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Summary

Background: In 2016, according to the German Federal Statistical Office, 178 425 cases of intoxication (poisoning) were treated
in German hospitals. The poison control centers in the German-speaking countries gave advice in a total of 268 787 instances
of poisoning in that year, and use of activated charcoal was recommended in 4.37% of cases. The application of activated
charcoal plays a major role in both primary and secondary detoxification. This article serves as an overview of the mechanism of
action, indications, contraindications, modes of application, and dosing of activated charcoal.

Methods: This review is based on pertinent publications retrieved by a selective search in PubMed. The opinions of experts from
the poison control centers in the German-speaking countries were considered in the interpretation of the data.

Results: The administration of activated charcoal is indicated to treat moderately severe to life-threatening intoxication. It should
be carried out as soon as possible, within the first hour of the ingestion; timed-release preparations can be given up to 6 hours
after the ingestion. An important contraindication is impaired consciousness with the danger of aspiration in a patient whose air-
way has not yet been secured. Activated charcoal is ineffective or inadequately effective in cases of poisoning with acids or
bases, alcohals, organic solvents, inorganic salts, or metals. The proper dosage consists of an amount that is 10 to 40 times as
much as that of the intoxicating substance, or else 0.5-1 g/kg body weight in children or 50 g in adults. Repeated application is
indicated for intoxications with agents that persist for a longer time in the stomach and for intoxications with timed-release drugs
or drugs with a marked enterohepatic or entero-enteric circulation. The routine combination of activated charcoal with a laxative

is not recommended.

Conclusion: Even though intoxications are common, there is still no internationally valid guideline concerning the administration
of activated charcoal. A precise analysis of the risks and benefits is needed for each administration, and a poison control center

should be consulted for this purpose.
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ntoxication is a commonly encountered phenomenon.

The etiology varies widely, and many different toxins

can be involved. According to data from the Federal
Statistical Office, 178 425 cases of poisoning were
treated in German hospitals in 2016 (1, 2). A poison con-
trol center (PCC) is often consulted by medical and para-
medical personnel (emergency rescue services, office-
based physicians, hospital physicians, and pharmacists)
or by members of the population for toxicological advice.
Determination of the indication for treatment with acti-
vated charcoal—also known as activated carbon—plays
a major role in eliminating the toxic capability of a po-
tentially hazardous substance.

Activated charcoal was given in 0.89% of cases
of poisoning in childhood registered in the USA in
2013. In that year, it was recommended in circa
50 000 patients across all age groups (3, 4). In Ger-
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many, the network of PCC gave advice in a total of
268 787 instances of poisoning across all age
groups in 2016, recommending administration of
activated charcoal in 4.37% of cases. Activated
charcoal is included in the WHO Model List of
Essential Medicines (5). Inclusion of activated char-
coal among the standard antidotes carried by the
emergency rescue services is recommended, for
example, in Bavaria (6). Activated charcoal is one
of the substances in the so-called Bremen List, a list
compiled by the poison control center in northern
Germany (GIZ-Nord) of five antidotes that emergen-
cy rescue service workers should always have at
hand (7). Anyone can obtain activated charcoal
from their local pharmacy without a prescription
and administer it under strict guidelines after con-
sultation with a PCC (8).
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BOX 1

Drugs/toxins that are known to be ad-
sorbed or known not to be adsorbed onto
activated charcoal (9-11, 37, 38, e1-€9)

© Substances that are adsorbed
— ACE inhibitors
— Amphetamines
— Antidepressants (except lithium)
— Antiepileptics
— Antihistamines
— Aspirin, salicylates
— Atropine
- Barbiturates
— Benzodiazepines (NB: somnolence)
— Beta blockers
— Calcium-channel blockers
- Quinine, quinidine
— Chloroquine and primaquine
— Dapsone
— Digoxin, Digitoxin
— Diuretics (especially furosemide, torasemide)
- Nonsteroidal antirheumatics (NSAR)
— Neuroleptics
— Oral antidiabetics
(especially glibenclamide, glipizide)
— Opiates, dextromethorphan (NB: somnolence)
— Paracetamol
— Piroxicam
— Tetracyclines
— Theophylline

