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from a single state which contained a little over 10% 
of the Australian population in 20118, suggests that 
anaphylaxis to neuromuscular blocking drugs is 
under-reported.

The quaternary ammonium ion in neuromuscular 
blocking drugs is the allergenic portion (epitope). It 
allows specific binding of immunoglobulin (IgE) to the 
drug,9 which can result in IgE-mediated anaphylaxis. 
However, in up to 50% of cases, anaphylaxis occurs 
on first exposure to a neuromuscular blocking drug.5,10 
This suggests that there is an alternative source of 
sensitisation.

Anaphylaxis to neuromuscular blockers in Norway was 
observed to be approximately 10 times higher than in 
neighbouring Sweden.11 An unknown environmental 
factor containing the quaternary ammonium ion 
was suspected to be responsible for the difference. 
Rates of exposure to 84 household chemicals and 
medicines were found to be similar with the exception 
of pholcodine, an opioid antitussive. In Norway up 
to 40% of the population was exposed to this cough 
mixture, but pholcodine was not available in Sweden.5 
Approximately 6% of Norwegian blood donors had 
specific IgE antibodies to pholcodine, whereas in 
Sweden there were no sensitised individuals.12

Further studies showed that pholcodine consumption 
causes production of specific IgE against the 
quaternary ammonium ion. Without ongoing 
pholcodine consumption, antibody titres fall to low 
levels within two years. Re-exposure, however, has 
a profound booster effect and there is a dramatic 
rise in pholcodine antibodies in individuals with 
known previous sensitisation to pholcodine and 
suxamethonium.5 Pholcodine was subsequently 
withdrawn from the Norwegian market by the 
supplier. Three years after withdrawal, the rate of 
anaphylactic reactions to neuromuscular blocking 
drugs in Norway had significantly reduced.13

Pholcodine has been used as a cough suppressant 
since the 1950s. The evidence supporting its efficacy 
was reviewed by the European Medicines Agency 
(EMA) in 2011. It commented that ‘Being an old 
product, the methodology used in most efficacy 
studies with pholcodine would be considered poor by 
modern standards.’14 

The only efficacy study in the last 30 years 
had significant design flaws. It involved only 

In Australia, anaphylaxis during surgery has been 
estimated to occur in approximately 1 in 10 000 
cases. The mortality rate is approximately 4%, with 
long-term brain injury in an additional 2% of cases.1 
Neuromuscular blocking drugs are responsible for 
approximately 60% of intraoperative anaphylaxis.2 
Anaphylaxis is twice as likely to occur during surgery 
when a muscle relaxant is used.3

The reported rates of anaphylaxis caused by 
neuromuscular blocking drugs are much higher in 
Australia and France3 than in some other countries.4,5

Unfortunately the true incidence of intraoperative 
anaphylaxis in Australia is unknown. Reporting is 
voluntary and complicated by the fact that multiple 
drugs are administered at the time of anaesthesia, 
making the cause of anaphylaxis unclear. The 
Therapeutic Goods Administration in Australia 
received 231 reports between January 2001 and 
December 2011 citing neuromuscular blocking drugs 
as a possible cause of anaphylaxis.6 However, a 
recent study from Western Australia reporting on 
the 10-year period 2002 to 2011, found 80 cases of 
life-threatening anaphylaxis in which neuromuscular 
blocking drugs were established as the cause of the 
reaction with subsequent testing.7 These data, derived 

Anaphylaxis and anaesthesia – can treating 
a cough kill? 

From the Editor
The misadventures of celebrities regularly highlight 
the growing problem of misuse of prescription 
drugs. Malcolm Dobbin reports that deaths involving 
prescription drugs now exceed those caused by car 
crashes.

When used appropriately, taking several prescription 
drugs together can be beneficial. Ruth Webster and 
Anushka Patel discuss the prospects for polypills in 

preventing cardiovascular events.

Serious adverse events can result not only from prescription drugs, but also from 
over-the-counter medicines. Helen Crilly and Michael Rose explore the link between 
pholcodine cough mixtures and anaphylaxis during surgery. Jerome Sarris reminds 
us that even herbal medicines – such as those used for mental health – can interact 
with other drugs. 

The prevalence of problem allergies appears to be increasing. It is therefore 
appropriate for William Smith to assess the role of allergen immunotherapy, 
including sublingual immunotherapy.

