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More recently, the use of clenb
as a slimming and anabolic age
been publicised in the media in s
of use by celebrities.15 There is
cern about the increasing u
scribed use of clenbuterol b
Objective:  To describe the epidemiology and toxicity of clenbuterol in exposures 
reported to the NSW Poisons Information Centre (NSWPIC).

Design and setting:  Retrospective observational study analysing data from 
all calls about clenbuterol exposure recorded in the NSWPIC database from 
1 January 2004 to 31 December 2012. The NSWPIC coversthe Australian 
jurisdictions New South Wales, Tasmania and the Australian Capital Territory 
24 hours a day and provides after-hours cover for the rest of Australia for 
7 nights each fortnight.

Main outcome measures:  Total number of exposures, source of call (hospital, 
health care worker, member of the public), time from exposure to call, reasons 
for drug use, clinical features and advice given.

Results:  Callers reported 63 exposures to clenbuterol, with a dramatic increase 
from three in 2008 to 27 in 2012. Of the 63 calls, 35 were from hospital, two from 
paramedics, one from general practice and 21 direct from the public. At least 53 
patients (84%) required hospitalisation. The commonest reasons for use were 
bodybuilding and slimming. The most common features were tachycardia (24 
patients), gastrointestinal disturbance (16) and tremor (11). Exposure was also 
associated with cardiotoxicity including one cardiac arrest in a 21-year-old man.

Conclusion:  Although a well recognised doping issue among elite athletes, 
clenbuterol use has spread out into the general public, especially during 2012, 
and should be considered in patients using bodybuilding or slimming products 
who present with protracted sympathomimetic features. The potential for 
misuse of this substance requires reconsideration of its current poison schedule 
registration and its availability.

Abstract
len
ag
aro

bioavailab
C
 buterol is a 2-adrenergic

onist with a long half-life of
und 25–40 hours and high

ility,1 currently registered in
Australia as a Schedule 4 medicine for
veterinary use.2 It is marketed in tablet,
gel and injectable forms as an equine
bronchodilator and a bovine tocolytic
agent. Its anabolic properties have seen
it used in food-producing animals to
increase lean meat yield.3 However,
concerns about toxicity to humans
from contaminated meat led to its use
for this purpose being banned in the
United States in 1991 and the Euro-
pean Union in 1996. Since then, there
have been outbreaks of clenbuterol
toxicity from contaminated meat across
Europe and China,4-6 and outbreaks of
clenbuterol contamination of heroin.7

The spectrum of toxicity in humans
includes sympathomimetic effects
such as restlessness, tachycardia and
tachyarrhythmias,8 gastrointestinal
disturbances and rhabdomyolysis, and
metabolic disturbances such as hyper-
glycaemia and hypokalaemia. There
have also been case reports of myocar-
dial ischaemia in otherwise healthy
people,9,10 and of respiratory distress in
adults after nasal insufflation.11

In the past 10 years, a number of
elite athletes have used clenbuterol as
a performance-enhancing drug, lead-
ing to its ban by the International
Olympic Committee and World Anti-
Doping Agency.12,13

In humans, clenbuterol has been
used in tablet form as a bronchodila-
tor at doses of 20–40 g daily,14 but it
is not registered with the Australian

ation.
uterol
nt has
tories
 con-
npre-
y the

general public and the ease of online
purchase of this drug. Although poi-
sons centres in the US and France
have published observational reports
on the level of use and spectrum of
toxicity of clenbuterol,14,16 the situa-
tion in Australia remains unknown.

Here, we describe NSW Poisons
Information Centre (NSWPIC)
reports of clenbuterol exposures.

Methods

The NSWPIC receives around 110 000
calls annually — 50% of all poison-
ing-related calls in Australia. The
NSWPIC handles calls from New
South Wales, Tasmania and the Aus-
tralian Capital Territory from 6 am to
midnight, and provides overnight
cover for the whole nation for 7 of 14
days per fortnight.