© Phytotoxins that are adsorbed
— Amatoxin (death cap)
— Aconitine (aconite)
— Colchicine (autumn crocus)
— Cucurbitacin (courgette, Cucurbitaceae)
— Ergotamine, ergot alkaloids
— Ibotenic acid, muscarine (fly agaric, panther cap)
- Nicotine (tobacco)
- Ricin (castor oil plant)
— Strychnine (nux vomica)
— Taxanes (yew)
- Digitalis glycosides (foxglove)

© Substances that are adsorbed insufficiently or not
at all

— Alcohols (e.g., ethanol, methanol, and glycols [for
instance ethyleneglycol])

— Anorganic salts (e.g., sodium chloride)

— Metals and their anorganic compounds (e.g.,
lithium, iron, or other heavy metals [for instance
lead or mercury])

— Organic solvents (e.g., acetone, dimethylsulfoxide)

— Acids and bases

— Cyanides

There is no internationally accepted guideline for
the administration of activated charcoal. The most
comprehensive publications are the position papers
of the American Academy of Clinical Toxicology
(AACT) and the European Association of Poisons
Centres and Clinical Toxicologists (EAPCCT) on
single-dose activated charcoal (1997 and 2005; 9,
10) and multi-dose activated charcoal in the
treatment of acute poisoning (1999; 11). Ethical
considerations make it practically impossible to
conduct randomized controlled trials, so most of the
data stem from in-vitro studies, animal experiments,
studies with human volunteers, case reports, clinical
case series, or observational studies. The only large
human studies on the administration of activated
charcoal have been carried out in developing coun-
tries, with somewhat contradictory results (12—14).

In this review we discuss the mechanism of action of
activated charcoal, indications and contraindications
for its use, the time window in which it can be given,
the mode of administration, and the adverse effects.

Method

Using the search terms “activated charcoal + poison-
ing,” we selectively surveyed the PubMed database for
publications that had appeared at any time up to
October 2018. In analyzing the data, we also took
account of experts from the Society for Clinical Toxi-
cology (Gesellschafi fiir Klinische Toxikologie e.V.,
GfKT), a professional body representing the PCC and
clinical toxicologists in Germany, Austria, and Switzer-
land (website, in German: www.klinitox.de).

Mechanism of action
Activated charcoal adsorbs many noxious sub-
stances—medical drugs, phytotoxins and poisonous
chemicals—onto its surface, preventing their absorp-
tion from the gastrointestinal tract. As a secondary
decontamination mechanism, it interrupts a potential
enterohepatic and/or enteroenteric circulation (8, 15,
16). The capacity for binding to the toxic substance
depends on several factors, including (17-19):

® The particle size of the substance

® The solubility of the substance

© The ionization of the substance

® The pH of the substance

® The stomach contents

Substances that are adsorbed insufficiently or not at
all by activated charcoal, owing to their physical
properties, are listed in Box I (4).

Indication
Activated charcoal should be given only after ingestion
of poisons that bind adequately to carbon.
Administration of activated charcoal should be
preceded by weighing up the potential risks and
benefits (Figure). This analysis depends on the an-
ticipated severity of the poisoning, as assessed by
means of the Poisoning Severity Score (20). This
scoring system categorizes the symptoms for each
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Is administration of activated charcoal indicated?

- Determine dose and time since ingestion
- Assess severity of anticipated intoxication

accompanying measures
- Check contraindications

- Evaluate whether supportive treatment alone would suffice
- Ascertain availability of an antidote that would be effective without

Yes

Yes

[N ]

Potentially life-threatening or severe
complications anticipated

Potential complications, generally
no seriously negative outcome

| Is activated charcoal potentially effective against this toxin? |—| No

|—>| No activated charcoal

e

Yes

Will activated charcoal be taken voluntarily? |—|I|

Administration of activated charcoal
- Risk of aspiration: secure the airways

Yes

- Even against the patient’s will

Offer activated charcoal |

Decision algorithm for administration of activated charcoal, modified from Isbister et al. (39)

relevant organ system and for the acid—base balance
according to their severity (none = 1, mild = 2,
moderate = 3, severe = 4, fatal = 5). The most se-
verely affected organ system determines the degree
of severity (0—4). In the case of mild intoxication
activated charcoal is only exceptionally given, i.e.,
when it is directly at hand and the occurrence of
unpleasant symptoms of intoxication can be
prevented. From moderate intoxication onwards,
administration of activated charcoal is at least
recommended, observing the efficacy and
contraindications within the time window described
below. In the event that the toxin is unknown (e.g.,
ingestion of vegetable or fungal material), adminis-
tration of activated charcoal is still recommended if
severe poisoning cannot be ruled out and there is no
elevated risk of aspiration.

