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ABSTRACT
Background: Specific antidotes (eg, naloxone, flumaze-
nil, cyproheptadine and benzodiazepines) are available for
the management of certain recreational drug-induced
toxicities. Some controversies surround the use of some
of these antidotes, especially flumazenil in benzodiazepine
toxicity. There are no previously published data on
doctors’ knowledge of the use of these specific antidotes.
Methods: A questionnaire survey was designed to
determine internal/emergency medicine doctors’ knowl-
edge of the appropriate use of antidotes in the
management of clinical scenarios of acutely poisoned
patients. For nine simulated clinical scenarios of acute
toxicity from recreational drugs (benzodiazepines,
cocaine, N-methyl-L-(3, 4-methylene-dioxyphenyl)-2-ami-
nopropane (MDMA)-induced serotonin toxicity and
opioids), they were asked to indicate whether the
suggested antidote and route of administration were
correct.
Results: 42 physicians of all grades completed the
questionnaire. The mean correct score was 5.4 (SD 1.1)
(median 6, interquartile range 5–7). The percentages
correct for the various clinical scenarios were 68.3% for
opioid toxicity, 81% for benzodiazepine toxicity, 28.6% for
MDMA-induced serotonin toxicity and 70.2% for cocaine
toxicity. Doctors were more likely to record an answer of
‘‘unsure’’ for the use of cyproheptadine in ST serotonin
toxicity (28.6%) compared with the use of the other
antidotes (1.4%; p,0.001).
Conclusion: Knowledge of the appropriate use of
antidotes in recreational drug toxicity is not consistent,
with poorer knowledge on the use of newer antidotes
such as cyproheptadine in serotonin toxicity. Education is
required both to increase overall knowledge on the use of
specific antidotes in the management of recreational
drug-induced toxicity, as well as focusing on newer
antidotes such as cyproheptadine.

The use of recreational drugs in the UK is common,
and overall there has been an increase in their use,
with the highest use in those aged under 45 years.1

Routine toxicological screening is typically not
undertaken in patients presenting to the emer-
gency department with toxicity following the use
of recreational drugs, because there is limited or no
availability of ‘‘real-time results’’ to assist clinicians
in their management decisions. However, recrea-
tional drugs typically tend to cause symptoms and/
or signs that can help a clinician in determining
what drug or drugs have been ingested.

The mainstay of the treatment of patients with
toxicity following the use of recreational drugs is
meticulous supportive care and management of

complications if they occur. In addition, there are
some specific antidotes and/or treatments that
may be useful in the management of recreational
drug toxicity. These include naloxone for opioid
toxicity, flumazenil for benzodiazepine toxicity,
cyproheptadine for serotonin toxicity and benzo-
diazepines for cocaine toxicity.2–5 However, there is
controversy concerning the widespread use of some
of these antidotes, especially flumazenil in benzo-
diazepine toxicity.3 6 In addition, some antidotes
may be administered by more than one route, for
example intramuscular or intravenous naloxone.
Not only does each antidote need to be adminis-
tered correctly, but they should also be adminis-
tered by the correct route, in the correct dose and
in the right clinical circumstances, to minimise the
risk of unwanted adverse effects.

No studies have been published on doctors’
knowledge of the appropriate use of antidotes and
their routes of administration in the management
of patients with recreational drug toxicity. We
therefore designed a questionnaire survey to
determine adult internal medicine and emergency
physicians’ knowledge of the appropriate use and
route of administration of various antidotes in the
management of recreational drug toxicity.

METHODS
Study participants
Medical staff of all grades in general (internal)
medicine and emergency medicine were recruited
before attending one of three clinical toxicology
training sessions.

Questionnaire survey
Participants were asked to indicate if the antidote/
treatment and route of administration specified for
nine clinical scenarios of acute recreational drug
toxicity were correct or not (table 1). The
appropriateness or not of both the antidote/
treatment and the route of administration for each
of these clinical scenarios was judged by a panel of
clinical toxicologists, which comprised the senior
authors (DW/PD/SG/AJ). The answers of each
participant were compared with those of the panel
of clinical toxicologists and a score of one mark per
scenario was given when there was concordance in
the answers.

Outcome measures
The primary outcome measure was identification
that an appropriate antidote and route of admin-
istration had been given for the individual clinical
scenario.
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Primary data analysis
Data are presented as mean (SD), along with median and
interquartile range, when appropriate. Comparison of data was
undertaken by unpaired Student’s t test. Statistical analysis was
undertaken by SPSS, version 10.

