram overdoses [8°].

Further studies have now been undertaken for other
overdoses, including quetiapine and venlafaxine. These
have demonstrated two important findings: 1) that diffe-
rent drugs are affected by SDAC in different ways; and 2)
that a reduction in drug exposure may not necessarily
translate into a clinical benefit. This was best seen with

Figure 2 Clinical recommendations for the management of citalopram overdose including the use of single-dose activated charcoal

based on the risk of QT prolongation
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the studies of quetiapine overdose in which in the first
study SDAC reduced the fraction absorbed by over a
third, but had no effect on clearance [9]. This is probably
because SDAC is only likely to increase the clearance of
drugs with long half-lives such as citalopram (median 40 h
in overdose [20]) and not ones with short half-lives like
quetiapine (median 6.6 h in overdose [9]). The second
study showed that SDAC was unlikely to have a major
impact on clinical outcomes in quetiapine overdose,
including requirement for intubation and duration of
mechanical ventilation, so the use of SDAC is unlikely
to be beneficial [10°].

Quantitative pharmacokinetic and pharmacodynamics
studies therefore provide an approach to investigating
the effect of SDAC for individual drugs in overdose.
These studies are generally regarded as exploratory or
hypothesis-generating studies and focused controlled
trials can then be undertaken to confirm the effects
[8°,22]. Further investigation with other drugs that
demonstrate clinically significant toxicity is warranted.

the exact role including dose of SDAC and timing needs
further delineation.

Three studies were unable to show any benefit on plasma
drug concentrations or clinical outcomes in tricyclic
antidepressant overdose, including a direct comparison
of SDAC versus supportive care and another comparing
SDAC in patients having gastric lavage against gastric
lavage alone [29-31]. However, these studies were small
and did not undertake a formal pharmacokinetic analysis
of the data.

Unfortunately it is difficult to draw any conclusions
from all of these studies testing SDAC because in large
studies of heterogeneous patient groups any effect on
small subgroups may be missed. However, the apparent
benefit of SDAC in acetaminophen poisoning and con-
versely the lack of significant benefit in studies of tricyclic
antidepressant poisoning do suggest that for some drugs
there is a potential benefit and further studies of drugs
with significant effects should be undertaken.

Evidence from controlled trials of clinical
outcomes in overdose patients

Although a number of controlled trials of decontamina-
tion in acute overdose have been undertaken there
are only two well designed randomized controlled trials
that have compared SDAC to supportive care alone
and neither demonstrated clinical benefit of charcoal
[4°,6%,23,24]. The first trial by Cooper ¢ a/. included a
large number of cases which were unlikely to develop
significant toxicity and would have therefore had good
outcomes irrespective of SDAC. Seven patients with
severe toxicity were excluded [6°]. The second and
largest trial of activated charcoal by Eddleston ¢z /.
did not exclude patients based on severity and also did
not show an effect of SDAC. This study mainly included
pesticides and oleander so it is difficult to apply these
findings to prescription drugs [4°]. These studies and
other studies that have included activated charcoal have
been reviewed in detail elsewhere [16°°,25°].

A number of studies have investigated the effects of
activated charcoal on acetaminophen poisoning. The
first study compared three different decontamination
methods in patients ingesting 5 g or more acetaminophen
and showed that SDAC decreased the absorption of
acetaminophen [26]. The second was a retrospective
analysis of 981 acetaminophen overdoses which demon-
strated that administration of SDAC within 2 h reduced
the number of patients with a toxic acetaminophen
concentration [13°]. Two other studies also suggest a
beneficial effect of SDAC in acetaminophen poisoning
[27,28] and collectively these studies would suggest that
SDAC has a role in acetaminophen poisoning. However,

Risks of administration of activated charcoal
administration

The administration of activated charcoal is a low-risk
procedure. However, the administration of activated
charcoal is associated with considerable unpleasantness
because it is distasteful to drink. It is frequently blamed
for causing an increased risk of vomiting but this is not
supported by the controlled trial of Cooper e# /. in which
there was no difference in the frequency of vomiting
between SDAC and no decontamination [6°] and vomit-
ing was not reported in the largest trial of activated
charcoal [4°,32].

The most serious potential complication in overdose
patients is aspiration pneumonitis and there are case
reports of severe cases of aspiration pneumonia reported
in association with activated charcoal administration
or confirmation of activated charcoal in the lungs [33].
There are two separate issues in regards to SDAC -
whether SDAC increases the risk of aspiration and
whether aspiration of activated charcoal in addition to
gastric contents worsens the aspiration pneumonitis.
A large study of overdose patients which investigated
the risk factors for aspiration pneumonitis did not identify
SDAC as a risk factor [34°]. In addition the large trial of
activated charcoal in Sri Lanka did not identify aspirated
charcoal in any deaths which would have included cases
of aspiration pneumonitis [4°].