Administration

Activated charcoal exists in the form of carbon tablets
or as a powder or granulate. In clinical practice it seems
more practical to use powder or granulate, which is
available in doses of 10 to 100 g. Carbon tablets, in
contrast, contain only 250 mg each, so a very large
number of tablets would have to be used to achieve an
adequate carbon surplus. To maximize the adsorption
area (the surface area of modern charcoal granulate
preparations is as much as 2500 to 3000 m?/g), carbon
tablets have to be suspended in water.
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Activated charcoal can be suspended in any liquid, but
preferably in still water. Other liquids can be used for
children, for instance sweetened tea or fruit juice.
Yoghurt and milk have also been used (21-24). It
makes sense to have children drink through a straw out
of an opaque container or a wrapped glass. It must
always be remembered that the suspension liquid may
also bind to the surface of the activated charcoal, thus
reducing the available binding capacity. If a given pa-
tient cannot swallow the activated charcoal, it can be
administered via a stomach tube.

Single-dose treatment: time window, indication,
and dosage
For activated charcoal to be effective in primary
elimination of the poison, it must come into contact
with the substance concerned. Therefore, it must be
given promptly. Clinically relevant adsorption can be
anticipated with administration within 1 to 2 h of inges-
tion. In a total of 115 studies on volunteers, it was
shown for 43 medications (including paracetamol and
salicylates) that administration of activated charcoal
within 30 min after ingestion lowered the bioavailabil-
ity of the trial substance by an average of 69.1%; for
administration after 1 h, the corresponding figure was
34.4% (9, 10).

In individual cases, later administration of acti-
vated charcoal may still be effective, e.g., following
ingestion of slow-release preparations or substances

MEDICINE




MEDICINE

TABLE

Dosage and administration of activated charcoal

Children 0.5t01gkgBWtoa Initial dose 0.5 to 1 g/kg BW,
maximum of 30 to 50 g followed by 0.125 to 0.25 g/kg

BW/h every 1to 4 hfor24 h

Adults >50 kg 509 Initial dose 50 g, followed by

12.5g/hevery 1to4 hfor24 h

Ten to 40 times more AC | No specific dose recommendation

than toxin

Known amount of
toxin

AC = Activated charcoal; BW = body weight

-]0) @]

Toxins for which multi-dose treatment with active charcoal
is indicated

© Definite indications
- Carbamazepine, quinine, dapsone, phenobarbital, theophylline
— Digoxin/digitoxin (pronounced enterohepatic circulation, if no antidote
available)
- Slow-release quetiapine (bezoar-forming preparation)
- Amatoxin, colchicine (pronounced enterohepatic circulation)

® Acceleration of elimination described
— Acetylsalicylic acid
— Amitriptyline, phenytoin, piroxicam, sotalol, salicylates, oxcarbazepine,
lamotrigine
— Citalopram, venlafaxin

that inhibit gastrointestinal motility, such as opiates,
salicylates, or anticholinergics. There are a few other
medications—typically nonpolar lipophilic sub-
stances with a late plasma peak and low endogenous
clearance (e.g., amlodipine)—for which late adminis-
tration of activated charcoal may be effective (19).
However, a meta-analysis of volunteer studies
showed no greater efficacy of delayed activated
charcoal administration for cholinergic drugs than for
anticholinergic drugs (19).