RESULTS
A total of 42 doctors of all grades in general and emergency
medicine attending three clinical toxicology training sessions
were recruited and completed survey questionnaires were
returned by all participants. The mean (SD) score for all doctors
completing the case scenarios on the use of antidotes/treatment
in recreational drug toxicity was 5.4 (1.1) and the median
(interquartile range) was 6 (5–7). The percentage of correct
answers for each individual scenario is shown in fig 1.

The individual scenarios could be ‘‘grouped’’ as opioid toxicity
(scenarios 3, 5 and 8), benzodiazepine toxicity (scenarios 2 and
7), N-methyl-L-(3, 4-methylene-dioxyphenyl)-2-aminopropane
(MDMA)-induced serotonin toxicity (scenarios 1 and 6) and
cocaine toxicity (scenarios 4 and 9). The percentage of answers
that were correct for the various groups of clinical scenarios
were 68.3%, 81%, 28.6% and 70.2% for opioid toxicity,
benzodiazepine toxicity, MDMA-induced serotonin toxicity
and cocaine toxicity, respectively (fig 2). Participants were more
likely to record an answer of ‘‘unsure or don’t know’’ for the use
of cyproheptadine in MDMA-induced serotonin toxicity
(28.6%) compared with the use of the antidote in the other

scenarios (opioid toxicity, cocaine toxicity and benzodiazepine
toxicity) (1.4%; p,0.001).

DISCUSSION
The aim of the study was to determine physicians’ knowledge
on the appropriate use and routes of administration of the
various antidotes/treatments that may be used in the manage-
ment of recreational drug toxicity. We used nine clinical
scenarios of acute recreational drug toxicity, which are
commonly seen in the emergency department to test physi-
cians’ knowledge of the appropriate use of antidotes/manage-
ment in each scenario. We have demonstrated that overall
doctors had some knowledge on the use and route of the various
antidotes, although their knowledge differed between antidotes,
with less knowledge of newer antidotes such as cyproheptadine.

There is published literature about the efficacy of the specific
antidotes used in the clinical scenarios in this study in the
management of patients with recreational drug toxicity.
However, there are some controversies about the use of these
antidotes and in particular the potential for adverse effects,
including mortality following their use. In the discussion we
would like to raise some of these issues and also look at the
recommendations for their use.

Naloxone is a specific opioid antagonist that can be used to
reverse the symptoms of opioid toxicity, such as coma and
respiratory depression, and its use in these situations is
recommended by the National Institute for Health and
Clinical Excellence (NICE).7 There is no ‘‘standard’’ dose of
naloxone that should be administered, although the British
National Formulary recommends bolus doses of 0.8–2 mg,
repeated as required.8 Although it is a relatively safe antidote,
there have been reports of adverse effects following use,
including acute withdrawal symptoms in opioid-dependent
users, seizures, arrhythmias and acute pulmonary oedema.2 It is
possible that the acute pulmonary oedema that has been
reported is due either to the opioid toxicity itself, underlying
cardiorespiratory disease or that the reversal of opioid toxicity
with naloxone improves respiratory effort and therefore
unmasks opioid-induced pulmonary oedema. Similarly, seizures
and cardiac arrhythmias following naloxone use may be due to
the opioid toxicity directly, co-ingested substances such as

Table 1 Clinical scenarios of acutely poisoned patients with suggested antidote for the individual
presentation and the potential route of administration

Clinical scenario Antidote/treatment

18-Year-old man with ingestion of 10 ecstasy tablets. Temperature 39.6uC, HR 150, spontaneous
clonus and hyperreflexia

PO cyproheptadine

52-Year-old woman with epilepsy presents after ingestion of temazepam with a GCS of 8 and
normal BP

IV flumazenil

35-Year-old women with heroin ingestion and a RR of 14, BP 115/65 mm Hg, GCS of 13 and
pinpoint pupils

IM naloxone

42-Year-old man with ingestion of two lines of cocaine presenting with ischaemic chest pain, ECG
changes (ST depression) and a BP of 175/95 mm Hg

IV metoprolol

24-Year-old man ingested an unknown quantity of codeine and has RR of 6, BP of 105/70 mm Hg
and GCS of 4

IV naloxone

29-Year-old with ingestion of amphetamine and temperature of 38.5uC, normal tone and reflexes
and no clonus