We retrospectively reviewed the
NSWPIC database and the database
of the NSWPIC toxicologist for the 9
years from 1 January 2004 to 31
December 2012 using the search
terms “clenbuterol”, “ventipulmin”,
“oralject”, “planipart”, “broncopul-
min” and “claire”.

We manually reviewed all cases
from this search for inclusion; those
included were categorised by reported
source of call, formulation type, rea-
son for use and clinical features.
Other variables we examined were

age, sex, hospitalisation status and
geographical location. Exposure was
categorised as unique episodes rather
than calls received. Calls referred to
toxicologists are also recorded in a
separate database and include more
clinical details; we present significant
toxicities recorded in this database.

We used the median and range to
describe data and performed statisti-
cal analyses with Microsoft Excel
(Microsoft Corporation).

Ethics approval for this study was
granted by the human research ethics
committee of the Sydney Children’s
Hospitals Network.

Results

NSWPIC database

There were 63 unique episodes
related to clenbuterol exposure over
the 9-year study period, with a worry-
ing increase from three episodes in
2004 to 27 episodes in 2012 and a
particularly notable increase in the
last year (Box 1). Most of the calls (46)
were from NSW, but 17 were from
interstate.
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Clinical features

No symptoms

Tachycardia and/or pa

Gastrointestinal distur
(nausea, vomiting, dia

Tremor

Anxiety and/or agitatio

Diaphoresis

Headaches

Hypertension

Hypokalaemia 

Abdominal pain

Chest pain

ST-segment changes 

Hypotension

Hyperglycaemia

Elevated troponin leve

Cardiac arrest
Twenty-five patients were female,
33 were male and sex was not
recorded in five exposures. Sixty calls
about exposures were for adults and
three for children (up to 16 years).
Exposures among children comprised
an intentional ingestion by a 16-year-
old and unintentional ingestions by a
1-year-old and a 2-year-old. The
median age for all patients with clen-
buterol exposure was 21 years (range,
1–83 years). Calls were taken from
both metropolitan and regional areas
and the numbers of calls appeared to
be proportional to population size in
those areas.

Clenbuterol was mostly taken in
the veterinary liquid or gel form (24
exposures) at a median of 2 mL
(range, 0.5–20 mL) or two “scoops”
(range, 1–2 scoops). The actual dose is
highly variable between liquid formu-

lations. Two people took tablets (one
and three tablets, respectively) and of
the eight episodes in which the dose
was known, the median dose was
0.8 mg (range, 0.08–5000 mg).

Thirty-six calls were from hospitals,
two from paramedics, one from a gen-
eral practice and 21 directly from the
public. Caller background was not
recorded on four occasions. Of the
calls from the public, 14 patients were
referred to hospital, three were
referred to a general practitioner and
four were advised to stay at home.

When recorded, the reasons for use
included slimming (12 exposures) and
bodybuilding (four), but also self-
harm (two). There were three unin-
tentional exposures.

At least 53 patients (84%) required
hospitalisation. In only five calls about
exposures were patients asympto-
matic. The commonest clinical fea-
tures in those with symptoms were
tachycardia (24 patients), gastrointes-
tinal disturbances including nausea,
vomiting and diarrhoea (16), and
tremor (11). There were a range of
other features (Box 2), most notably
hypokalaemia (four patients), chest
pain (three), ST-segment changes on
electrocardiogram (ECG; three), an
increase in troponin level (two) and
cardiac arrest (one). In the 14 expo-
sures for which the time of ingestion
was recorded, most calls were made
after exposure in the preceding 6–24
hours. Eight people were recorded as
taking clenbuterol over a period of
weeks to months.

Case reports

Analysis of NSWPIC toxicologist
records revealed three noteworthy
cases. The first was an elderly man
who drank an unknown amount of
clenbuterol from an unlabelled bottle,
thinking it was water. He had a his-
tory of ischaemic heart disease and
diabetes, and presented to the emer-
gency department soon after the
ingestion with hypotension (blood
pressure, 90/70 mmHg) and sinus
tachycardia on ECG (heart rate, 140
beats/min). His hypotension resolved
with fluid resuscitation. An esmolol
infusion was started, but 8 hours later
the hospital supply of esmolol ran out.
Given that his heart rate was still high
(128 beats/min), he was given meto-
prolol, orally, with good effect. His

troponin level (high sensitivity) at 12
hours had risen to 403 ng/L (reference
interval [RI], < 14 ng/L).