Clinical efficacy of delayed administration of acti-
vated charcoal (well over an hour after ingestion) has
been found for the following medications:

® Quetiapine in its rapid-release formulation:
reduction of resorption by 35% with activated
charcoal administration 0.5 to 6 h (median 3 h)
after ingestion (25)

o Citalopram: less frequent occurrence of QTc pro-
longation (4.2% versus 11.2%, relative risk 0.28)
with activated charcoal administration 0.5 to
6.25 h (median 2 h) after ingestion (26)

® Paracetamol: significantly less severe liver
damage with activated charcoal administration 4

to 16 h after ingestion and simultaneous treatment
with acetylcysteine (27)

® Promethazine: lowering of the likelihood of
delirium by 20% (absolute risk reduction) for
activated charcoal administration within 2 h and
by 9% for administration within 4 h after ingestion
(28)

Protracted administration of activated charcoal also
seems advisable after ingestion of fungi or of
vegetable materials that are not readily digested, e.g.,
yew needles (Box 1).

The dosage is determined either by the amount of
toxin ingested—if known—or by the body weight
(BW) of the person concerned. When the amount of
toxin to be bound is known, 10 times more activated
charcoal should be given (29). According to Jiirgens
et al., administration of a 40-fold amount is best (19).
This is practicable only with toxin intakes in the milli-
gram range; otherwise the dose is 0.5 to 1 g/kg BW, to
a maximum of 30 to 50 g. In adults, a single dose of
50 g activated charcoal is generally recommended
independent of BW, in exceptional circumstances up
to 100 g (Table).

Multi-dose treatment: time window, indication,
dosage, and administration

Multi-dose administration of activated charcoal has
two effects: First, toxins are primarily eliminated even
in distal sections of the gastrointestinal tract. More-
over, repeated administration is effective against sub-
stances that stay in the stomach for longer. Therefore,
multi-dose administration of activated charcoal can
still be started more than 1 h after ingestion. There are
no precise recommendations for protracted multi-dose
administration. With dapsone, for instance, acceler-
ated elimination was observed even when multi-dose
activated charcoal administration was not initiated
until day 5 after ingestion (11). Toxic substances that
stay in the stomach for longer periods of time include
bezoar-forming drugs such as carbamazepine and
slow-release quetiapine. These substances generate a
dense mass of incompletely digested or undigested
material (bezoar). Acetylsalicylic acid also has a
longer retention time due to precipitation in the acid
stomach contents, with clumping and possibly
pylorospasm. This may also occasionally occur after
ingestion of large amounts of other slow-release
preparations.

The second effect is secondary elimination of toxin
in the case of active substances that are subject to
enterohepatic and/or enteroenteric circulation, both of
which are interrupted by activated charcoal. In the
case of enteroenteric circulation, this effect is termed
“gastrointestinal dialysis”. In these circumstances the
intestinal wall functions as a semipermeable mem-
brane: toxins can diffuse out of the blood from serosal
to mucosal onto the charcoal in the intestinal lumen.
These substances usually have a long half-life, a low
distribution volume, and low plasma protein binding
(11, 15, 16).
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The efficacy of multi-dose administration of
activated charcoal against severe intoxication with car-
bamazepine, quinine, phenobarbital, and theophylline
has been demonstrated clinically and/or in animal ex-
periments (11). A special feature of theophylline is that
activated charcoal is effective even after intravenous
intoxication (11). Multi-dose activated charcoal ad-
ministration is also effective against digitoxin and dig-
oxin, although digitalis antitoxin is the treatment of
choice in the event of severe intoxication. Amatoxin
and colchicine, for example, are subject to an effective
enterohepatic circulation. Volunteer studies have
shown accelerated elimination of amitriptyline, dex-
tropropoxyphene, disopyramide, nadolol, phenylbuta-
zone, phenytoin, piroxicam, sotalol, and salicylates.
This was true also for oxcarbazepine and lamotrigine
(11, 30). For some active substances, clearance of the
toxin can be accelerated, with subsequent excretion via
the intestine. This was observed in studies with citalo-
pram (31) and venlafaxine (32) (Box 2).

The first dose of a multi-dose activated charcoal
treatment regimen corresponds to the amount that
would be given as a single dose. The initial dose is
followed by further doses of 12.5 g/h in adults and
0.125 to 0.25 g/kg BW/h in children at successive in-
tervals of 1 h, 2 h, and 4 h (11) (Table). Regurgitation
may be a problem, so that the dose may have to be
reduced or the interval between doses extended.
Combination with a prokinetic agent, e.g., intra-
venous metoclopramide, is possible provided the
contraindications are observed, and insertion of a
stomach tube can be considered.