PO cyproheptadine

37-Year-old woman presents after ingestion of temazepam and other unknown tablets with a GCS
of 8, HR 120, BP 85/45 mm Hg

IV flumazenil

24-Year-old man ingested an unknown quantity of codeine and has RR of 6, BP of 105/70 mm Hg
and GCS of 4. He has IV fluids in-situ

IM naloxone

37-Year-old man with ingestion of one line of cocaine presenting with agitation and BP
180/85 mm Hg and heart rate of 140

IV diazepam

BP, blood pressure; ECG, electrocardiogram; GCS, Glasgow coma scale score; HR, heart rate; IM, intramuscular; IV, intravenous;
PO, by mouth; RR, respiration rate.

Figure 1 Percentage of doctors correctly identifying that the antidote
and route of administration for a scenario of recreational drugs of abuse
toxicity was correct or not.
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cocaine or underlying cardiac disease. Precipitating acute with-
drawal in opioid-dependent users cannot only be difficult to
manage within the emergency department, with patients
becoming aggressive and violent, but is also distressing and
unpleasant for patients. The frequency at which acute with-
drawal is precipitated is not clear, because the outcome
measures to determine the development of acute withdrawal
vary between studies, but it has been reported to vary between
7% and 47%. The administration of large bolus doses is more
likely to precipitate acute withdrawal symptoms, and therefore
small titrated intravenous bolus doses are recommended for the
management of patients with opioid toxicity as they are less
likely to cause acute withdrawal.7 The optimum route of
administration of naloxone is controversial; two studies
comparing intravenous and intramuscular/subcutaneous
administration have failed to answer this question adequately
and complication rates were not well described in the studies.9 10

However, in view of the potential for unpredictable and erratic
absorption of naloxone following intramuscular administration
and therefore the unpredictable reversal of opioid toxicity and
the potential for more significant acute opioid withdrawal, the
intravenous route remains the route of choice unless intrave-
nous access is impossible.2 Given the potential for adverse
effects following inappropriate route of administration and/or
dosing regimens, flowcharts for the use of naloxone in the
management of opioid toxicity have been developed to try and
minimise the development of these adverse effects.2

Although flumazenil is licensed in the UK for the manage-
ment of iatrogenic benzodiazepine overdose, for example in
reversing sedation for upper gastrointestinal endoscopy, it is not
licensed for use in the management of deliberate self-poisoning-
related benzodiazepine toxicity.7 Although clinicians may
currently use it outside of its current product licence in the
UK, previous guidance issued by NICE recommends that ‘‘only
clinicians who have been explicitly trained in the use of
flumazenil for the treatment of benzodiazepine poisoning
should undertake to administer flumazenil’’.7 In addition, some
studies have suggested that as benzodiazepine overdoses tend to
be well tolerated by patients, specific antidotal treatment is not
required.6 Similar to naloxone use in opioid-dependent users,
flumazenil use has been demonstrated to precipitate an acute
benzodiazepine withdrawal syndrome in chronic users.11 Of
more concern is that there have been previous reports of
seizures and potentially fatal arrhythmias.12 These potential
serious adverse effects were acknowledged in the NICE
guidance, and are more likely to occur if the patient has

underlying epilepsy or has co-ingested substance(s) known to
cause seizures and/or cardiac arrhythmias in overdose, for
example tricyclic antidepressants.11 13 14 There is also an
increased incidence of vomiting and agitation. Although a more
recent review has suggested that flumazenil is beneficial in the
management of benzodiazepine overdose, the authors acknowl-
edged that there was a ‘‘lack of uniformity in the reporting of
coma scales’’ and differences in the presentation of the data in
the studies included.3 In addition, the clinical significance of
flumazenil use is not clear, because few of the studies have
reported outcomes such as a reduction in the need for
mechanical ventilation or endotracheal intubation rates.