It has also been suggested that aspiration of activated
charcoal is worse than aspiration of gastric contents
alone. This is based on animal studies in which activated
charcoal is instilled into the lungs of rats which results in
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pulmonary injury compared to sterile water [35]. How-
ever, these studies are unlikely to represent aspiration of
activated charcoal in human poisoning when activated
charcoal will be aspirated with gastric contents, so a
more appropriate animal study would be instilling gastric
contents with and without activated charcoal. There is
therefore little evidence to support the use of SDAC
increasing the risk of aspiration or worsening the severity
of aspiration pneumonitis.

Rarer complications of activated charcoal include bowel
obstruction, and this has been reported in two cases in the
Sri Lankan study [4°]. This may be a concern for drugs with
anticholinergic effects but are usually associated with
multiple-dose activated charcoal [36]. Although SDAC
is nota completely risk-free intervention it can be regarded
as a low-risk procedure that should be considered when-
ever there is potential benefit in severe poisoning.

Approaching the individual patient

The decision to give a patient activated charcoal is
an excellent example of the difference between what a
clinician must decide to do with an individual patient
and what the evidence shows. If a decision is based on
controlled trial evidence then there is little to support the
benefit of SDAC. However, the quantitative studies and
evidence in small studies of select drugs suggest there is
potential benefit in some situations and there is a role for
SDAC in acute overdose.

355

Previous reviews have discussed various approaches to
deciding whether an individual patient will benefit from
the administration of activated charcoal [37,38]. Bailey
[38] discussed a triangle of three things — potential
toxicity of the poison, the benefit of SDAC, balanced
against the risks of charcoal. These are the essential
issues that the clinician needs to resolve before giving
SDAC, but they are not really in a triangle but a series
of questions the clinician must ask. The potential toxicity
of the overdose must be considered first and if there is
no potential toxicity then any form of decontamination is
not required (Fig. 3). If the clinician does not believe the
patient is at risk of any complications from the poisoning
then there is no reason to give SDAC. Part of this
consideration also needs to be the potential toxicity
based on the dose, the time since the overdose: Have
we reached the peak effect already? Will this dose
cause toxicity? If the clinician determines there is
potential toxicity, the potential benefit of SDAC for
the ingested drug can then be balanced against the risks
of administration.

Practicalities and ethics of activated charcoal
administration

The administration of activated charcoal is different to
other medications because it is unpleasant to drink and in
many cases the patient may not be cooperative or may
simply refuse to drink it [32,39]. There is therefore an
additional consideration of the willingness of the patient

Figure 3 A proposed decision-making process for the administration of single-dose activated charcoal in overdose patients
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to drink activated charcoal, which will need to be
balanced against the benefit (Fig. 3). It could be argued
that this is more important than the risk of administration
because SDAC is a low-risk intervention. If the patient is
willing to drink charcoal then the decision to administer
can be simply based on the potential benefit. If the
patient is unconscious then as long as the airway is
protected the decision to administer SDAC is the same.
However, it is difficult, if not impossible, to administer
SDAC in a noncooperative awake patient. The use of
physical restraint and a nasogastric or orogastric tube is
no longer acceptable, raises numerous ethical concerns
and has legal implications, depending on local law.
Worse are attempts to give activated charcoal in patients
who have an altered mental state, either delirium or a
decreased level of consciousness. Although these patients
may not need airway protection for the poisoning,
administering SDAC is difficult and contra-indicated
unless they have airway protection.

Therefore, the awake noncooperative patients and
patients with altered mental state pose a unique problem
in deciding to give SDAC. There needs to be significant
potential benefit of activated charcoal if it is going to be
administered because these patients are going to
require sedation and intubation for airway protection,
so that SDAC can be safely administered. This adds
another level of complexity to the decision-making
process to administer SDAC and the clinician needs to
answer the question: ‘Do I believe that the overdose is
likely to cause life-threatening toxicity, that is not easily
treated by supportive care and/or a specific antidote, that
I am willing to intubate this patient against their will
to administer activated charcoal?’ This may be clear-cut,
for example, in a patient presenting early after a large
colchicine overdose which is life-threatening and decon-
tamination may be the only beneficial treatment. How-
ever, for an acetaminophen overdose in which there is
some evidence to support the use of SDAC [13°], it is
unlikely to be sufficient to intubate a patient because
administration of N-acetylcysteine within 8 h is a highly
effective treatment.

It is possible to consider two groups of patients in which
SDAC is beneficial (Fig. 3). One group are cooperative
patients in which administration may improve inter-
mediate outcomes such as reduce length of hospital stay
or prevent the need for the administration of an antidote.
Examples of this group are acetaminophen poisoning
or sedative drug poisoning which can be managed with
supportive care. The other group of patients is those in
which there is life-threatening poisoning that is not easily
treated, such as arrhythmias, multiorgan failure, when
even a small benefit of SDAC may improve outcomes.
In this group it is a duty of care to administer SDAC,
although the practicalities of this will differ locally.

Conclusion

Hopefully future studies will focus on investigating
the benefits of SDAC in subgroups of patients with
severe poisoning from specific drugs and methods
of quantitative analysis, both pharmacokinetics and
pharmacodynamics, may be employed [40]. SDAC must
remain an important consideration in the treatment
of severe poisoning but clearly is not required in the
majority of overdose patients.
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