The duration of activated charcoal administration
depends on the plasma concentration of the toxin and/
or the degree of clinical improvement. If the plasma
level is used as the criterion, administration of acti-
vated charcoal should not be discontinued until the
concentration has been reduced to near the therapeutic
range. Usually the activated charcoal treatment does
not need to be given for more than 24 h, but in excep-
tional cases administration for 48 h may be necessary.

Intestinal motility must be monitored in patients
receiving multi-dose activated charcoal, as must the
electrolyte balance and water balance. Repeated de-
termination of the plasma concentration of the toxin
is, if feasible, worthwhile. Stomach emptying must be
checked before each successive dose of activated
charcoal. If a stomach tube has been inserted, one
must check for reflux into a sealed bag or aspirate the
contents of the tube with a syringe. In the case of a
large amount of residual charcoal or reflux >80-100
mL, the remaining charcoal is removed and the next
dose of activated charcoal should be given with
caution or at a later time.

Contraindications

Activated charcoal can only be given to a cooperative
patient. Administration is contraindicated if the patient
is not fully conscious and therefore has inadequate
swallowing reflexes and a high risk of aspiration. This
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airways

suspected perforation
© Ingestion of gasoline/oil or nonadsorbable substances

© Recurring vomiting

Contraindications to activated charcoal administration

® Patient not fully conscious, with no swallowing reflex and no safeguarding of

© Gastrointestinal corrosion or bleeding, impaired gastrointestinal passage or

® The express wish of the patient (adult or child) not to receive activated charcoal

is also true for threatened severe intoxication, where

swift clouding of consciousness can be anticipated, and

for toxins with a high aspiration risk such as gasoline or

lamp oil. In any of these cases the airways must first be

secured by intubation, then activated charcoal can be

given via stomach tube. Other contraindications are (9):
® Direct danger of cerebral seizures

® Swallowing disorders

® Any known (current or previous) disorder of gas-

trointestinal transit

® Injury, bleeding, corrosion, and/or (known or

suspected) perforation of the gastrointestinal tract

Activated charcoal is not recommended in the
event of repeated vomiting, but it can be given after a
single episode of vomiting that stops without medi-
cation (Box 3).

If gastroscopy is planned, e.g., to retrieve toxic ma-
terials, activated charcoal should not be administered
until after the procedure, when it can be given through
the working channel of the gastroscope or via a
stomach tube.

After consultation with a PCC, activated charcoal
can also be given by a person with no medical
training. However, any such action must not be
allowed to delay transport to hospital or the perfor-
mance of elementary measures to stabilize vital
functions, insofar as necessary (8). Administration of
activated charcoal against the express will of the pa-
tient, whether an adult or a minor, is justified only in
the event of a life-threatening intoxication. In the case
of a life-threatening suicide attempt, forced adminis-
tration of activated charcoal via a stomach tube can be
considered even against the patient’s will.

Combination with a laxative

For many years routine simultaneous administration
of a laxative (e.g., sodium sulfate) was common prac-
tice, but it is no longer recommended (33). A laxative
can be given in individual cases after ingestion of a
substance that slows down gastrointestinal motor
activity. This can also be done in the event of consti-
pation, possibly preceded by medicinal bowel stimu-
lation. Administering polyethyleneglycol electrolyte
solution at the same time as activated charcoal would




MEDICINE

Key Messages

® Activated charcoal should be given as soon as possible (preferably not more than
1 h) after ingestion of the toxic substance. For slow-release preparations, activated
charcoal can be administered up to 6 h after ingestion.

® The contraindications to treatment with activated charcoal are reduced conscious-
ness with the danger of aspiration (without previous airway management) and
known or suspected gastrointestinal bleeding, corrosion, or perforation.

® Forced administration of activated charcoal via a stomach tube against the patient’s
will is justified only in the case of life-threatening intoxication (e.g., in attempted
suicide).