The diagnosis of diabetes is also increasing and Michael d’Emden proposes 
changing the diagnostic process. Measuring glycated haemoglobin (HbA1c) is a 
simpler method than the traditional oral glucose tolerance test.
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129 patients randomised to receive pholcodine or 
dextromethorphan, with no placebo arm. Funding for 
the study came from a manufacturer of pholcodine. 
Although the conclusion was that ‘the efficacy of a 
three-day course of pholcodine is similar to that of 
dextromethorphan in the treatment of adult patients 
with acute, non-productive cough’,15 the EMA said this 
conclusion was ‘non-validated and subjective’.14 The 
lack of a control group means that the patients may 
have had a spontaneous recovery from viral coughs.  

A Cochrane review in 2012 of all randomised 
controlled studies comparing over-the-counter cough 
suppressant medicines (including dextromethorphan) 
with a placebo arm in adults and children affected by 
acute cough included 25 trials. It concluded that ‘there 
is no good evidence for or against the effectiveness of 
over-the-counter medicines in acute cough’.16

So what are the implications of the pholcodine 
hypothesis for Australia? According to the Australian 
Register of Therapeutic Goods, pholcodine is found in 
58 over-the-counter cough mixtures and lozenges.17 
In Norway there was only one pholcodine-containing 
product.5 Any decision to remove or restrict availability 
of pholcodine in Australia will affect more products 
and have financial implications for the pharmaceutical 
industry. A decision to remove or restrict pholcodine 
must be carefully considered on merit alone, 
removing financial confounders and keeping the best 
interests of patients as the central focus.

The TGA has been advised of emerging evidence in 
this area. It has agreed with the decision of the EMA 
which concluded that ‘the evidence of a link between 
pholcodine and neuromuscular blocking drug-related 
anaphylaxis is circumstantial, not entirely consistent 
and does not support the conclusion that there is a 
significant risk of cross-sensitisation to neuromuscular 
blocking drugs and subsequent development of 
anaphylaxis during surgery. Further data need to be 
generated to clarify the possibility of an association 

between pholcodine use and neuromuscular blocking 
drug-related anaphylaxis’.14 

The evidence linking pholcodine to anaphylaxis due 
to neuromuscular blocking drugs is compelling, 
but not yet perfect or complete. In particular, data 
matching pholcodine consumption and the incidence 
of reactions by country is hampered by a lack of 
mandatory reporting systems for anaphylactic 
reactions throughout the world. Data to establish 
proof would require a randomised controlled trial 
of millions of patients. Such a study would be 
prohibitively expensive. While it may be argued that 
there is insufficient proof to ban pholcodine, its lack 
of efficacy and a strong suspicion of danger should be 
regarded as sufficient for it to be withdrawn.

The adverse outcomes of anaesthetic anaphylaxis –  
brain injury, permanent disability and death – are 
significant for the individual and the community. 
There is good evidence and a plausible mechanism 
linking pholcodine to an increased risk of anaphylactic 
reactions to neuromuscular blocking drugs. If 
pholcodine was being evaluated as a new drug today 
it is likely that it would not be approved. Furthermore, 
there are alternative medicines which do not appear 
to have the same risk of serious harm.

When the arguments are weighed, we believe the 
over-the-counter availability of products of unproven 
efficacy cannot be justified when pholcodine has 
been linked with such a serious complication as 
anaesthetic anaphylaxis and when alternative 
treatments exist. Discussions are ongoing with 
regulatory authorities in Australia and New Zealand. 
If it is not possible to withdraw pholcodine from the 
market, we propose a re-classification to ‘prescription 
only’. This would allow medical practitioners 
to consider the risk of harm before prescribing 
pholcodine. 

Conflict of interest: none declared

REFERENCES

1. Fisher MM, Baldo BA. The incidence and clinical features of 
anaphylactic reactions during anesthesia in Australia.  
Ann Fr Anesth Reanim 1993;12:97-104.

2. Mertes PM, Laxenaire MC, Lienhart A, Aberer W, Ring J, 
Pichler WJ, et al. Reducing the risk of anaphylaxis during 
anaesthesia: guidelines for clinical practice.  
J Investig Allergol Clin Immunol 2005;15:91-101.

3. Laxenaire MC, Mertes PM, Groupe d’Etudes des Reactions 
Anaphylactoides Peranesthesiques. Anaphylaxis during 
anaesthesia: results of a two-year survey in France.  
Br J Anaesth 2001;87:549-58.

4. Gurrieri C, Weingarten TN, Martin DP, Babovic N, Narr BJ,  
Sprung J, et al. Allergic reactions during anesthesia 
at a large United States referral center. Anesth Analg 
2011;113:1202-12.

5. Florvaag E, Johansson SG. The pholcodine story.  
Immunol Allergy Clin North Am 2009;29:419-27.

6. Australian Government Department of Health. Therapeutic 
Goods Administration. Database of Adverse Event 
Notifications – medicines. 