The second case was that of a dos-
ing error by a young bodybuilder who
took 7 mL instead of seven drops of
clenbuterol solution. His heart rate at
presentation was 235 beats/min and,
after an ECG, he was thought to have
a supraventricular tachycardia,
although his blood pressure was 133/
82 mmHg. His potassium level was
2.2 mmol/L (RI, 3.5–5 mmol/L) and he
was agitated, so was given diazepam.
An esmolol infusion was started, but
after 12 hours the hospital supplies
had again run out, so his therapy was
changed to metoprolol with good
effect. 

The third case was that of a young
man who had been using clenbuterol
for the preceding 8 weeks for body-
building, and may have increased his
dose in the few days before the call to
the NSWPIC. He had a cardiac arrest
while playing sport and was immedi-
ately treated with cardiopulmonary
resuscitation by a bystander, with
return of spontaneous circulation 9
minutes later. He subsequently made
a good recovery.

Discussion

The number of calls to the NSWPIC
about clenbuterol toxicity is increas-
ing. Calls indicate that clenbuterol is
predominantly being used for slim-
ming and bodybuilding, and that it is
the veterinary product that is being
used. However, it was not possible to
determine where this product was
being sourced.

The misuse of this drug poses the
secondary risk of accidental poisoning
of children. It is often taken in doses
far exceeding the safe therapeutic
doses in humans, and order-of-mag-
nitude dosing errors occur. Exposure
calls did not show clustering in urban
or rural areas.

Clenbuterol use produced a range
of sympathomimetic toxicities, which
were often prolonged (as calls were
most often made 6 to 24 hours after
exposure) and occasionally associated
with cardiac damage. The case of car-
diac arrest is particularly alarming,
although we do not know whether
this individual had any underlying
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undiagnosed structural heart disease
or cardiac channelopathy.

Although we did not record con-
comitant medication use in our study,
a descriptive US study found that
clenbuterol is often taken with thyrox-
ine, anabolic steroids and products
containing caffeine and stimulants,
which appears to exacerbate toxicity.14

Limitations of our descriptive study
include non-standardised methods of
telephone enquiry and coding which
is likely to have led to underrecording
of clenbuterol exposures. Our study
presents exposures reported to the
NSWPIC, and so is likely to signifi-
cantly underestimate total clenbuterol
exposures. There was also a lack of
outcome data from hospital admis-
sions due to the limited information
provided by phone, and follow-up not
being routinely performed by Austral-
ian poisons information centres. This
is predominantly a NSW experience
with limited data from the rest of the
country (resulting from the on-call
structure) and so our findings are not
generalisable to the whole country.

Clenbuterol exposure should be
considered in patients presenting
with prolonged sympathomimetic
effects after taking bodybuilding or
slimming products. Treatments
described in other studies include
charcoal, benzodiazepines, electrolyte
replacement and intravenous fluids.
-Blockers are often used, but as our
case descriptions illustrate, hospital
supplies of esmolol are often

exhausted and treatment with meto-
prolol appears to be sufficient. How-
ever, if -blocker therapy is being
considered, care should be taken to
differentiate clenbuterol toxicity from
other sympathomimetic overdoses
with unknown ingestants because
there is a theoretical risk of hyperten-
sive crisis with unopposed -adrener-
gic agonism.

Given the increasing use of non-
prescribed clenbuterol and the associ-
ated toxicity, it has been argued that
sales and use should be restricted by
attaching an appendix D or B to the
Schedule 4 registration of this agent,
thus putting it into the same category
as benzodiazepines and anabolic ster-
oids. Diversion of veterinary products
for misuse in humans is a longstand-
ing issue17 that also should be tackled.
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