® Reviews of studies with volunteer probands show that the bioavailability of the
substance ingested (43 different preparations tested) is reduced by an average of
69.1% if the activated charcoal is given within 30 min and by 34.4% if it is adminis-
tered within 1 h.

® Activated charcoal can be given by persons with no medical training after consul-
tation with a poison control center. However, other measures (e.g., transport to the
hospital or stabilization of vital functions) must not be delayed as a result.

result in the former binding to the latter and reducing
its adsorption capacity, so they are given separately
(generally 2 h apart).

Laxatives are also not routinely recommended to-
gether with multi-dose activated charcoal treatment
(33). Administration of a laxative can be considered
in the case of slow-release preparations or reduced
gastrointestinal motility, but only after consultation
with a PCC.

Adverse effects and complications

The adverse effects of activated charcoal in patients
who have ingested poisons are difficult to measure be-
cause of the higher than usual dosage. With regular use,
vomiting, constipation, diarrhea, nausea, urge to defe-
cate, and anal irritation are all common. There have
been a few reports—all in connection with repeated
administration of high doses of activated charcoal—of
either small intestinal (pseudo-)occlusion requiring sur-
gical intervention or charcoal stercoliths perforating a
loop of sigmoid colon (34).

A rare but serious complication is aspiration of
charcoal leading to pulmonary failure, with a poten-
tially fatal outcome. However, only isolated instances
have been reported (9, 35, 36).

Further procedure

Depending on the degree of intoxication, patients
treated with activated charcoal should be monitored in
the hospital or at home. One can normally assume that
there will be no further symptoms after the first excre-
tion of charcoal, except for bezoar-forming substances,
which require a longer observation period. After all
symptoms still present have worn off, the treatment can
be declared successful. Patients who have ingested
poison with suicidal intent must always undergo
psychiatric evaluation.

Summary

Activated charcoal is indicated for primary elimination
of the toxin in moderate to severe cases of poisoning. It
should be given as soon as possible (generally within
30 to 60 min of ingestion), and the patient must be alert
and cooperative. The most important contraindication
is a not fully conscious patient with no swallowing re-
flex. Furthermore, the toxin must display adequate
binding to activated charcoal, which is not the case for
acids/bases, alcohols, glycols, organic solvents, or
metals. The adult dose of activated charcoal is usually
50 g, while in children the amount administered is de-
termined by body weight (0.5 to 1 g/kg BW). Multi-
dose treatment is required for effective elimination of
some toxins. In most cases no additional laxative
should be given.

Because of the frequent need for application of ac-
tivated charcoal and the potentially narrow time
window for effective administration, physicians
should be familiar with the basic principles of acti-
vated charcoal treatment and, if necessary, always
have a supply at hand. This applies particularly to
primary-care physicians and pediatricians, as well as
emergency physicians and emergency rescue person-
nel. It should be discussed whether households with
children, facilities for children (e.g., kindergartens,
after-school care, schools), homes for the disabled,
and care homes for the elderly should be officially
recommended to keep a supply of activated charcoal.
We, the authors, and the experts at the PCC support
such a recommendation (8).

Before activated charcoal is administered by a per-
son with no medical training, a local physician or a
PCC should be contacted to confirm the indication
and advise on the exact procedure.
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“Cerebral Heartbreak”

A 64-year-old woman was brought to our emergency department with a 2-day history of right lower limb
paralysis and psychomotor retardation. Initial CCT showed a heart-shaped left frontal infarct (Figure).
Although she recovered well from the paralysis, over the next few days she developed marked symptoms
of depression, with avolition and loss of appetite. She lost 13 kg (20% of her body weight) over the follow-
ing 5 months and continued to suffer from avolition, daytime fatigue, and concentration difficulties, despite
psychotherapy and treatment with citalopram 20 mg q.d. “Post-stroke depression” has an incidence of up to
31 % , especially following left anterior infarctions, as illustrated by the case of “broken heart” after stroke.

Dr. Olympia Kremmyda, Prof. Dr. med. Dr. h. c. Michael Strupp, FRCP, FANA, FEAN, Department of Neurology, Ludwig
Maximilians University, Munich, Olympia.kremmyda@med.uni-muenchen.de
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