7. Sadleir PH, Clarke RC, Bunning DL, Platt PR. Anaphylaxis 
to neuromuscular blocking drugs: incidence and cross-
reactivity in Western Australia from 2002 to 2011.  
Br J Anaesth 2013;110:981-7.

8. Australian Bureau of Statistics. 2011 Census. Data and 
analysis. 

9. Baldo BA, Fisher MM. Substituted ammonium ions 
as allergenic determinants in drug allergy. Nature 
1983;306:262-4.

10. Working Party of the Association of Anaesthetists of Great 
Britain and Ireland. Suspected anaphylactic reactions 
associated with anaesthesia. Anaesthesia 2009;64:199-211.

11. Laake JH, Rottingen JA. Rocuronium and anaphylaxis – a 
statistical challenge. Acta Anaesthesiol Scand  
2001;45:1196-203.

12. Florvaag E, Johansson SG, Oman H, Venemalm L, 
Degerbeck F, Dybendal T, et al. Prevalence of IgE antibodies 
to morphine. Relation to the high and low incidences of 
NMBA anaphylaxis in Norway and Sweden, respectively. 
Acta Anaesthesiol Scand 2005;49:437-44.

www.australianprescriber.com
https://www.ncbi.nlm.nih.gov/pubmed/8368592
https://www.ncbi.nlm.nih.gov/pubmed/8368592
https://www.ncbi.nlm.nih.gov/pubmed/8368592
https://www.ncbi.nlm.nih.gov/pubmed/16047708
https://www.ncbi.nlm.nih.gov/pubmed/16047708
https://www.ncbi.nlm.nih.gov/pubmed/16047708
https://www.ncbi.nlm.nih.gov/pubmed/16047708
https://www.ncbi.nlm.nih.gov/pubmed/11878723
https://www.ncbi.nlm.nih.gov/pubmed/11878723
https://www.ncbi.nlm.nih.gov/pubmed/11878723
https://www.ncbi.nlm.nih.gov/pubmed/11878723
https://www.ncbi.nlm.nih.gov/pubmed/21865494
https://www.ncbi.nlm.nih.gov/pubmed/21865494
https://www.ncbi.nlm.nih.gov/pubmed/21865494
https://www.ncbi.nlm.nih.gov/pubmed/21865494
https://www.ncbi.nlm.nih.gov/pubmed/19563989
https://www.ncbi.nlm.nih.gov/pubmed/19563989
http://www.tga.gov.au/daen/daen-entry.aspx
http://www.tga.gov.au/daen/daen-entry.aspx
http://www.tga.gov.au/daen/daen-entry.aspx
https://www.ncbi.nlm.nih.gov/pubmed/23335568
https://www.ncbi.nlm.nih.gov/pubmed/23335568
https://www.ncbi.nlm.nih.gov/pubmed/23335568
https://www.ncbi.nlm.nih.gov/pubmed/23335568
http://www.abs.gov.au/websitedbs/censushome.nsf/home/data?opendocument#from-banner=LN
http://www.abs.gov.au/websitedbs/censushome.nsf/home/data?opendocument#from-banner=LN
https://www.ncbi.nlm.nih.gov/pubmed/6196640
https://www.ncbi.nlm.nih.gov/pubmed/6196640
https://www.ncbi.nlm.nih.gov/pubmed/6196640
https://www.ncbi.nlm.nih.gov/pubmed/19143700
https://www.ncbi.nlm.nih.gov/pubmed/19143700
https://www.ncbi.nlm.nih.gov/pubmed/19143700
https://www.ncbi.nlm.nih.gov/pubmed/11736669
https://www.ncbi.nlm.nih.gov/pubmed/11736669
https://www.ncbi.nlm.nih.gov/pubmed/11736669
https://www.ncbi.nlm.nih.gov/pubmed/15777289
https://www.ncbi.nlm.nih.gov/pubmed/15777289
https://www.ncbi.nlm.nih.gov/pubmed/15777289
https://www.ncbi.nlm.nih.gov/pubmed/15777289
https://www.ncbi.nlm.nih.gov/pubmed/15777289


76 Full text free online at www.australianprescriber.com

VOLUME 37 : NUMBER 3 : JUNE 2014

Anaphylaxis and anaesthesia

Conflict of interest

Editor, – Given what we know about the effects 
of conflicts with the pharmaceutical industry and 
medical practice, it is simply no longer acceptable 
to have significant conflicts of interest and provide 
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Clinical features
Any acute onset of hypotension or 
bronchospasm or upper airway obstruction 
where anaphylaxis is considered possible, 
even if typical skin features are not present 

OR
Any acute onset illness with 
typical skin features (urticarial 
rash or erythema/flushing,  
and/or angioedema)

PLUS
Involvement of respiratory and/or 
cardiovascular and/or persistent 
severe gastrointestinal symptoms

1 Immediate action
•	 Remove allergen (if still present) 
•	 Call for assistance
•	 Lay patient flat. Do not allow them to stand or walk. If breathing is difficult allow them to sit.