Serotonin toxicity is a recognised unwanted effect following
the use of serotoninergic agents such as MDMA. The diagnostic
criteria and features of serotonin toxicity have recently been
well described, aiding clinicians in its diagnosis and manage-
ment.4 Controversies about the management of serotonin
toxicity persist, especially about the potential beneficial effects
of agents such as dantrolene. The initial treatment of serotonin
toxicity is cessation of the precipitating drug, if appropriate, and
meticulous supportive care and management of the complica-
tions as they occur. For patients with mild-to-moderate
serotonin toxicity, additional treatment with cold intravenous
fluids and intravenous benzodiazepines may be required for the
management of hyperthermia and agitation.15 Those patients
with more severe features of serotonin toxicity, in particular
hyperpyrexia, require more aggressive treatment to prevent
significant morbidity and mortality. Previously, dantrolene was
suggested for the management of serotonin toxicity, as a result
of its actions on the sarcoplasmic reticulum of muscle, leading
to reduced muscle activity and therefore a reduction in
temperature. Animal studies, however, have demonstrated that
dantrolene has no benefit on outcome in serotonin toxicity and
there have been reports of fatalities following its use in
serotonin toxicity.16 17 Cyproheptadine is a 5HT2A antagonist,
which has been shown to be beneficial in the management of
serotonin toxicity, because it specifically targets the excess
serotonin seen both centrally and peripherally in serotonin
toxicity.4 15 It is currently only available as an oral preparation
and although unlicensed in the UK for the management of
serotonin toxicity, we would recommend an initial dose of
12 mg, followed by 2 mg every 2 h until symptoms settle to a
maximum of 32 mg in 24 h.

Unlike benzodiazepine, opioid and serotonin toxicity, there is
no specific ‘‘antidote’’ for the management of cocaine toxicity.
Typical symptoms of cocaine toxicity are sympathomimetic in
nature and include tachycardia and arrhythmias, hypertension,
hyperthermia and anxiety and agitation. The vasoconstrictive
actions of cocaine are also associated with ischaemia, and in
particular acute myocardial ischaemia and infarction; mesen-
teric ischaemia and ischaemic cerebrovascular events are well
recognised.12 As there is no specific antidote for cocaine toxicity,
treatment is meticulous supportive care and the management of
specific complications as they occur. This includes the use of
benzodiazepines for significant agitation and anxiety, although
larger doses than normal may be required.12 The risk of
myocardial ischaemia and infarction following cocaine use is
greatest within the first hour after use and is predominately due
to coronary artery vasoconstriction. In atherosclerotic-induced
myocardial ischaemia, the recognised treatment regimen con-
sists of oxygen, aspirin, morphine, nitrates and beta-blockers.
However, in cocaine-induced myocardial ischaemia, the use of
beta-blockers in particular has been demonstrated to be
associated with an increased risk of fatalities, worsening of

Figure 2 Percentage of answers correct for each type of scenario of
recreational drugs of abuse toxicity (opioid toxicity, benzodiazepine
toxicity, N-methyl-L-(3, 4-methylene-dioxyphenyl)-2-aminopropane-
induced serotonin toxicity, cocaine toxicity). BDZ, benzodiazepine.
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coronary artery vasoconstriction and potentially paradoxical
worsening of any associated hypertension.18–20 Therefore, the
use of beta-blockers in this setting is absolutely contraindicated.
In addition to the use of oxygen, morphine and aspirin, both
benzodiazepine and nitrate use should be considered in terms of
reversing coronary artery vasoconstriction. In particular, studies
have shown that benzodiazepines are as effective as nitrates in
reversing cocaine-induced coronary artery vasoconstriction.5

Teaching on recreational drugs often does not form part of
the undergraduate training for doctors in the UK. There has
been considerable concern from clinical pharmacologists follow-
ing the publication of Tomorrow’s doctors by the General Medical
Council in 1993.21 Following the publication of this document,
dedicated clinical pharmacology and therapeutics, including
clinical toxicology, teaching courses were removed from the
majority of undergraduate medical curricula. In addition, few
doctors undertake postgraduate training in clinical toxicology.
This may therefore reflect in the limited knowledge of doctors
in terms of newer antidotes, such as cyproheptadine for the
management of serotonin toxicity. Previous studies have
demonstrated that short courses in clinical toxicology, lasting
only a day or two, can produce a sustained improvement in
doctors’ knowledge of issues relating to clinical toxicology.22

Appropriate knowledge and understanding of the correct use
of antidotes and their route(s) of administration by physicians
treating patients with recreational drug toxicity is essential to
maximise potential benefit, while minimising the potential for
adverse or unwanted effects. Therefore it is important that
more directed education concerning the management of
recreational drug toxicity is provided to both undergraduate
and postgraduate medical trainees. Although this information
can most efficiently be provided by clinical toxicologists, it is
important that this information is provided to all clinicians
involved in the management of these patients and updated
regularly to include novel antidotes and/or routes of adminis-
tration as they become available.
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