  

2 Give INTRAMUSCULAR ADRENALINE into mid-lateral thigh without delay 
Adrenaline Dose Chart (1:1000 ampoules containing 1 mg adrenaline per 1 mL)

Age (years) Weight (kg) Adrenaline volume 1:1000
Autoinjectors

An adrenaline autoinjector (EpiPen or Anapen)  
may be used instead of an adrenaline ampoule  
and syringe

For children 10–20 kg (aged ~1–5 years) EpiPen 
Junior or Anapen Junior should be used

Instructions are on device label

<1 5–10 0.05–0.1 mL
1–2 10 0.1 mL
2–3 15 0.15 mL
4–6 20 0.2 mL
7–10 30 0.3 mL
10–12 40 0.4 mL

>12 and adult >50 0.5 mL

Repeat doses every 5 minutes as needed 
If multiple doses required or a severe reaction, consider adrenaline infusion if skills and equipment available (see section 5)

3 Call ambulance to transport patient if required

4 Supportive management 
When skills and equipment available:
•	 Monitor pulse, blood pressure, respiratory rate, pulse oximetry 
•	 Give high flow oxygen and airway support if needed
•	 Obtain intravenous access in adults and in hypotensive children
•	 If hypotensive, give intravenous normal saline (20 mL/kg rapidly) and consider additional wide bore intravenous access

For Additional measures see below

5 Additional measures
Adrenaline infusion
If inadequate response or deterioration, start an intravenous adrenaline infusion as follows:  
Give only in liaison with an emergency medicine/critical care specialist. Phone ……………………………………………………………………………………….…  
•	 Mix 1 mL of 1:1000 adrenaline in 1000 mL of normal saline
•	 Start infusion at ~5 mL/kg/hour (~0.1 microgram/kg/minute) 
•	 Titrate rate according to response 
•	 Monitor continuously

CAUTION – Intravenous boluses of adrenaline are not recommended due to the risk of cardiac arrhythmia

If adrenaline infusion is ineffective or unavailable, consider:  

For upper airway obstruction
•	 Nebulised adrenaline (5 mL i.e. 5 ampoules of 1:1000)
•	 Consider intubation if skills and equipment are available

For persistent hypotension/shock
•	 Give normal saline (maximum 50 mL/kg in the first 30 min) 
•	 In patients with cardiogenic shock (especially if taking beta blockers) consider an intravenous glucagon bolus of 1–2 mg in adults (in children:  

20–30 microgram/kg up to 1 mg). This may be repeated or followed by an infusion of 1–2 mg/hour in adults.
•	 In adults, selective vasoconstrictors metaraminol (2–10 mg) or vasopressin (10–40 units) only after advice from an emergency medicine/critical care 

specialist

For persistent wheeze
•	 Bronchodilators: Salbutamol 8–12 puffs of 100 microgram using a spacer or 5 mg salbutamol by nebuliser
•	 Oral prednisolone 1 mg/kg (maximum 50 mg) or intravenous hydrocortisone 5 mg/kg (maximum 200 mg) 

6 Observation 
Prolonged and biphasic reactions may occur 
Observe patient for at least 4 hours after last dose of 
adrenaline 
Observe longer (overnight) if patient: 
•	 had a severe reaction (hypotension or hypoxia) or 
•	 required repeated doses of adrenaline or
•	 has a history of asthma or protracted anaphylaxis or
•	 has other concomitant illness or
•	 lives alone or is remote from medical care

7 Follow-up treatment 
Antihistamines 

Antihistamines have no role in treating respiratory or cardiovascular symptoms of 
anaphylaxis. Oral non-sedating antihistamines may be given to treat itch and urticaria. 
Injectable promethazine should not be used in anaphylaxis as it can worsen hypotension 
and cause muscle necrosis.

Corticosteroids 
The role of corticosteroids is unknown. It is reasonable to prescribe a 2-day course of oral 
steroid (e.g. prednisolone 1 mg/kg, maximum 50 mg daily) to reduce the risk of symptom 
recurrence after a severe reaction or a reaction with marked or persistent wheeze. 

Adrenaline autoinjector 
Prescribe an autoinjector, pending specialist review. Train the patient in autoinjector use 
and give them an ASCIA Action Plan for Anaphylaxis (see Australasian Society of Clinical 
Immunology and Allergy website www.allergy.org.au) 

Allergy specialist referral
Refer patients with anaphylaxis for specialist review
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